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1. INTRODUCTION 

1.1 Purpose 
This Interface Control Document (ICD) describes Version 3.2 of the open-source Common Image Generator 
Interface (CIGI). This ICD has been written for software engineers involved in the integration of a host simulator 
with an image generator (IG). This document contains descriptions of all data parameters, event sequences, and 
input/output (I/O) protocols necessary to accomplish this task using CIGI. 

1.2 Scope 
This document defines a common Host-to-IG interface standard to promote interoperability among Image 
Generators. This document is not intended to define IG functional requirements. Therefore, implementation of 
CIGI does not imply that an IG is required to support all features addressed by the ICD, nor is it intended to limit 
features of an IG. A CIGI implementation shall, as much as possible, package all data necessary for a particular 
application using standard CIGI packets while retaining the intended use as described in this ICD. If further 
functionality is required by the application, the intended use of the packets defined by this ICD must be preserved 
but may be supplemented with user-defined packets. 

1.3 Instructions for Revising this Document 
The CIGI version number contains a major and a minor revision number. The major version number is contained 
within the IG Control and Start of Frame data packets. This version number will always correspond to the major 
version number of the appropriate CIGI Interface Control Document. 

A minor version number is also contained within the IG Control and Start of Frame data packets. This number 
will correspond to the minor version number of the CIGI ICD. Incrementing the minor version number will not 
affect compatibility with existing versions of the interface with the same major version number. In other words, the 
changes made to a minor revision will be designed as to be transparent to existing devices that use the same 
major version of CIGI but a prior minor version. 

Note that a device may, in some cases, need to be aware that its counterpart uses an earlier minor version of 
CIGI. The reverse will not be true. 

1.4 Conventions Used in This Document 
The following typographic conventions are used in this document: 

− Data packet parameter names are italicized. 

− Data packet names are in boldface type. 

− Variable names are in italicized Times Roman typeface. 

− Coordinate system axes are labeled or referenced using boldface Times Roman typeface. 

Hexadecimal (base-16) notation is indicated by a lower-case “h” following a numerical value (e.g., 8000h). 

Bit positions within each byte are numbered from right to left, indicating that the leftmost bit in each byte is the 
most significant bit. The leftmost byte in each word has the lowest physical address. 
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2. INTERFACE THEORY 
The Common Image Generator Interface (CIGI) is a standardized interface between a real-time simulator host 
and an image generator. CIGI is an open interface offered to promote commonality in the visual simulation 
industry. 

CIGI is a data packaging protocol and thus does not depend upon a specific physical communications medium or 
transport protocol. Any suitable physical medium may be used, including Ethernet, Token Ring, optical fiber, 
shared memory, etc. The transport protocol(s) used should depend upon performance and what is appropriate to 
the communications hardware. This document assumes the use of the User Datagram Protocol (UDP) over 
Ethernet for ease of discussion. 

The connection between the host computer (henceforth referred to as “Host”) and the IG should be a dedicated, 
bi-directional Ethernet connection, as illustrated in Figure 1 and Figure 2. The connection may be made using an 
Ethernet hub or switch, or using a single crossover cable (i.e. a patch cable with the Transmit and Receive signals 
crossed). 

  
 
 
 

Host 
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Figure 1 – Connection Using Ethernet Hub/Switch 
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Figure 2 – Connection Using Crossover Cable 

The remainder of Section 1 details the synchronization between the IG and the Host, message structure, device 
behavior when transitioning between operational modes, and provisions for extending and updating the interface.
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2.1 Message Protocol 

2.1.1 Message Synchronization 
CIGI supports both synchronous and asynchronous operation. Each of these modes is described below. 

2.1.1.1 Asynchronous Operation 

During asynchronous operation, the Host sends data to the IG at a predetermined rate. The message may occur 
in response to a system timer or some other event within the Host. The IG may in turn send messages to the Host 
containing IG status and mission function data; however, the interval between host messages is determined by 
the host itself. 

Meanwhile, the IG maintains its own frame rate, which is typically bound by the vertical sync signal from the 
display system. During each frame, the IG first checks its buffer for incoming CIGI messages. It then updates the 
scene graph based on the contents of the CIGI message along with any previously defined rates and trajectories, 
dynamic environmental attributes, and other factors. Finally, the IG renders the scene. 

Because the Host might send a message at any point during the IG’s frame, positional and other state changes 
might not be applied until the beginning of the next frame. This introduces a latency of up to almost one additional 
frame, as shown in Figure 3. 

 Data from Host 

Frame n 
Tn 

Update 
Scene Graph 

Render 

Ln
tn tn+1 tn+2 

 

Data from Host 

Ln+1

Render Check
for 

Data 

Update 
Scene Graph

Check 
for 

Data 

Frame n + 1 
Tn+1  

Figure 3 – Latencies Caused by Asynchronous Operation 

om 
 start 

of the next frame at time tn+1. By this time, the data within the message is old by a margin of Ln and will not be 
st tn+2, bringing the total delay to Ln + Tn+1. This may cause a noticeable lag in 

ring a frame, causing frame jitter. 

In this example, the IG begins frame n at time tn. At some time during that frame, the IG receives a message fr
the Host. Because the IG has already checked for incoming data, the message is not actually read until the

represented in the scene until at lea
the scene. 

Note that latency Ln+1 is larger than Ln. This “creeping” of the frame offset is a common phenomenon that occurs 
when the Host and IG frame rates are not exactly equal. Depending upon the direction of the creep, this will 
frequently cause the IG to receive either zero or two Host-to-IG messages du

To reduce the effects of lag and jitter, the IG may extrapolate positional data each frame. The IG Control and 
Start of Frame packets (see Sections 4.1.1 and 4.2.1, respectively) include a Timestamp parameter that the IG 
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can use when performing the extrapolation. This parameter indicates the amount of time that has elapsed sinc
some initial reference time. By determining entities’ velocities and accelerations from prior frames, or preferably
from the Rate Control and Trajectory Definition packets

e 
 

 (see Sections 4.1.8 and 4.1.20), the IG can calculate 
the probable positions of those entities during the current frame. 

Because entities can be extremely dynamic, such extrapolations are prone to error. Asynchronous operation, 
therefore, is recommended only in low-fidelity applications or when synchronous operation is not possible. 

2.1.1.2 Synchronous Operation 

During synchronous operation, the IG sends a start-of-frame (SOF) message to the Host to signal the beginning 
of each frame. This message, which is usually driven by a vertical sync signal from the display system, functions 
as a “heartbeat” that dictates the timing of data transfers between the IG and Host. The SOF message also 
contains mission function responses, event notifications, and other IG data. 

The Host immediately responds to each SOF message with its own message containing entity positions and 
orientations, component states, and other data describing changes to the scene during the previous frame. The 
Host then begins its next computational cycle, while the IG updates and renders the scene. 

This mechanism makes the host data available at the beginning of every IG frame, eliminating the additional 
latency represented by Ln in Figure 3. Also, because the Host’s frame rate is regulated by the IG, this prevents 
jitter caused by the creeping effect of misaligned frames. 

Figure 4 illustrates the sequence described above: 

 

Host 

IG 

n+2 

SOF 

Frame n Frame n+1 Frame 

Response 
(Data from 
Frame  n -1) 

SOF SOF

Response 

Update  Ownship  or other
entities, perform other

calculations

Update Ownship  or other
entities, perform other

calculations

Update scene graph 

(Data from
Frame n)

Update scene graph 

nse in time to finish 

 
ring. 

e, this offset can be adjusted to allow for worst-case 

Response

and render scene and render scene  

Figure 4 – Synchronous Start-of-Frame/Response Cycle 

Depending upon bandwidth limitations and the transport delay, the IG may not receive a respo
rendering the scene before the start of the next frame. To alleviate this situation, a time offset can be introduced 
so that the IG sends each SOF message slightly before the beginning of the next IG frame. This technique allows
data to arrive from the Host at such a time as to allow the IG its entire frame time for computations and rende
Because the transport delay may vary from frame to fram
network loads. Figure 5 illustrates the start-of-frame offset technique: 
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Host 

IG 
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SOF SOF

Response

Update  Ownship  or other
entities, perform other

calculations

Update Ownship or other
entities, perform other

calculations

Response
(Data from
Frame n)

Worst-case 
transport delay 

Frame n Frame n+1 Frame n+2 

Update scene graph 
and render scene 

Update scene graph 
and render scene 

 

Figure 5 – Synchronous Message Timing Offset 

2.1.2 Frame Numbering 
To enable tracking of Ethernet mess  response message are tagged 

Likewise, the IG device should increment its frame number value and populate the IG Frame Number parameter 
 and the Host should place this same value in the Last IG Frame 

rm 

ages, both the SOF message and the Host
with sequential frame numbers. The frame number for each device is independent. Before sending its next 
message, the Host device should increment the frame number value and populate the Host Frame Number 
parameter of the outgoing IG Control data packet. Upon receiving the message, the IG should place this same 
value in the Last Host Frame Number parameter of the next outgoing Start of Frame packet. 

of the outgoing Start of Frame data packet,
Number parameter its next outgoing IG Control packet. 

This mechanism provides the original sender with an acknowledgement that the message in question was 
received. If the device detects that one or more messages were lost, it may resend critical packets or perfo
some other recovery action. The proper sequence of events is illustrated below: 
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Last Host Frame Number = m - 1 
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Last IG Frame Number = n 

 

Start of Frame
 

IG Frame Number = n + 1 
Last Host Frame Number = m 
 

IG Control
 

Host Frame Number = m + 1 
Last IG Frame Number = n + 1 

 

 

Figure 6 – Frame Numbering Sequence 

Note that in version 3.0 and 3.1 of CIGI the Host Frame Number and IG Frame Number parameters were both 
of 

2.1.3 Ethernet Message Frequency 
Although the IG software can be configured to run at any reasonable frequency, the period is typically bound to 
some multiple of the displ ring and 
other undesirable video a g upon locale. 

 must 
extrapolate its data each frame to meet the specified IG update rate. 

2.1.4 Byte Order 
When a processor stores or performs an operation on a multiple-byte datum, the datum can be represented in 
one of two ways. In a “big-endian” configuration, the lowest-addressed, or “leftmost,” byte is the high-order byte. 
Motorola and some other RISC architectures use this method. In “little-endian” architectures such as those used 
by Intel, the leftmost byte is the low-order byte.  

Figure 7 illustrates the byte layout of signed and unsigned 16- and 32-bit data types on big-endian architectures: 

named “Frame Counter.” The Frame Counter values were not independent. The value originated in the Start 
Frame packet from the IG, and the Host copied this value to the Frame Counter parameter of the IG Control 
packet. 

ay refresh rate. This makes the data frame rate very stable, and it alleviates tea
nomalies. Common update rates are 30, 50, and 60 Hz, dependin

For synchronous operation, this means that the Host must run at a multiple of the display update rate or
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Figure 8 illustrates the byte layout of the same data types on little-endian architectures: 

Figure 7

 

 
 
 

27 26 25 24 23 22 21 20 215 214 213 212 211 210 29 28 223 222 221 220 219 218 217 216 231 230 229 228 227 226 225 224

32-bit Long Integer (Unsigned and Signed) Low-Order (Least 

27 26 25 24 23 22 21 20 215 214 213 212 211 210 29 28 223 222 221 220 219 218 217 216 +/- 230 229 228 227 226 225 224

 

 
 

 
 

27 26 25 24 23 22 21 20 215 214 213 212 211 210 29 28

27 26 25 24 23 22 21 20 +/- 214 213 212 211 210 29 28

 

16-bit Short Integer (Unsigned and Signed) 

Significant) Byte 
High-Order (Most 
Significant) Byte 

 

Figure 8 – Little-Endian Byte Order 

CIGI 3 does not impose a byte order upon either the IG or the Host. Instead, the receiver has the responsibility of 
performing byte swapping if necessary. This has several advantages over one device performing all byte 
swapping. First, it distributes the additional processing between the IG and Host. It also eliminates the need to 
perform handshaking between the two devices. It enables the mechanism to work in either synchronous or 
asynchronous mode. Finally, it simplifies coding, since only the device’s unpacking routines need to account for 
byte order. 

The IG Control and Start of Frame packets both contain a 16-bit Byte Swap Magic Number parameter that 
indicates whether the receiver should byte-swap the incoming message. The sender sets the most significant bit 
of the high byte and clears all other bits. When the receiver examines this parameter, it must byte-swap the entire 
message if the most significant bit of the low byte is set. Figure 9 illustrates the bit locations for each state. 

Low-Order Byte High-Order Byte 
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Figure 9 – Use of CIGI B

s 4.1.1 and 4.2.1 for additional details on the tart . 
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2.2 Data Packaging 

2.2.1 Message Structure 
CIGI messages are comprised of one or more data packets. During synchronous operation, there is exactly one 
IG-to-Host (SOF) message and one Host-to-IG response message per frame. 

The first two bytes of each packet are the packet header. The first byte of this header contains an opcode that 
uniquely identifies the packet type; the second byte contains the size in bytes of the packet. The remainder of 
each packet contains data that pertain to that particular packet. Note that all packet data that are used to uniquely 
identify an object on the IG or Host (e.g., a moving model or a view) are contained within the first eight bytes of 
each packet. 

All 16-bit data begin on half-word (16-bit) boundaries. All 32-bit and 64-bit data begin on word (32-bit) and double-
word (64-bit) boundaries, respectively. 

All packets must begin and end on 64-bit boundaries. Packets will be padded as necessary so that the packet 
size will be an even multiple of eight (8) bytes. 

The first data packet in each message from the IG to the Host must be a Start of Frame packet (see Section 
4.2.1). The message may also contain other IG-to-Host packets as listed in Table 1. 

The first packet in each response message from the Host to the IG must be an IG Control packet (see Section 
4.1.1). Zero or more Host-to-IG packets (see Table 1) may follow within the message. 

Entities, regions, and other objects must be created before they can be otherwise referenced. For example, if a 
Component Control packet references an entity, that packet must follow the Entity Control data packet in which 
the entity is instantiated. If both packets occur in the same message, the Entity Control packet must precede the 
Component Control packet. 

Other than the requirements described above, no restrictions are imposed on packet ordering. 

To reduce the risk of overloading the IG computational frame, an attempt should be made to minimize the amount 
of data contained in each message.  Therefore, unless a packet is mandatory (see Table 1), only those packets 
containing new data should be contained within each message.  For example, if an entity’s position, orientation, or 
other attributes have not changed since the previous frame, the Host should not send an Entity Control packet. 
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Table 1 – Data Packet Summary 

Opcode Data Packet Name Mandatory Each Frame Section 

HOST TO IG 
1 IG Control Yes 4.1.1 
2 Entity Control No 4.1.2 
3 Conformal Clamped Entity Control No 4.2.3 
4 Component Control No 4.1.4 
5 Short Component Control No 4.1.5 
6 Articulated Part Control No 4.1.6 
7 Short Articulated Part Control No 4.1.7 
8 Rate Control No 4.1.8 
9 Celestial Sphere Control No 4.1.9 
10 Atmosphere Control No 4.1.10 
11 Environmental Region Control No 4.1.11 
12 Weather Control No 4.1.12 
13 Maritime Surface Conditions Control No 4.1.13 
14 Wave Control No 4.1.14 
15 Terrestrial Surface Conditions Control No 4.1.15 
16 View Control No 4.1.16 
17 Sensor Control No 4.1.17 
18 Motion Tracker Control No 4.1.18 
19 Earth nce Model Definition No 4.1.19  Refere
20 Trajecto  Defini No 4.1.20 ry tion 
21 View Definition No 4.1.21 
22 Collision Detection Segment Definition No 4.1.22 
23 Collision Detection Volume Definition No 4.1.23 
24 HAT/HOT Reques No 4.1.24 t 
25 Line of Sight Segment Request No 4.1.25 
26 Line of Sight Vector Request No 4.1.26 
27 Position Reques No 4.1.27 t 
28 Environmental Conditions Reque No 4.1.28 st 

IG TO HOST 
101 Start of me Yes 4.2.1  Fra
102 No 4.2.2 HAT/HOT Response 
103 HAT/HOT Extended Response No 4.2.3 
104 Line of Sight Response No 4.2.4 
105 Line of Sight Extended Response No 4.2.5 
106 Sensor Response See Packet Description 4.2.6 
107 Sensor Extended Response See Packet Description 4.2.7 
108 Position Response No 4.2.8 
109 Weather Conditions Response No 4.2.9 
110 Aerosol Concentration Response No 4.2.10 
111 Maritime Surface Conditions Response No 4.2.11 
112 Terrestrial Surface Conditions Response No 4.2.12 
113 Collision Detection Segment Notification No 4.2.13 
114 Collision Detection Volume Notification No 4.2.14 
115 Animation Stop Notification No 4.2.15 
116 Event Notification No 4.2.16 
117 Image Generator Message No 4.2.17 

USER-DEFINED DATA PACKETS 
201 – 255 User-Defined Data Packets Application-Dependent 4.3 
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Figure 10 – Example of Message Exchange in Synchronous Mode 

2.2.2 Data Types 
CIGI is platform- and language-independent. Therefore, this document uses a generic nomenclature for data 
types. Although some languages may use the same data type (and keyword) to represent more than one kind of 
datum, this document distinguishes between semantic uses. 
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All data are stored as two’s complement binary values
device must convert all data it writes to and reads from

. If a Host or IG uses an alternate representation, that 
 the interface. 

numbers.  

by unsigned bit fields as described 

 

s 32-bit word fields. Word fields may be used as the 

Table 2 – Integral Data Type Summary 

2.2.2.1 Integral Types 

Real values are stored as signed single- or double-precision floating-point numbers as defined in ANSI/IEEE STD 
754-1985. This document uses the names single float and double float to refer to single- and double-precision 

Integer values are stored as signed or unsigned 8-bit, 16-bit, or 32-bit fields. This document refers to these data 
types as int8, int16, and int32, respectively. Integers may also be represented 
in Section 2.2.2.2.  

Alphanumeric characters are stored as signed 8-bit char fields. These values use the ANSI (American National
Standards Institute) character set. 

Generic values with no explicitly defined type are indicated a
developer sees fit; however, they will be treated by the interface as unsigned int32 data. Any arithmetic operations 
performed on word data will be carried out as if on unsigned 32-bit integers. In addition, if byte swapping is 
necessary, word fields will be byte-swapped as 32-bit integers. 

Data Type Name Bytes Precision Minimum Value Maximum Value 
char 1 N/A -128 127 
int8 1 N/A -128 127 
unsigned int8 1 N/A 0 255 
int16 2 N/A -32,768 32,767 
unsigned int16 2 N/A 0 65,535 
int32 4 N/A -2,147,483,648 2,147,483,647 
unsigned int32 4 N/A 0 4,294,967,295 
word 4 N/A 0 4,294,967,295 
single float 4 7 digits 1.4012980 × 10-45* 3.4028235 × 1038*

   -3.4028235 × 10 -1.4012980 × 1038† -45†

double float 8 15 digits 4.940656458412465 × 10-324* 1.797693134862315 × 10308*

   -1.797693134862315 × 10308† -4.940656458412465 × 10-324†

* indicates range for positive values 
† indicates range for negative values 

 

2.2.2.2 Bit Fields 

To reduce packet size and Ethernet traffic, Booleans, enumerated values, and integers with small ranges typically 
ll a 
 bit 

use only the bits they need. Memory may be divided into bit fields to allow the data to be "packed" into as sma
space as possible. The following byte diagram shows an example of how several values might be packed into
fields: 
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7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Field3 Field2 F1 Reserved Field5 F4   

Figure 11 – Example of Multiple Bit Fields 

The above word can be broken down as follows: 

− F1 is a single-bit binary value with possible values 0 and 1.  

− Field2 is a 3-bit unsigned integer value with a range of 0 through 23 – 1.  

− Field3 is a 4-bit unsigned integer value with a range of 0 through 24 – 1. 

− V4 is a single-bit binary value with possible values 0 and 1.  

r. 

CIGI 3 arrang

− Field5 is a 2-bit unsigned integer value with a range of 0 through 22 – 1.  

− The bits marked as “Reserved” are unused and must be set to zero by the sende

− The remaining two bytes in this example are used to store two 8-bit values. 

es all bit fields so that they do not cross byte boundaries.  
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2.3 Startup and Shutdown Sequences 
CIGI supports four IG modes: Reset/Standby, Operate, Debug, and Offline Maintenance. 

ring synchronous operation, the 
e. Because this restriction is not 

enfo ceived from the Host during this time. 

Duri ntity 
model ay 
system a mponents to come online. This time may be configurable. 

Whe h  
start-of-fra  the Host. The IG Mode parameter within each Start of Frame packet (see Section 
4.2.
messag

e Host 

e 
ny other data sent during this time 

will be ignored by the IG. 

rt of Frame packet in which the IG Mode parameter is set to Operate, the Host can 
begin sending initialization and/or mission data. Initialization data may include requests to load a new database, 

 

process mission function requests should be purged; and all views, non-entity 
components, and environmental and weather conditions should be reset to their default states. 

acket can indicate this as being the current IG state. 

tion 
ally any Host or IG function to a 

 

e Extensions 
bust interface, there may be times when a developer wishes to define a unique data 

ecific purpose. For this reason, CIGI has been designed to be extensible. Data packet 

r, 
evice-specific functionality may be lost, the device must be able to revert back to the basic set of 

Refer to Section 4.3 of this document for further details on user-defined data packets. 

While the IG initializes, it should disregard any CIGI messages from the Host. Du
Host should communicate with the IG only in response to a start-of-frame messag

rced in asynchronous mode, the IG should disregard any data re

ng initialization, the IG may load a pre-configured default database or test pattern. It may also pre-load e
s so that they may be instanced quickly. The IG should allow a sufficient amount of time to allow the displ

nd other co

n t e IG completes its initialization sequence, it should go into a “ready” or “standby” state and begin sending
me messages to

1) should be set to Reset/Standby to indicate this operational mode. Upon sending its first start-of-frame 
e, the IG should be considered mission-ready. 

The IG will remain in Reset/Standby mode until it receives an IG Control packet (see Section 4.1.1) from th
in which the IG Mode parameter is set to Operate. The Host should then wait for the IG to set a Start of Frame 
packet’s IG Mode parameter set to Operate before sending packets of any other type. The Host should continu
to send IG Control packets while the IG is in Reset/Standby mode; however, a

When the IG sends a Sta

modifications to the views, system component controls, etc. Mission data may include entity states, non-system
component controls, mission function requests, etc. 

After the operational training or gaming session terminates, the Host should command the IG back to the 
Reset/Standby mode. The IG should then revert to its initial mission-ready condition. All entity instances should 
be removed from the scene; all in-

The Offline Maintenance mode can not be initiated through CIGI. This mode is only supported in CIGI to the 
extent that the IG Mode parameter of the Start of Frame p

2.4 Control Abstraction 
Because CIGI is by design a generic interface, not all conceivable functional controls can be given a unique data 
packet. The Component Control packet (see Section 4.1.4) is provided as a general-purpose packet that can be 
used to control a variety of model, terrain, system, and other components. Given the necessary control func
definition documentation, the integration engineer should be able to map virtu
component control. Such documentation should contain identifier and parameter assignments for each function.

2.5 Interfac
Although the CIGI is a ro
packet format for a sp
opcodes 201 through 255 have been reserved for user-defined data packets. 

To promote interoperability, a Host or IG device must gracefully ignore any packets it does not recognize. Furthe
although some d
CIGI packets defined in this document. 
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2.6 Version Compatibility 

an 
le of 

f 
e to 

isions for cross-version, packet-level compatibility in anticipation 

3. If a device receives a packet whose opcode is not recognized, the packet should be ignored. 

t 
ored. 

nd 
t as a new parameter. In the latter case, the sender may need to populate the original 

parameter depending upon the major and minor version numbers received from the other device. 

l 

ete, that packet’s opcode will not be reused. 

These guidelines are not intended to impose limitations that would be detrimental to the interface. Although every 
attempt will be made to follow these guidelines when making future changes to CIGI, these are not strict rules and 
should not take precedence over efficient design. 

Note that changes made to versions of CIGI prior to Version 3 do not adhere to the above guidelines. 

All CIGI messages contain a major version number identifying the version of CIGI to which the packets in that 
message conform. This version number is contained in the Major Version parameter of both the IG Control 
(Section 4.1.1) and Start of Frame (Section 4.2.1) packets. When a device receives a CIGI message, it c
inspect the major version number to ensure that both devices are compatible. Some devices may be capab
automatically reverting to an older version of CIGI if necessary. 

A minor version number is also contained in the Minor Version parameter of both the IG Control and Start o
Frame packets. An increment of this minor version number indicates that small changes may have been mad
the interface but that the behavior defined in all prior minor versions has been preserved. A device whose 
counterpart uses an earlier minor version can look at the Minor Version parameter to determine whether some 
features and behaviors are not supported. 

A major design goal for CIGI 3 is to build in prov
of future generations of the interface. This document establishes some guidelines in order to attempt to allow a 
certain degree of forward- and backward-compatibility between Version 3 and higher: 

1. Bit fields begin at the least significant bit available within the byte. 

2. All bits marked “Reserved” should be set to zero (0) by the sender. 

4. Any parameters added to a packet in future generations of CIGI will utilize existing reserved bits, if 
appropriate, or be appended to the end of the packet. If the receiver encounters a packet whose Packe
Size parameter is larger than expected, any bytes beyond the expected size will be ign

5. If a parameter’s size must be increased, it will utilize any adjacent Reserved space or be moved the e
of the packe

6. The unit of measure for a parameter will not change. If a change of unit is required, a new parameter wil
be appended to the end of the packet. The sender should still populate the original parameter. 

7. If a packet becomes obsol
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3. BASIC DEFINITIONS AND CONCEPTS 

1. The entity has a distinct dynamic coordinate system (DCS). 

te and unique tree in the IG scene graph. The tree may or may not include 

Entities can be used to represent both static and dynamic objects. Some examples of dynamic entities are 
vehicles such as aircraft, ships, and automobiles; animations such as explosions, missile trails, and smoke; and 
localized weather phenomena such as clouds and fronts. Static objects may include stationary ground targets 
such as buildings and bridges

ot 

ot expressly allow terrain to be transformed or 

acy systems use terrain databases containing holes that are 
filled by smaller dynamic models. 

Even though clouds and other discrete weather phenomena may be implemented as entities, weather layers may 
not. An IG might generate polygonal surfaces to represent the top and bottom of a weather layer, but these 
surfaces do not have distinct trees or coordinate systems. 

Views and view groups do possess distinct coordinate systems, but they do not have trees per se. View groups 
are hierarchical collections of views; however, no scene graph nodes exist. 

Articulated parts cannot be detached from their respective super-trees and are therefore not entities. Moving parts 
on a model may be implemented s separate models rather than articulabl s, however. In these 
instances, each part would be a child entity of the object containing the pa

See Section 4.1.2 for information on how the Host can instantiate and control entities on the IG with the Entity 
Control packet. 

3.1.1 Ownship 
The Ownship is a unique entity that represents the object being simulated by a trainer crew station, gaming 
platform, or other such device. Views attached to the Ownship correspond to the eyepoint of the pilot, driver
other observer. 

The Ownship is an entity, and as su l packet (Section 4.1.2). 

3.1 Entities 
An entity as defined in this document exhibits all of the following characteristics: 

2. The entity has a separa
geometry. 

3. The entity’s tree can be transformed (i.e., translated, rotated, and scaled) independently from the rest of 
the scene graph.  

4. The entity’s tree can be moved within the scene graph’s hierarchy. In other words, it can be attached to 
(become a branch of) and later detached from another entity’s tree. 

, and other objects such as video test patterns. 

Although terrain, weather layers, views, and articulated parts share many characteristics with entities, they are n
treated as such by CIGI. 

Terrain has its own tree and coordinate system, but CIGI does n
attached to other entities. Entities may, however, be used to represent certain parts of the terrain such as 
dynamic sea states and surface conditions. Although the preferred method of implementing these features is 
through the Maritime Surface Conditions Control and Terrestrial Surface Conditions Control packets 
(Sections 4.1.13 and 4.1.15, respectively), many leg

 a e submodel
rt. 

, or 

ch, can be controlled with the Entity Contro
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3.1.2 Animations 
An animation is an entity that has a specific pattern of movement, growth, or other behavior. This behavior is 
typically representative of so rectly controlled. Examples 
include fire, explosions, smoke, moving ss introduced by 

pon the nature of the animation, the Host may modify certain characteristics by sending one or more 
Component Control packets (Section 4.1.4). The Host might define the expansion rate of an explosion, for 

il. The specific behavior of an animation, however, is automated by the IG. 

d 

 

A frame-based geometry animation is an entity with multiple sets of geometry that are displayed sequentially. 
Each set of geometry is typically attached to a switch node. To display the next set, or “frame,” the current switch 
node is switched off as the next one is switched on. The animation may consist of few frames with simple 
geometry (e.g., a turning propeller might be implemented as two alternating polygons with temporally aliased 
textures) or many frames with complex geometry (e.g. a collapsing bridge might have damaged, undamaged, and 
many intermediate states). 

A transformation-based geometry animation, or shape animation, is an entity whose geometry is changed over 
time. A high-fidelity tree model, for example, might contain sections of geometry that are translated and rotated to 
simulate movement from wind. A cloud of black smoke produced by flak might expand and drift as its dynamic 
texture appears to fade. The latter example illustrates a combination of animation techniques. 

Other types of animation might include, but are not limited to, motion-path animations, particle systems, and 
palette animations. 

Note that some animated components may be implemented as submodels of an entity model rather than as 
separate entities. Such components might include flashing lights, aircraft propellers, afterburners, landing gear, 
tank tracks, wheels, and like items. These components would be controlled with the Component Control packet 
(Section 4.1.4). 

me real-life phenomenon that, once initiated, cannot be di
water, etc. Aside from an element of randomne

stochastic processing within the IG, animations are typically reproducible for a given environmental state. 

Depending u

example, or the length of a contra

An IG may implement any of a variety of animation types. For example, a dynamic texture animation is a 2-D 
animation applied to some surface. Each texture may be one of a fixed sequence of images or may be generate
procedurally each frame. The IG advances the image at some frame rate. The same concept can be applied to 
bump map and displacement map animations.
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3.2 Views 
A view is a projection of a three-dimensional volume onto a two-dimensional viewing plane. CIGI 3 supports 
perspective and orthographic parallel views. Oblique parallel views are not directly supported, but may be 
implemented by using the Component Control packet (Section 4.1.4) to specify the direction of projection 
relative to the projection plane. 

3.2.1 Viewing Volumes 

3.2.1.1 Perspective 

e 

 
jection of a three-dimensional viewing volume onto a 

two-dimensional viewport. 

The viewing volume for a perspective projection is the frustum defined by the near and far clipping planes and th
sides of the viewport. The viewport is an area on the view plane onto which objects within the view frustum are 
projected. The viewport generally corresponds to the display or a window. CIGI therefore assumes its size to be
fixed. Figure 12 illustrates the concept of perspective pro

 

Near Clipping Plane 

Far Clipping Plane 

Eyepoint 

Viewport 

View Frustum 

View Plane

 

Figure 12 – Perspective Projection onto a Viewport 

Because the size of the display (and thus the viewport) is fixed, the dimensions of the view frustum are directly 
related to the position of the eyepoint. By designing the view eyepoint to correspond to the observer’s eye, a 
projection with an apparent one-to-one scale can be achieved. 

Figure 13 illustrates how a view is defined. Angle α is the left half-angle and angle β is the right half-angle. Angles 
γ and δ represent the top and bottom half-angles, respectively. The viewing vector corresponds to the observer’s 
line of sight and is perpendicular to the view plane. 
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δ = -30° 
β = 40° 

Top 

Eyepoint 

Viewing 
Vector 

γ = 30° 

Eyepoint 

Viewport 

Side

Viewing 

Viewport 

Vector α = -40° 

 

Figure 13 – View Definition Half-Angles 

A view may be defined so that the sizes of angles α and β, and of angles γ and δ, are not equal. This produces an 
oblique view such as the one shown below: 

 

β = 55° 
α = 25° 

View Plane 

Viewing Vector 

 

Figure 14 – Example of an Oblique Perspective View 
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The size of the view frustum can be set via the View Definition packet. Refer to Section 4.1.21 for details 
this packet. 

about 

Parallel 

 

 three-

3.2.1.2 Orthographic 

An orthographic parallel projection is one where the lines of projection are parallel to the sides of the viewing
volume and perpendicular to the projection plane. This type of view is typically used for two-dimensional views 
such as “God’s eye” views and heads-down displays. Figure 15 illustrates an orthographic projection of a
dimensional viewing volume onto a viewport. 

 

Near Clipping Plane 
(Projection Plane) 

Far Clipping Plane

Eyepoint

Viewport 

Lines of projection 
are parallel 

Viewing Volume

Projection Plane is 
mapped to Viewport

 

Figure 15 – Orthographic Parallel Projection onto a Viewport 

The scene within the viewing volume is projected onto the projection plane. Because the lines of projection are 
parallel, the apparent sizes of any objects within the viewing volume do not vary with distance from the projection
plane. 

 

 
pping planes. 

rchically with respect to the entity. These changes may be applied to each of the three 

The projection plane is mapped to the viewport, where the projected scene is displayed. 

As with a perspective projection, the width and height of the viewing volume of an orthographic projection is 
directly proportional to the sizes of the angles formed at the eyepoint between the viewport sides and the viewing
vector (see Figure 13). The depth of the volume is the distance between the near and far cli

3.2.2 View Groups 
Figure 16 below shows three views forming a panoramic scene. Certain situations may require the views to be 
moved spatially or hiera
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views individually. Alternatively, the views may be grouped so that operations can be performed upon them 
simultaneously. 

 

 

Figure 16 – Example of a View Group 

The latter technique has several advantages. Perhaps most importantly, it reduces the network load because a 
single View Control packet (see Section 4.1.13) can be used instead of several. Another advantage is that it 
guarantees that the spatial relationships between views are maintained. In addition, the Host does not have to 
keep track of multiple coordinate systems for the views. 

A view can be assigned to a view group by setting the Group ID parameter of the View Definition packet (see 
Section 4.1.21). Once the group assignment has been made, the view may be controlled with the View Control 
packet (see Section 4.1.16) either individually or as part of the group. Refer to the indicated sections for more 
information on these packets. 

 

 
 

21 



Common Image Generator Interface, Version 3.2  3.3 
 

3.3 Coordinate Systems 

3.3.1 Geodetic Coordinate System 
CIGI 3 specifies a top-level (non-child) entity’s position in geodetic coordinates. The coordinates define the 
position of the entity’s reference point, typically the center of gravity. Orientation is specified by yaw, pitch, and roll 
angles. Sections 3.3.1.1 and 3.3.1.2 describe geodetic position and orientation, respectively. 

The default Earth Reference Model (ERM) for CIGI 3 is WGS 84. The Host can define a new reference ellipsoid 
by sending an Earth Reference Model Definition packet (Section 4.1.19) to the IG.  

3.3.1.1 Position 

The geodetic coordinate system uses an ellipsoidal earth model and specifies a location in terms of latitude, 
longitude, and altitude as shown in Figure 17. 

Point P 

Semi Major Axis 

Se
m

i M
in

or
 A

xi
s 

longitude 

altitude 

Pole 

N Prime Meridian 

Equator 

latitude 

 

Figure 17 – Position within Geodetic Coordinate System 

Given point P, an imaginary vector N
v

 extends through that point that intersects the equatorial plane and is normal 
to the ellipsoid’s surface. Latitude is the size of the angle formed between this vector and the equatorial plane. 
This is measured in degrees north (positive) or south (negative) of the Equator and is limited to ±90°. 

Longitude is the angle of the arc along the ellipsoid surface from the Prime Meridian to the point on the Equator 
closest to point P. This is measured in degrees east (positive) or west (negative) of the Prime Meridian and is 
limited to ±180°.  

Altitude is the distance from P to the point of intersection between the ellipsoid surface and the normal vector. This 
distance is measured in meters above Mean Sea Level (MSL), which CIGI defines as the reference ellipsoid 
surface. Negative values indicate that the point is below MSL, or inside the reference ellipsoid. 
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Note that positive Altitude values correspond to
coordin te system, which is described in Secti

 negative Z values in a North-East-Down (NED) Cartesian 
a on 3.3.1.2. 

 
gential plane. The reference plane passes through 

the entity’s reference point. A right-hand coordinate system can be defined so that the X, Y, and Z axes 
correspond to North, East, and down (toward the ellipsoid), respectively. This is called a North-East-Down (NED) 
Cartesian coordinate system and is shown in Figure 18. 

3.3.1.2 Orientation 

The orientation of an entity, view, or other object with respect to the geodetic coordinate system is specified
relative to a reference plane that is parallel to an ellipsoid-tan

P

N (0°)

E 
W

S 

+X 

+Y 

+Z 

 

Figure 18 – Local Geodetic Reference Plane with NED Coordinate System 

The order of rotation is about the Z, Y, and then X axes (i.e., yaw, pitch, and then roll) as described below. This 
discussion assumes an entity but also applies to views, submodels, and other objects. 

An entity’s yaw, ψ, is the measure of the angle formed from True North to the entity’s +X axis. This angle is 
specified in degrees and is positive clockwise if looking along the +Z axis. 

An entity’s pitch, θ, is the measure of the angle between the reference plane and the entity’s +X axis. This angle 
is specified in degrees and is positive above (away from the ellipsoid) the reference plane. 

Roll, φ, is the measure of the angle between the reference plane and the entity’s +Y axis along a plane 
perpendicular to the entity’s X axis. In other words, it is the angle of rotation about the X axis after yaw and pitch 
have been applied. Roll is also specified in degrees and is positive clockwise from the point of view of looking 
along the +X axis. 
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Figure 19 illustrates the rotation about eac
(above the reference plane) for clarity. Das

h axis. Note that the Z axis is labeled in the negative (–) direction 
hed lines indicate that the line extends below the reference plane. 

 

0°

Reference Plane

–Z

+X
ψ 

+Y

1) Yaw (ψ): 

–Z

0°
+X

θ

+Y

0°

+X

+Y

φ 

–Z

 

Figure 19 – Rotation in NED Coordinate System 

2) Pitch (θ): 

3) Roll (φ): 
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3.3.2 Entity Coordinate Systems 
Each entity has a local NED coordinate system as shown below in Figure 20. The origin corresponds to the 
entity’s reference point, typically the center of gravity. The +X axis extends out the “front” of the entity (e.g., the 
nose of an aircraft). The +Y axis extends out the right side, and the +Z axis extends out the bottom of the entity.  

+X 

+Y

+Z

 

Figure 20 – Local Entity Coordinate System 

An entity’s local coordinate system is sometimes called its “body” coordinate system.  

3.3.2.1 Position 

Position with respect to an entity’s local coordinate system is specified as the distance in meters from the entity’s 
reference point along its X, Y, and Z axes. The entity’s coordinate system is shown in Figure 20.  
 
 

3.3.2.2 Orientation 

Rotation with respect to an entity’s coordinate system is specified as yaw, pitch, and roll relative to a local 
reference plane. This reference plane is parallel to the entity’s XY plane and passes through the local origin. The 
order of rotation is as shown in Figure 19. 
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3.3.3 Submodel Coordinate Systems 
A submodel is a hierarchy of geometry nodes within a model (entity) for which a dynamic coordinate system 
(DCS) is defined. Transformations performed on the DCS affect the submodel geometry as a whole. For example, 

1 so that applying a a flap on an aircraft might have a local coordinate system defined as shown in Figure 2
positive pitch will rotate the flap above the wing. 

 

+X 

Submodel 
coordinate 

+Y 

+Z 

system 

Submodel 

Positive pitch 
about the Y axis 

reference point

 

Figure 21 – Submodel Coordinate Sy

submodels are defined with respe
tion is as shown in Figure 19. 

s the use of the Articulated Part C

 

stem 

ct to this coordinate system. They are not cumulative. Position and rotation of 
The order of rota

Section 4.1.6 describe ontrol packet in manipulating submodels.
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4. DATA PACKET REFERENCE 
escribes each packet in the Common Image Generator Interface. Section 4.1 describes 

n Host-to-IG messages. Section 4.2 describes the packets used in IG-to-Host messages. 
This portion of the ICD d
the CIGI packets used i
Section 4.3 discusses user-defined packets, which may be used for either Host-to-IG or IG-to-Host messages. 

Each topic contains one or more paragraphs describing the use of the packet. Following this text is a diagram 
illustrating the structure of the packet. An example of such a diagram is shown in Figure 22. 

Bit numbers correspond to the 
bit position within the byte Fixed values are specified here 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 103 Packet Size = 40 HAT/HOT ID 

*2 Reserved *1 Reserved 
HAT 

 
HOT 

 
Material Code 

Normal Vector Azimuth 
Normal Vector Elevation 

Reserved 

*1 Valid 
*2 Host Frame Number LSN 

 

 word. The topmost row corresponds to the first word in the packet; the memory 
 dotted line representing the enclosed word 

he two rows. 

P a e  lic ed. Parame  m  l te
n its marke re allocated fo os 
(

Bit positions are numbered from right to left. The left  each byte is the most significant bit. The leftmost 
byte in each word has the lowest physical addre

The following shows how the above packet would be stored in memory on both a big-endian and a 
little-end

Figure 22 – Example of Packet Structure Diagram 

Each row represents a 32-bit
address increases downward. 64-bit parameters are indicated by a
boundary. The parameter name appears in the first of t

ar m ter n  
low the diag

ames are ita iz t  o
d “Reserved” a

ers wh se na es wil not w i
r future use and
fit ith n the space allot d i h a e e

pulated with zer
n t e t bl  ar  

oted be
0). 

ram. B  must be po

most bit in
ss. 

 illustration 
ian computer: 

Parameter names 
Multiple-word parameters 
are indicated by dashed 

lines  

Bits marked 
“Reserved” must 

are italicized contain zero (0)
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Normal Vector Elevation (MSB) 

Normal Vector Elevation (3rd-order byte)
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Figure 23 – Example of Packet Data Storage 
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Below the packet structure diagram is a table that lists each parameter and describes its use. This table identifies 
eter’s name, data type, and unit of measure. If a ta 
le 2 on page 10, those values are listed next. If

he general format of a packet paramet

rmat of Packet P

the param
type in Tab

 parameter’s values differ from those listed for the da
 applicable, a default value and reference datum are 

er definitions table: 

listed next. 

Table 3 describes t

Table 3 – Fo arameter Definitions Table 

Parameter Description 
Packet ID 

Type: unsigned int8 

This parameter specifies the packet’s opcode, which 

ed 
sionless value. 

Units: N/A 

Value: 103 

uniquely identifies the packet. In this example, the 
value 103 indicates that this is a HAT/HOT Extend
Response packet. This is a dimen

Packet Size 

Type: unsigned int8 

This parameter indicates the number of bytes in this 
type of data packet. The value 40 in this example 

Units: Bytes 

Value: 40 

specifies the number of bytes in a HAT/HOT Extended 
Response packet. 

Parameter Name The remaining items in the table describe the rest of 
the packet’s parameters. There is one row per 

 

rameter name. 

Next is the unit of measure used for the parameter. If 
the parameter is dimensionless and has no unit, this is 

 range of values or an 
e 

nd other objects that are instantiated at 
runtime will not have a default value. 

Finally, a reference datum may be specified for the 
attribute. This is the point or state from which the value 
is measured. 

Type: double float 

Units: degrees 

Values: -90.0 – 90.0 

Default: 0.0 

Datum: Equator 

parameter, and the parameters are given in the order in
which they appear in the packet (left to right). 

The parameter is identified by the pa
Below this name is the data type. CIGI data types are 
described in Section 2.2.2. 

indicated by “N/A.” 

The domain may be specified below the unit of 
measure. This might either be a
enumerated list of discrete values. If no values ar
specified, then the domain is the entire range of the 
data format as listed in Table 2. 

Below the domain is default value, if applicable, for the 
parameter. This is the value assigned to the specified 
attribute during initialization of the IG. Attributes of 
entities a
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4.1 Host-to-IG Packets 

 the IG’s operatio , database loading, and timing correction. This 
ost-to-IG message, and every Host-to-IG message must contain exactly one IG 

 pa  encountered during a ined. 

The IG Control packet allows the Host to control the loadi
number from 1 to 127. The Host will set the Database Num propriate value to direct the IG 
to begin reading the corresponding database into memory. An example is shown in Figure 24: 

4.1.1 IG Control 
The IG Control packet is used to control
must be the first packet in each H

nal mode

Control cket. If more than one is given frame, the resulting IG behavior is undef

ng of terrain. Each database is associated with a 
ber parameter to the ap

 IG 
 

Database m is 
loaded. 

 
 
 

Start of Frame:
Database Number = +m 

ntrol:IG Co
Database Number = +n 

 
oading 
e n. 

Start of Frame:
Database Number =

IG Co
Database Number = 0 

IG begins l
databas  -n 

ntrol:

 
IG is loading 
database n. 

 

Start of Frame:
Database Number = -n 

IG Control:
Database Number = 0 

 
IG signals 

database n is 
loaded. 

 

Start of Frame:
Database Number = +n 

IG Control:
Database Number = 0

 
 
 
 

Host requests 
database n. 

sends only IG 
Control packets. 

 
 
 
 

Host sends IG 
Control only. 

 
 
 
 

Host can now send 
mission data. 

Host 

 
 
 

Host acknowledges, 

 

Figure 24 – Database Loading Sequence in Synchronous Mode 

The IG will indicate that the database is being loaded by negating the value and placing it in the Database 
Number parameter of the Start of Frame packet. The Host will then acknowledge this change by setting the 
Database Number parameter of the IG Control packet to zero (0). Because the IG’s resources may be devoted to 
disk I/O and other functions, the Host should ideally send only IG Control packets at this time. 

After the IG receives the acknowledgement, it will signal the completion of the database load by setting the 
Database Number parameter of the Start of Frame packet to the positive database number. The IG is now 
considered mission-ready and can receive mission data from the Host. 

Note that the IG will ignore the Database Number parameter while in Reset/Standby mode. 
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When using a global databa
When the Host detects a ze

se, the IG will set the Database Number of the Start of Frame packet to zero (0). 
ro in this parameter, it should in turn set the Database Number parameter of the IG 

Control packet to zero (0).  

The contents of the IG Control packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 1 Packet Size = 24 Major Version = 3 Database Number 

Minor Version *3 *2 *1 Reserved Byte Swap Magic Number 
Host Frame Number 

Timestamp 
Last IG Frame Number 

Reserved 

*1 IG Mode 
*2 Timestamp Valid 
*3 Reserved 

Figure 25 – IG Control Packet Structure 

Table 4 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 4 – IG Control Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 1 

This parameter identifies this data packet as the 
IG Control packet. The value of this parameter must 
be 1. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 24 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 24. 

Major Version 

Type: unsigned int8 

This parameter indicates the major version of the CIGI 
interface that is currently being used by the Host. The 

Units: N/A 

Value: 3 

IG can use this number to determine concurrency. The 
Host must set the value of this parameter to 3. 
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Parameter Description 
Database Number 

Type: int8 

This parameter is used to initiate a database load on 
eter to a non-zero value will 
ing the database that 

 

n 

t 

database on the IG. 

 

Units: N/A 
corresponds to that value. If the number corresponds to
the current database, the database will be reloaded. 

the IG. Setting this param
cause the IG to begin load

Values: 0 No load requested 
 1 – 127 Identifies desired database 

Default: 0 

The IG will indicate that the database is being loaded 
by negating the value and placing it in the Database 
Number parameter of the Start of Frame packet. Whe
the Host receives this notification, it should set the 
Database Number parameter of the IG Control packe
to zero (0) to prevent continuous reloading of the 

The IG will ignore this parameter while in 
Reset/Standby mode. 

Refer to Section 4.2.1 for more information on the Start
of Frame packet. 

IG Mode This parameter dictates the IG’s operational mode.  

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 Reset/Standby 
 1 Operate 
 2 Debug 

parameter to the desired mode. When the IG 
completes the mode change, it will set the IG Mode 
parameter in the Start of Frame packet accordingly.  

For information on each of the IG modes, refer to the
description of the IG Mode parameter of the St
Frame packet in

Default: 0 

The Host can initiate a mode change by setting this 

 
art of 

 Table 35. 

Timestamp Valid This parameter indicates whether the Timestamp 
parameter contains a valid value. 

Type: 1-bit field 

 set 
is mode. 

Units: N/A 

Values: 0 Invalid 

Because the Timestamp parameter is required for 
asynchronous operation, Timestamp Valid must be
to Valid (1) in th

 1 Valid 

Minor Version 

Type: 4-bit field 

Units: N/A 

This parameter indicates the minor version of the
interface that is currently being used by the Host. The 
IG can use this number to determine concurrency. 

Value: 2 

 CIGI 
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Parameter Description 
Byte Swap Magic Number 

Type: unsigne

This parameter is used by the IG to determine whether 
it needs to byte-swap incoming data. Refer to Section 

d int16 

Values: 8000h No byte swap (see n
 80h Byte swap 

2.1.4 for details on this mechanism. 

Note: The Host must set this value to 8000h, or 32768. Units: N/A 

ote at right) 

Ho ber 

Type ned int32 

Units: N/A 

 parameter uniquely identifies a data frame on the 
st should increment this value by one (1) 

ach successive message. 

1 this parameter was named 

 the last 
t received. As of CIGI 3.2, 

umber is independent of the 
ter in the Start of Frame 

ket. 

st Frame Num

: unsig

This
Host. The Ho
for e

Note: In CIGI 3.0/3.
“Frame Counter” and the Host populated it with the 
value of the Frame Counter parameter from
Start of Frame packe
however, the Host Frame N

rame Number parameIG F
pac

Timestamp 

ype: unsigned int32 

s the number of 10µs “ticks” 
nce time. This will enable the 

IG to correct for latencies as described in Section 

tect 
and correct for rollover. 

e of this parameter is optional for synchronous 
rameter does not contain a valid 

e Timestamp Valid parameter should be 
set to zero (0). 

This parameter indicate
since some initial refere

T

Units: 10 microseconds (µs) 

Datum: Arbitrary reference time 

2.1.1.1. 

The 10µs unit allows the simulation to run for 
approximately 12 hours before a timestamp rollover 
occurs. The IG software should contain logic to de

The use of this parameter is required for asynchronous 
operation. 

The us
operation. If this pa
timestamp, th

Last IG Frame Number 

Type: unsigned int32 

Units: N/A 

This parameter contains the value of the IG Frame 
Number parameter in the last Start of Frame packet 
received from the IG. This parameter serves as an 
acknowledgement that the Host received the last 
message. 
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4 .2 ro  
 Entity n c is us trol p tio and other attributes describing an entity’s state. 

This packet applies to all entities in the simulation, including the Ownship.  

Each entity is identified by a unique identifier called the Entity ID. When the Host sends an Entity Control packet 
to the IG, the IG sets the state of the entity object corre ding to the value of the Entity ID parameter. If the 
specified entity does not exist, the IG will create it. 

When the IG creates an entity, it makes a copy of the geomet ding to the value of the Entity Type 
parameter. This copy exists as a unique and inde hin the scene graph; therefore, any operations 
that modify an entity’s tree (e.g., part articulations) affect only that entity and its children. 

Figure 26 illustrates unique Entity IDs being assigned to multiple entities of the same type. The number 
assignm ple are hypothetical. 

.1  Entity Cont l
The Co trol pa ket ed to con osi n, attitude, 

spon

ry correspon
pendent tree wit

ents in this exam

 

Missile Trail 
Entity ID: 5 
Entity Type: 21 

Missile Trail 
Entity ID: 4 
Entity Type: 21 

Missile 
Entity ID: 2 

tity Type: 150 

Missile

En

 
Entity ID: 3 
Entity Type: 150 

F/A-18 
E
En

ntity ID: 1 
tity Type: 106  

Figure 26 – Example of Entity Definitions 

e attached to one another in a hierarchical re  
is specified relative to its parent’s coordinate system. The 

hierarchy as a group. No explicit manipulation of a child entity is necessary unless its 
nge with respect to its parent. 

es and missile trails could be maneuvered in one of two ways. First, each missile 
ould be controlled uniquely, requiring the host to provide position and attitude data for each of 

simpler and typically preferred way would b
 missile trail pair. Each missile could be attache

m its parent and promoted to en 
be m  independently from the aircraft. Figure 27 

t-child hierarchy before and after a missile is launched: 

Entities can b lationship. In such a hierarchy, a child entity’s position
Host needs only to control the parent entity in order to 

move all lower entities in the 
position and attitude cha

In the example above, the missil
and missile trail c
the four entities. The 
missile and

e to establish a parent-child relationship for each 
d to the aircraft until launched, at which time the 
 a top-level entity. Each top-level missile would th
anipulated

missile would be detached fro
possess its own independent hierarchy, which would 
illustrates the paren
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 Before Missile Launch After Missile Launch 

Missile 
Promoted to 
Top Level 

 

Figure 27 – Example of C

rameter of the Entity Control packet 
this parameter is set to Attach (1), the entity is attached to

 to control when an entity is v
When an entity is created, the Entity State field can be set
the scene as soon as the model geometry is loaded. The  made invisible at any 
time by setting Entity State to Inactive/Standby. When the
Destroyed to direct the IG to unload the geometry and free
attached to the entity are also destroyed. 

Models can be preloaded to increase the speed at which t
aircraft fires a missile, a new entity would need to be crea
cached, the IG must load the model from its hard disk. Be
significant distance (and possibly beyond visual range) before the di
entity, the geometry can already exist in memory and be in activated within the scene graph when needed. 
To accomplish this, the Entity State flag could be set to Ina n 
the missile is needed, an Entity Control packet for that en  
and with the Entity State flag set to Active. 

An entity can also be made invisible by setting the Alpha p eter specifies an alpha 
value to be applied to the entity’s geometry. The Inherit Alpha parameter indicates whether a child entity’s alpha 
value is combined with that of its parent. For example, a missile attached to the wing of an aircraft would typically 
be made invisible when the aircraft is destroyed, so its Inherit Alpha attribute would be set to Inherited (1). An 
explosion or similar animation attached to that aircraft, however, would typically linger after the aircraft’s 
destruction, so its Inherit Alpha attribute would be set to Not Inherited (0). 

Note that setting the Entity State parameter to Inactive/Standby is not equivalent to setting the Alpha parameter to 
zero (0). The Entity State parameter enables or disables the entity geometry in the scene graph. The entity would 
not be included in line of sight and collision testing, nor would any transformations be applied. Any children would 
also be disabled. The Alpha parameter, on the other hand, merely affects the opacity of the specified entity. 

The positions of top-level entities (i.e., those entities that are not children) are always specified as a geodetic 
latitude, longitude, and altitude (see Section 3.3.1.1). The positions of child entities are always specified with 
respect to the parents’ NED body coordinate system (see Section 3.3.2). 

hild Entity Detachment 

The Attach State pa determines whether an entity is attached to a parent. If 
 the entity specified by the Parent ID parameter. 

isible and when its geometry is loaded and unloaded. 
 to Active to specify that the entity should be added to 
entity and any children can be

The Entity State field is used

 entity is no longer needed, Entity State can be set to 
 any memory allocated for the entity. Any children 

hey can be initially displayed. For example, when an 
ted for that missile. Unless the missile geometry is 
cause of its tremendous speed, the missile might fly a 

sk I/O can be completed. By preloading the 
stantly 
ctive/Standby when the missile is created. Later, whe
tity would be sent containing the proper positional data

arameter to zero (0). This param
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In certain instances, it is desirable for the IG to “clamp” the entity to the surface of the terrain. This can be used as 
quests and responses to de If 
ameter is set to Non-Confor

 the ground or sea surface heigh
eels, for instance

h specify rotational offsets if ground

 State s used to control the play
n Entity Control packet wi

e Host may explic
Animation State to Stop. Setting the parameter to Pause f
Setting the parameter to Resume in a subsequent frame w  it 
to Play will play the animation again from its initial state. S
restart the animation. 

Note that setting the Animation State parameter to Stop w es of animations. 
Frame-based animations may simply stop, or begin a term  
at the current frame. Emitter-based animations (e.g, missil
particles or segments; however, existing particles or segm

citly remove it from the scene unl y 

arizes the animation behavior: 

Table 5 – Animation State Summary 

an alternative to using HOT re
the Ground/Ocean Clamp par

termine ground elevation and slope below the entity. 
mal (1) or Conformal (2), the Altitude parameter 
t. This is useful for specifying the vertical distance from 
, or from a ship’s reference point to its waterline. 
 or ocean clamping is enabled. 

back state of animation entities. To start the animation 
th its Entity State set to Active and its Animation State 
itly stop the animation at any time by setting the 

specifies an offset above
an automobile’s reference point to its wh
Similarly, Roll and Pitc

The Animation  parameter i
sequence, the Host will send a
parameter to either Play or Resume. Th

reezes the animation sequence at the current frame. 
ill resume the animation from its paused state; setting

etting Animation State to Play during playback will 

ill have different effects on different typ
ination sequence if such a sequence has been defined,
e trails and particle systems) will stop producing new 
ents will continue to decay normally. Stopping an 

animation does not impli
or Destroyed. 

ess the Entity State parameter is set to Inactive/Standb

The following table summ

Current State New Animation State Value Effect 
Stop None 

Pause None 
Play Pla ing ys from beginnStopped 

Continue Plays from beginning 
Stop Sto nts ps at current frame; Stops emitting particles/segme

Pause Pauses at current frame; Freezes all particles 
Play Restarts from beginning Playing 

Continue No action, continues playing 
Stop Stops 

Pause None 
Play Plays from beginning Paused 

Continue Plays from current frame 
 

If an animation has been built with a limited duration, and if the Animation Loop Mode parameter is set to 
One-Shot, the animation will stop automatically upon its completion. The IG will indicate this condition by sending 
an Animation Stop Notification packet (Section 4.2.15) to the Host. If the Animation Loop Mode parameter is 
set to Loop, the animation will immediately restart from the beginning and no Animation Stop Notification 
packet will be sent. 

Once an Entity Control packet describing an entity is sent to the IG, the state of that entity will not change until 
another Entity Control packet specifying that entity ID is received. For example, packets describing the Ownship 
and a wingman may be sent every frame to indicate continuous positional changes, while a packet describing an 
inactive SAM site may be sent once during mission initialization. 

The contents of the Entity Control packet are as follows: 

 
 

36 



Common Image Generator Interface, Version 3.2  4.1.2 
 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 2 Packet Size = 48 Entity ID 

*6 *5 *4 *3 *2 *1 Reserved *9 *8 *7 Alpha Reserved 
Entity Type Parent ID 

Roll 
Pitch 
Yaw 

Latitude/X Offset 
 

Longitude/Y Offset 
 

Altitude/Z Offset 
 

*1 Entity State 
*2 Attach State 
*3 Collision Detection Enable 
*4 Inherit Alpha
*5 Ground/Ocean Clamp 
*6 Reserved 
*7 Animation Direction 
*8 Animation Loop Mode 
*9 Animation State 

Figure 28 – Entity Con

arameter’s data type, units, and us ult value and/or reference datum are 
ameter, or if the domain differs from the range of values listed in Table 2, those values are 

Table 6 – Entity Control

trol Packet Structure 

age. If a defaTable 6 defines each p
applicable for a par
also listed. 

 Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigne int8 d 

Value: 2 

This parameter identifies this data packet as the 
Entity Control packet. The value of this parameter 
must be 2. 

Units: N/A 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 48 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 48. 

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the entity to which this packet 
is applied. A value of zero (0) corresponds to the 
Ownship. 
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Parameter Description 
Entity State 

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 Inactive/Standby 
e, 

nd collision testing. 

 in line of sight and collision testing. 

e 
children are also destroyed. All other 

parameters in this packet are ignored. 

 1 Active 
 2 Destroyed 

This parameter specifies whether the entity should be 
active or destroyed. It may be set to one of the 
following values: 

Inactive/Standby – The entity is loaded, but its tree is 
not enabled in the scene graph. The entity is invisibl
and no transformations are applied. Additionally, the 
entity is excluded from line of sight a

Active – The entity’s tree is enabled in the scene 
graph. Transformations are applied to the entity and it 
is included

Destroyed – The entity’s tree is removed from th
scene graph. Any 

Attach State 

Type: 1-bit field 

Units: N/A  

 0 Detach 

ld be 

becomes or remains a top-level (non-child) entity. The 

all specify 
inate 

, X Offset, Y Offset, 
n 

 given entity at 

ontrol packet. 

Values:
 1 Attach 

This parameter specifies whether the entity shou
attached as a child to a parent. 

If this parameter is set to Detach (0), the entity 

Parent ID parameter is ignored. The Yaw, Pitch, Roll, 
Latitude, Longitude, and Altitude parameters 
the entity’s position relative to the geodetic coord
system (see Section 3.3.1). 

If this parameter is set to Attach (1), the entity becomes 
or remains attached to the entity specified by the 
Parent ID parameter. The parent must already exist, 
having been created in a prior frame or earlier in the 
current frame. The Yaw, Pitch, Roll
and Z Offset parameters all specify the entity’s positio
relative to the parent’s coordinate system (see Section 
3.3.2). 

This parameter may be changed for a
any time. The attachment or detachment takes place 
immediately and remains in effect until changed with 
another Entity C
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Parameter Description 
Collision Detection Enable 

ed 
 1 Enabled 

detection segments and volumes associated with this 

ns 
t associated with this entity and each 

 any collision 

(as 
 

See Sections 4.1.22 and 4.1.23 for details on creating 
collision detection segments and volumes, respectively. 

Type: 1-bit field 

Units: N/A  

Values: 0 Disabl

This parameter determines whether any collision 

entity are used as the source in collision testing. If this 
parameter is set to Enabled (1), every frame each 
collision detection segment is tested for intersectio
with polygons no
collision detection volume is tested pair-wise with every 
other volume that is not associated with the entity. 

If this parameter is set to Disabled (0),
detection segments defined for the entity are ignored 
and any collision detection volumes are only tested 
the destination) against volumes defined for entities
whose collision detection is enabled. 

Inherit Alpha 

Type: 1-bit field 

N/A  

herited 
 

This parameter specifies whether the entity’s alpha is 
combined with the apparent alpha of its parent. The 
following formula will be used to combine the alpha 
values: 

Units: 

Values: 0 Not In
 1 Inherited 255

0 pαα
α =  

where α is the apparent alpha of the child, α  is the 
explicit alpha of the child, a

⋅

0
nd αp is the apparent alpha 

erit 

of the parent. 

Note that a change in an entity’s alpha affects the 
entities below it in the hierarchy if those entities inh
their parents’ alphas. 

If Attach State is set to Detach (0), this parameter is 
ignored. 

 
 

39 



Common Image Generator Interface, Version 3.2  4.1.2 
 

Parameter Description 
Ground/Ocean Clamp 

eld 

 Clamp 
 1 Non-Conformal 

l 

ld be 

No Clamp – The entity is not clamped. The Altitude 
ea 

gure 18, page 23). 

Non-Conformal – The entity is clamped. The Altitude 
sea 

entity’s 
erence plane 

(Figure 18, page 23). 

Conformal – The entity is clamped and its attitude 
conforms to the terrain. The Altitude parameter 
specifies an offset above the terrain or sea level. The 
Pitch and Roll parameters specify the entity’s pitch and 
roll relative to the slope of the terrain or water. 

Type: unsigned 2-bit fi

Units: N/A  

Values: 0 No

 2 Conforma

This parameter specifies whether the entity shou
clamped to the ground or water surface. If Attach State 
is set to Attach (1), this parameter is ignored. 

parameter specifies the entity’s height above Mean S
Level. The Pitch and Roll parameters specify the 
entity’s pitch and roll relative to the geodetic reference 
plane (Fi

parameter specifies an offset above the terrain or 
level. The Pitch and Roll parameters specify the 
pitch and roll relative to the geodetic ref

Animation Direction 

Type: 1-bit field 

Units: N/A  

Values: 0 Forward 
 1 Backward 

This parameter specifies the direction in which an 
animation plays. This parameter applies only when the 
value of the Entity Type parameter corresponds to an 
animation. 

Animation Loop Mode 

Type: 1-bit field 

Units: N/A  

Values: 0 One-Shot 
 1 Continuous 

ould 
be a one-shot (i.e., should play once and stop) or 
should loop continuously. 

This parameter specifies whether an animation sh
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Parameter Description 
Animation State 

ld 

n. This 
he value of the Entity 

Type parameter corresponds to an animation. 

rmination sequence or decay behavior, the 
animation will switch to that behavior. Has no effect if 

’s 
et 

to Active. 

Continue – Continues a playing animation from the 
current frame of the animation sequence. If the 
animation is paused, playback is resumed from the 
current frame. If the animation is stopped, playback is 
restarted from the first frame of the sequence. 

Type: unsigned 2-bit fie

Units: N/A  

Values: 0 Stop 
 1 Pause 
 2 Play 
 3 Continue 

This parameter specifies the state of an animatio
parameter applies only when t

Stop – Stops the animation sequence. If the animation 
has a te

the animation is currently stopped.  

Pause – Pauses playback of an animation. The entity
geometry will remain visible, provided Entity State is s

Play – Begins or restarts playback from the first 
animation frame. 

Alpha 

Type: unsigned int8 

Units: N/A 

This parameter specifies the explicit alpha to be applied 
to the entity’s geometry.  A value of zero (0) 
corresponds to fully transparent; a value of 255 
corresponds to fully opaque. 

Entity Type 

Type: unsigned int16 

Units: N/A 

This parameter specifies the type for the entity. A value 
of zero (0) indicates a “null” type with no associated 
geometry. Such an entity might be used to represent 
the Ownship or a floating camera. 

When changing entity types, the Host should first 
delete the entity by setting the Entity State parameter to 
Deactivate (2) and then recreate the entity and any 
children during a subsequent frame. 

If the specified type is undefined, the data packet will 
be disregarded. 

Parent ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the parent for the entity. If the 
Attach State parameter is set to Detach (0), this 
parameter is ignored. 

The value of this parameter may be changed without 
first detaching the entity from its existing parent. 

If the specified parent entity is invalid, no change in the 
attachment will be made. 
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Parameter Description 
Roll 

Type: single float 

This parameter specifies the roll angle of the entity. 

For top-level entities for which Ground/Ocean Clamp is

Units: degrees 

Values: -180.0 – 180.0  

set to No Clamp (0) or Non-Conformal (1), this angl
measured from the reference plane described in 
Section 3.3.1.2. 

For top-level entities for which Ground/Ocean Clamp is 
Datum: If Attach State = 0 and 

e i u c p  

 If Attach State = 1: 

 Entity reference coordinate system 
(see Section 3.3.2.2) 

 
e is 

reference plane after yaw and pitch rotations have 
ed in Section 3.3.2.2. 

 Ground/Ocean Clamp = 0 or 1: 

 Geodetic reference coordinate 
system (see Section 3.3.1.2) 

enabled, this angle specifies an angular offset from the 
terrain surface polygon’s orientation.  

For child entities, roll is measured from the entity’s 

 If Attach State = 0  and 
 Ground/Ocean Clamp = 2: 

been applied as describ

 T rra n s rfa e olyg  eon ori ntation

Pitch 

Type: single float 

0.0 – 90.0  

Datum: If Attach State = 0 and 
 Ground/Oc

 Geodetic reference plane (see 
Section 3.3.1.2) 

 Attach State = 0  and 
mp = 2: 

Terrain surface polygon orientation 

ch State = 1: 

 Entity reference plane (see 
Section 3.3.2.2) 

This parameter specifies the pitch angle of the entity. 

nd/Ocean Clamp is 
set to No Clamp (0) or Non-Conformal (1), this angle is 

For top-level entities for which Ground/Ocean Clamp is 
enabled, this angle specifies an angular offset from the 

.  

ies, pitch is measured with respect to the 
 been 

For top-level entities for which Grou

Units: degrees 

Values: -9

measured from the reference plane described in 
Section 3.3.1.2. 

ean Clamp = 0 or 1: terrain surface polygon’s orientation

 If
 Ground/Ocean Cla

 

 If Atta

  

For child entit
entity’s reference plane after the yaw rotation has
applied as described in Section 3.3.2.2. 
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Parameter Description 
Yaw 

Type: single float 

Units: degrees 

Values: 0.0 – 360.0 

Datum: If Attach State = 0: True North 
 If Attach State = 1: Entity Reference 

Plane’s +X axis 

 parallel to the Prime 
Meridian as described in Section 3.3.1.2. 

For child entities, this parameter specifies a rotation 
about the child entity’s Z axis when the child’s X axis is 
parallel to the parent’s X axis as described in Section 
3.3.2.2. 

For top-level (non-child) entities, this parameter 
specifies the instantaneous heading of the entity. This 
angle is measured from a line

Latitude  (Top-Level Entities) 

 

uator 

For top-level (non-child) entities, this parameter 
specifies the entity’s geodetic latitude. 

Type: double float 

Units: degrees 

Values: -90 – 90 

Datum: Eq

X Offset  (Child Entities)  

e point 

For child entities, this parameter specifies the distance 
from the parent’s reference point along its parent’s X 
axis. Type: double float 

Units: meters  

Datum: Parent’s referenc

Longitude (Top-Level Entities) 

Type: double float 

Units: degrees 

Values: -180.0 – 180.0  

Datum: Prime Meridian 

For top-level (non-child) entities, this parameter 
specifies the entity’s geodetic longitude. 

Y Offset  (Child Entities)  

Type: double float 

Units: meters  

Datum: Parent’s reference point 

For child entities, this parameter specifies the distance 
from the parent’s reference point along its parent’s Y 
axis. 
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Parameter Description 
Altitude  (Top-Level Entities) 

Type: double float 

Units: meters  

For top-level (non-child) entities, this parameter 
specifies the entity’s altitude. 

If the Ground/Ocean Clamp parameter is set to 

Datum: If Ground/Ocean Clamp = 0: 

  Mean Sea Level 

 If Ground/Ocean Clamp = 1 or 2: 

 

Level. 

If the Ground/Ocean Clamp parameter is set to Non
Conformal (1) or Conformal (2), this value specifie
offset above the terrain height or local sea level (see 
Section 4.1.13) at the entity’s latitude and longitude. 

 Ground/sea surface elevation 

No Clamp (0), this value is the height above Mean Sea 

-
s an 

Z Offset  (Child Entities)  

Type: double float 

For child entities, this parameter specifies the distance
from the parent’s reference point along its parent’s 

Units: meters  

Datum: Parent’s reference point

 
Z 

axis. 
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4.1 mped 
n l parameter is r con an-

clamped entities. This packet is offered as a lightweigh  Entity Contr 4.1.2). 

Because the entity type and other necessary attributes acket  
instantiate (create) an entity. Before using this packet t ntity, the Hos te that 
entity by sending an Entity Control packet and should Ocean Clamp p al (2). 
If a non-existent entity is referenced by a Conformal C trol packet, the packet will be ignored. 

An entity’s current roll, pitch, and altitude offsets (speci  Control p eferencing the 
entity) will be maintained when the IG receives a Conformal Clam y Control  describing that 

 applied to an unclamped or non- tity, its cu
and altitude will be maintained. 

The contents of the Conformal Clamped Entity Contr  follows: 

.3 Conformal Cla Entity Control 
The Conformal Clamped E tity Contro  used to set spatial data fo

t alternative to the
formal, ground- or oce
ol packet (Section 

 are not specified in this p
o manipulate an e

, it may not be used to
t must first instantia

 set the Ground/ arameter to Conform
lamped Entity Con

fied in the last Entity
ped Entit

acket r
 packet

entity. If this packet is conformal clamped en rrent absolute roll, pitch, 

ol packet are as

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 3 Packet Size = 24 Entity ID 

Yaw 
Latitude 

 
Longitude 

 

Figure 29 – Conformal Clampe acket Stru

Table 7 defines each parameter’s data type, units, and  a default value and/o
eter, or if the domain differs from ge of values listed in Ta re 

Table 7 al Clamped E ameter Defin

d Entity Control P cture 

 usage. If r reference datum are 
applicable for a param
also listed. 

 the ran ble 2, those values a

 – Conform ntity Control Par itions 

Parameter Description 
Packet ID 

Type: unsigned int8 

es th  the 
Conformal Clamped Entity Control packet. The value 
of this parameter must be 3. 

This parameter identifi is data packet as

Units: N/A 

Value: 3 

Packet Size 

Type: unsigned int8 

Units: Bytes 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 24. 

Value: 24 

Entity ID 

Type: unsigned int1

This parameter specifies the entity to which this packet 
is applied. A value of zero (0) corresponds to the 

6 

Units: N/A 

Ownship. 
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Parameter Description 
Yaw 

Type: single

This parameter specifies the instantaneous heading of 
rue North as 

 float 
the entity. This angle is measured from T
described in Section 3.3.1.2. 

Units: degrees 

Values: 0.0 – 360.0 

Datum: True North 

Latitude 

Type: double float 

Units: degre

Values: -90 – 

Datum: Equator 

This parameter specifies the entity’s geodetic latitude. 

es 

90  

Longitude 

Type: double float 

Units: degrees 

Values: -180.0 – 180.0  

Datum: Prime Meridian 

This parameter specifies the entity’s geodetic longitude.
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4.1.4 Component Control 
The Component Contr ponents within the 
simulation. Because CI on attributes of 

r objects are explicitly represented by parameters within spec packets. Other 

d 
t, terrain, and even the IG itself. The type of object possessing the component is identified by the 

Component Class parameter. The specific instance of that object is specified by the Instance ID parameter. 

e component for the 

ich Instance ID corresponds for that class, and examples 

ent Assignments 

ol packet is provided as a generic mechanism to control various com
GI is designed to be a general-purpose interface, only the most comm

entities, views, and othe ific data 
attributes can be represented by components. 

Components may correspond to parts or properties of entities, views and view groups, sensors, weather an
environmen

Depending upon the value of the Component Class parameter, the instance ID might correspond to an Entity ID, 
a view ID, an environmental attribute, etc. The Component ID parameter uniquely identifies th
instance. 

Table 8 lists each component class, the identifier to wh
of component ID assignments with possible values. Note that the table gives only one example of a possible 
component assignment scheme. 

Table 8 – Examples of Compon

Com o n sp ne t Clas  Instan  ce ID
C ro responds to 

Ex  m o n Dample Co p ne t I  
Assignments 

Ex e t  ampl  S ates and
Values 

Entity  ID Anti-co ht 

r 

ing 

Engine Temperature 

On/Off 

Full/Partial/Closed 

Up/Down 

Damaged/No Damage 

Enable/Disable, X, Y, Z 

Temperature differential 

Entity llision lig

Air brake 

Landing gea

Damage 

Entity Scal

View View ID Zoom Zoom factor 

On/Off Viewport Mask 

Angle of Projection (for an 
oblique parallel view) 

Angle 

View Group Group ID Zoom Zoom Factor 

Sensor Sensor ID Gate Cursor Symbol 

Regional Sea Surface Speed, Direction Region ID Littoral Current 

Regional Terrain Surface Region ID Light Snow Properties 

He

Mu

Wetness 

Stability 

avy Snow Properties 

d Properties 

Depth, Wetness 

Depth, Consistency, 
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Component Class Instance ID 
Corresponds to 

Example Component ID Example States and 
Assignments Values 

Regional Layered Weather Region ID Ins
Strike (Layer 

Instantaneous Lightning 
Strike (Layer 2) 

Rain (Layer 4) 

Ae

Ae

Latitude, Longitude, 
Altitude, Intensity 

Rain Density, Slant 

tantaneous Lightning 
1) 

Latitude, Longitude, 
Altitude, Intensity 

rosol (Layer 10) 

rosol (Layer 11) 

Color 

Color 

Global Sea Surface 

– 

Su
 

Lit

ction, 

ction 

rf Zone Breakers 

toral Current 

Breaker Height, Dire
Period 

Speed, Dire

Global Terrain Surface 

– 

Ru
 

Cu

Cu

Sh ff, Contrast 

nway Lights 

ltural Lights Group 1 

ltural Lights Group 2 

adows 

On/Off, Intensity, Punch-
Through 

On/Off, Intensity, Color 

On/Off, Intensity, Color 

On/O

Global Layered Weather Layer ID Ins
Str

Ra

Aerosol Color, Density, Reflectivity 

tantaneous Lightning 
ike 

ndom Lightning 

Latitude, Longitude, 
Altitude, Intensity 

Enable/Disable, Avg. Freq. 

Atmosphere – Haze On/Off, Haze Color 

Celestial Sphere – Sky Color Color 

Event Event ID Event Properties Enable/Disable, Period 

System 
– 

Cra

High-Resolution Targets Enable/Disable 

sh Indicator On/Off, Color 

 

Each com screte states, and/or up to six user-defined values. The user-defined values 
may either be intege numbers. A light, for instance, might have two discrete states (On and 
Off), an RGB color v it integer, and a real-value intensity level. A component 
represent ve a real-value intensity level and no discrete states. 

Regardless of how t  fields are formatted, they will be byte-swapped as separate 32-bit 
values if the Host and IG use different byte ordering schemes. This ensures that all Component Control packets 
are byte-s r. The data should be packaged using masks and bit-wise operations so 
that the va bit words are byte-swapped. 

As an exa ent Data 1 field is used to store two 16-bit integers, i and j; the Component 
Data 2 field is used to sto 2-bit integer, k; and the Component Data 3 and Component Data 4 fields 
are combined to store a double-precision floating-point number, m. The two remaining parameters are not used in 
this instance. Figure 30 illustrates an incorrect and a correct way of formatting the 32-bit user-defined data fields 
to store these values: 

ponent has zero or more di
rs or floating-point real 
alue represented as a 32-b

ing the global lightpoint intensity value might ha

he six user-defined data

wapped in a consistent manne
lues are not changed when the 32-

mple, assume the Compon
re a single 3
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Packet ID Packet Size Component ID 
Instance ID Component Class Component State 

i j 
k 

    
    

0 
0 

m 

Packet ID Packet Size Component ID 
Instance ID Component Class Component State 

(i × 216) + j 
k 

m (MSW) 
m (LSW) 

0 
0 

Incorrect: 

Corre

le of Incorrect and C

lue can simply be copie  
values of i, j, and m as shown in the top structure, these d

the Host uses little-endian byte
were 1, j were 120, k were 3600, and m were 100.0, the data woul wn 

m: 

ct: 

 

Figure 30 – Examp orrect Formatting of Component Data 

d to the packet. However, if the Host were to copy the
ata would be improperly byte-swapped by the IG. For 
 ordering and that the IG is a big-endian system. If i 

d be incorrectly interpreted by the IG as sho

Since k is a 32-bit data type, its va

this example, assume that 

in the following diagra
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Packet ID Packet Size Component ID 
Instance ID Component 

Class 
Component 

State 
00000001 00000000 01111000 00000000 
00010000 00001110 00000000 00000000 
00000000 00000000 00000000 00000000 
00000000 00000000 01011001 01000000 
00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 

m = 100.0 

i   = 1 j = 120 

Packet ID Packet Size Component ID 
Instance ID Component 

Class 
Component 

State 
00000000 01111000 00000000 00000001 
00000000 00000000 00001110 00010000 
00000000 00000000 00000000 00000000 
01000000 01011001 00000000 00000000 
00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 

m = 4.848336 × 10-310 

i = 120 j = 1 

IG Receives and 
Byte-Swaps 

Host (Little-Endian): 

-Endian): IG (Big

k = 3600 

k = 3600 

 

Figure 31 – Example of Incorrect Packaging of Component Data 

In this scenario, the values of i and j have been swapped. In addition, the value of the floating-point number m has 
changed because the most and least significant words have also been swapped.  

When the Host packs the data into the Component Control packet, it should combine the 16-bit integers into a 
single 32-bit number, α, by bit-shifting i left 16 bits (or multiplying i by 216) and adding j. It should then split the 
64-bit floating-point number into two 32-bit values, β and γ, which represent the most significant word (MSW) and 
least significant word (LSW), respectively. The value of β can be found by truncating m after the 32nd bit (231), and 
the value of γ by shifting m to the right 32 bits and truncating after the 32nd bit. 

The diagram below illustrates the packing of the data into the correct format shown in Figure 30. Note that to find 
the least-significant word of m, the variable is typecast as an unsigned 64-bit integer. 
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Pack the 16-bit Integers: 

i: 

120 

00000000 00000001 00000000 00000000 

00000000 00000000 00000000 01111000 

shift left 16 bits 

+ 

231 20 

1 × 216 

j: 

α: 00000000 00000001 00000000 01111000 65656 

m = 100.0 can be represented as 4059000000000000h, which is treated as an unsigned 64-bit integer 

Pack the 64-bit Floating-Point Number: 

01000000 01011001 00000000 00000000  00000000 00000000 00000000 00000000 
20 

00000000 00000000 00000000 00000000  01000000 01011001 00000000 00000000 
20 

4059000000000000h 
263 

4059000000000000h ÷ 2  32

shift right 32 bits 

γ = 40590000h 

truncate 

truncate 

MSW (β): 231 232 

β = 0h 

LSW (γ): 263 232 231 

Packet ID Packet Size Component ID 
Instance ID 

Class 
Component 

State 
Component 

00000000 01111000 00000000 00000001 
00000000 00000000 00001110 00010000 
00000000 00000000 00000000 00000000 
01000000 01011001 00000000 00000000 
00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 

IG Receives and 
Byte-Swaps 

Host (Little-End

IG (Big-Endian): 

Packet ID Component ID 
ian): 

Packet Size 
Instance ID Component 

Class 
Component 

State 
00000001 00000000 01111000 00000000 
00010000 00001110 00000000 00000000 
00000000 00000000 00000000 00000000 
00000000 00000000 01011001 01000000 
00000000 00000000 00000000 00000000 
00000000 00000000 00000000 00000000 

α = 65656 

β = 0h 
γ = 40590000h 

 

Values ar
Maintained 

e 

α = 65656 

β = 0h 
γ = 40590000h 

k = 3600 

k = 3600 

 

Figure 32 – Example of Correct Packaging of Component Data 

k is a 32-bit data type and will be byte-swapped correctly without manipulation. Since α, β, and γ are 32-bit fields, 
their values will also be maintained when the IG byte-swaps the Component Control packet. The IG can 
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correctly reconstruct the values of i,  j, and k by applying t perations to α, β, and γ after byte-

 would be packed in a meth value 
d by a power of two) and ad

d of organizing bit fields varies from on d 
with a series of bit-wise shifts and logical operations. 

ses the same Component ID and Instance ID
ts that can be controlled with
t Control packet. 

 Component Control packet are as fo

he reciprocal o
swapping. 

Single-byte int8 and char data
would be shifted left (multiplie

od similar to that used for i and j. Each numerical 
ded to the unsigned 32-bit integer. 

e compiler to the next, bit fields should be implementeBecause the metho

This packet u  mappings as the Short Component Control packet 
 the Short Component Control packet can also be 

llows: 

(Section 4.1.5). All componen
controlled with the Componen

The contents of the

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 4 Packet Size = 32 Component ID 

Instance ID Reserved *1 Component State 
Component Data 1 
Component Data 2 
Component Data 3 
Component Data 4 
Component Data 5 
Component Data 6 

*1

Figure 33 – Component Control Packet Structure 

Table 9 d ata type, units, and usage. If a default value and/or reference datum are 
applicable n differs from the range of values listed in Table 2, those values are 
also listed

trol Parameter Definitions 

 Component Class 

efines each parameter’s d
 for a parameter, or if the domai
. 

Table 9 – Component Con

Parameter Description 
Packet ID

Type: 

Units: 

This parameter identifies this data packet as the 
Component Control packet. The value of this 
parameter must be 4. 

 

unsigned int8 

N/A 

Value: 4 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 32 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 32. 
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Parameter Description 
Component ID 

Type: unsigned int16 

 

If Component Class is set to Regional Layered 
Units: N/A 

This parameter uniquely identifies the component to
which the data in this packet should be applied.  

Weather (6), the weather layer ID is specified by the 
most significant byte of Component ID. 

Instance ID 

Type: unsigned int16 
 an 

entity ID, a view or view group ID, a sensor ID, 
 

in 

 

Units: N/A 

This parameter uniquely identifies the object to which 
the component belongs. This value corresponds to

environmental region ID, global weather layer ID, or
event ID depending upon the value of the Component 
Class parameter (see Table 8). 

This parameter will typically be ignored if Component 
Class is set to Global Sea Surface (7), Global Terra
Surface (8), Atmosphere (10), Celestial Sphere (11), or 
System (13). 

Component Class 

Type: unsigned 4-bit field 

Units: N/A 

Values: 0 Entity 
1 View 
2 View Group 
3 Sensor 
4 Regional Sea Surface 
5 Regional Terrain Surface 
6 Regional Layered Weather 
7 Global Sea Surface 
8 Global Terrain Surface 
9 Global Layered Weather 
10 Atmosphere 
11 Celestial Sphere 
12 Event 
13 System 

This parameter identifies the type of object to which the 
Instance ID parameter refers. Both of these parameters 
are used in conjunction with Component ID to uniquely 
identify a component in the simulation (see Table 8). 

Component State 

Type: unsigned int8 

Units: Component-specific 

Values: Component-specific 

Default: IG-configurable 

This parameter specifies a discrete state for the 
component. If a discrete state is not applicable to the 
component, this parameter is ignored. 
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Parameter Description 
Component Data 1 

Type: word 

This parameter is one of six 32-bit words used for user-
defined component data. If this parameter is not 
needed by the component, this value is ignored. 

Units: Component-specific 

efault: IG-configurable 

 

multiple 8- or 16-bit values, the data should be packed 
so that byte swapping will be performed correctly. 

Values: Component-specific 

Note: This parameter will be byte-swapped as a 32-bit
value if the receiver and sender use different byte 
ordering schemes. If the parameter is used to store 

D

Component Data 2 

Type: word 

Units: Component-specific 

Values: Component-specific 

Default: IG-configurable 

This parameter is one of six 32-bit words used for user-
defined component data. If this parameter is not 
needed by the component, this value is ignored.  

Note: This parameter will be byte-swapped as a 32-bit 
value if the receiver and sender use different byte 
ordering schemes. If the parameter is used to store 
multiple 8- or 16-bit values, the data should be packed 
so that byte swapping will be performed correctly. 

Component Data 3 

Type: word 

Units: Component-specific 

Values: Component-specific 

Default: IG-configurable 

This parameter is one of six 32-bit words used for user-
defined component data. If this parameter is not 
needed by the component, this value is ignored.  

Note: This parameter will be byte-swapped as a 32-bit 
value if the receiver and sender use different byte 
ordering schemes. If the parameter is used to store 
multiple 8- or 16-bit values, the data should be packed 
so that byte swapping will be performed correctly. 

Component Data 4 

Type: word 

Units: Component-spec

This parameter is one of six 32-bit words used for user-
defined component data. If this parameter is not 
needed by the component, this value is ignored.  

yte-swapped as a 32-bit 

multiple 8- or 16-bit values, the data should be packed 
 swapping will be performed correctly. 

ific Note: This parameter will be b

Values: Component-specific 
value if the receiver and sender use different byte 
ordering schemes. If the parameter is used to store 

Default: IG-configurable so that byte

Component Data 5 

Type: word 

Units: Component-specific 

Values: Component-specific 

Default: IG-configurable 

This parameter is one of six 32-bit words used for user-
defined component data. If this parameter is not 
needed by the component, this value is ignored.  

Note: This parameter will be byte-swapped as a 32-bit 
value if the receiver and sender use different byte 
ordering schemes. If the parameter is used to store 
multiple 8- or 16-bit values, the data should be packed 
so that byte swapping will be performed correctly. 
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Parameter Desc nriptio  
Comp

Type: word 

Units: Component-specific 

Values: Component-specific 

Default: IG-configurable 

This parameter is one of si rds used for user-
component data. If this parameter is not 

ded by the component, this value is ignored.  

te: This parameter will be byte-swapped as a 32-bit 
lue if the receiver and sender use different byte 
dering schemes. If the parameter is used to store 
ultiple 8- or 16-bit values, the data should be packed 

so that byte swapping will be performed correctly. 

onent Data 6 x 32-bit wo
defined 
nee

No
va
or
m
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4.1.5 Short Component Control 
 packet, like the Compon

of objects or functions on the IG. 
alternative to the Component Control packet for compon

es th ponent ID and Instance ID mappings as the Component Control packet. If the 
mponent Control packet are not necessary for a component, then the two 

packet types should be interchangeable. In other words, all components that can be controlled with the Short 
 can also be controlled with the Component Control packet.  

Short Component Control packet, the
Component Control structure, padding the remainder of 

 same packet-handling routine. 

ta 1 and Component Data 2 fields will  
cked int s as described in Section 4.1.4. 

t Control packet are as follows: 

The Short Component Control ent Control packet (Section 4.1.4), is a generic packet 
This packet is provided as a lower-bandwidth 
ents that do not require more than two words of 

used to control a variety 

component data. 

This packet us e same Com
additional data fields offered by the Co

Component Control packet

When receiving a  IG may copy the contents of the packet into a 
the packet with zeros (0). The two packet types can 

be byte-swapped, if necessary, as 32-bit data types.

then be processed by the

The Component Da
Data should be pa o 32-bit unit

The contents of the Short Componen

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 5 Packet Size = 16 Component ID 

Instance ID Reserved *1 Component State 
Component Data 1 
Component Data 2 

*1 Com ent Class pon

Figure 34 – Short Component 

s data type, units, and u
er, or if the domain differs from th

 10 – Short Component Control Parameter Definitions 

Control Packet Structure 

sage. If a default value and/or reference datum are 
e range of values listed in Table 2, those values are 

Table 10 defines each parameter’
applicable for a paramet
also listed. 

Table

Parameter Description 
Packet ID 

Type: unsigned int8 

e Short 

Units: N/A 

Value: 5 

This parameter identifies this data packet as th
Component Control packet. The value of this 
parameter must be 5. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 16 

This parameter indicates the number of bytes i
data packet. The value of this parameter must be 16. 

n this 
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Parameter Description 
Component ID 

.  

ather layer ID is specified by the 
most significant byte of Component ID. 

Type: unsigned int16 

Units: N/A 

This parameter uniquely identifies the component to 
which the data in this packet should be applied

If Component Class is set to Regional Layered 
Weather (6), the we

Instance ID 

Type: unsigned int16 

This parameter uniquely identifies the object to which 

ID, global weather layer ID, or 
event ID depending upon the value of the Component 
Class parameter (see Table 8). 

This parameter will typically be ignored if Component 
Class is set to Global Sea Surface (7), Global Terrain 
Surface (8), Atmosphere (10), Celestial Sphere (11), or 
System (13). 

Units: N/A 

the component belongs. This value corresponds to an 
entity ID, a view or view group ID, a sensor ID, 
environmental region 

 

Component Class 

Type: unsigned 4-bit field 

1 View 
2 View Group 

r 
4 Regional Sea Surface 

egional Terrain Surface 
6 Regional Layered Weather 

 Surface 

eather 
10 Atmosphere 
11 Celestial Sphere 

 
m 

This parameter identifies the type of object to which the 
Instance ID parameter refers. Both of these parameters 
are used in conjunction with Component ID to uniquely 
identify a component in the simulation (see Table 8). 

Units: N/A 

Values: 0 Entity 

3 Senso

5 R

7 Global Sea
8 Global Terrain Surface 
9 Global Layered W

12 Event
13 Syste

Component State 

Type: unsigned int8 

Units: Component-specific 

Values: Component-specific 

Default: IG-configurable 

This parameter specifies a discrete state for the 
component. If a discrete state is not applicable to the 
component, this parameter is ignored. 
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Parameter Description 
Component Data 1 

pecific 

pecific 

component, this value is ignored. 

Note: This parameter will be byte-swapped as a 32-bit 
value if the receiver and sender use different byte 
ordering schemes. If the parameter is used to store 
multiple 8- or 16-bit values, the data should be packed 
so that byte swapping will be performed correctly. 

Type: word 

Units: Component-s

Values: Component-s

Default: IG-configurable 

This parameter is one of two 32-bit words used for 
user-defined component data. If this parameter is not 
needed by the 

Compon nt Data 2 e

 word 

cific 

pecific 

ble 

This parameter is one of two 32-bit words used for 
 

Note: This parameter will be byte-swapped as a 32-bit 
value if the receiver and sender use different byte 
ordering schemes. If the parameter is used to store 
multiple 8- or 16-bit values, the data should be packed 
so that byte swapping will be performed correctly. 

Type:

Units: Component-spe

Values: Component-s

Default: IG-configura

user-defined component data. If this parameter is not
needed by the component, this value is ignored.  
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4.1.6 Articulated Part Control 
Articulated parts are entity features that can be rotated and/or translated with respect to the entity. These features
are submodels of the entity model and possess their own coordinate systems as discussed in Section 3.3.3. 
Examples include wing fl

 

aps, landing gear, and tank turrets. 

Articulated parts may be manipulated in up to six degrees of freedom. Translation is defined as X, Y, and Z 
offsets relative to the submodel’s reference point. Rotation is defined relative to the submodel coordinate system. 

 

 

Pitch is about the 
submodel’s Y axis

Submodel 

system 
coordinate 

Submodel 
reference point+Z

+X 

+Y 

 

d rotational values are not cumulative. They a lues relative to the coordinate system 
in the model. 

t Control packet are a

Figure 35 – Manipulation of Articulated Part Submodel 

Positional an re absolute va
defined with

The contents of the Articulated Par s follows: 
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7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 6 Packet Size = 32 Entity ID 

ulated Part ID *8 *7 *6 *5 *4 *3 *2 *1 Reserved Artic
X Offset 
Y Offset 
Z Offset 

Roll 
Pitch 
Yaw 

*1 Articulated Part Enable 
 Enable 

 Y Offset Enable 
*4 Z Offset Enable 
*5 Roll Enable 
*6 Pitch Enable 

 Reserved 

Figure 36 – Articulated Part

Table 11 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from th
also listed. 

Table 11 – Articulated Part Co

*2 X Offset
*3

*7 Yaw Enable 
*8

 Control Packet Structure 

e range of values listed in Table 2, those values are 

ntrol Parameter Definitions 

Parameter Description 
Packet ID 

Articulated Part Control packet. The value of this 
parameter must be 6. 

This parameter identifies this data packet as the 

Type: unsigned int8 

Units: N/A 

Value: 6 

Packet Size 

Type: unsigned int8 

This parameter indicates the number of bytes in this 
2. data packet. The value of this parameter must be 3

Units: Bytes 

Value: 32 

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the entity to which the 
articulated part belongs. 

Articulated Part ID 

Type: unsigned int8 

Units: N/A 

This parameter specifies the articulated part to which 
the data in this packet should be applied. When used 
with the Entity ID parameter, this parameter uniquely 
identifies a particular articulated part within the 
simulation. 
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Parameter Description 
This parameter determines whether the articulated part 
submodel should be enabled or disabled within the 
scene graph. If this parameter is set to Disable (0),
part is removed from the scene; if the parameter is s
to Enable (1), the part is included in the scene. 

Articulated Part Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: IG-configurable 

 the 
et 

This parameter determines whether the X Offset 
parameter of the current packet should be applied to 
the articulated part. If this parameter is set to Disab
(0), X Offset is ignored and the articulated part rema
at its current location along the submodel’s X axis. 

X Offset Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

le 
ins 

Y Offset Enable 

Type: 1-bit field 

: 
 1 Enable 

This parameter determines whether the Y Offset 
parameter of the current packet should be applied to 
the articulated part. If this parameter is set to Disable 
(0), Y Offset is ignored and the articulated part remains 

Units: N/A at its current location along the submodel’s Y axis. 

Values 0 Disable 

Z Offset Enable 

Type: 1-bit field 

N/A 

ent packet should be applied to 
the articulated part. If this parameter is set to Disable 

This parameter determines whether the Z Offset 
parameter of the curr

(0), Z Offset is ignored and the articulated part remains 
at its current location along the submodel’s Z axis. Units: 

Values: 0 Disable 
 1 Enable 

Roll Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

r 

e articulated part retains its 
current roll angle. 

This parameter determines whether the Roll paramete
of the current packet should be applied to the 
articulated part. If this parameter is set to Disable (0), 
Roll is ignored and th

Pitch Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

This parameter determines whether the Pitch 
parameter of the current packet should be applied to 
the articulated part. If this parameter is set to Disable 
(0), Pitch is ignored and the articulated part retains its 
current pitch angle. 
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Parameter Description 
Yaw Enable This parameter determines whether the Yaw 

of the current packet should be applied to t
Type: 1-bit field 

Units: N/A 

articulated part. If this parameter is set to Disable (0)
Yaw is ignored and the articulated part retains its 
current yaw angle. 

Values: 0 Disable 
 1 Enable 

parameter 
he 

, 

X Offset This parameter specifies the distance of the articul

Type: single float 

ated 
part along its X axis. 

Units: meters 

Default: Model-dependent 

Datum: Submodel reference point 

Y Offset 

Type: single o

Units: 

Default: Model-dependent 

Datum: Submodel reference point 

This parameter specifies the distance of the articulated 
part along its Y axis. 

 fl at 

meters 

Z Offset 

Type: 

Units: 

Default: Model-dependent 

rameter specifies the distance of the articulated 
ng its Z axis. 

This pa
part alo

single float 

meters 

Datum: Submodel reference point 

Roll 

Type: single float 

Units: degrees 

80.0 – 180.0 

Default: Model-dependent 

Datum: Submodel reference coordinate system 

This parameter specifies the angle of rotation of the 
articulated part submodel about its X axis after yaw and 
pitch have been applied. 

Values: -1
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Parameter Description 
Pitch 

Type: single float 

Units: degrees 

Values: -90.0 – 90.0 

Model-dependent 

coordinate system 

s 
been applied. 

This parameter specifies the angle of rotation of the 
articulated part submodel about its Y axis after yaw ha

Default: 

Datum: Submodel reference 

This parameter specifies the angle of rotation of the 
articulated part about its Z axis. 

Yaw 

Type: single float 

.0 

Default: Model-dependent 

ce coordinate system 

Units: degrees 

Values: 0.0 – 360

Datum: Submodel referen
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4.1.7 Short Articulated Part Control 
t Control packet is provided as

.1.6). It can be used when manipul s of freedom of a 
submodel is necessary. 

 for up to two articulations. The articulations may be applied to a single articulated part or two 
 belonging to the same entity. The articulated part or parts are specified by the Articulated Part ID 1 

and Articulated Part ID 2 parameters. Two floating-point degree-of-freedom parameters, DOF 1 and DOF 2, 
r pos ied articulated parts. The DOF Select 1 and DOF Select 2 

parameters specify which deg  of these floating-point parameters represents. 

ote: If D same degree of freedom for the same articulated part, then 
DOF 2 (i.e., the “last-in” value) takes priority over DOF 1. 

 the Short Articulated Part Control pack

The Short Articulated Par  a lower-bandwidth alternative to the Articulated Part 
ation of only one or two degreeControl packet (Section 4

This packet allows
separate ones

specify offsets or angula itions for the specif
ree of freedom each

N OF Select 1 and DOF Select 2 refer to the 

The contents of et are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 7 Packet Size = 16 Entity ID 

Articulated Part ID 1 Articulated Part ID 2 *4 *3 *2 *1 Reserved 
DOF 1 
DOF 2 

*1 DOF Select 1
*2

nable 1 

 
 DOF Select 2 

*3 Articulated Part E
*4

Figure 37 – Short Articulated Part Control Packet Structure 

Table 12 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
, or if the domain differs from the range of values listed in Table 2, those values are 

Table 12 – Short Articulated Part Parameter Definitions 

 Articulated Part Enable 2 

applicable for a parameter
also listed. 

Parameter Description 
Packet ID 

Type: unsigned int8 

This parameter identifies this data packet as the Short 
Articulated Part Control packet. The value of this 
parameter must be 7. 

Units: N/A 

Value: 7 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 16 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 16. 
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Parameter Description 
Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the entity to which the 
articulated part(s) belongs. 

Articulated Part ID 1 

Type: unsigned int8 

Units: N/A 

This parameter specifies one of up to two articulated 
parts to which the data in this packet should be applied. 
When used with the Entity ID parameter, this parameter 
uniquely identifies a particular articulated part within the 
scene graph. 

The value of this parameter may be equal to that of 
Articulated Part ID 2. 

Articulated Part ID 2 

Type: unsigned int8 
 packet should be applied. 

When used with the Entity ID parameter, this parameter 
uniquely identifies a particular articulated part within the 
scene graph. 

The value of this parameter may be equal to that of 
Articulated Part ID 1. 

Units: N/A 

This parameter specifies one of up to two articulated 
parts to which the data in this

DOF Select 1 

Type: 3-bit field 

nits: N/A 

Values: 0 Not Used 
 1 X Offset 
 2 Y Offset 
 3 Z Offset 
 4 Yaw 
 5 Pitch 
 6 Roll 

This parameter specifies the degree of freedom to 
which the value of DOF 1 is applied. 

If this parameter is set to Not Used (0), both DOF 1 and 
Articulated Part Enable 1 are ignored. U

DOF Select 2 

Type: 3-bit field 

Units: N/A 

Values: 0 Not Used 
 1 X Offset 
 2 Y Offset 
 3 Z Offset 
 4 Yaw 
 5 Pitch 
 6 Roll 

This parameter specifies the degree of freedom to 
which the value of DOF 2 is applied.  

If this parameter is set to Not Used (0), both DOF 2 and 
Articulated Part Enable 2 are ignored. 
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Parameter Description 
Articulated Part Enable 1 This parameter determines whether the articul

submodel specified by Articulated Part ID
Type: 1-bit field 

Units: N/A 

enabled or disabled within the scene graph. If this 
parameter is set to Disable (0), the part is removed 
from the scene; if the parameter is set to Enab
the part is includ

Values: 0 Disable 
 1 Enable 

Default: IG-configurable 

ated part 
 1 should be 

le (1), 
ed in the scene. 

Articulated Part Enable 2 

Type: 1-bit field 

This parameter determines whether the articulated 
submodel specified by Articulated Part ID 2 should be
enabled or disabled w

Units: N/A 

Values: 0 Disable 

parameter is set to Disable (0), the part is removed 
from the scene; if the parameter is set to Enable (
the part is included in the scene. 

 1 Enable 

Default: IG-configurable 

part 
 

ithin the scene graph. If this 

1), 

DOF 1 

Type: single float 

Units: meters or degrees (see description at ri

Default:

Datum: coordinate system 

This parame ecifies either an offset or an angular 
position for the part identified by Articulated Part ID 1. 

lication of this value is determined by the DOF 
Select 1 parameter. If the parameter is set to X Offset 
(1), Y Offset (2), or Z Offset (3), then DOF 1 specifies 
an offset in meters. If DOF Select 1 is set to Yaw (4), 
Pitch (5), or Roll (6), then DOF 1 specifies an angular 
position in degrees. 

ter sp

ght) 
The app

 Model-dependent 

Submodel reference 

DOF 2 

Type: single float 

-dependent 

Datum: Submodel refer

This parameter specifies either an offset or an angular 
 by Articulated Part ID 2. 

OF 

(1), Y Offset (2), or Z Offset (3), then DOF 2 specifies 
an offset in meters. If DOF Select 2 is set to Yaw (4), 
Pitch (5), or Roll (6), then DOF 2 specifies an angular 

position for the part identified

Units: meters or degrees (see description at right) 

Default: Model

The application of this value is determined by the D
Select 2 parameter. If the parameter is set to X Offset 

ence coordinate system position in degrees. 
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4.1.8 Rate Control 
ntrol packet is used to define linear and angu

odels and submodels whose behavior is predictable and whose exact 
 known each frame by the Host. A rotating radar dish on a ground target, for example, 

r, and the Host typically does not need to know its instantaneous yaw angle. 

Rates may also be used to enable the IG to compensate for transport delays or jitter produced by asynchronous 
ion. A Rate Control packet may be sent each frame

provides the IG with enough information to extrapolate the ion during the next frame if 

ied for an entity or articulated part, the IG maintains that rate until a new rate is specified by 
the Host. If the Host changes the position and/or orientation of an entity or articulated part, the IG will perform the 

d extrapolation will continue from that state beginning with the next frame. If the Host sets all 
nts to zero, the entity or articulated part will become stationary. 

is applied is destroyed, any rates specified for that entity are annulled. 

The contents of the Rate Control packet are as follows: 

The Rate Co lar rates for entities and articulated parts. 

The Rate Control packet is useful for m
positions need not be
revolves in a consistent manne

operat  in conjunction with an Entity Control packet. This 
 entity’s probable posit

necessary. 

When a rate is specif

transformation an
rate compone

If the entity to which a rate 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 8 Packet Size = 32 Entity ID 

Articulated Part ID Reserved *2 *1 Reserved 
X Linear Rate 
Y Linear Rate 
Z Linear Rate 

Roll Angular Rate 
Pitch Angular Rate 
Yaw Angular Rate 

*1 Apply to Articulat
*2 Coordinate Syste

ed Part 
m 

Figure 38 – Rate Cont

Table 13 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
e r a para s from the range of values listed in Table 2, those values are 

also listed

Table 13 – Rate Control Parameter Definitions 

rol Packet Structure 

applicabl  fo meter, or if the domain differ
. 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: 

This parameter identifies this data packet as the 
Rate Control packet. The value of this parameter must 
be 8. 

N/A 

Value: 8 
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Parameter Description 
Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 32 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 32. 

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the entity to which the rate 
should be applied. If the Apply to Articulated Part flag is 
set to True (1), the rate is applied to an articulated part 

), the belonging to this entity. If the flag is set to False (0
rate is applied to the whole entity. 

Articulated Part ID 

gned 

Units: 

This parameter specifies the articulated part to which 
the rate should be applied. If the Apply to Articulated 
Part flag is set to True (1), this parameter refers to an 
articulated part belonging to the entity specified by 
Entity ID. If the flag is set to False (0), this parameter is 
ignored. 

Type: unsi int8 

N/A 

Apply to Articulated Part 

Type: 1-bit field 

Units: N/A 

Values: 0 False 
 1 True 

This parameter determines whether the rate is applied 
to the articulated part specified by the Articulated Part 
ID parameter. If this flag is set to False (0), the rate is 
applied to the entity. 

Coordinate System 

) and the 

be 

Angular rates describe a rotation relative to a reference 
plane as described in Section 3.3.1.2. 

 defined relative to 
the parent’s local coordinate system as described in 
Section 3.3.2.2. 

When this parameter is set to Local (1), the rates are 
defined relative to the entity’s local coordinate system. 

Note: This parameter is ignored if Apply to Articulated 
Part is set to True (1) 

Type: 1-bit field 

Units: N/A 

Values: 0 World/Parent 
 1 Local 

This parameter specifies the reference coordinate 
system to which the linear and angular rates are 
applied. 

When this parameter is set to World/Parent (0
entity is a top-level (non-child) entity, the rates are 
defined relative to the database. Linear rates descri
a path along and above the surface of the geoid. 

When this parameter is set to World/Parent (0) and the 
entity is a child entity, the rates are
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Parameter Description 
X Linear Rate 

Type: sin

This parameter specifies the X component of a linear 
velocity vector.  

gle float 

Datum: Entities:  As specified by 

system 

Units: m/s 

Default: 0 

Coordinate System 
parameter 

 Articulated Parts: Submodel coordinate 

Y Linear Rate This pa

Type: single o

Units: m/s 

Default: 0  

Datum: Entities:  As specified by 
Coordinate Syst
parameter 

 Articulated Parts: Submodel coordinate 

rameter specifies the Y component of a linear 
veloc tor. ity vec

 fl at 

em 

system 

Z Linear Rate 

Default: 0  

Datum: Entities:  As specified by 
Coordinate System 
parameter 

rticulated Parts: Submodel coordinate 
system 

e Z component of a linear This parameter specifies th
velocity vector. 

Type: single float 

Units: m/s 

 A

Roll Angular Rate 

/s 

As specified by 
Coordinate System 
parameter 

 Articulated Parts: Submodel coordinate 
system 

This parameter specifies the angle of rotation of the 
articulated part submodel about its X axis after yaw and 
pitch have been applied. Type: single float 

Units: deg

Default: Model-dependent 

Datum: Entities:  
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Parameter Description 
Pitch Angular Rate 

Type: single float 

Units: deg/s 

Default: Mod pendent el-de

Datum: Entities:  As specified by 
Coordinate System 
parameter 

ed Parts: Submodel coordinate 
system 

 

 Articulat

This parameter specifies the angle of rotation of the 
articulated part submodel about its Y axis after yaw has
been applied. 

Yaw Angular Rate 

Type: single float 

Units: deg/s 

Default: Model-dependent 

As specified by 
Coordinate System 

meter 
bmodel coordinate 

system 

This parameter specifies the angle of rotation of the 
articulated part about its Z axis when its X axis is 
parallel to that of the entity. 

Datum: Entities:  

para
 Articulated Parts: Su
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4.1.9 Celestial Sphere Control 
 data packet allows the Host to sp

ifies the current date and the Ho
parameters to determine ambient light properties, sun and moon positions (and 

ght positions), moon phase, and horizon glow. 

An IG typically uses an ephemeris model to continuously update the time of day. A Celestial Sphere Control 
t be sent each minute for the sole purpose of updating the time of day unless the Host has 

disabled the ephemeris model with the Ephemeris Model Enable flag. 

Note: If the Host freezes the simulation, it must send a Celestial Sphere Control packet with the Ephemeris 
Disable (0); otherwise, the he 

Host resumes the simulation, it must explicitly re-enable th

The Date/Time Valid parameter specifies whether the IG should set the current date and time to the values 
ables the Host to change sky model properties 

ng the ephemeris model. 

al Sphere Control packet are as follows: 

The Celestial Sphere Control ecify properties of the sky model. 

The Date parameter spec ur and Minute parameters specify the current time of 
day. The IG uses these 
corresponding directional li

packet need no

Model Enable parameter set to  IG will continue to update the time of day. When t
e ephemeris model. 

specified by the Hour, Minute, and Date parameters. This en
without affecti

The contents of the Celesti

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 9 Packet Size = 16 Hour Minute 

Reserved *5 *4 *3 *2 *1 Reserved 
Date 

Star Field Intensity 

*1 Ephemeris Model Enable 
*2 Sun Enable 
*3 Moon Enable 
*4 Star Field Enable 
*5 Date/Time Valid 

Figure 39 – Celestial Sphere Control Packet Structure 

Table 14 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 14 – Celestial Sphere Control Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 9 

This parameter identifies this data packet as the 
Celestial Sphere Control packet. The value of this 
parameter must be 9. 
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Parameter Description 
Packet Size 

Type: unsigned int8 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 16. 

Units: Bytes 

Value: 16 

Hour ur of the day 
within the simulation. 
This parameter specifies the current ho

Type: unsigned int8 

Units: hours 

Values: 0 – 23 

Default: 0 

Datum: Local time 

Minute This parameter specifies the c

Type: unsigned int8 

Units: minutes 

within the simulation. 

Values: 0 – 59 

Default: 0 

Datum: Local time 

urrent minute of the day 

Ephemeris Model Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable (Static time of day) 
1 Enable (Continuous time of day) 

Default: 1 

This parameter controls whether the time of day is 
static or continuous. If this parameter is set to Enabled 
(1), the image generator will continuously update the 
time of day. 

Sun Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
1 Enable 

Default: IG-configurable 

This parameter specifies whether the sun is enabled in 
the sky model. 
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Parameter Description 
Moon Enable 

Type: 1-bit field 

This parameter specifies whether the moon is enabled 
in the sky model. The moon phase is determined by the

Units: N/A 

Values: 0 Disable 
1 Enable 

Default: IG-configurable 

 
current date. 

Star Field Enable 

Type: 1-bit field 

This parameter specifies whether the star field is 
sitions are 

ime. 
enabled in the sky model. The star po
determined by the current date and t

Units: N/A 

Values: 0 Disable 
1 Enable 

Default: IG-configurable 

D eter specifies whether the Hour, Minute, and ate/Time Valid 

ype: 1-bit field 

Values: 0 Invalid 
1 Valid 

This param

T
Date parameters are valid. If Date/Time Valid is set to 
Valid (1), these values will override the IG’s current 

Units: N/A 
date and time. 

Date 

Type: unsigned int32 

Units: N/A 

Values: See description at right 

Default: IG-configurable 

This parameter specifies the current date within the 
simulation. The date is represented as a seven- or 
eight-digit decimal integer formatted as follows: 

 MMDDYYYY = (month × 1000000) + 
 (day × 10000) + 
 year 

Star Field Intensity 

Type: single float 

Units: percent 

Values: 0 – 100 

Default: IG-configurable 

This parameter specifies the intensity of the star field 
within the sky model. This parameter is ignored if Star 
Field Enable is set to Disable (0). 

 

 
 

73 



Common Image Generator Interface, Version 3.2  4.1.10 
 

4.1.10 Atmosphere Control 
The Atmosphere Control data packet allows the Host to control global atmospheric properties within the 
simulation.  

Weather layers and weather entities always take precedence over the global atmospheric conditions. Once the 
atmospheric properties of a layer or entity are set, global atmospheric changes will not affect the weather inside 
the layer or entity unless that lay anges will, however, affect the 
weather within a transition band or transition perimeter. 

CIGI supports the use of FASCODE, MODTRAN, SEDRIS, or other atmospheric models for determining radiance 
smittance within a heterogeneous atmosphere for sensor simulation

arameter determines whether an atmospheric model is used. The 
determined by the IG. 

he contents of the Atmosphere Control packet are as f

er or entity is disabled. The global atmospheric ch

and tran s. The Atmospheric Model Enable 
p particular model is not specified and is 

T ollows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 10 Packet Size = 32 Reserved *1 Global Humidity 

Global Air Temperature 
Global Visibility Range 

Global Horizontal Wind Speed 
Global Vertical Wind Speed 

Global Wind Direction 
Global Barometric Pressure 

Reserved 

*1 Atmospheric Model Enable 

Figure 40 – Atmosphere Control Packet Structure

Table 15 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 

tmosphere Control Parameter Definitions 

 

applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 15 – A

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 10 

This parameter identifies this data packet as the 
osphere Control packet. The value of this 
meter must be 10. 

Atm
para

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 32 

This parameter indicates the number of bytes in th
data packet. The value of this parameter must be 3

is 
2. 

 
 

74 



Common Image Generator Interface, Version 3.2  4.1.10 
 

Parameter Description 
Atmospheric Mode

Type: 1-bit field 

Units: N/A 

Values: 0 
1 

efault: 0 

should use an 
spectral radiances for 
eter is set to Disable 

 calculated. If this 
par ble (1), apparent radiances will 
be calc  the appropriate models. 

This parameter specifies whether the IG 
atmospheric model to determine 
sensor applications. If this param
(0), source radiances will be

ameter is set to Ena
ulated using

l Enable 

Disable 
Enable 

D

Global Humidity 

Type: unsigned int8 

Units: percent 

Values: 0 – 100 

This parameter specifies the global humidity of the 
environment. 

Default: IG-configurable 

Global Air Temperature This pa

Type: single float 

Units: degrees Celsius (°C) 

Default: IG-configurable 

rameter specifies the global air temperature of 
the environment. 

Global Visibility Range 

Type: single float 

Units: meters 

Values: ≥ 0 

Default: IG-configurable 

This parameter specifies the global visibility range 
through the atmosphere. 

Global Horizontal Wind Speed 

Type: single float 

Units: m/s  

Values: ≥ 0 

Default: 0 

This parameter specifies the global wind speed parallel 
to the ellipsoid-tangential reference plane. 

Global Vertical Wind Speed 

Type: single float 

Units: m/s 

Default: 0 

This parameter specifies the global vertical wind speed. 

Note: A positive value produces an updraft, while a 
negative value produces a downdraft. 
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Parameter Description 
Global Wind Direction 

Type: single float 

Units: degrees  

Values: 0.0 – 360.0 

Default: 0 

Datum: True North 

This parameter specifies the global wind direction. 

Note: This is the direction from which the wind is 
blowing. 

Global Barometric Pressure 

Type: single float 

Units: millibars (mb) or hectopascals (hPa) 

Values: ≥ 0 

Default: IG-configurable 

This parameter specifies the global atmospheric 
pressure. The units are interchangeable. 
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4.1.11 t l R g n
Th n e trol packet is used to define an ar hich the atmospheric conditions and 
maritime and terrestrial surface conditions can be spe he shape of the region is a rounded rectangle, as 
shown below: 

Environmen a e io  Control 
e E vironmental R gion Con ea over w

cified. T

 

Y 

X

 

Figure 41 – Example of a Rounded Rectangle on NED Cartesian XY Plane 

Up to 256 weather laye  manipulated with 
trol packet (Section 4.1.12). Up to one set of rrestrial surface condition 

may be defined per region. 

The Host is responsible for updating the position and shap
of wind activity or any other in

gion is defined by the Latitude and Longitude parameters. The origin of the region’s local 
coordinate system is at this point. The Size X and Size Y parameters determine the length of the rounded 

s X and Y axes (represented by X´ and Y´ in Figure 44), respectively. 

ss” of the corners is determined by the Corn ll 
create a rectangle. Setting the value equal to one-half that  

ss than or equal to one half of the smaller of Size X or Size Y. 

specifies an angle of rotation (clockwise) about the Z axis of the local NED coordinate 
ows a rounded rectangle on the NED reference plane rotated by a positive angle ψ. 

rs may be defined within a region. Weather layers can be created and
the Weather Con
parameters 

maritime and/or te

e of each region. The IG does not automatically 
ternal or external forces. manipulate regions because 

The center of the re

rectangle along it

The “roundne er Radius parameter. Setting this radius to zero (0) wi
 of Size X and Size Y when both are equal will create a

circle. The corner radius must be le

The Rotation parameter 
system. Figure 42 sh
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Size Y 

Y 

X

Size X 

ψ

Transition 
Perimeter 

Corner 
Radius 

 

Figure 42 – Rotated Rounded rec

The Transition Perimeter parameter specifies the width of a corridor around the outside of the rounded rectangle, 
as illustrated in Figure 42. Within this corridor, the weathe  the 
rounded rectangle to those immediately outside the corrid ter 
within the Weather Control packet (Section 4.1.12). 

lue of a weather attribu
interpolate between the value inside the rounded rectangl

 within the region, Tregion, is define bal, is 
s a transition perimeter width, p, of 1000m. The IG could perform linear interpolation to 

erature Tx,y at some point (x, y) within t

tangle with Transition Perimeter 

r conditions will change gradually from those inside
or. This is analogous to the Transition Band parame

To determine the instantaneous va te at a point within the transition perimeter, the IG must 
e and immediately outside the perimeter. For example, 
d to be 20°C and the global air temperature, Tassume the temperature glo

40°C. The region ha
determine the temp he transition perimeter. 
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Y 

X

ψ

Tregion = 20°C 

Tx,y = ? 

Tglobal = 40°C 

p 

(x, y) 
d 

 

ature within Transition Perimeter Figure 43 – Interpolation of Temper

In Figure 43, point (x, y) is some distance d from the edge red 
along a line normal to the rounded rectangle. To determin es 
or one of the round corners, a coordinate transformation c tes (x´, 
y´) of the point with respect to a coordinate system whose  sides of the rectangle (see 
Figure 44). The values of x´ and y´ can be calculated from the following equations: 

 

 of the rounded rectangle. This distance is measu
e whether this line emanates from one of the flat sid
an be applied to (x, y) to determine the coordina
 axes are parallel to the

ψψ cosxsinyx +=′  (1) 

 ψψ sinxcosyy −=′  (2) 

ed rectangle relative to the new coordinate system: Figure 44 shows the round
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Y 

X 

ψ

(x´, y´) 

X´

Y´ 

 

Figure 44 – Rounded Rectangle after Coordinate System Transformation 

Determining whether the point is at a corner or along a str

Because point (x´, y´) in this example is at one of the corn uld be measured along a line 
rner’s focal point (xf, yf). A circle with radius r centered at this focal point can be drawn 

, y´) as shown in Figure 45:  

aight side is now trivial.  

ers, the distance d sho
emanating from the co
through point (x´
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(xf, yf)

(x´, y´)

r

d

 

Figure 45 – Circle Drawn though Point (x´, y´) 
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Equations (3) and (4) give the coordinates of the focal point in the second quadrant: 

( )
2

XSize
  −= rx f (3) 

 
( ) r−

Ye
 y f = 2

Siz
(4) 

uation for the circle: The value of d can be found from the eq

( ) ( ) ryyxxd ff −−′+−′= 22  (5)  

The value of each attribute at point (x, y) can now be linearly interpolated. Continuing the example, the 
temperature at point (x, y) is given by the following equation: 

 
( )

region
regionglobal

, T
p

TTd
T yx +

−
=  (6) 

If (x, y) is found to be 400 meters from the edge of the region, for instance, then the air temperature at that point 
would be calculated as follows: 

 
( ) C28C20
1000m

C20–C40 400m
°=°+

°°⋅
=

  T yx,  (7) 

Note that once d is found, the IG may use other functions for interpolating the values of weather attributes across 
a transition perimeter. The linear interpolation function shown by Equations (6) and (7) in the preceding example 
is used merely for illustration purposes. 

Weather layers in one region may overlap layers in other regions. Similarly, any global weather layers will overlap 
layers in other regions. Figure 46 shows two overlapping environmental regions, each containing a cloud layer. 
The cross-hatched areas indicate the region of overlap. 
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Cloud image courtesy of the National Oceanic and Atmospheric Administration

Overlapped region 
contains both layers

Maritime and terrestrial surface 
conditions are combined 

 

Figure 46 – Example of Overlapping Environmental Regions 

If two overlapping regions contain layers that intersect, the values of each atmospheric property within the 
intersecting volumes may be combined. The Merge Weather Properties and Merge Aerosol Concentrations 
parameters determine whether the atmospheric properties and/or aerosol concentrations are combined for a 
given point within the volume or the last Weather Control packet describing the point is used. If these two 
parameters differ for two intersecting regions, priority is given to the region whose Merge Weather Properties or 
Merge Aerosol Concentrations parameter is set to Merge (1). Table 16 lists the recommended method of 
combining each property: 

Table 16 – Recommended Methods of Combining Atmospheric Properties 

Atmospheric Property Recommended Function 
Aeros r ol Concentration weighted average (if same Layer ID) o

blend (if different Layer IDs) 
Air Temperature weighted average 
Barometric Pressure maximum 
Humidity maximum 
Visibility Range minimum 
Wind Velocity sum of velocity vectors 

 

Note that Table 16 lists two different methods for combining the Aerosol Concentration attribute of intersecting 
volumes. If the Layer ID of each layer is the same, the resulting aerosol concentration should be the average of 
the concentrations (taking into account interpolation through transition bands). This allows for complex regional 
shapes formed by combining two or more regions. If the Layer ID values assigned to the intersecting weather 
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layers are different, then the aerosols are assumed to be different and are each present in their specified 
concentrations. Any visual or spectral effects caused by the aerosols should be calculated independently for each 
aerosol. 

Maritime and terrestrial surface conditions may also be combined within areas where regions overlap. The 
recommended method is to average the value of each attribute. 

Multiple environmental regions may be arranged to form a weather grid. Figure 47 illustrates a portion of a grid 
 perimeter and a corner radius of zero. The color of 

each cell indicates the severity of some atmospheric phenomenon within, such as visibility range or wind speed. 
As an entity moves fro  c l ther, it passe th u  t  m e a it  r e r  e i  
continuo radient rather t hange at cell boundaries. 

created by adjacent rectangles, each with a narrow transition

m one el to ano s ro gh wo or or  tr ns ion pe im te s. The eff ct s a
us intensity g han an abrupt c

Transition 
Perimeter 

Corner Radius = 0

 

Figure 47 – Example of G er System 

Circular environmental regions can be used to approximat
ero and corner radii equal to each circle. A transition perimeter would 

ensure that an entity would experience a continuous, gradual transition at cell boundaries rather than a sudden 
illustrates a group of environmental regions approximating a system of hexagonal weather 

ridded Weath

e non-rectangular weather cells. These regions would 
the radius of have lengths and heights of z

change. Figure 48 
cells. 
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Figure 48 – Approxima

The Regio he region tive, or destroyed. If the region is 
inactive, t ayers defined within the region are also inactive. 

The conte gion Control packet are as follows: 

Example of tion of Hexagonal Weather Cells 

should be active, inacn State parameter specifies whether t
he surface conditions and all weather l

nts of the Environmental Re

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
P ze = 48 Region ID acket ID = 11 Packet Si

*6 *5 Reserved  *4 *3 *2 *1 
Latitude 

 
Longitude 

 
Size X 
Size Y 

Corner Radius 
Rotation 

Transition Perimeter 
Reserved 

*1 Region State 
*2 Merge Weather Properties 
*3 Merge Aerosol Concentrations 
*4 Merge Maritime Surface Conditions 
*5 Merge Terrestrial Surface Conditions 
*6 Reserved 

Figure 49 – Environmental Region Control Packet Structure 
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Table 17 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
rameter, or if the domain differs from th

Table 17 – Environmental Region Control Parameter Definitions 

applicable for a pa
also listed. 

e range of values listed in Table 2, those values are 

Parameter Description 
Packet ID This parameter identifies this data packet as the 

Environmental Region Control packet. The value of 
this parameter must be 11. 

 

Type: unsigned int8 

Units: N/A 

Value: 11 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 48 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 48. 

Region ID 

Type: unsigned int16 
which the data in this packet will be applied.  

Units: N/A 

This parameter specifies the environmental region to 

Region S

ld 

tive 
Active 
Destroyed 

This parameter specifies whether the region should be 
active or destroyed. This parameter may be set to one 
of the following values: 

Active – Any weather layers and surface conditions 
defined within the region are enabled according to their 
individual enable states. 

Destroyed – The environmental region is permanently 
deleted, as are all weather layers and surface 
conditions assigned to the region. 

tate 

Type: unsigned 2-bit fie

Units: N/A 

Values: 0 Inac
 1 
 2 

Inactive – Any weather layers and surface conditions 
defined within the region are disabled regardless of 
their individual enable states. 
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Parameter Description 
Merge Weather Properties 

U
 

If this parameter is set to Use Last (0), the last 
Weather Control packet (Section 4.1.12) describing a 
layer containing a given point will be used to determine 
the weather conditions at that point. 

If this parameter is set to Merge (1), the atmospheric 
properties of all weather layers containing a given point 
are combined (see Table 16). 

Note: Weather layers within the same region will 
always be combined. Regional weather conditions 
always take priority over global weather conditions. 

Type: 1-bit field 

Units: N/A 

Values: 0 se Last 
1 Merge 

This parameter specifies whether atmospheric 
conditions within this region should be merged with 
those of other regions within areas of overlap. 

Merge Ae  

N/A 

: 
 1 Merge 

This parameter specifies whether the concentrations of 
aerosols found within this region should be merged with 
those of other regions within areas of overlap. 

ermine 

erosol 
concentrations within all weather layers containing a 
given point are combined (see Table 16). 

Note: Weather layers within the same region will 
always be combined. Regional weather conditions 

rosol Concentrations

Type: 1-bit field 

Units: 

Values 0 Use Last 

If this parameter is set to Use Last (0), the last 
Weather Control packet (Section 4.1.12) describing a 
layer containing a given point will be used to det
the concentration of the specified aerosol at that point. 

If this parameter is set to Merge (1), the a

always take priority over global weather conditions. 

Merge ritime Surface Con Ma ditions 

 

st 
 

ecifies whether the maritime surface 
conditions found within this region should be merged 
with those of other regions within areas of overlap. 

If this parameter is set to Use Last (0), the last 
Maritime Surface Conditions Control packet (Section 
4.1.13) describing a region containing a given point will 
be used to determine the surface conditions at that 

t to Merge (1), the surface 
conditions at any given point within the region are 
averaged with those of any other regions also 
containing that point. 

Note: Regional surface conditions always take priority 
over global surface conditions. 

Type: 1-bit field

Units: N/A 

Values: 0 Use La
 1 Merge

This parameter sp

point. 

If this parameter is se
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Parameter Description 
Merge Terrestrial Surface Conditions 

 1 Merge 

t 

termine the surface conditions at 
that point. 

Note: Regional surface conditions always take priority 
over global surface conditions. 

Type: 1-bit field 

Units: N/A 

Values: 0 Use Last 

This parameter specifies whether the terrestrial surface 
conditions found within this region should be merged 
with those of other regions within areas of overlap. 

If this parameter is set to Use Last (0), the las
Terrestrial Surface Conditions Control packet 
(Section 4.1.15) describing a region containing a given 
point will be used to de

If this parameter is set to Merge (1), the surface 
conditions at any given point within the region are 
averaged with those of any other regions also 
containing that point. 

Latitude 

Type: double float 

 

urable 

This parameter specifies the geodetic latitude of the 

Units: degrees 

Values: -90.0 – 90.0 

Default: IG-config

Datum: Equator 

center of the rounded rectangle. 

Longitude 

Type: double float 

Units: degrees 

Values: -180.0 – 180.0  

Default: IG-configurable 

Datum: Prime Meridian 

f the This parameter specifies the geodetic longitude o
center of the rounded rectangle. 

Size X 

Type: single float 

Units: meters 

Values: > 0 

Default: IG-configurable 

tial reference plane 

is length does not include the width of the 
transition perimeter. 

Datum: Ellipsoid-tangen

This parameter specifies the length of the 
environmental region along its X axis at the geoid 
surface. Th
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Parameter Description 
Size Y 

Type: single float 

Units: meters 

Values: > 0 

Default: IG-configurable 

ential reference plane 

 geoid 
surface. This length does not include the width of the 
transition perimeter. 

Datum: Ellipsoid-tang

This parameter specifies the length of the 
environmental region along its Y axis at the

Corner Radius 

Type: single float 

ters 

ser of (½ × Size X) or (½ × Size Y) 

he 
ius, the “tighter” 

the corner. A value of 0.0 produces a rectangle. 

Units: me

Values: 0 to les

Default: IG-configurable 

This parameter specifies the radius of the corner of t
rounded rectangle. The smaller the rad

Rotation 

Type: single float 

Units: degrees 

.0 

le 

This parameter specifies the yaw angle of the rounded 
rectangle. 

Values: -180.0 – 180

Default: IG-configurab

Datum: True North 

Transition Perimeter 

Type: single float 

This parameter specifies the width of the transition 
perimeter around the environmental region. This 
perimeter is a region through which the weather 
conditions are interpolated between those inside the 
environmental region and those immediately outside Units: meters 

Values: ≥ 0 

Default: IG-configurable 

the perimeter. 
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4.1.12 Weather Control 
The Weather Control packet is used to control weather layers and weather entities. Global weather layers hav
no distinct horizontal boundaries. Atmospheric affects can be observed anywhere within the vertical range of 
layer. Regional wea

e 
the 

ther layers occur only in areas defined by the Environmental Region Control packet 
(Section 4.1.11). Weather entities are entities that represent meteorological phenomena. 

cope 

 the weather layer is bound to the region specified by the Region ID parameter. Up to 256 weather 
layers may be defined globally, and up to 256 layers may be defined within each region. The Layer ID parameter 

The Cloud Type parameter specifies the type of cloud found within a cloud layer or entity. Each value may 

The vertical range of a weather layer is specified by the Base Elevation, Thickness, and Transition Band 
om of the layer. Thickness is 

the vertical height of the layer. n Band specifies the vertical height of both the region above and below 
t  l e f a f e y to a d h r ion. 
Figure 50 illustrates the use of these

The Layer ID parameter specifies the global or regional weather layer whose attributes are being set. If the S
parameter is set to Global (0), the weather layer exists everywhere over the database. If this parameter is set to 
Region (1),

is ignored for weather entities. 

correspond to a specific cloud texture or model. Values one through 10 are reserved for the most common 
general cloud types as listed in Table 18. The remaining values can be used for mammatus clouds, Kelvin-
Helmholtz cloud effects, and other specific cloud phenomena.  

parameters. Base Elevation specifies the distance from Mean Sea Level to the bott
Transitio

he ay r through which visibility gradually h g  
 parameters: 

 c an es rom th t o  th  la er  th t im e a y um di tel  o tsi e t e eg

Base Elevation 

Mean Sea Level 

Thickness 

Transition Band 

Transition Band 

 

Figure 50 – Weather Layer Ba

sition Band parameter can b
Base Elevation and T eather entities. 

rameter specifies whether the layer produces scud effects within the transition band. The 
r defines how often scud occurs. The placement of scud (i.e., above versus below the 

layer) depends upon the IG implementation. Some systems allow this to be controlled via a Component Control 
packet. 

The Horizontal Wind Speed, Vertical Wind Speed, and Wind Direction parameters define the wind velocity within 
the weather layer or entity. These can be used to specify surface winds or winds aloft, depending upon the base 
elevation and thickness of the layer or the altitude of the weather entity. The Random Winds Enable parameter 
causes the IG to create gusts of random duration and frequency. 

se Elevation and Thickness 

e used to specify a threshold radius for partial 
hickness parameters are ignored for w

For weather entities, the Tran
penetration into a cloud model. The 

The Scud Enable pa
Scud Frequency paramete
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A typical effect of weather layers is the suspension of liqui cles in the air. The density of this 
tter is specified by the Aerosol Concentratio r, 
s, sand, and dust are also common. Weathe

irborne contaminants. Each l
ce must be implemented as separate weather layers. 

spheric effects should be combined as shown in Table 16 (page 82). 

 Weather Control packet are as follows: 

d or solid parti
particulate ma
but ice crystal

n parameter. The most common aerosol is liquid wate
r layers may also be used to create smoke, combat 
ayer can contain zero or one type of mutable aerosol; haze, and other man-made a

multiple aerosols in a given spa

Where weather layers overlap, atmo

The contents of the

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 12 Packet Size = 56 Entity ID/Region ID 

Layer ID Humidity *5 *4 *3 *2 *1 Reserved *7 *6 
Air Temperature 
Visibility Range 
Scud Frequency 

Coverage 
Base Elevation 

Thickness 
Transition Band 

Horizontal Wind Speed 
Vertical Wind Speed 

Wind Direction 
Barometric Pressure 

Aerosol Concentration 

*1 We  Enable ather

 Random Winds Enable 
g Enable 

 Cloud Type 

 Severity 

Figure 51 – Weather Control Packet Structure 

s ea er’s data type, units, and usage. If a default value and/or reference datum are 
main differs from the range of values listed in Table 2, those values are 

Table 18 – Weather Contr

*2 Scud Enable 
*3

*4 Random Lightnin
*5

*6 Scope 
*7

Table 18 define ch paramet
applicable for a parameter, or if the do
also listed. 

ol Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsi int8 gned 
eter 

Units: N/A 

Value: 12 

This parameter identifies this data packet as the 
Weather Control packet. The value of this param
must be 12. 
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Parameter Description 
Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 56 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 56. 

Entity ID  (Weather Entities) This parameter specifies the entity to which the 
weather attributes in this packet are applied.  

Type: unsigned int16 

Units: N/A 

Region  (Regional La ID yers) This parameter specifies the region to which the 
weather layer is confined. 

Note: Entity ID/Region ID is ignored if Scope is set to 
Type: unsigned int16 

Units: N/A Global (0). 

Layer ID 

Type: unsigned int8 

nd Fog 
1 Cloud Layer 1 
2 Cloud Layer 2 
3 Cloud Layer 3 
4 Rain 
5 Snow 
6 Sleet 
7 Hail 
8 Sand 
9 Dust 

 10 – 255 Defined by IG 

e 
so 

erosol contained within the 
layer. 

Values 0 through 9 are defined as standard weather 
layer types. Values beyond this range are defined in 
the IG configuration. 

Note: This parameter is ignored if Scope is set to Entity 
(2). 

Units: N/A 

Values: 0 Grou

This parameter specifies the weather layer to which th
data in this packet are applied. This parameter al
determines the type of a

Humidity 

Type: unsigned int8 

Units: percent 

Values: 0 – 100 

Default: IG-configurable 

This parameter specifies the humidity within the 
weather layer/entity. 
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Parameter Description 
Weather Enable 

Type: 1-bit field 

This parameter specifies whether a weather layer/entity 
and its atmospheric effects are enabled. 

Units: N/A 

Values: 0 Disable 
1 Enable 

Default: IG-configurable 

Scud Enable 

Default: IG-configurable 

s whether weather layer 
produces scud effects within its transition bands. 
This parameter specifie

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
1 Enable 

Random Winds Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
1 Enable 

Default: IG-configurable 

This parameter specifies whether a random frequency 
and duration should be applied to the local wind effects.

Random Lightning Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
1 Enable 

This parameter specifies whether the weather layer or 
entity exhibits random lightning effects. The frequency 
and severity of the lightning varies according to the 
Severity parameter. 

Default: IG-configurable 
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Parameter Desc nriptio  
Cloud Typ

Type: unsigned 4-bit field 

Units: N/A 

Values: 0 None 
1 Altocumulus 
2 Altostratus 

cumulus 
stratus 

us 
6 Cumulonimbus 
7 Cumulus 
8 Nimbostratus 

 – 15 Other 

Default: IG-configurable 

This parameter specifie uds contained 
ather layer. If Layer ID does 

orrespond to a cloud layer, Cloud Type should be 
 None (0). 

s the type of clo
within the we
not c

the value of 

set to

e 

3 Cirro
4 Cirro
5 Cirr

9 Stratocumulus 
10 Stratus 
11

Scope 

signed 2-bit field 

Global 
Regional 
Entity 

rable 

This parameter specifies whether the weather is global, 
gned to an entity. If this value is set to 

 
oving model specified by Entity ID. 

Type: un

Units: N/A 

Values: 0 
 1 
 2 

Default: IG-configu

regional, or assi
Regional (1), the layer is confined to the region 
specified by Region ID. If this value is set to Entity (2), 
the weather attributes are applied to the volume within
the m

Severity 

Type: unsigned 3-bit field 

 (Least to most severe) 

 

layer/entity. 

Units: N/A 

Values: 0 – 5

Default: IG-configurable

This parameter specifies the severity of the weather 

Air Temperature 

Type: singl t e floa

This parameter specifies the temperature within the 
weather layer/entity. 

Units: degrees Celsius (°C) 

Default: IG-configurable 
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Parameter Description 
Visibility Range 

ght 

 
nway 

 Control packet 
(see Section 4.1.10). 

Type: single float 

Units: meters 

Values: See description at ri

Default: IG-configurable 

This parameter specifies the visibility range through the
weather layer/entity. This might correspond to Ru
Visibility Range through ground fog, for example.  

The range specified by this parameter takes 
precedence over that specified by the Global Visibility 
Range parameter of the Atmosphere

Scud Frequency 

Type: single float 

nfigura

This parameter specifies the frequency of scud within 
the transition bands above and/or below a cloud or fog 

Units: percent 

Values: 0 – 100 

Default: IG-co ble 

layer. A value of 0% produces no scud effect; 100% 
produces a solid effect. 

Coverage

Units: percent 

Values: 0 – 100 

Default: IG-configurable 

ge  

Type: single float 

This parameter specifies the amount of area covera
for the weather layer. 

Base Elevation 

-configu

r layer. This parameter is 
ignored if Scope is set to Entity (2). Type: single float 

Units: meters 

Default: IG rable 

Datum: Mean Sea Level 

This parameter specifies the altitude of the base 
(bottom) of the weathe

Thickness 

Type: single float 

urable 

 (specified by Base Elevation) 

ter specifies the vertical thickness of the 
 is 

f Scope is set to 
Entity (2). Units: meters 

Default: IG-config

Datum: Base

This parame
weather layer. The altitude of the top of the layer
equal to this value plus that specified by Base 
Elevation. This parameter is ignored i

Transition Band 

Type: single float 

Units: meters 

This parameter specifies the height of a vertical 
transition band both above and below the weather 
layer. This band produces a visibility gradient from the 
layer’s visibility to that immediately outside the 
transition band. This parameter is ignored if Scope is 
set to Entity (2). 

Default: IG-configurable 
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Parameter Description 
Horizontal Wind Speed 

 

Type: single float 

Units: m/s  

Values: ≥ 0 

Default: 0

This parameter specifies the local wind speed parallel 
to the ellipsoid-tangential reference plane. 

Vertical Wind Speed 

Type: single float 

Units: m/s 

Default: 0 

This parameter specifies the local vertical wind speed. 

Note: A positive value produces an updraft, while a 
negative value produces a downdraft. 

Wind Direction 

Type: single float 

Units: degrees  

This parameter specifies the local wind direction. 

Note: This is the direction from which the wind is 
blowing. 

Values: 0.0 – 360.0 

Default: 0 

Datum: True North 

Barometric Pressure 

Type: single float 

Units: millibars (mb) or hectopascals (hPa) 

le 

This parameter specifies the atmospheric pressure 
within the weather layer or entity. The units are 
interchangeable. 

Values: ≥ 0 

Default: IG-configurab

Aerosol Concentration 

Type: single float 

Units: g/m3 

Values: ≥ 0 

Default: IG-configurable 

This parameter specifies the concentration of water, 
smoke, dust, or other particles suspended in the air. 
This parameter is provided primarily for sensor 
applications; any visual effect is secondary and is IG- 
and layer-dependent. 

Note: The type of aerosol depends upon the layer ID of 
a weather layer, or the entity type of a weather 
phenomenon entity. 
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4.1.13 Maritime Surface Conditions Control 
The Maritime Surface Conditions Control packet is used to specify the surface behavior for seas and other 
bodies of water. This packet is used in conjunction with the Weather Control and Wave Control packets to 
define sea states.  

Regional maritime surface conditions always take precedence over the global surface conditions. Once the 
surface conditions of a region are set, global changes will not affect the surface conditions within that region 
unless it is disabled. Global changes will, however, contribute to the conditions within a region’s transition 

 
of overlap should be the average of the values determined by overlapping the regions. 

p or through a transition perimeter, the Host 
can request the conditions at a specific latitude and longitude by issuing an Environmental Conditions Request 

The contents of the Maritime Surface Conditions Control packet are as follows: 

perimeter. 

If two or more regions overlap, the value of each surface condition attribute defining the sea state within the area

To determine the maritime surface conditions within areas of overla

packet (Section 4.1.28). The Host can request the instantaneous height of the water surface at a specific latitude 
and longitude by sending a HAT/HOT Request packet (Section 4.1.24). 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Pac  I  1 = t ID e n  ket D = 3 Packet Size  24 En ity /R gio  ID

Reserved *3 *2 *1 Reserved 
Sea Surface Height 

Surface Water Temperature 
Surface Clarity 

Reserved 

*1 Surface C
*2

Figure 52 – Maritime Surface Conditions Control Packet Structure 

Table 19 defines e e datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 

 – Maritime Surface Conditi

onditions Enable 
 Whitecap Enable 

*3 Scope 

ach parameter’s data type, units, and usage. If a default value and/or referenc

also listed. 

Table 19 ons Control Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

This parameter identifies this data packet as the 
Maritime Surface Conditions Control packet. The 

Units: N/A 

Value: 13 

value of this parameter must be 13. 
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Parameter Description 
Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 24 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 24. 

Entity ID  (Entity-based Surface Conditions) 

d int16 

This parameter specifies the entity to which the surface 

Type: unsigne

Units: N/A 

attributes in this packet are applied.  

Region ID (Regional Surface Conditions) 

int16 
t to 

Type: unsigned 

Units: N/A 

This parameter specifies the region to which the 
surface attributes are confined. 

Note: Entity ID/Region ID is ignored if Scope is se
Global (0). 

Surface Conditions Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
Enable 

d 
. If this parameter is set to Disable 

acket. 

This parameter is ignored if Scope is set to Global (0).  1 

Default: IG-configurable 

This parameter determines the state of the specifie
surface conditions
(0), the surface conditions within the region or entity are 
the same as the global maritime surface conditions. If 
the parameter is set to Enable (1), the surface 
conditions are defined by this p

Whitecap Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
Enable 

This parameter determines whether whitecaps are 
enabled. 

 1 

Default: IG-configurable 

Scope 

Type: unsigned 2-bit field 

N/A 

: 
 1 Regional 

Entity 

, or assigned to an entity. If 
this value is set to Regional (1), the surface condition 

Units: 

Values 0 Global 

 2 

Default: IG-configurable 

This parameter specifies whether this packet is applied 
globally, applied to a region

properties are applied only within the region specified 
by Region ID. If this value is set to Entity (2), the 
properties are applied to the area defined by the 
moving model specified by Entity ID. 
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Parameter Description 
Sea Surface Height 

a Level 

 
can also be used to 

specify the tide level within the surf zone. Type: single float 

Units: meters 

Datum: Mean Se

Default: IG-configurable 

This parameter specifies the height of the water above
MSL at equilibrium. This parameter 

Surface Water Temperature 

Type: single float 

Units: degrees Celsius (°C) 

Default: IG-configurable 

This parameter specifies the water temperature at the 
surface. 

Surface Clarity 

Type: single float 

Units: percent 

Values: 0 – 100 

Default: IG-configurable 

This parameter specifies the clarity of the water at its 
surface. This is used to control the visual effect of the 
water’s turbidity and sediment type. A value of 100% 
indicates pristine water. A value of 0% indicates 
extremely turbid water. 
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4.1.14 Wave Control 
The Wave Control packet is used to specify the behavior of waves propagating across the surface of a bod
water. Examples include simulated swells and wind chop. 

y of 

The basic waveform is defined by a wave height, wavelength, period, and direction of propagation. Wave height 
t refers to the vertical distance between the wave’s crest and trough. The wavelength is the distance from one cres

to the next or from one trough to the next. These wave properties are illustrated below: 

 

Wavelength 

Wave 
Height 

Crest 
Sea Surface 

Height 

T grou h 
 

Figure 53 – Ba ve Properties 

The Phase Offset parameter specifies a phase angle to be added to the IG’s reference phase. This is useful for 
modeling the interference patterns produced within a multiple-wave system. 

The Leading parameter determines the cross-sectional the wave. This value is the phase angle at which 
the cres f nusoidal wave, this angle is zero (0) degrees. As the value increases, the 
trough f ward the front of the wave as shown below: 

sic Wa

 shape of 
t o  the wave occurs. For a si

tens and the crest moves tolat

 
Wave Direction 

Sinusoidal Wave 
(cos θ) 

cos 0° 
cos (Leading) 

cos 180° 

 

Figure 54 – Example of Wave Leading 

Note that the trough of the wave remains at 180° regardless of the value of the Leading parameter. 
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The contents of the Wave Control packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 14 Packet Size = 32 Entity ID/Region ID 

Wave ID Reserved *3 *2 *1 Reserved 
Wave Height 
Wavelength 

Period 
Direction 

Phase Offset 
Leading 

*1 Wave Enable 

 Breaker Type 

Figure 55 – Wave Control Packet Structure 

efines each parameter’s data type, units, and usage. If a default value
 for a parameter, or if the domain differs from th

Table 20 – Wave Control Parameter Definitions 

*2 Scope 
*3

Table 20 d
applicable

 and/or reference datum are 
e range of values listed in Table 2, those values are 

also listed. 

Parameter Description 
Packet ID 

Type: unsigned int8 

Value: 14 

Units: N/A 

This parameter identifies this data packet as the Wave 
Control packet. The value of this parameter must be 
14. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 32 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 32. 

Wave Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: IG-configurable 

This parameter determines whether the wave is 
enabled or disabled. A disabled wave does not 
contribute to the shape of the water’s surface. 
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Parameter Description 
Scope 

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 Global 
 1 Regional 
 2 Entity 

Default: IG-configurable 

ned 

e applied only within the region 
specified by Region ID. If this value is set to Entity (2), 
the properties are applied to the area defined by the 
moving model specified by Entity ID. 

This parameter specifies whether the wave is defi
for global, regional, or entity-controlled maritime 
surface conditions. If this value is set to Regional (1), 
the wave properties ar

Breaker Type 

Type: unsigned 2-bit field 

Plunging 
1 Spilling 

rging 

urable 

meter specifies the type of breaker within the 
surf zone. This may be one of the following values: 

Plunging – Plunging waves peak until the wave forms 
a vertical wall, at which point the crest moves faster 
than the base of the breaker. The wave will then break 

ater forms over the crest, which 
spills down the face of the breaker. 

Surging – Surging breakers advance toward the beach 
as vertical walls of water. Unlike with plunging and 

Units: N/A 

Values: 0 

2 Su

Default: IG-config

This para

violently into the wave trough.  

Spilling – Spilling breakers break gradually over a 
great distance. White w

spilling breakers, the crest does not fall over the front of 
the wave. 

Entity ID  (Entity-based Surface Conditions) 

int16 
is defined.  

Type: unsigned 

Units: N/A 

This parameter specifies the surface entity for which 
the wave 

Region ID (Regional Surface Conditions) 

Note: Entity ID/Region ID is ignored if Scope is set to 
Global (0). 

Type: unsigned int16 

Units: N/A 

This parameter specifies the environmental region for 
which the wave is defined. 

Wave ID 

Type: unsigned int8 

Units: N/A 

This parameter specifies the wave to which the 
attributes in this packet are applied.  

Wave Height 

Type: single float 

Units: meters 

Values: ≥ 0 

Datum: Sea Surface Height 

This parameter specifies the average vertical distance 
from trough to crest produced by the wave. 
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Parameter Description 
Wavelength  cular 

Type: single float 

Units: meters 

Values: > 0 

This parameter specifies the distance from a parti
phase on a wave to the same phase on an adjacent 
wave. 

Period 

Type: single float 

This parameter specifies the time required for one 
complete oscillation of the wave. 

Units: seconds 

Values: > 0 

Direction 

Type: single float 

Units: degrees 

This parameter specifies the direction in which the 
wave propagates. 

Values: 0 – 360 

Datum: True North 

Phase O fset f

: -360.0 – 360.0 

This parameter specifies a phase offset for the wave. 

Type: single float 

Units: degrees 

Values

Leading 

Type: single float 

Units: degrees 

Values: -180.0 – 180.0 

This parameter specifies the phase angle at which the 
crest occurs (see Figure 54). 
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4.1.15 Terrestrial Surface Conditions Control 

surface conditions are IG-dependent. Examples might range from weather-related conditions such 
as dry, wet, icy, or slushy, to hazards such as sand, dirt, and gravel. 

face conditions within that region 
e the conditions within a region’s transition perimeter. 

ironmental Conditions Request 
packet (Section 4.1.28). 

The contents of the Terrestrial Surface Conditions Control packet are as follows: 

The Terrestrial Surface Conditions Control packet is used to specify the conditions of the terrain surface. 
These typically describe driving conditions, runway contaminants, or conditions that would otherwise impede or 
add risk to the movement of vehicles on the ground. 

The possible 

Regional terrestrial surface conditions always take precedence over the global surface conditions. Once the 
surface conditions of a region are set, global changes will not affect the sur
unless it is disabled. Global changes will, however, chang

If two or more regions overlap, the value of each surface condition attribute within the area of overlap should be 
the average of the values determined by the overlapping regions. 

To determine the terrestrial surface conditions within areas of overlap or through a transition perimeter, the Host 
can request the conditions at a specific latitude and longitude by issuing an Env

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 15 Packet Size = 8 Entity ID/Region ID 

Surface Condition ID Severity *2 *1 Coverage 

*1 Surface Condition Enable 
*2 Scope 

Figure 56 – Terrestrial Surface Conditions Control Packet Structure 

Table 21 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 21 – Terrestrial Surface Conditions Control Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 15 

This parameter identifies this data packet as the 
Terrestrial Surface Conditions Control packet. The 
value of this parameter must be 15. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 8 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 8. 
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Parameter Description 
Entity ID  (Environmental Entities) This parameter specifies the environmental entity to 

which 
Type: unsigned int16 

Units: N/A 

applied.  
the surface condition attributes in this packet are 

Region ID (Regional Conditions) This parameter specifies the regi

Type: unsigned int16 

Units: N/A 

surface conditions are confined. 

Note: Entity ID/Region ID is ignored if Scope is set to 
Global (0). 

on to which the 

Surface Condition ID 

Type: unsigned int16 

Units: N/A 

rameter identifies a surface condition or 
nant. Multiple conditions can be specified by 

sending multiple Terrestrial Surface Conditions 

This pa
contami

Control packets. 

Values: 0 Dry (reset) 
 > 0 Defined by IG 

Default: IG-configurable 

When this parameter is set to Dry (0), all existing 
surface conditions will be removed within the specified 
scope. All other surface condition codes are IG-
dependent. 

Surface Condition Enable This parameter specifies whether the 

Type: 1-bit field 

Units: N/A 

attribute identified by the Surface Condition ID
parameter should be enabled. 

Values: 0 Disable 
1 Enable 

Default: IG-configurable 

surface condition 
 

Scope 

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 Global 
 1 Regional 
 2 Entity 

Default: IG-configurable 

This parameter determines whether the specified 
surface conditions are applied globally, regionally, or to 
an environmental entity. If this value is set to Regional 
(1), the conditions are confined to the region specified 
by Region ID. If this value is set to Entity (2), the 
conditions are applied to the model specified by Entity 
ID. 

Note: Regional and entity surface conditions override 
global surface conditions. 

Severity 

Type: unsigned 5-bit field 

Units: N/A 

Values: 0 – 31 (least to most severe) 

Default: IG-configurable 

This parameter determines the degree of severity for 
the specified surface contaminant(s). A value of zero 
(0) indicates that any effects of the contaminant are 
negligible. A value of 31 indicates that the surface is 
not navigable. 
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Parameter Description 
Coverage 

Type: unsigned int8 

Units: percent 

Values: 0 – 100 

Default: IG-configurable 

This parameter determines the degree of coverage of 
the specified surface contaminant. 
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4 .1  
The View acket is used to attach a view o ie and to d e the po  
rotation of the view relative to the entity’s reference poi ews can be positioned to correspond to the pilot eye, 
weapon/sensor viewpoints, and stealth view cameras. 

Multiple views may be combined to form one or more v oups. This allows more than one view to be moved 
in unison with  Control packet. A view group is identified by the Group ID parameter. Operations 
performe up affect all views in that group. If Group ID is set to zero (0), the packet is applied to 
an indivi  parameter. 

The ord ews and view groups is the same as that for entities. A view is first translated along 
the entit ter it is translated, the view is rotated about the eyepoint. The order of rotation is 
first abo  the Y axis (pitch), and finally the X axis (roll). Figure 57 illustrates the degrees of 
freedom for positioning and rotating a view: 

.1 6 View Control 
 Control p r v w group to an entity efin sition and

nt. Vi

iew gr
 a single View

d upon a view gro
d entified by the View IDual view, id

er of operation for vi
y’s X, Y, and Z axes. Af
ut Z axis (yaw), then

 

+X 

+Y 
+Z 

Entity Reference Point

Eye P

+X 

oint

+Y 
+Z 

View Offset

+Roll

+Pitch

+Yaw

 

Figure 57 – View Point Position and Rotation 

The contents of the View Control packet are as follows: 
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7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 16 Packet Size = 32 View ID 

Group ID *7 *6 *5 *4 *3 *2 *1 Entity ID 
X Offset 
Y Offset 
Z Offset 

Roll 
Pitch 
Yaw 

*1

*2

*3

*4 Roll Enable 
itch Enable 

 Yaw Enable 
*7 Reserved 

Figure 58 – View Cont  

Table 22 defines each parameter’s data type, units, and u
applicable for a parameter, or if the domain differs from th
also listed. 

Table 22 – View Control Parameter Definitions 

 X Offset Enable 
 Y Offset Enable 
 Z Offset Enable 

*5 P
*6

rol Packet Structure

sage. If a default value and/or reference datum are 
e range of values listed in Table 2, those values are 

Parameter Description 
Packet ID 

16 

This parameter identifies this data packet as the 
View Control packet. The value of this parameter must 
be 16. Type: unsigned int8 

Units: N/A 

Value: 

Packet Size 

Type: unsigned int8 

s 

Value: 32 

s the number of bytes in this 
data packet. The value of this parameter must be 32. 

Units: Byte

This parameter indicate

View ID This parameter specifies the view to which the contents 

 ID parameter contains a non-zero value. Type: unsigned int16 

Units: N/A 

of this packet should be applied. This value is ignored if 
the Group
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Parameter Description 
Group ID 

Type: unsigned int8 

Units: N/A 

Values: 0 None 
1 – 255 Specifies view group 

ich the 
ro 

 specified 
by the View ID parameter. If this value is non-zero, the 
packet is applied to the specified view group and the 
View ID parameter is ignored. 

This parameter specifies the view group to wh
contents of this packet are applied. If this value is ze
(0), the packet is applied to the individual view

X Offset Enable 

Disable 
 1 Enable 

This parameter determines whether the X Offset 
parameter should be applied to the specified view or 

et Type: 1-bit field 

Units: N/A 

Values: 0 

view group. If this flag is set to Disable (0), the X Offs
parameter is ignored. 

Y Offset 

it field 

: 
 1 Enable 

This parameter determines whether the Y Offset 
parameter should be applied to the specified view or 
view group. If this flag is set to Disable (0), the Y Offset 

Enable 

Type: 1-b

Units: N/A 

Values 0 Disable 

parameter is ignored. 

Z Offset Enable 

Type: 1-bit field 

A 

Values: 0 Disable 
1 Enable 

 be applied to the specified view or 
view group. If this flag is set to Disable (0), the Z Offset 
para

Units: N/

 

This parameter determines whether the Z Offset 
parameter should

meter is ignored. 

Roll Enable 

Type: 1-bit field 

Disable 
 1 Enable 

This parameter determines whether the Roll parameter 
should be applied to the specified view or view group. If 
this flag is set to Disable (0), the Roll parameter is 
ignored. 

Units: N/A 

Values: 0 

Pitch Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
Enable 

meter determines whether the Pitch 
parameter should be applied to the specified view or 
view group. If this flag is set to Disable (0), the Pitch 
parameter is ignored. 

 1 

This para
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Parameter Description 
Yaw Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

meter 
d view or view group. If 

this flag is set to Disable (0), the Yaw parameter is 
ignored. 

This parameter determines whether the Yaw para
should be applied to the specifie

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the entity to which the view or 
view group should be attached. 

X Offset 

Type: single float 

Units: meters 

Default: IG-configurable 

Datum: Entity reference point 

This parameter specifies the position of the view 
eyepoint along the X axis of the entity specified by the 
Entity ID parameter. 

Y Offset 

Type: single float 

Units: meters 

Default: IG-configurable 

Datum: Entity reference point 

This parameter specifies the position of the view 
eyepoint along the Y axis of the entity specified by the 
Entity ID parameter. 

Z Offset 

Type: single float 

Units: meters 

Default: IG-configurable 

Datum: Entity reference point 

This parameter specifies the position of the view 
eyepoint along the Z axis of the entity specified by the 
Entity ID parameter. 

Roll 

Type: single float 

Units: degrees 

Values: -180 – 180 

Default: IG-configurable 

Datum: View coordinate system 

This parameter specifies the angle of rotation of the 
view or view group about its X axis after yaw and pitch 
have been applied. 
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Parameter Description 
Pitch 

Type: single float 

Units: degrees 

This parameter specifies the angle of rotation of the 
view or view group about its Y axis after yaw has been 
applied. 

Values: -90 – 90 

Default: IG-configurable 

Datum: View XY plane 

Yaw 

Type: single float 

U t d re

Values: 

Default:

Datum: oordinate system 

This parameter specifies the angle of rotation of the 
view or view group about its Z axis. 

ni s: eg es 

0 – 360 

 IG-configurable 

View reference c
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4.1.17 Sensor Control 
cket is used to control sensor mod

lications. It is typically used in n 
4.1.16), which moves the sensor camera eyepoint. The View Definition and Component Control packets 

d 4.1.4, respectively) can also be used to control various aspects of camera and sensor 
behavior. 

A sensor is associated with a view through the View ID parameter. A sensor may be associated with more than 
allow the sensor imagery to be displayed on m

Sensor Response or Sensor Extended Response pack

In a typical scenario, the sensor will be inactive until the user turns the sensor on. The Host will send a Sensor 
 the Sensor On/Off parameter set to On (1). Because the sensor is not yet tracking a target, 

the Track Mode parameter of this packet should be set to Off (0). The Host might also send a View Control 
re the initial sensor camera position is s

quence of events is illu 9: 

The Sensor Control pa es and display behavior for sensor-based weapons 
conjunction the View Control packet (Sectiosystems and other sensor app

(Sections 4.1.21 an

one view to ultiple displays; however, this may evoke multiple 
ets from the IG. 

Control packet with

packet to make su et. Additional View Control packets will be sent as the 
strated in Figure 5user slews the sensor view. This se

   
 
 
 
 
 
 
 
 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Host 

Start of F

Sensor Control
 

Sensor ID = 1 
View ID = 8 
Sensor On/Off = 1 
Track Mode = 0 

e Type = 0 Respons

rame 

IG Control View Control
 

View ID = 8 

 
 

 
 

 
 
 
 
 

Image 
Generator 

IG Control View Control
 

View ID = 8 

User turns sensor On 

User slews view 

Start of Frame 

IG Control View Control
 

View ID = 8 

User slews view 

Sets camera position 

 

Figure 59 – Data Exchange for Sensor Control (1 of 3) 

When the user attempts to lock onto a target, the Host will send a Sensor Control packet, setting the Track Mode 
parameter to the appropriate value. Because the Host will need the position of the track point to determine which 
entity is the target, it sets the Response Type parameter to Gate and Target Position (1). 
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The IG will immediately begin sending response packets ( ensor Extended Response packets) that 
 gate symbol position and, if appropriate, the se
e until the IG is directed to do otherwise by the 

eter of the response packets will indicate whether the sensor was able to establish a 
as unable to do so, the Sensor Status parameter will be set to zero (0). The Host then should 

 parameter to Off (0) before the user again tries to lock onto the target. If, on the other hand, 
ccessful, then the Sensor Status parameter will be set to one (1).  

ted above. Here, the user attempts to acquire a sensor lock, prompting 
d a Sensor Control packet. The Track Mode parameter is set to Target (3) and the Response 

Type parameter to Gate and Target Position (1). The IG responds with Sensor Extended Response packets that 
 lock was successful and that provide gate and

in this case, S
contain the
every fram

nsor target position. A response packet will be sent 
Host. 

The Sensor Status param
lock. If the sensor w
reset the Track Mode
the lock was su

Figure 60 continues the example illustra
the Host to sen

indicate the  target positions. 

Start of Frame 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

 

 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

Host 

Sensor Control
 

Sensor ID = 1 
View ID = 8 
Sensor On/Off = 1 
Track Mode = 3 
Response Type = 1 

IG Control View Control
 

View ID = 8 

IG Control View Control 
 

View ID = 8 

User attempts target lock 

Sensor tracks target 

Start of Frame Sensor Extended 
Response 

 

Sensor ID = 1 
Sensor

 
 

Image 
Generator 

 Status = 1 

Indicates target is locked; 
Provides gate and target positions

IG Control View Control 
 

View ID = 8 

Start of Frame Sensor Extended 

 

Sen
Sen

Response 

sor ID = 1 
sor Status = 1 

 

Figure 60 – Data Exchange for Sensor Control (2 of 3) 
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The Entity ID parameter of the Sensor Extended Response packet contains the ID of the target entity. If the IG 
t, or if the sensor is tracking no
 set to Invalid (0). The Host mu

r object is being tracked by the se
e number and proximity of entit

rmined the target, it can send a Se h its Response Type 
to Ga n (1), directing the IG to send Sensor Response packets instead of Sensor 

Extended nge of data is illustrated in Figure 61: 

cannot determine the targe
the response packet will be

n-entity geometry, then the Entity ID Valid parameter of 
st then use the target position returned by the IG to 
nsor. This may occur immediately or over several 
ies along the sensor viewing vector. 

nsor Control packet wit

determine which entity o
frames, depending upon th

Once the Host has dete
parameter set te Positio

 Response packets. This excha

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Host 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Image 
Generator 

Sensor Control
 

Sensor ID = 1 
View ID = 8 
Sensor On/Off = 1 
Track Mode = 3 
Response Type = 0 

IG Control View Control
 

View ID = 8 

IG Control View Control
 

View ID = 8 

Sensor has had time to 
acquire a good lock, so the 
Host needs only the gate 

position from here on 

Start of Frame Sensor Response
 

Sensor ID = 1 
Sensor Status = 1 

Provides gate position only 

IG Control View Control
 

View ID = 8 

Start of Frame Sensor Response
 

Sensor ID = 1 
Sensor Status = 1 

Start of Frame Sensor Extended 
Response 

 

Sensor ID = 1 
Sensor Status = 1 

Provides gate and target positions

Sensor continues to 
track target 

 

Figure 61 – Data Exchange for Sensor Control (3 of 3) 

The contents of the Sensor Control packet are as follows: 
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7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 17 Packet Size = 24 View ID 

Sensor ID Track Mode *5 *4 *3 *2 *1 Reserved *6 Reserved 
Gain 
Level 

AC Coupling 
Noise 

*1 Sensor On/Off 
*2 Polarity 

 Automatic Gain 
ck White la  

 Type 

Figure 62 – Sensor Control Packet Structure 

Table 23 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

*3 Line-by-Line Dropout Enable 
*4

*5 Tra /B ck
*6 Response

Table 23 – Sensor Control Parameter Definitions 

Parameter Description 
Packet ID This parameter identifies this data packet as the 

Type: unsigned int8 

Units: N/A 

 

Sensor Control packet. The value of this parameter 
must be 17. 

Value: 17

Packet Size 

Type: unsigned int8 

Value: 24 

 parameter must be 24. 

Units: Bytes 

This parameter indicates the number of bytes in this 
data packet. The value of this

View ID 

Type: unsigned int16 
specified sensor is assigned. 

Note that a sensor cannot be assigned to a view group. 
Units: N/A 

This parameter identifies the view to which the 

Sensor ID 

Type: unsigned int8 

Units: N/A 

This parameter specifies the sensor to which the data 
in this packet are applied. 
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Parameter Description 
Track Mode 

Type: unsigned 3-bit field 

Units: N/A 

Values: 0 Off 
1 Force Correlate 
2 Scene 

Target 
4 Ship 

Defined by IG 

or processes a portion of 
the view image, establishes an image pattern, and 
attempts to keep the seeker pointed at the center of 
that image pattern. This mode is typically used for 
Maverick sensors. 

 
ablishes an image pattern, and attempts to 

keep the seeker pointed at the center of that image 
pattern. This mode is typically used for FLIR sensors. 

Target – The sensor uses contrast tracking to lock to a 
specific target area. 

n strikes close to 
the water line. 

3 

5 – 7 

Default: 0 

This parameter specifies which track mode the sensor 
should use: 

Off – No tracking will occur. 

Force Correlate – The sens

Scene – The sensor processes a portion of the view
image, est

Ship – The sensor uses contrast tracking and adjusts 
the tracking point so that the weapo

Sensor On/Off 

Type: -b1 it field 

Units: N/A 

Values: 0 Off 
 1 On 

efault: 0 

This parameter specifies whether the sensor is turned 
on or off. 

D

Polarity 

Type: 1-bit field 

Units: N/A 

Values: 0 White hot 
1 Black hot 

Default: 0 

This parameter specifies whether the sensor shows 
white hot or black hot. 

Line-by-Line Dropout Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
1 Enable 

Default: 0 

This parameter specifies whether line-by-line dropout is 
enabled. 
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Parameter Description 
Automatic Gain 

Type: 1-bit field 

This parameter specifies whether the sensor 
automatically adjusts the gain value to optimize the 
brightness and contrast of the sensor display 

Units: N/A 

Values: 0 Disable 

Default: 0 

1 Enable 

Track White/Black 

Type: 1-bit field 

Units: N/A 

arameter specifies whether the sensor tracks 
r black. This, along with the Polarity parameter, 
s whether the sensor tracks hot or cold spots. 

This p
white o
control

Values: 0 White 
1 Black 

Default: 0 

Response Type 

Type: unsigned 1-bit field 

A 

gate position) 
d (gate and target position)

This parameter specifies whether the IG should return 
n 4.2.6) packet or a 

Sensor Extended Response packet (Section 4.2.7). 

nse 

1. Sensor On/Off is set to On (1). 

2. Track Mode is not set to Off (0). 

a Sensor Response (Sectio

Units: N/

Values: 0 Normal (
1 Extende

Default: 0 

The IG should return one of the two sensor respo
packets every frame as long as the following two 
criteria are met: 

Gain 

Type: single float 

Units: N/A 

Values: 0.0 – 1.0 

.0 Default: 0

This parameter specifies the contrast for the sensor 
display. 

Level 

Type: single float 

Units: N/A 

Values: 0.0 – 1.0 

Default: 0.0 

ies the brightness for the sensor 
display. 
This parameter specif
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Parameter Description 
AC Coupling 

Type: single float 

Units: µs 

Values: ≥ 0.0 

or display. 

Default: 0.0 

This parameter specifies the AC coupling decay 
constant for the sens

Noise 

Type: single float 

Units: N/A 

Values: 0.0 – 1.0 

Default: 0.0 

This parameter specifies the amount of detector noise 
for the sensor. 
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4.1.18 Motion Tracker Control 

an 
 which the transformations are applied is 

determined by the IG. 

The Host may request the instantaneous position and orientation of a tracker device by sending a Position 
R s a e S tion 4 .2  h  j t s p m t s to o n r k (  

Note that if tracked input device re H t   inte t the tracked ta and 
send the appropriate CIGI packets to achieve the desired effect on the IG. For example, the Host would interpret 
input from a connected head tracker and send View Control packets to the IG to move the eyepoint of the 
appropriate view or view group. 

The contents of the Motion Tracker Control packet are as follows: 

The Motion Tracker Control packet is used to initialize and change properties of tracked input devices 
connected to the IG. These devices may include head trackers, eye trackers, wands, trackballs, etc. If more th
one head tracker is used to control a view or view group, the order in

eque t p ck t ( ec .1 7) wit  its Ob ec Cla s ara e er et  M tio  T ac er 4).

s a  connected to the os , the Host should rpre  input da

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 18 Packet Size = 8 View/View Group ID 

Tracker ID *8 *7 *6 *5 *4 *3 *2 *1 Reserved *9 Reserved 

*1 Tracker Enable 
*2 Boresight Enable 
*3 X Enable 
*4 Y Enable 
*5 Z Enable 
*6 Roll Enable 
*7 Pitch Enable 
*8 Yaw Enable 
*9 View/View Group Select 

Figure 63 – Motion Tracker Control Packet Structure 

Table 24 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 24 – Motion Tracker Control Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 18 

This parameter identifies this data packet as the 
Motion Tracker Control packet. The value of this 
parameter must be 18. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 8 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 8. 
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Parameter Description 
View/View Group ID 

Type: unsigned int16 

Units: N/A 

Default: 0 

This parameter specifies the view or view group to 
which the tracking device is attached. 

Tracker ID 

Type: unsigned int8 

Units: N/A 

This parameter specifies the tracker whose state the 
data in this packet represents. 

Tracker Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: IG-configurable 

This parameter specifies whether the tracking device is 
enabled. 

Boresight Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: 0 

This parameter is used to set the boresight state of the 
external tracking device. This mode is used to 
reestablish the tracker’s “center” position at the current 
position and orientation. 

Note: If boresighting is enabled, the Host must send a 
Motion Tracker Control packet with Boresight Enable 
set to Disable (0) to return the tracker to normal 
operation. The IG will continue to update the boresight 
position each frame until that occurs. 

X Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: 1 

This parameter is used to enable or disable the X-axis 
position of the motion tracker. 
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Parameter Description 
Y Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: 1 

This parameter is used to enable or disable the Y-axis 
position of the motion tracker. 

Z Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: 1 

This parameter is used to enable or disable the Z-axis 
position of the motion tracker. 

Roll Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: 1 

This parameter is used to enable or disable the roll 
(X-axis rotation) of the motion tracker. 

Pitch Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: 1 

This parameter is used to enable or disable the pitch 
(Y-axis rotation) of the motion tracker. 

Yaw Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: 1 

This parameter is used to enable or disable the yaw 
(Z-axis rotation) of the motion tracker. 
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Parameter Description 
View/View Group Select 

Type: 1-bit field 

Units: N/A 

Values: 0 View 
1 View Group 

Default: IG-configurable 

This parameter specifies whether the tracking device is 
attached to a single view or a view group. If set to View 
(0), the View/View Group ID parameter identifies a 
single view. If set to View Group (1), that parameter 
identifies a view group. 
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4.1.19 Earth Reference Model Definition 
The default Earth Reference Model (ERM) used for geodetic positioning is WGS 84. The Host may define another 
ERM by sending an Earth Reference Model Definition packet to the IG. This packet defines the equatorial 
radius and the flattening of the new reference ellipsoid. 

When the IG receives an Earth Reference Model Definition packet, it should set the Earth Reference Model 
parameter of the Start of Frame packet to Host-Defined (1). If, for some reason, the IG cannot support the ERM 
defined by the Host, the parameter should be set to WGS 84 (0). 

The contents of the Earth Reference Model Definition packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 19 Packet Size = 24 Reserved *1 Reserved 

Reserved 
Equatorial Radius 

 
Flattening 

 

*1 Custom ERM Enable 

Figure 64 – Earth Reference Model Definition Packet Structure 

Table 25 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 25 – Earth Reference Model Definition Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 19 

This parameter identifies this data packet as the Earth 
Reference Model Definition packet. The value of this 
parameter must be 19. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 24 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 24. 
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Parameter Description 
Custom ERM Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable (use WGS 84) 
 1 Enable 

Default: 0 

This parameter specifies whether the IG should use the 
Earth Reference Model (ERM) defined by this packet. 

If this parameter is set to Disable (0), the IG will use the 
WGS 84 reference model and all other parameters in 
this packet will be ignored. 

Equatorial Radius 

Type: double float 

Units: meters 

Default: 6,378,137.0 

This parameter specifies the semi-major axis of the 
ellipsoid. 

Flattening 

Type: double float 

Units: meters 

Default: 
563298.257223

1  

This parameter specifies the flattening of the ellipsoid. 
This value is calculated as follows: 

a
baf )( −

=  

where f is the flattening, a is the semi-major axis 
(equatorial radius), and b is the semi-minor axis (polar 
radius). 

A flattening value of 0.0 defines a spherical Earth. 
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4.1.20 Trajectory Definition 
The Trajectory Definition packet enables the Host to describe a trajectory along which an IG-driven entity, such 
as a tracer round or particulate debris, travels. This is useful for simulating gravity and other static forces acting 
upon the entity. This packet is commonly used in conjunction with the Rate Control packet (Section 4.1.8). 

The contents of the Trajectory Definition packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 20 Packet Size = 24 Entity ID 

Acceleration X 
Acceleration Y 
Acceleration Z 

Retardation Rate 
Terminal Velocity 

Figure 65 – Trajectory Definition Packet Structure 

Table 26 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 26 – Trajectory Definition Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 20 

This parameter identifies this data packet as the 
Trajectory Definition packet. The value of this 
parameter must be 20. 

Packet Size 

Value: 24 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 24. 

Type: unsigned int8 

Units: Bytes 

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter identifies the entity for which the 
trajectory is defined. 
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Parameter Description 
Acceleration X 

Type: single float 

Units: m/s2 

Default: 0 

Datum: Ellipsoid-tangential NED reference 
coordinate system 

This parameter specifies the X component of the 
acceleration vector. 

Acceleration Y 

Type: single float 

Units: m/s2 

Default: 0 

Datum: Ellipsoid-tangential NED reference 
coordinate system 

This parameter specifies the Y component of the 
acceleration vector. 

Acceleration Z 

Type: single float 

Units: m/s2 

Default: 0 

Datum: Ellipsoid-tangential NED reference 
coordinate system 

This parameter specifies the Z component of the 
acceleration vector. 

Retardation Rate 

Type: single float 

Units: m/s2 

Default: 0  

Datum: Direction opposite of entity’s instantaneous 
 velocity vector 

This parameter specifies the magnitude of an 
acceleration applied against the entity’s instantaneous 
linear velocity vector. This is used to simulate drag and 
other frictional forces acting upon the entity. 

Terminal Velocity 

Type: single float 

Units: m/s 

Default: 0 

This parameter specifies the maximum velocity the 
entity can sustain. 
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4.1.21 View Definition 
The View Definition packet allows the Host to override the IG’s default configuration for a view. This packet is 
used to specify the projection type, to define the size of the viewing volume, and to assign the view to a view 
group. Refer to Section 3.2 for details on these view characteristics. 

The contents of the View Definition packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 21 Packet Size = 32 View ID 

Group ID *7 *6 *5 *4 *3 *2 *1 View Type *10 *9 *8 Reserved 
Near 
Far 
Left 

Right 
Top 

Bottom 

*1 Near Enable 
*2 Far Enable 
*3 Left Enable 
*4 Right Enable 
*5 Top Enable 
*6 Bottom Enable 
*7 Mirror Mode 
*8 Pixel Replication Mode 
*9 Projection Type 
*10 Reorder 

Figure 66 – View Definition Packet Structure 

Table 27 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 27 – View Definition Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 21 

This parameter identifies this data packet as the View 
Definition packet. The value of this parameter must be 
21. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 32 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 32. 
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Parameter Description 
View ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the view to which the data in 
this packet will be applied.  

Group ID 

Type: unsigned int8 

Units: N/A 

Values: 0 None 
 1 – 255 Specifies view group 

This parameter specifies the group to which the view is 
to be assigned. If this value is zero (0), the view is not 
assigned to a group. 

Near Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disab
 1 Enable 

This parameter specifies whether the near clipping 
plane will be set to the value of the Near parameter 
within this packet. If this parameter is set to Disable (0), 
the Near parameter will be ignored. 

le 

Far En

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

This parameter specifies whether the far clipping plane 
will be set to the value of the Far parameter within this 
packet. If this parameter is set to Disable (0), the Far 
parameter will be ignored. 

able 

Left Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

This parameter specifies whether the left half-angle of 
the view frustum will be set according to the value of 
the Left parameter within this packet. If this parameter 
is set to Disable (0), the Left parameter will be ignored. 

Right Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

This parameter specifies whether the right half-angle of 
the view frustum will be set according to the value of 
the Right parameter within this packet. If this parameter 
is set to Disable (0), the Right parameter will be 
ignored. 
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Parameter Description 
Top Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

This parameter specifies whether the top half-angle of 
the view frustum will be set according to the value of 
the Top parameter within this packet. If this parameter 
is set to Disable (0), the Top parameter will be ignored. 

Bottom Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

This parameter specifies whether the bottom half-angle 
of the view frustum will be set according to the value of 
the Bottom parameter within this packet. If this 
parameter is set to Disable (0), the Bottom parameter 
will be ignored. 

Mirror Mode 

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 None 
 1 Horizontal 
 2 Vertical 
 3 Horizontal and Vertical 

Default: IG-configurable 

This parameter specifies the mirroring function to be 
performed on the view. This feature is typically used to 
replicate the view of a mirrored surface such as a rear 
view mirror. 

Pixel Replication Mode 

Type: unsigned 3-bit field 

Units: N/A 

Values: 0 None 
 1 1 × 2 
 2 2 × 1 
 3 2 × 2 
 4 – 7 Defined by IG 

Default: IG-configurable 

This parameter specifies the pixel replication function to 
be performed on the view. This feature is typically used 
in sensor applications to perform electronic zooming 
(i.e., pixel and line doubling). 

Projection Type 

Type: 1-bit field 

Units: N/A 

Values: 0 Perspective 
 1 Orthographic Parallel 

Default: IG-configurable 

This parameter specifies whether the view projection 
should be perspective (Section 3.2.1.1) or orthographic 
parallel (Section 3.2.1.2). 
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Parameter Description 
Reorder 

Type: 1-bit field 

Units: N/A 

Values: 0 No Reorder 
 1 Bring to Top 

Default: IG-configurable 

This parameter specifies whether the view should be 
moved to the top of any overlapping views. In cases 
where multiple overlapping views are moved to the top, 
the last view specified gets priority. 

View Type 

Type: unsigned 3-bit field 

Units: N/A 

Values: 0 – 7 

Default: IG-configurable 

This parameter specifies an IG-defined type for the 
indicated view. For example, a Host might switch a 
view type from out-the-window to IR for a given 
channel. 

Near 

Type: single float 

Units: meters 

Values: > 0 to < Far 

Default: IG-configurable 

This parameter specifies the position of the view’s near 
clipping plane. This distance is measured along the 
viewing vector from the eyepoint to the plane. 

Far 

Type: single float 

Units: meters  

Values: > Near 

Default: IG-configurable 

This parameter specifies the position of the view’s far 
clipping plane. This distance is measured along the 
viewing vector from the eyepoint to the plane. 

Left 

Type: single float 

Units: degrees  

Values: > -90.0 to < Right 

Default: IG-configurable 

This parameter specifies the left half-angle of the view 
frustum. This value is the measure of the angle formed 
at the view eyepoint between the viewing vector and 
the frustum side (see Figure 13, page 19). 
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Parameter Description 
Right 

Type: single float 

Units: degrees  

Values: > Left to < 90.0 

Default: IG-configurable 

This parameter specifies the right half-angle of the view 
frustum. This value is the measure of the angle formed 
at the view eyepoint between the viewing vector and 
the frustum side (see Figure 13, page 19). 

Top 

Type: single float 

Units: degrees  

Values: > Bottom to < 90.0 

Default: IG-configurable 

This parameter specifies the top half-angle of the view 
frustum. This value is the measure of the angle formed 
at the view eyepoint between the viewing vector and 
the frustum side (see Figure 13, page 19). 

Bottom 

Type: single float 

Units: degrees  

Values: > -90.0 to < Top 

Default: IG-configurable 

This parameter specifies the bottom half-angle of the 
view frustum. This value is the measure of the angle 
formed at the view eyepoint between the viewing vector 
and the frustum side (see Figure 13, page 19). 
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4.1.22 Collision Detection Segment Definition 
The Collision Detection Segment Definition packet enables the Host to define one or more collision detection 
segments for an entity. A collision detection segment is a line segment along which collision testing is performed 
by the IG. When a collision detection segment intersects a polygon, the IG registers a collision by sending a 
Collision Detection Segment Notification (Section 4.2.13) packet to the Host identifying the segment and the 
object with which it collided. 

Note that collision detection testing is performed every frame by the IG. 

The segment is defined by specifying the locations of its endpoints with respect to the associated entity’s body 
coordinate system. Figure 67 illustrates five segments defined for an aircraft: 

1 2

3 
4 

5 

 

Figure 67 – Examples of Collision Detection Segments 

Collision detection volumes are tested segment-to-polygon. An entity will not perform collision detection segment 
testing against its own geometry. 

If the Collision Detection Enable parameter of an Entity Control packet is set to Disabled (0), the referenced 
entity’s segments will not be used for collision detection segment testing. If the state of an entity is set to 
Inactive/Standby (0) via the Entity State parameter of an Entity Control packet, neither that entity’s segments nor 
its geometry will be included in collision detection segment testing. 

If an entity is destroyed, any collision detection segments defined for that entity will also be destroyed. 

Although non-entity collision detection segments may be defined by the IG configuration, the Host can only create 
collision detection segments by referencing an entity. If a segment must be defined along a non-entity object, the 
Host must first create an entity with no geometry (entity type zero) to represent that object. 

Since collision tests are conducted at discrete moments in time, it is possible that a segment could pass 
completely through a polygon between successive tests, causing a missed collision.  It may therefore be 
necessary for the IG to use segment sweeping or some other mechanism to avoid this situation. 

The contents of the Collision Detection Segment Definition packet are as follows: 
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7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 22 Packet Size = 40 Entity ID 

Segment ID Reserved *1 Reserved 
X1 
Y1 
Z1 
X2 
Y2 
Z2 

Material Mask 
Reserved 

*1 Segment Enable 

Figure 68 – Collision Detection Segment Definition Packet Structure 

Table 28 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 28 – Collision Detection Segment Definition Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 22 

This parameter identifies this data packet as the 
Collision Detection Segment Definition packet. The 
value of this parameter must be 22. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 40 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 40. 

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the entity for which the 
segment is defined. 

Segment ID 

Type: unsigned int8 

Units: N/A 

This parameter specifies the ID of the segment. If an ID 
is specified for which a segment is already defined, that 
segment will be overwritten. 
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Parameter Description 
Segment Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: IG-configurable 

This parameter specifies whether the segment is 
enabled or disabled. If it is set to Disable (0), the 
specified segment is ignored during collision testing. 

X1 

Type: single float 

Units: meters 

Default: IG-configurable  

Datum: Entity reference point 

This parameter specifies the X offset of one endpoint of 
the collision segment. This offset is measured with 
respect to the coordinate system of the entity specified 
by the Entity ID parameter. 

The X offset of the other endpoint is defined by the X2 
parameter. 

Y1 

Type: single float 

Units: meters 

Default: IG-configurable  

Datum: Entity reference point 

This parameter specifies the Y offset of one endpoint of 
the collision segment. This offset is measured with 
respect to the coordinate system of the entity specified 
by the Entity ID parameter. 

The Y offset of the other endpoint is defined by the Y2 
parameter. 

Z1 

Type: single float 

Units: meters 

Default: IG-configurable  

Datum: Entity reference point 

This parameter specifies the Z offset of one endpoint of 
the collision segment. This offset is measured with 
respect to the coordinate system of the entity specified 
by the Entity ID parameter. 

The Z offset of the other endpoint is defined by the Z2 
parameter. 

X2 

Type: single float 

Units: meters 

Default: IG-configurable  

Datum: Entity reference point 

This parameter specifies the X offset of one endpoint of 
the collision segment. This offset is measured with 
respect to the coordinate system of the entity specified 
by the Entity ID parameter. 

The X offset of the other endpoint is defined by the X1 
parameter. 
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Parameter Description 
Y2 

Type: single float 

Units: meters 

Default: IG-configurable  

Datum: Entity reference point 

This parameter specifies the Y offset of one endpoint of 
the collision segment. This offset is measured with 
respect to the coordinate system of the entity specified 
by the Entity ID parameter. 

The Y offset of the other endpoint is defined by the Y1 
parameter. 

Z2 

Type: single float 

Units: meters 

Default: IG-configurable 

Datum: Entity reference point 

This parameter specifies the Z offset of one endpoint of 
the collision segment. This offset is measured with 
respect to the coordinate system of the entity specified 
by the Entity ID parameter. 

The Z offset of the other endpoint is defined by the Z1 
parameter. 

Material Mask 

Type: unsigned int32 

Units: N/A 

Default: IG-configurable 

This parameter specifies the environmental and cultural 
features to be included in or excluded from 
consideration for collision testing. Each bit represents a 
range of material code values. Setting that bit to one (1) 
will cause the IG to register hits with materials within 
the corresponding range. 

Refer to the appropriate IG documentation for material 
code assignments. 
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4.1.23 Collision Detection Volume Definition 
The Collision Detection Volume Definition packet enables the Host to define one or more collision detection 
volumes for an entity.  A collision detection volume is a sphere or a cuboid through which collision testing is 
performed by the IG. When a collision detection volume passes through another collision detection volume, the IG 
registers a collision by sending a Collision Detection Volume Notification (Section 4.2.14) packet to the Host 
identifying the collided volumes.  

Note that collision detection testing is performed every frame by the IG. 

A volume is defined by specifying its location, size, and orientation with respect to the associated entity’s body 
coordinate system. A sphere’s size is specified as a radius; a cuboid’s size is specified by its width, height, and 
depth. Figure 69 illustrates two cuboid volumes defined for an aircraft: 

 

Depth1 

Height1

Width1 

(X2, Y2, Z2) 
(X1, Y1, Z1) 

Entity Reference Point

Depth2 

Height2 

Width2 

 

Figure 69 – Examples of Collision Detection Volumes 

Unlike collision detection segments, which are tested segment-to-polygon, collision detection volumes are tested 
volume-to-volume.  Volumes associated with the same entity are not tested against each other. 

Since collision tests are conducted at discrete moments in time, it is possible that two volumes could pass 
completely through one another between successive tests, causing a missed collision.  It may therefore be 
necessary for the IG to use volume sweeping or some other mechanism to avoid this situation. 

If the state of an entity is set to Inactive/Standby (0) via the Entity State parameter of an Entity Control packet, 
no collision detection volume testing will be performed for that entity. 

If the Collision Detection Enable parameter of the Entity Control packet is set to Disabled (0), no volumes 
defined for the entity will be used as “source” volumes for collision testing. Figure 70 below illustrates the 
individual tests that would occur each frame between a hypothetical group of entities: 
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Entity Control: 
Entity ID = 0 
Collision Detection Enable = 1 

Collision Detection Volume 
Definition: 
Volume Enable = 1 

Collision Detection Volume 
Definition: 
Volume Enable = 1 

Entity Control: 
Entity ID = 1 
Collision Detection Enable = 0

Collision Detection Volume 
Definition: 
Volume Enable = 1 

Collision Detection Volume 
Definition: 
Volume Enable = 1 

Entity Control:
Entity ID = 2 
Collision Detection Enable = 0 

Collision Detection Volume 
Definition: 
Volume Enable = 1 

Collision Detection Volume 
Definition: 
Volume Enable = 0 

 

Figure 70 – Collision Volume Testing Between Multiple Entities 

The illustration shows three aircraft with two collision detection volumes defined for each. The Collision Detection 
Enable parameter has been set to Enabled (1) for the Ownship (Entity 0) and to Disabled (0) for Entities 1 and 2. 
This means that only the volumes associated with the Ownship will be used as the sources of collision testing. 
The two source volumes are tested with every other enabled volume not associated with the Ownship. Note that 
one of the volumes defined for Entity 2 is disabled; that volume is not included in any collision testing. 

If collision detection is enabled for two entities, two tests will be performed between each pair of volumes. This is 
because each volume will be used as both source and destination in each pair-wise test. 

If an entity is destroyed, any collision detection volumes defined for that entity will also be destroyed. 

Although non-entity collision detection volumes may be defined by the IG configuration, the Host can only create 
collision detection volumes by referencing an entity. If a volume must be defined about a non-entity object, the 
Host must first create an entity with no geometry (entity type zero) to represent that object. 

The contents of the Collision Detection Volume Definition packet are as follows: 
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7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 23 Packet Size = 48 Entity ID 

Volume ID Reserved *2 *1 Reserved 
X 
Y 
Z 

Height/Radius 
Width 
Depth 
Roll 
Pitch 
Yaw 

Reserved 

*1 Volume Enable 
*2 Volume Type 

Figure 71 – Collision Detection Volume Definition Packet Structure 

Table 29 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 29 – Collision Detection Volume Definition Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 23 

This parameter identifies this data packet as the 
Collision Detection Volume Definition packet. The 
value of this parameter must be 23. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 48 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 48. 

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the entity for which the 
volume is defined. 

Volume ID 

Type: unsigned int8 

Units: N/A 

This parameter specifies the ID of the volume. If an ID 
is specified for which a volume is already defined, that 
volume will be overwritten. 
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Parameter Description 
Volume Enable 

Type: 1-bit field 

Units: N/A 

Values: 0 Disable 
 1 Enable 

Default: IG-configurable 

This parameter specifies whether the volume is 
enabled or disabled. If it is set to Disable (0), the 
specified volume is ignored during collision testing. 

Volume Type 

Type: 1-bit field 

Units: N/A 

Values: 0 Sphere 
 1 Cuboid 

Default: IG-configurable 

This parameter specified whether the volume is 
spherical or cuboid.  

X 

Type: single float 

Units: meters 

Default: IG-configurable  

Datum: Entity reference point 

This parameter specifies the X offset of the center of 
the volume. This offset is measured with respect to the 
coordinate system of the entity specified by the 
Entity ID parameter. 

Y 

Type: single float 

Units: meters 

Default: IG-configurable  

Datum: Entity reference point 

This parameter specifies the Y offset of the center of 
the volume. This offset is measured with respect to the 
coordinate system of the entity specified by the 
Entity ID parameter. 

Z 

Type: single float 

Units: meters 

Default: IG-configurable  

Datum: Entity reference point 

This parameter specifies the Z offset of the center of 
the volume. This offset is measured with respect to the 
coordinate system of the entity specified by the 
Entity ID parameter. 
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Parameter Description 
Radius  (Spherical Volumes) 

Type: single float 

Units: meters 

Values: > 0 

Default: IG-configurable 

For spherical collision detection volumes, this 
parameter specifies the radius of the sphere.  

Height  (Cuboid Volumes) 

Type: single float 

Units: meters 

Values: > 0 

Default: IG-configurable 

For cuboid collision detection volumes, this parameter 
specifies the length of the cuboid along its Z axis. 

Width 

Type: single float 

Units: meters 

Values: > 0 

Default: IG-configurable 

For cuboid collision detection volumes, this parameter 
specifies the length of the cuboid along its Y axis. This 
parameter is ignored if Volume Type is set to Sphere 
(0). 

Depth 

Type: single float 

Units: meters 

Values: > 0 

Default: IG-configurable 

For cuboid collision detection volumes, this parameter 
specifies the length of the cuboid along its X axis. This 
parameter is ignored if Volume Type is set to Sphere 
(0). 

Roll 

Type: single float 

Units: degrees 

Values: -180 – 180 

Default: IG-configurable  

Datum: Entity reference plane 

For cuboid collision detection volumes, this parameter 
specifies the roll of the cuboid with respect to the 
entity’s coordinate system. This parameter is ignored if 
Volume Type is set to Sphere (0). 
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Parameter Description 
Pitch 

Type: single float 

Units: degrees 

Values: -90 – 90 

Default: IG-configurable  

Datum: Entity reference plane 

For cuboid collision detection volumes, this parameter 
specifies the pitch of the cuboid with respect to the 
entity’s coordinate system. This parameter is ignored if 
Volume Type is set to Sphere (0). 

Yaw 

Type: single float 

Units: degrees 

Values: 0 – 360 

Default: IG-configurable  

Datum: Entity reference coordinate system 

For cuboid collision detection volumes, this parameter 
specifies the yaw of the cuboid with respect to the 
entity’s coordinate system. This parameter is ignored if 
Volume Type is set to Sphere (0). 
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4.1.24 HAT/HOT Request 
The HAT/HOT Request packet is used by the Host to request the Height Above Terrain (HAT) of a specified point 
and/or the Height Of Terrain (HOT) below a specified test point. The test point may be defined with respect to 
either the Geodetic coordinate system or an entity’s body coordinate system. 

Each request is identified by the HAT/HOT ID parameter. When the IG responds to the request, it will set the 
HAT/HOT ID parameter of the response packet to match that in the request.  

The Update Period parameter specifies the number of frames between periodic responses. This allows the Host 
to send just one HAT/HOT Request packet but receive continuous responses if the test point will not move with 
respect to the specified coordinate system. If Update Period is set to zero, the request will be treated as a one-
shot request and the IG will return a single response. The Host should manipulate the value of HAT/HOT ID so 
that an ID is not reused before the IG has sufficient time to process and respond to the request. If Update Period 
is set to some value n greater than zero, the IG will return a request every nth frame until the Entity is destroyed or 
until the Update Period parameter set to zero.  

If the Request Type parameter is set to HAT (0) or HOT (1), the IG will respond with a HAT/HOT Response 
packet (Section 4.2.2) containing the requested datum. If the parameter is set to Extended HAT/HOT (2), the IG 
will respond with a HAT/HOT Extended Response packet (Section 4.2.3) containing both data, along with the 
surface material code and normal vector. 

The IG can only return valid HAT and/or HOT data if the test point is located within the bounds of the current 
database. If the HAT or HOT cannot be calculated, the Valid parameter of the response packet will be set to 
Invalid (0). 

Besides the range of the HAT/HOT ID parameter, there is no restriction on the number of HAT and/or HOT 
requests that can be sent in a single frame; however, the response time of the IG might be degraded as the 
number of requests increases. 

The contents of the HAT/HOT Request packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 24 Packet Size = 32 HAT/HOT ID 

Reserved *2 *1 Update Period Entity ID 
Latitude/X Offset 

 
Longitude/Y Offset 

 
Altitude/Z Offset 

 

*1 Request Type 
*2 Coordinate System 

Figure 72 – HAT/HOT Request Packet Structure 

Table 30 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 
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Table 30 – HAT/HOT Request Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 24 

This parameter identifies this data packet as the 
HAT/HOT Request packet. The value of this parameter 
must be 24. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 32 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 32. 

HAT/HOT ID 

Type: unsigned int16 

Units: N/A 

This parameter identifies the HAT/HOT request. When 
the IG returns a HAT/HOT Response or HAT/HOT 
Extended Response packet in response to this 
request, the HAT/HOT ID parameter of that packet will 
contain this value to correlate the response with this 
request. 

Request Type 

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 HAT 
 1 HOT 
 2 Extended 

This parameter determines what type of response 
packet the IG should return for this request. 

If this parameter is set to HAT (0), the IG will respond 
with a HAT/HOT Response packet containing the 
Height Above Terrain. If this parameter is set to HOT 
(1), the IG will respond with a HAT/HOT Response 
packet containing the Height Of Terrain. If this 
parameter is set to Extended (2), the IG will respond 
with a HAT/HOT Extended Response packet, which 
contains both the Height Above Terrain and the Height 
Of Terrain. 

Coordinate System 

Type: 1-bit field 

Units: N/A 

Values: 0 Geodetic 
 1 Entity 

This parameter specifies the coordinate system within 
which the test point is defined. 

If this parameter is set to Geodetic (0), the test point is 
defined as a Latitude, Longitude, and Altitude. If this 
parameter is set to Entity (1), the test point is defined 
as X, Y, and Z offsets from the reference point of the 
entity specified by Entity ID. 

Update Period 

Type: unsigned int8 

Units: N/A 

Values: 0 One-Shot request 
 > 0 Indicates update period 

This parameter specifies the interval between 
successive responses to this request. A value of zero 
(0) indicates that the IG should return a single 
response. A value of n > 0 indicates that the IG should 
return a response every nth frame. 
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Parameter Description 
Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the entity relative to which the 
test point is defined. This parameter is ignored if 
Coordinate System is set to Geodetic (0). 

Latitude  (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -90.0 – 90.0 

Datum: Equator 

This parameter specifies the latitude from which the 
HAT/HOT request is being made. 

X Offset  (Entity Coordinate System) 

Type: double float 

Units: meters  

Datum: Entity Reference Point 

This parameter specifies the X offset of the point from 
which the HAT/HOT request is being made. This value 
is given relative to the entity’s reference point. 

Longitude (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -180.0 – 180.0 

Datum: Prime Meridian 

This parameter specifies the longitude from which the 
HAT/HOT request is being made. 

Y Offset  (Entity Coordinate System) 

Type: double float 

Units: meters  

Datum: Entity Reference Point 

This parameter specifies the Y offset of the point from 
which the HAT/HOT request is being made. This value 
is given relative to the entity’s reference point. 

Altitude  (Geodetic Coordinate System) 

Type: double float 

Units: meters  

Datum: Mean Sea Level 

This parameter specifies the altitude from which the 
HAT/HOT request is being made.  

This parameter is ignored if Request Type is set to 
HOT (1). 

Z Offset  (Entity Coordinate System) 

Type: double float 

Units: meters  

Datum: Entity Reference Point 

This parameter specifies the Z offset of the point from 
which the HAT/HOT request is being made. This value 
is given relative to the entity’s reference point.  
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4.1.25 Line of Sight Segment Request 
Line-of-Sight (LOS) Segment testing is used to determine whether an object lies along a test segment. This type 
of test is typically used to determine whether one point is visible from another, or whether the point is occluded by 
some object. The Line of Sight test segment is defined in the Line of Sight Segment Request packet by a 
source point and a destination point. 

The LOS ID parameter is used to correlate requests from the Host with responses from the IG. When the IG 
responds to a LOS request, it will copy the LOS ID value contained within the request to the LOS ID parameter of 
the corresponding response packet. 

Note that Line of Sight Segment Request packets and Line of Sight Vector Request packets share the 
LOS ID parameter. Duplicating the LOS ID value between both request types can cause data loss.  

If the Request Type parameter is set to Basic (0), the IG will respond with a Line of Sight Response packet 
(Section 4.2.4). If the parameter is set to Extended (1), the IG will respond with a Line of Sight Extended 
Response packet (Section 4.2.5). 

The Alpha Threshold parameter specifies the minimum alpha value with which an intersection should register. If 
an LOS test segment intersects with a surface whose alpha at the intersection point is lower than this value, no 
Line of Sight Response or Line of Sight Extended Response packet will be generated. 

The Update Period parameter specifies the number of frames between periodic responses. This allows the Host 
to send just one Line of Sight Segment Request packet but receive continuous responses if the test point will 
not move with respect to the specified coordinate system. If Update Period is set to zero, the request will be 
treated as a one-shot request and the IG will return a single response. The Host should manipulate the value of 
LOS ID so that an ID is not reused before the IG has sufficient time to process and respond to the request. If 
Update Period is set to some value n greater than zero, the IG will return a request every nth frame until the Entity 
is destroyed or until the Update Period parameter set to zero.  

The IG can only return valid LOS data if an intersection is detected along the LOS segment. If the LOS data 
cannot be calculated, the Valid parameter of the response packet will be set to zero (0). 

The IG will generate a response for each intersection along the LOS segment. 

Besides the range of the LOS ID parameter, there is no restriction on the number of LOS requests that can be 
sent in a single frame; however, the response time of the IG might be degraded as the number of LOS requests 
increases. 

The contents of the Line of Sight Segment Request packet are as follows: 
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7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 25 Packet Size = 64 LOS ID 

Reserved *5 *4 *3 *2 *1 Alpha Threshold Source Entity ID 
Source Latitude/X Offset 

 
Source Longitude/Y Offset 

 
Source Altitude/Z Offset 

 
Destination Latitude/X Offset 

 
Destination Longitude/Y Offset 

 
Destination Altitude/Z Offset 

 
Material Mask 

Update Period Reserved Destination Entity ID 

*1 Request Type 
*2 Source Point Coordinate System 
*3 Destination Point Coordinate System 
*4 Response Coordinate System 
*5 Destination Entity ID Valid 

Figure 73 – Line of Sight Segment Request Packet Structure 

Table 31 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 31 – Line of Sight Segment Request Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 25 

This parameter identifies this data packet as the Line 
of Sight Segment Request packet. The value of this 
parameter must be 25. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 64 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 64. 
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Parameter Description 
LOS ID 

Type: unsigned int16 

Units: N/A 

This parameter identifies the LOS request. When the 
IG returns a Line of Sight Response packet in 
response to this request, the LOS ID parameter of that 
packet will contain this value to correlate the response 
with this request. 

Note: Because the Line of Sight Response data 
packet is used for responding to both the LOS segment 
and LOS vector requests, the LOS ID value used for 
one request type should not be duplicated for the other 
request type before the IG has sufficient time to 
generate a response. 

Request Type 

Type: 1-bit field 

Units: N/A 

Values: 0 Basic 
 1 Extended 

This parameter determines what type of response the 
IG should return for this request. 

If this parameter is set to Basic (0), the IG will respond 
with a Line of Sight Response packet. If this 
parameter is set to Extended (1), the IG will respond 
with a Line of Sight Extended Response packet. 

Source Point Coordinate System 

Type: 1-bit field 

Units: N/A 

Values: 0 Geodetic 
 1 Entity 

This parameter indicates the coordinate system relative 
to which the test segment source endpoint is specified. 
If this parameter is set to Geodetic (0), then the 
endpoint is given by latitude, longitude, and altitude. 

If this parameter is set to Entity (1), then the endpoint is 
defined relative to the reference point of the entity 
specified by Entity ID. 

Destination Point Coordinate System 

Type: 1-bit field 

Units: N/A 

Values: 0 Geodetic 
 1 Entity 

This parameter indicates the coordinate system relative 
to which the test segment destination endpoint is 
specified. If this parameter is set to Geodetic (0), then 
the endpoint is given by latitude, longitude, and altitude. 

If this parameter is set to Entity (1) and Destination 
Entity ID Valid is set to Not Valid (0), then the endpoint 
is defined relative to the reference point of the entity 
specified by Source Entity ID.  

If this parameter is set to Entity (1) and Destination 
Entity ID Valid is set to Valid (1), then the endpoint is 
defined relative to the reference point of the entity 
specified by Destination Entity ID. 

Response Coordinate System 

Type: 1-bit field 

Units: N/A 

Values: 0 Geodetic 
 1 Entity 

This parameter specifies the coordinate system to be 
used in the response. If this parameter is set to 
Geodetic (0), then the intersection point will be 
specified by latitude, longitude, and altitude. 

If this parameter is set to Entity (1), then the 
intersection point will be specified relative to the 
reference point of the intersected entity. 
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Parameter Description 
Destination Entity ID Valid 

Type: unsigned int16 

Units: N/A 

Values: 0 Not Valid 
 1 Valid 

This parameter determines whether the Destination 
Entity ID parameter contains a valid entity ID. 

If this flag is set to Valid (1) and Destination Point 
Coordinate System is set to Entity (1), then the 
destination endpoint will be defined with respect to the 
entity specified by Destination Entity ID. 

If this flag is set to Not Valid (0), then the destination 
endpoint will be defined with respect to either the 
source entity (specified by Source Entity ID) or the 
Geodetic coordinate system as determined by the 
Destination Point Coordinate System parameter. 

Alpha Threshold 

Type: unsigned int8 

Units: N/A 

This parameter specifies the minimum alpha value (i.e., 
minimum opacity) a surface may have for an LOS 
response to be generated. 

Source Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the entity relative to which the 
test segment endpoints are defined. This parameter is 
ignored if Source Point Coordinate System and 
Destination Point Coordinate System are both set to 
Geodetic (0). 

Source Latitude  (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -90.0 – 90.0 

Datum: Equator 

If Source Point Coordinate System is set to Geodetic 
(0), this parameter specifies the latitude of the source 
endpoint of the LOS test segment. 

Source X Offset  (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If Source Point Coordinate System is set to Entity (1), 
this parameter specifies the X offset of the source 
endpoint of the LOS test segment. 
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Parameter Description 
Source Longitude  (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -180.0 – 180.0 

Datum: Prime Meridian 

If Source Point Coordinate System is set to Geodetic 
(0), this parameter specifies the longitude of the source 
endpoint of the LOS test segment. 

Source Y Offset  (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If Source Point Coordinate System is set to Entity (1), 
this parameter specifies the Y offset of the source 
endpoint of the LOS test segment. 

Source Altitude  (Geodetic Coordinate System) 

Type: double float 

Units: meters  

Datum: Mean Sea Level 

If Source Point Coordinate System is set to Geodetic 
(0), this parameter specifies the altitude of the source 
endpoint of the LOS test segment. 

Source Z Offset  (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If Source Point Coordinate System is set to Entity (1), 
this parameter specifies the Z offset of the source 
endpoint of the LOS test segment. 

Destination Latitude (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -90.0 – 90.0 

Datum: Equator 

If Destination Point Coordinate System is set to 
Geodetic (0), this parameter specifies the latitude of the 
destination endpoint of the LOS test segment. 

Destination X Offset (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If Destination Point Coordinate System is set to Entity 
(1), this parameter specifies the X offset of the 
destination endpoint of the LOS test segment. This 
offset may be relative to either the source entity or 
destination entity, depending upon the value of the 
Destination Entity ID Valid flag. 
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Parameter Description 
Destination Longitude (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -180.0 – 180.0 

Datum: Prime Meridian 

If Destination Point Coordinate System is set to 
Geodetic (0), this parameter specifies the longitude of 
the destination endpoint of the LOS test segment. 

Destination Y Offset (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If Destination Point Coordinate System is set to Entity 
(1), this parameter specifies the Y offset of the 
destination endpoint of the LOS test segment. This 
offset may be relative to either the source entity or 
destination entity, depending upon the value of the 
Destination Entity ID Valid flag. 

Destination Altitude (Geodetic Coordinate System) 

Type: double float 

Units: meters 

Datum: Mean Sea Level 

If Destination Point Coordinate System is set to 
Geodetic (0), this parameter specifies the altitude of the 
destination endpoint of the LOS test segment. 

Destination Z Offset (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If Destination Point Coordinate System is set to Entity 
(1), this parameter specifies the Z offset of the 
destination endpoint of the LOS test segment. This 
offset may be relative to either the source entity or 
destination entity, depending upon the value of the 
Destination Entity ID Valid flag. 

Material Mask 

Type: unsigned int32 

Units: N/A 

Default: IG-configurable 

This parameter specifies the environmental and cultural 
features to be included in or excluded from 
consideration for LOS segment testing. Each bit 
represents a material code range; setting that bit to one 
(1) will cause the IG to register intersections with 
polygons whose material codes are within that range. 

Material code ranges are IG-dependent. Refer to the 
appropriate IG documentation for material code 
assignments. 

Update Period 

Type: unsigned int8 

Units: N/A 

Values: 0 One-Shot request 
 > 0 Indicates update period 

This parameter specifies the interval between 
successive responses to this request. A value of zero 
(0) indicates that the IG should return a single 
response. A value of n > 0 indicates that the IG should 
return a response every nth frame. 
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Parameter Description 
Destination Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter indicates the entity with respect to 
which the Destination X Offset, Destination Y Offset, 
and Destination Z Offset parameters are specified. 

This parameter is used only if the Destination Point 
Coordinate System parameter is set to Entity (1) and 
the Destination Entity ID Valid flag is set to Valid (1). 
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4.1.26 Line of Sight Vector Request 
Line-of-Sight (LOS) Vector testing is used to determine the range from a source point to an object along a test 
vector. Applications may include but are not limited to laser range finding, determining range to target, and testing 
for weight on wheels. The Line of Sight test vector emanates from the source position specified in the Line of 
Sight Vector Request packet. A minimum and a maximum range are specified in order to constrain the search. 

The LOS ID parameter is used to correlate requests from the Host with responses from the IG. When the IG 
responds to a LOS request, it will copy the LOS ID value contained within the request to the LOS ID parameter of 
the corresponding response packet. The Host should manipulate the value of LOS ID so that the ID is not reused 
before the IG has sufficient time to respond to the LOS request. This will prevent similarly identified requests from 
being lost by the IG. 

Note that Line of Sight Segment Request packets and Line of Sight Vector Request packets share the 
LOS ID parameter. Duplicating the LOS ID value between both request types can also cause data loss. 

If the Request Type parameter is set to Basic (0), the IG will respond with a Line of Sight Response packet 
(Section 4.2.4). If the parameter is set to Extended (1), the IG will respond with a Line of Sight Extended 
Response packet (Section 4.2.5).  

The Alpha Threshold parameter specifies the minimum alpha value with which an intersection should register. If 
an LOS test vector intersects with a surface whose alpha at the intersection point is lower than this value, no Line 
of Sight Response or Line of Sight Extended Response packet will be generated. 

The Update Period parameter specifies the number of frames between periodic responses. This allows the Host 
to send just one Line of Sight Vector Request packet but receive continuous responses if the test point will not 
move with respect to the specified coordinate system. If Update Period is set to zero, the request will be treated 
as a one-shot request and the IG will return a single response. The Host should manipulate the value of LOS ID 
so that an ID is not reused before the IG has sufficient time to process and respond to the request. If Update 
Period is set to some value n greater than zero, the IG will return a request every nth frame until the Entity is 
destroyed or until the Update Period parameter set to zero. 

The IG can only return valid LOS data if an intersection is detected along the LOS segment, that is, between the 
minimum and maximum ranges specified. If the LOS data cannot be calculated, the Valid parameter of the 
response packet will be set to zero (0). 

The IG will generate a response for each intersection along the LOS vector. 

Besides the range of the LOS ID parameter, there is no restriction on the number of LOS requests that can be 
sent in a single frame; however, the response time of the IG might be degraded as the number of LOS requests 
increases. 

The contents of the Line of Sight Vector Request packet are as follows: 
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7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 26 Packet Size = 56 LOS ID 

Reserved *3 *2 *1 Alpha Threshold Entity ID 
Azimuth 
Elevation 

Minimum Range 
Maximum Range 

Source Latitude/X Offset 
 

Source Longitude/Y Offset 
 

Source Altitude/Z Offset 
 

Material Mask 
Update Period Reserved 

*1 Request Type 
*2 Source Point Coordinate System 
*3 Response Coordinate System 

Figure 74 – Line of Sight Vector Request Packet Structure 

Table 32 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 32 – Line of Sight Vector Request Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 26 

This parameter identifies this data packet as the Line 
of Sight Vector Request packet. The value of this 
parameter must be 26. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 56 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 56. 
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Parameter Description 
LOS ID 

Type: unsigned int16 

Units: N/A 

This parameter identifies the LOS request. When the 
IG returns a Line of Sight Response packet in 
response to this request, the LOS ID parameter of that 
packet will contain this value to correlate the response 
with this request. 

Note: Because the Line of Sight Response data 
packet is used for responding to both the LOS segment 
and LOS vector requests, the LOS ID value used for 
one request type should not be duplicated for the other 
request type before the IG has sufficient time to 
generate a response. 

Request Type 

Type: 1-bit field 

Units: N/A 

Values: 0 Basic 
 1 Extended 

This parameter determines what type of response the 
IG should return for this request. 

If this parameter is set to Basic (0), the IG will respond 
with a Line of Sight Response packet. If this 
parameter is set to Extended (1), the IG will respond 
with a Line of Sight Extended Response packet. 

Source Point Coordinate System 

Type: 1-bit field 

Units: N/A 

Values: 0 Geodetic 
 1 Entity 

This parameter indicates the coordinate system relative 
to which the test vector source point is specified. If this 
parameter is set to Geodetic (0), then the point is given 
by latitude, longitude, and altitude. The vector, 
specified by Azimuth and Elevation, is defined relative 
to the Geodetic coordinate system. 

If this parameter is set to Entity (1), then the point is 
defined relative to the reference point of the entity 
specified by Entity ID. The vector is also specified 
relative to the entity’s coordinate system. 

Note: The value of this parameter also determines the 
coordinate system in which the response data are 
given. 

Response Coordinate System 

Type: 1-bit field 

Units: N/A 

Values: 0 Geodetic 
 1 Entity 

This parameter specifies the coordinate system to be 
used in the response. If this parameter is set to 
Geodetic (0), then the intersection point will be 
specified by latitude, longitude, and altitude. 

If this parameter is set to Entity (1), then the 
intersection point will be specified relative to the 
reference point of the intersected entity. 

Alpha Threshold 

Type: unsigned int8 

Units: N/A 

This parameter specifies the minimum alpha value (i.e., 
minimum opacity) a surface may have for an LOS 
response to be generated. 
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Parameter Description 
Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the entity relative to which the 
test segment endpoints are defined. This parameter is 
ignored if Source Point Coordinate System is set to 
Geodetic (0). 

Azimuth 

Type: single float 

Units: degrees 

Values: -180.0 – 180.0 

Datum: If Source Point Coordinate System = 0: 

  True North 

 If Source Point Coordinate System = 1: 

  Entity’s +X axis 

This parameter specifies the horizontal angle of the 
LOS test vector. 

Elevation 

Type: single float 

Units: degrees 

Values: -90.0 – 90.0 

Datum: If Source Point Coordinate System = 0: 

  Geodetic reference plane 

 If Source Point Coordinate System = 1: 

  Entity reference plane 

This parameter specifies the vertical angle of the LOS 
test vector. 

Minimum Range 

Type: single float 

Units: meters 

Values: ≥ 0 

Datum: LOS test vector source point 

This parameter specifies the minimum range along the 
LOS test vector at which intersection testing should 
occur. 

Maximum Range 

Type: single float 

Units: meters  

Values: > Minimum Range 

Datum: LOS test vector source point 

This parameter specifies the maximum range along the 
LOS test vector at which intersection testing should 
occur. 
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Parameter Description 
Source Latitude (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -90 – 90 

Datum: Equator 

If Source point Coordinate System is set to Geodetic 
(0), this parameter specifies the latitude of the source 
point of the LOS test vector. 

Source X Offset (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If Source Point Coordinate System is set to Entity (1), 
this parameter specifies the X offset of the source point 
of the LOS test vector. 

Source Longitude (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -180 – 180 

Datum: Prime Meridian 

If Source point Coordinate System is set to Geodetic 
(0), this parameter specifies the longitude of the source 
point of the LOS test vector. 

Source Y Offset (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If Source Point Coordinate System is set to Entity (1), 
this parameter specifies the Y offset of the source point 
of the LOS test vector. 

Source Altitude (Geodetic Coordinate System) 

Type: double float 

Units: meters  

Datum: Mean Sea Level 

If Source Point Coordinate System is set to Geodetic 
(0), this parameter specifies the altitude of the source 
point of the LOS test vector. 

Source Z Offset  (Entity Coordinate System) 

Type: double float 

Units: meters 

Datum: Entity reference point 

If Source Point Coordinate System is set to Entity (1), 
this parameter specifies the Z offset of the source point 
of the LOS test vector. 
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Parameter Description 
Material Mask 

Type: unsigned int32 

Units: N/A 

This parameter specifies the environmental and cultural 
features to be included in LOS segment testing. Each 
bit represents a material code range; setting that bit to 
one (1) will cause the IG to register intersections with 
polygons whose material codes are within that range. 

Material code ranges are IG-dependent. Refer to the 
appropriate IG documentation for material code 
assignments. 

Update Period 

Type: unsigned int8 

Units: N/A 

Values: 0 One-Shot request 
 > 0 Indicates update period 

This parameter specifies the interval between 
successive responses to this request. A value of zero 
(0) indicates that the IG should return a single 
response. A value of n > 0 indicates that the IG should 
return a response every nth frame. 
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4.1.27 Position Request 
The Position Request packet is used to query the IG for the current position of an entity, articulated part, view, 
view group, or motion tracker. This feature is useful for determining the locations of autonomous IG-driven 
entities, child entities and articulated parts, and view eyepoints. It can also be used for determining the 
instantaneous position and orientation of head trackers and other tracked input devices. 

The contents of the Position Request packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 27 Packet Size = 8 Object ID 

Articulated Part ID *4 *3 *2 *1 Reserved 

*1 Update Mode 
*2 Object Class 
*3 Coordinate System 
*4 Reserved 

Figure 75 – Position Request Packet Structure 

Table 33 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 33 – Position Request Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 27 

This parameter identifies this data packet as the 
Position Request packet. The value of this parameter 
must be 27. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 8 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 8. 

Object ID 

Type: unsigned int16 

Units: N/A 

Values: If Object Class = 0: 0 – 65,535 
 If Object Class = 1: 0 – 65,535 
 If Object Class = 2: 0 – 65,535 
 If Object Class = 3: 1 – 255 
 If Object Class = 4: 0 – 255 

This parameter identifies the entity, view, view group, 
or motion tracking device whose position is being 
requested. 

If Object Class is set to Articulated Part (1), this 
parameter specifies the entity whose part is identified 
by the Articulated Part ID parameter. 

 
 

157 



Common Image Generator Interface, Version 3.2  4.1.27 
 

Parameter Description 
Articulated Part ID 

Type: unsigned int8 

Units: N/A 

This parameter identifies the articulated part whose 
position is being requested. The entity to which the part 
belongs is specified by the Object ID parameter. 

This parameter is valid only when Object Class is set to 
Articulated Part (1). 

Update Mode 

Type: 1-bit field 

Units: N/A 

Values: 0 One-Shot 
 1 Continuous 

This parameter specifies whether the IG should report 
the position of the requested object each frame. If this 
parameter is set to One-Shot (0), the IG should report 
the position only one time. 

Object Class 

Type: unsigned 3-bit field 

Units: N/A 

Values: 0 Entity 
 1 Articulated Part 
 2 View 
 3 View Group 
 4 Motion Tracker 

This parameter specifies the type of object whose 
position is being requested. 

Coordinate System 

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 Geodetic 
 1 Parent Entity 
 2 Submodel 

This parameter specifies the desired coordinate system 
relative to which the position and orientation should be 
given. 

Geodetic – Position will be specified as a geodetic 
latitude, longitude, and altitude. Orientation is given 
with respect to the reference plane shown in Figure 18, 
page 23. 

Parent Entity – Position and orientation are with 
respect to the entity to which the specified entity or 
view is attached. This value is invalid for top-level 
entities. 

Submodel – Position and orientation will be specified 
with respect to the articulated part’s reference 
coordinate system as described in Section 3.3.3. This 
value is valid only when Object Class is set to 
Articulated Part (1). 

Note: If Object Class is set to Motion Tracker (3), The 
coordinate system is defined by the tracking device and 
this parameter is ignored. 
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4.1.28 Environmental Conditions Request 
At any given location, it may be impossible for the Host to determine exactly the visibility range, air temperature, 
or other atmospheric or surface conditions. One factor is that various IG implementations may differ in how they 
calculate values across transition bands and within overlapping regions. Random phenomena such as winds aloft, 
scud, and wave activity may also make determining instantaneous conditions at a specific point impossible. 

The Environmental Conditions Request packet is used by the Host to request the state of the environment at a 
specific location. The Request Type parameter determines what data are returned by the IG. Each request type is 
represented by a power of two (i.e., a unique bit), so request types may be combined by adding or bit-wise ORing 
the values together. 

For a given test point, the IG may respond with no more than one of each of the Maritime Surface Conditions 
Response and Weather Conditions Response packets. For terrestrial surface conditions requests, the IG 
should respond with one Terrestrial Surface Conditions Response packet for each surface condition type or 
attribute present at the test point. If the Request Type parameter specifies that aerosol concentrations should be 
returned, the IG must send a Weather Conditions Aerosol Response packet for each weather layer that 
encompasses the test point. 

For example, assume that two overlapping environmental regions have been defined, each containing a weather 
layer. The vertical ranges of the weather layers overlap, and both layers have the same layer ID. A test point is 
contained within both layers as illustrated in Figure 76: 

 

Figure 76 – Environmental Conditions Request (Weather Layers with Same ID) 
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The Host would send an Environmental Conditions Request packet to the IG, specifying the geodetic position 
of the test point. For this example, assume that the Host requires the weather conditions and aerosol 
concentrations at that point plus the terrestrial and maritime surface conditions on the terrain directly below that 
point. The value of the Request Type parameter of this packet would therefore be 15, which is the sum of the 
values corresponding to each request type. This is shown in Figure 77. 

The IG would answer the request with each of the required response packets. Note that the IG would populate the 
Request ID parameter of each response packet with the value of the Request ID parameter in the Environmental 
Conditions Request packet. The following diagram illustrates this exchange of data between the Host and IG:  

 
 
 
 
 
 

Host 

Terrestrial Surface 
Conditions Response 

 

Request ID = 0 

Maritime Surface 
Conditions Response 

 

Request ID = 0 

Weather Conditions 
Response 

 

Request ID = 0 

Weather Conditions 
Aerosol Response 

 

Request ID = 0 
Layer ID = 1 

Start of Frame 

 
 
 
 
 
 

Image 
Generator 

Environmental 
Conditions Request 

 

Request ID = 0 
Request Type = 15 

IG Control 

 8 Aerosol Concentrations and 
 4 Weather Conditions and 
 2 Terrestrial Surface Conditions and 
+ 1 Maritime Surface Conditions 
 15 

The IG sends four types of response 
packet since Request Type was 15: 

The IG sends one aerosol 
response because the 

overlapping weather layers 
have the same Layer ID 

Frame n 

Frame n + 1 

 

Figure 77 – Data Exchange for Environmental Conditions Request (One Aerosol) 

Because the Layer ID of both weather layers is the same, the IG would send only one Weather Conditions 
Aerosol Response packet. This packet would contain the average (or the result of some other appropriate 
combining function) of the concentrations of the aerosol contained within Layer 1 of each of the two regions. In 
this case, the layer ID corresponds to a cloud layer, so the aerosol is liquid water. This allows for the creation of a 
composite weather volume in which the aerosol is more or less continuous through regions of intersection. 

On the other hand, the overlapping weather layers might have different layer IDs as shown below: 
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Figure 78 – Environmental Conditions Request (Weather Layers with Different IDs) 

The figure above shows a cloud layer (Layer 1) overlapping with a dust layer (Layer 9). Given the same 
environmental conditions request, the IG would now send two Weather Conditions Aerosol Response packets: 
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Figure 79 – Data Exchange for Environmental Conditions Request (Two Aerosols) 
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The Layer ID parameter of each response packet would correspond to the layer, thus identifying the aerosol. The 
concentrations of the two aerosols are independent of each other, so each layer requires its own respective 
Weather Conditions Aerosol Response packet. 

The contents of the Environmental Conditions Request packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 28 Packet Size = 32 Reserved *1 Request ID 

Reserved 
Latitude 

 
Longitude 

 
Altitude 

 

*1 Request Type 

Figure 80 – Environmental Conditions Request Packet Structure 

Table 34 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 34 – Environmental Conditions Request Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 28 

This parameter identifies this data packet as the 
Environmental Conditions Request packet. The 
value of this parameter must be 28. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 32 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 32. 
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Parameter Description 
Request Type 

Type: unsigned 4-bit field 

Units: N/A 

Values: 1 Maritime Surface Conditions 
 2 Terrestrial Surface Conditions 
 4 Weather Conditions 
 8 Aerosol Concentrations 

This parameter specifies the desired response type for 
the request. The numerical values listed at left may be 
combined by addition or bit-wise OR. The resulting 
value may be any combination of the following: 

Maritime Surface Conditions – The IG will respond 
with a Maritime Surface Conditions Response 
packet (Section 4.2.11). 

Terrestrial Surface Conditions – The IG will respond 
with a Terrestrial Surface Conditions Response 
packet (Section 4.2.12).  

Weather Conditions – The IG will respond with a 
Weather Conditions Response packet (Section 
4.2.9).  

Aerosol Concentrations – The IG will send exactly 
one Aerosol Concentration Response packet 
(Section 4.2.10) for each weather layer (regardless of 
scope) that encompasses that location. 

Request ID 

Type: unsigned int8 

Units: N/A 

This parameter identifies the environmental conditions 
request. When the IG returns a responds to the 
request, each response packet(s) will contain this value 
in its Request ID parameter. 

Latitude 

Type: double float 

Units: degrees 

Values: -90.0 – 90.0  

Datum: Equator 

This parameter specifies the geodetic latitude at which 
the environmental state is requested. 

Longitude 

Type: double float 

Units: degrees 

Values: -180.0 – 180.0  

Datum: Prime Meridian 

This parameter specifies the geodetic longitude at 
which the environmental state is requested. 

Altitude 

Type: double float 

Units: meters  

Datum: Mean Sea Level 

This parameter specifies the geodetic altitude at which 
the environmental state is requested. 

This parameter is used only for weather conditions and 
aerosol concentrations requests. 

 

 
 

163 



Common Image Generator Interface, Version 3.2  4.2.1 
 

4.2 IG-to-Host Packets 

4.2.1 Start of Frame 
The Start of Frame packet is used to signal the beginning of a new frame. Every IG-to-Host message must 
contain exactly one Start of Frame packet. This packet must be the first packet in the message. 

The contents of the Start of Frame packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 101 Packet Size = 24 Major Version = 3 Database Number 
IG Status Code Minor Version *3 *2 *1 Byte Swap Magic Number 

IG Frame Number 
Timestamp 

Last Host Frame Number 
Reserved 

*1 IG Mode 
*2 Timestamp Valid 
*3 Earth Reference Model 

Figure 81 – Start of Frame Packet Structure 

Table 35 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 35 – Start of Frame Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 101 

This parameter identifies this data packet as the Start 
of Frame packet. The value of this parameter must be 
101. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 24 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 24. 

Major Version 

Type: unsigned int8 

Units: N/A 

Value: 3 

This parameter indicates the major version of the CIGI 
interface that is currently being used by the IG. The 
Host can use this number to determine concurrency. 
The value of this parameter must be 3. 
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Parameter Description 
Database Number 

Type: int8 

Units: N/A 

Values: -128 Indicates database is not available 
 -127 – -1 Identifies database being loaded 
 1 – 127 Identifies database that is loaded 
 0 Indicates IG controls database 

loading 

Default: 1 

This parameter is used to indicate to the Host which 
database is currently in use and if that database is 
being loaded into primary memory. 

The Host will set the Database Number parameter of 
the IG Control packet to direct the IG to begin loading 
the corresponding database. The IG will indicate that 
the database is being loaded by negating the value and 
placing it in the Database Number parameter of the 
Start of Frame packet. The Host will then acknowledge 
this change by setting the Database Number parameter 
of the IG Control packet to zero (0). 

When the database load is complete and after the Host 
has acknowledged the database change, the IG will set 
this parameter to the positive database number. The IG 
can now be considered mission-ready. 

If the Host requests a database that does not exist or 
cannot be loaded, the IG will set this parameter to -128. 

Zero (0) is used to indicate that the IG controls the 
database loading. 

Refer to Section 4.1.1 for more information about the 
IG Control packet. 

IG Status Code 

Type: unsigned int8 

Units: N/A 

Values: 0 Normal operation 
 1 – 255 Defined by IG 

This parameter indicates the error status of the IG. 
Error codes are IG-specific. Refer to the appropriate IG 
documentation for a list of error codes. 

If more than one error is detected, the IG will report the 
one with the highest priority. 

If additional error reporting must be performed, the IG 
should be placed in Debug mode via the IG Control 
packet’s IG Mode parameter or the IG’s user interface. 
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Parameter Description 
IG Mode 

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 Reset/Standby 
 1 Operate 
 2 Debug 
 3 Offline Maintenance 

Default: 0 

This parameter indicates the current IG mode. It may 
be one of the following values: 

Reset/Standby – This is the IG’s initial state upon 
start-up. When set to this mode, the IG will 
initialize/reinitialize the simulation. All entities that were 
instantiated during a previous mission will be 
destroyed. All environmental properties, views, 
components, and sensors will revert to their default 
settings. Any Host-defined rates, trajectories, and 
collision detection segments and volumes will be 
removed. The IG will only send the Start of Frame data 
packet to the Host and will ignore Host inputs except 
for the IG Mode parameter of the IG Control data 
packet. The IG will remain in this mode until directed 
otherwise by the Host or the IG’s user interface. 

Operate – This is the normal real-time operating mode 
for the IG. All packets issued by the Host will be 
processed by the IG. The IG should not perform 
diagnostics in this mode. 

Debug – This mode is similar to the Operate mode but 
provides data and/or error logging and other debugging 
features to aid integration or troubleshooting of the 
Host and IG interface. Because of the overhead of 
these debugging features, the IG may not always 
operate in a hard real-time fashion. 

Offline Maintenance – In this mode, the IG ignores all 
data from the Host and sends only Start of Frame 
packets. This mode can be activated only from the IG. 
Because the IG Control packets from the Host are 
ignored by the IG, the IG must be placed into 
Reset/Standby mode before the Host can initiate 
further mode changes. 

Timestamp Valid 

Type: 1-bit field 

Units: N/A 

Values: 0 Invalid 
 1 Valid 

This parameter indicates whether the Timestamp 
parameter contains a valid value. 

Because the Timestamp parameter is required for 
asynchronous operation, Timestamp Valid must be set 
to Valid (1) in this mode. 
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Parameter Description 
Earth Reference Model 

Type: 1-bit field 

Units: N/A 

Values: 0 WGS 84 
 1 Host-Defined 

Default: 0 

This parameter indicates whether the IG is using a 
custom (Host-defined) Earth Reference Model (ERM) 
or the default WGS 84 reference ellipsoid for 
coordinate conversion calculations. Host-defined ERMs 
are defined with the Earth Reference Model 
Definition packet (see Section 4.1.19). 

If the Host defines an ERM that the IG cannot support, 
this value is set to WGS 84 (0). In such cases, the Host 
must redefine the ERM or use the WGS 84 reference 
ellipsoid. 

Minor Version 

Type: 4-bit field 

Units: N/A 

Value: 2 

This parameter indicates the minor version of the CIGI 
interface that is currently being used by the IG. The 
Host can use this number to determine concurrency. 

Byte Swap Magic Number 

Type: unsigned int16 

Units: N/A 

Values: 8000h No byte swap (see note at right) 
 80h Byte swap 

This parameter is used by the Host to determine 
whether it needs to byte-swap incoming data. Refer to 
Section 2.1.4 for details on this mechanism. 

Note: The IG must set this value to 8000h, or 32768. 

IG Frame Number 

Type: unsigned int32 

Units: N/A 

This parameter uniquely identifies an IG data frame. 
The IG should increment this value by one (1) for each 
successive message. 

Note: In CIGI 3.0/3.1 this parameter was named 
“Frame Counter” and was incremented each frame by 
the IG. The Host would then return the value in the 
Frame Counter parameter of the next IG Control 
packet. As of CIGI 3.2, however, the Host Frame 
Number is independent of the IG Frame Number 
parameter in the Start of Frame packet. 
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Parameter Description 
Timestamp 

Type: unsigned int32 

Units: 10 microseconds (µs)  

Datum: Arbitrary reference time 

This parameter indicates the number of 10µs “ticks” 
since some initial reference time. This will enable the 
IG to correct for latencies as described in Section 
2.1.1.1. 

The 10µs unit allows the simulation to run for 
approximately 12 hours before a timestamp rollover 
occurs. The Host software should contain logic to 
detect and correct for rollover. 

The use of this parameter is required for asynchronous 
operation. 

The use of this parameter is optional for synchronous 
operation. If this parameter does not contain a valid 
timestamp, the Timestamp Valid parameter should be 
set to zero (0). 

Last Host Frame Number 

Type: unsigned int32 

Units: N/A 

This parameter contains the value of the Host Frame 
Number parameter in the last IG Control packet 
received from the Host. This parameter serves as an 
acknowledgement that the IG received the last 
message. 
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4.2.2 HAT/HOT Response 
The HAT/HOT Response packet is sent by the IG in response to a HAT/HOT Request packet (Section 4.1.24) 
whose Request Type parameter was set to HAT (0) or HOT (1). This packet provides either the Height Above 
Terrain (HAT) or Height Of Terrain (HOT) for the test point. This packet does not contain the material code or 
surface normal of the terrain. 

If the Update Period parameter of the originating HAT/HOT Request packet was set to a value greater than zero, 
then the Host Frame Number LSN parameter of each corresponding HAT/HOT Response packet must contain 
the least significant nybble of the Host Frame Number value last received by the IG before the HAT or HOT value 
is calculated. The Host may correlate this LSN to an eyepoint position or may use the value to determine latency. 

The IG can only return the HAT or HOT for a point that is within the bounds of the current database. If the HAT or 
HOT cannot be returned, the Valid parameter will be set to Invalid (0). 

The contents of the HAT/HOT Response packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 102 Packet Size = 16 HAT/HOT ID 

*4 *3 *2 *1 Reserved 
Height 

 

*1 Valid 
*2 Response Type 
*3 Reserved 
*4 Host Frame Number LSN 

Figure 82 – HAT/HOT Response Packet Structure 

Table 36 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 36 – HAT/HOT Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 102 

This parameter identifies this data packet as the 
HAT/HOT Response packet. The value of this 
parameter must be 102. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 16 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 16. 
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Parameter Description 
HAT/HOT ID 

Type: unsigned int16 

Units: N/A 

This parameter identifies the HAT or HOT response. 
This value corresponds to the value of the HAT/HOT ID 
parameter in the associated HAT/HOT Request 
packet. 

Valid 

Type: 1-bit field 

Units: N/A 

Values: 0 Invalid 
 1 Valid 

This parameter indicates whether the Height parameter 
contains a valid number. A value of zero (0) indicates 
that the test point was beyond the database bounds. 

Response Type 

Type: 1-bit field 

Units: N/A 

Values: 0 HAT 
 1 HOT 

This parameter indicates whether the Height parameter 
represents Height Above Terrain or Height Of Terrain. 

Host Frame Number LSN 

Type: unsigned 4-bit field 

Units: N/A 

This parameter contains the least significant nybble of 
the Host Frame Number parameter of the last 
IG Control packet received before the HAT or HOT is 
calculated. 

This parameter is ignored if the Update Period 
parameter of the corresponding HAT/HOT Request 
packet was set to zero (0). 

Height 

Type: double float 

Units: meters 

Datum: For HAT: Terrain/Sea Surface Height 
 For HOT: Mean Sea Level 

This parameter contains the requested height. If 
Request Type is set to HAT (0), this value represents 
the Height Above Terrain. If Request Type is set to 
HOT (1), this value represents the Height Of Terrain. 

This parameter is valid only if the Valid parameter is set 
to one (1). 
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4.2.3 HAT/HOT Extended Response 
The HAT/HOT Extended Response packet is sent by the IG in response to a HAT/HOT Request packet 
(Section 4.1.24) whose Request Type parameter was set to Extended (2). This packet provides the Height Above 
Terrain (HAT) and Height Of Terrain (HOT) for the test point. This packet also contains the material code and 
surface-normal unit vector of the terrain.  

If the Update Period parameter of the originating HAT/HOT Request packet was set to a value greater than zero, 
then the Host Frame Number LSN parameter of each corresponding HAT/HOT Response packet must contain 
the least significant nybble of the Host Frame Number value last received by the IG before the HAT or HOT value 
is calculated. The Host may correlate this LSN to an eyepoint position or may use the value to determine latency. 

The IG can only return the HAT and HOT for a point that is within the bounds of the current database. Likewise, 
the material code and normal vector can only be calculated within the database bounds. If these data cannot be 
returned, the Valid parameter will be set to zero (0). 

The contents of the HAT/HOT Extended Response packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 103 Packet Size = 40 HAT/HOT ID 

*2 Reserved *1 Reserved 
HAT 

 
HOT 

 
Material Code 

Normal Vector Azimuth 
Normal Vector Elevation 

Reserved 

*1 Valid 
*2 Host Frame Number LSN 

Figure 83 – HAT/HOT Extended Response Packet Structure 

Table 37 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 37 – HAT/HOT Extended Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 103 

This parameter identifies this data packet as the 
HAT/HOT Extended Response packet. The value of 
this parameter must be 103. 
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Parameter Description 
Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 40 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 40. 

HAT/HOT ID 

Type: unsigned int16 

Units: N/A 

This parameter identifies the HAT/HOT response. This 
value corresponds to the value of the HAT/HOT ID 
parameter in the associated HAT/HOT Request 
packet. 

Valid 

Type: 1-bit field 

Units: N/A 

Values: 0 Invalid 
 1 Valid 

This parameter indicates whether the remaining 
parameters in this packet contain valid numbers. A 
value of zero (0) indicates that the test point was 
beyond the database bounds. 

Host Frame Number LSN 

Type: unsigned 4-bit field 

Units: N/A 

This parameter contains the least significant nybble of 
the Host Frame Number parameter of the last 
IG Control packet received before the HAT or HOT is 
calculated. 

This parameter is ignored if the Update Period 
parameter of the corresponding HAT/HOT Request 
packet was set to zero (0). 

HAT 

Type: double float 

Units: meters 

Datum: Terrain/Sea Surface Height 

This parameter indicates the height of the test point 
above the terrain. A negative value indicates that the 
test point is below the terrain. 

This parameter is valid only if the Valid parameter is set 
to one (1). 

HOT 

Type: double float 

Units: meters 

Datum: Mean Sea Level 

This parameter indicates the height of terrain above or 
below the test point. This value is relative to the 
ellipsoid height, or Mean Sea Level. 

This parameter is valid only if the Valid parameter is set 
to one (1). 

Material Code 

Type: unsigned int32 

Units: N/A 

This parameter indicates the material code of the 
terrain surface at the point of intersection with the 
HAT/HOT test vector.  

This parameter is valid only if the Valid parameter is set 
to one (1). 
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Parameter Description 
Normal Vector Azimuth 

Type: single float 

Units: degrees 

Values: -180.0 – 180.0 

Datum: True North 

This parameter indicates the azimuth of the normal unit 
vector of the surface intersected by the HAT/HOT test 
vector. This value is the horizontal angle from True 
North to the vector.  

This parameter is valid only if the Valid parameter is set 
to one (1). 

Normal Vector Elevation 

Type: single float 

Units: degrees 

Values: -90.0 – 90.0 

Datum: Geodetic reference plane (Section 3.3.1.2) 

This parameter indicates the elevation of the normal 
unit vector of the surface intersected by the HAT/HOT 
test vector. This value is the vertical angle from the 
geodetic reference plane to the vector.  

This parameter is valid only if the Valid parameter is set 
to one (1). 
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4.2.4 Line of Sight Response 
The Line of Sight Response packet is used in response to both the Line of Sight Segment Request and Line 
of Sight Vector Request packets. This packet contains the distance from the Line of Sight (LOS) segment or 
vector source point to the point of intersection with a polygon surface. The packet is sent when the Request Type 
parameter of the request packet is set to Basic (0).  

A Line of Sight Response packet will be sent for each intersection along the LOS segment or vector. The 
Response Count parameter will contain the total number of responses that are being returned. This will allow the 
Host to determine when all response packets for the given request have been received.  

If the Update Period parameter of the originating Line of Sight Segment Request or Line of Sight Vector 
Request packet was set to a value greater than zero, then the Host Frame Number LSN parameter of each 
corresponding Line of Sight Response packet must contain the least significant nybble of the Host Frame 
Number value last received by the IG before the range is calculated. The Host may correlate this LSN to an 
eyepoint position or may use the value to determine latency. 

The contents of the Line of Sight Response packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 104 Packet Size = 16 LOS ID 

*5 *4 *3 *2 *1 Response Count Entity ID 
Range 

 

*1 Valid 
*2 Entity ID Valid 
*3 Visible 
*4 Reserved 
*5 Host Frame Number LSN 

Figure 84 – Line of Sight Response Packet Structure 

Table 38 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 38 – Line of Sight Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 104 

This parameter identifies this data packet as the Line 
of Sight Response packet. The value of this 
parameter must be 104. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 16 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 16. 
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Parameter Description 
LOS ID 

Type: unsigned int16 

Units: N/A 

This parameter identifies the LOS response. This value 
corresponds to the value of the LOS ID parameter in 
the associated Line of Sight Segment Request 
packet (Section 4.1.25) or Line of Sight Vector 
Request packet (Section 4.1.26). 

Valid 

Type: 1-bit field 

Units: N/A 

Values: 0 Invalid 
 1 Valid 

This parameter indicates whether the Range parameter 
is valid. The range will be invalid if no intersection 
occurs, or if an intersection occurs before the minimum 
range or beyond the maximum range specified in a 
LOS vector request. 

Entity ID Valid 

Type: 1-bit field 

Units: N/A 

Values: 0 Invalid 
 1 Valid 

This parameter indicates whether the LOS test vector 
or segment intersects with an entity (Valid) or a non-
entity (Invalid). 

Visible 

Type: 1-bit field 

Units: N/A 

Values: 0 Occluded (not visible) 
 1 Visible 

This parameter is used in response to a Line of Sight 
Segment Request packet. It indicates whether the 
destination point is visible from the source point. 

This value should be ignored if the packet is in 
response to a Line of Sight Vector Request packet 

Note: If the LOS segment destination point is within the 
body of a target entity model, this parameter will be set 
to Occluded (0) and the Entity ID parameter will contain 
the ID of that entity. 

Host Frame Number LSN 

Type: unsigned 4-bit field 

Units: N/A 

This parameter contains the least significant nybble of 
the Host Frame Number parameter of the last 
IG Control packet received before the LOS data are 
calculated. 

This parameter is ignored if the Update Period 
parameter of the corresponding Line of Sight 
Segment Request or Line of Sight Vector Request 
packet was set to zero (0). 

Response Count 

Type: unsigned int8 

Units: N/A 

This parameter indicates the total number of Line of 
Sight Response packets the IG will return for the 
corresponding request. 

Note: If Visible is set to Visible (1), then Response 
Count should be set to 1. 
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Parameter Description 
Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter indicates the entity with which an LOS 
test vector or segment intersects. This parameter 
should be ignored if Entity ID Valid is set to Invalid (0). 

Range 

Type: double float 

Units: meters 

Datum: LOS vector or segment source point 

This parameter indicates the distance along the LOS 
test segment or vector from the source point to the 
point of intersection with a polygon surface. 

 

 
 

176 



Common Image Generator Interface, Version 3.2  4.2.5 
 

4.2.5 Line of Sight Extended Response 
The Line of Sight Extended Response packet is used in response to both Line of Sight Segment Request and 
Line of Sight Vector Request packets. This packet contains positional data describing the Line of Sight (LOS) 
intersection point (see Section 4.2.4 for details on these data). In addition, it contains the material code and 
surface-normal unit vector of the polygon at the point of intersection. The packet is sent when the Request Type 
parameter of the request packet is set to Extended (1).  

A Line of Sight Extended Response packet will be sent for each intersection along the LOS segment or vector. 
The Response Count parameter will contain the total number of responses that are being returned. This will allow 
the Host to determine when all response packets for the given request have been received. 

For responses to Line of Sight Segment Request packets, the Range, Altitude, Latitude, and Longitude 
parameters specify the range to and position of the intersection point along the LOS test segment. If the 
destination point specified in the request is occulted, these parameters specify the range to and position of a point 
on the surface occulting the destination. If the destination point is not occluded, these parameters simply provide 
the range to and position of the destination point. Figure 85 illustrates two LOS test segments and the data 
returned with the responses: 

 (Latitude, Longitude, Altitude) = 
Destination point 

Range = 5000m Visible = 1 

Range = 1500m 
Visible = 0 

(Latitude, Longitude, Altitude) 
Destination point 

Source point 

 

Figure 85 – Responses to Line of Sight Segment Requests 

For responses to Line of Sight Vector Request packets, the Range, Altitude, Latitude, and Longitude 
parameters specify the range to and position of the point of intersection between the test vector and a surface. If 
no intersection occurs within the valid range specified in the request, the Valid parameter is set to Invalid (0). 
Figure 86 illustrates two LOS test vectors and the data returned with the responses: 
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Minimum 
range 

Valid = 0 

Minimum 
range 

Maximum 
range 

Maximum 
range 

Valid = 1 

Range 

(Latitude, Longitude, Altitude) 

 

Figure 86 – Responses to Line of Sight Vector Requests 

If the Update Period parameter of the originating HAT/HOT Request packet was set to a value greater than zero, 
then the Host Frame Number LSN parameter of each corresponding HAT/HOT Response packet must contain 
the least significant nybble of the Host Frame Number value last received by the IG before the HAT or HOT value 
is calculated. The Host may correlate this LSN to an eyepoint position or may use the value to determine latency. 

The contents of the Line of Sight Extended Response packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 105 Packet Size = 56 LOS ID 

*5 *4 *3 *2 *1 Response Count Entity ID 
Range 

 
Latitude/X Offset 

 
Longitude/Y Offset 

 
Altitude/Z Offset 

 
Red Green Blue Alpha 

Material Code 
Normal Vector Azimuth 
Normal Vector Elevation 

*1 Valid 
*2 Entity ID Valid 
*3 Range Valid 
*4 Visible 
*5 Host Frame Number LSN 

Figure 87 – Line of Sight Extended Response Packet Structure 

Table 39 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 
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Table 39 – Line of Sight Extended Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 105 

This parameter identifies this data packet as the Line 
of Sight Extended Response packet. The value of 
this parameter must be 105. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 56 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 56. 

LOS ID 

Type: unsigned int16 

Units: N/A 

This parameter identifies the LOS response. This value 
corresponds to the value of the LOS ID parameter in 
the associated Line of Sight Segment Request or 
Line of Sight Vector Request packet. 

Valid 

Type: 1-bit field 

Units: N/A 

Values: 0 Invalid 
 1 Valid 

This parameter indicates whether this packet contains 
valid data. A value of Invalid (0) indicates that the LOS 
test segment or vector did not intersect any geometry. 

Entity ID Valid 

Type: 1-bit field 

Units: N/A 

Values: 0 Invalid 
 1 Valid 

This parameter indicates whether the LOS test vector 
or segment intersects with an entity (Valid) or a non-
entity (Invalid). 

Range Valid 

Type: 1-bit field 

Units: N/A 

Values: 0 Invalid 
 1 Valid 

This parameter indicates whether the Range parameter 
is valid. The range will be invalid if an intersection 
occurs before the minimum range or beyond the 
maximum range specified in an LOS vector request. 
The range will also be invalid if this packet is in 
response to an LOS segment request.  

If Valid is set to Invalid (0), this parameter will also be 
set to Invalid (0). 
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Parameter Description 
Visible 

Type: 1-bit field 

Units: N/A 

Values: 0 Occluded (not visible) 
 1 Visible 

This parameter is used in response to a Line of Sight 
Segment Request packet and indicates whether the 
destination point is visible from the source point. 

This value should be ignored if the packet is in 
response to a Line of Sight Vector Request packet 

Note: If the LOS segment destination point is within the 
body of a target entity model, this parameter will be set 
to Occluded (0) and the Entity ID parameter will contain 
the ID of that entity. 

Host Frame Number LSN 

Type: unsigned 4-bit field 

Units: N/A 

This parameter contains the least significant nybble of 
the Host Frame Number parameter of the last 
IG Control packet received before the LOS data are 
calculated. 

This parameter is ignored if the Update Period 
parameter of the corresponding Line of Sight 
Segment Request or Line of Sight Vector Request 
packet was set to zero (0). 

Response Count 

Type: unsigned int8 

Units: N/A 

This parameter indicates the total number of Line of 
Sight Extended Response packets the IG will return 
for the corresponding request.  

Note: If Visible is set to Visible (1), then Response 
Count should be set to 1. 

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter indicates the entity with which a LOS 
test vector or segment intersects. This parameter 
should be ignored if Entity ID Valid is set to Invalid (0). 

Range 

Type: double float 

Units: meters 

Datum: LOS vector or segment source point 

This parameter indicates the distance along the LOS 
test segment or vector from the source point to the 
point of intersection with an object. 
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Parameter Description 
Latitude  (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -90 – 90 

Datum: Equator 

If the Entity ID Valid parameter is set to Invalid (0) or if 
Intersection Point Coordinate System is set to Geodetic 
(0), this parameter indicates the geodetic latitude of the 
point of intersection along the LOS test segment or 
vector. 

If this packet is in response to an LOS segment request 
and Visible is set to Occluded (0), this point is on the 
occulting surface. If this packet is in response to an 
LOS segment request and Visible is set to Visible (1), 
this point is simply the destination point. 

X Offset  (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If the Entity ID Valid parameter is set to Valid (1) and 
Intersection Point Coordinate System is set to Entity 
(1), this parameter specifies the offset of the point of 
intersection of the LOS test segment or vector along 
the intersected entity’s X axis. 

Longitude (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -180 – 180 

Datum: Prime Meridian 

If the Entity ID Valid parameter is set to Invalid (0) or if 
Intersection Point Coordinate System is set to Geodetic 
(0), this parameter indicates the geodetic longitude of 
the point of intersection along the LOS test segment or 
vector. 

If this packet is in response to an LOS segment request 
and Visible is set to Occluded (0), this point is on the 
occulting surface. If this packet is in response to an 
LOS segment request and Visible is set to Visible (1), 
this point is simply the destination point. 

Y Offset  (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If the Entity ID Valid parameter is set to Valid (1) and 
Intersection Point Coordinate System is set to Entity 
(1), this parameter specifies the offset of the point of 
intersection of the LOS test segment or vector along 
the intersected entity’s Y axis. 
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Parameter Description 
Altitude  (Geodetic Coordinate System) 

Type: double float 

Units: meters 

Datum: Mean Sea Level 

If the Entity ID Valid parameter is set to Invalid (0) or if 
Intersection Point Coordinate System is set to Geodetic 
(0), this parameter indicates the geodetic altitude of the 
point of intersection along the LOS test segment or 
vector. 

If this packet is in response to a LOS segment request 
and Visible is set to Occluded (0), this point is on the 
occulting surface. If this packet is in response to a LOS 
segment request and Visible is set to Visible (1), this 
point is simply the destination point. 

Z Offset  (Entity Coordinate System)  

Type: double float 

Units: meters 

Datum: Entity reference point 

If the Entity ID Valid parameter is set to Valid (1) and 
Intersection Point Coordinate System is set to Entity 
(1), this parameter specifies the offset of the point of 
intersection of the LOS test segment or vector along 
the intersected entity’s Z axis. 

Red 

Type: unsigned int8 

Units: N/A 

This parameter indicates the red color component of 
the surface at the point of intersection. 

Green 

Type: unsigned int8 

Units: N/A 

This parameter indicates the green color component of 
the surface at the point of intersection. 

Blue 

Type: unsigned int8 

Units: N/A 

This parameter indicates the blue color component of 
the surface at the point of intersection. 

Alpha 

Type: unsigned int8 

Units: N/A 

This parameter indicates the alpha component of the 
surface at the point of intersection. 

Material Code 

Type: unsigned int32 

Units: N/A 

This parameter indicates the material code of the 
surface intersected by the LOS test segment or vector. 
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Parameter Description 
Normal Vector Azimuth 

Type: single float 

Units: degrees 

Values: -180.0 – 180.0 

Datum: True North 

This parameter indicates the azimuth of a unit vector 
normal to the surface intersected by the LOS test 
segment or vector. This value is the horizontal angle 
from True North to the segment or vector.  

This parameter is valid only if the Valid parameter is set 
to one (1). 

Normal Vector Elevation 

Type: single float 

Units: degrees 

Values: -90.0 – 90.0 

Datum: Geodetic reference plane 

This parameter indicates the elevation of a unit vector 
normal to the surface intersected by the LOS test 
segment or vector. This value is the vertical angle from 
the geodetic reference plane to the segment or vector.  

This parameter is valid only if the Valid parameter is set 
to one (1). 
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4.2.6 Sensor Response 
The Sensor Response packet is used to report the gate size and position on a sensor display to the Host. 

The sensor gate size and position are defined with respect to the 2D view coordinate system. The +X axis is to 
the right of the screen and the +Y axis is up. The origin is at the intersection of the viewing vector with the view 
plane. The gate position is measured in degrees along each axis from the origin to the center of the gate as 
shown below: 

 

 

Gate Y 
Size 

Gate X 
Size 

Sensor Gate 
Cursor 

Eyepoint 

Viewing 
Vector 

Gate Y 
Position 

(degrees) 

Gate X Position 
(degrees) 

+X

+Y 

 

Figure 88 – Sensor Gate Size and Position 

The Gate X Position and Gate Y Position angles correspond to the horizontal and vertical angles formed between 
the sensor’s viewing vector and a vector from the sensor eyepoint to the track point. Scaling of the sensor view 
can be performed with a View Definition packet (Section 4.1.21). 

The Host Frame Number parameter contains value of the Host Frame Number parameter of the IG Control 
packet (see Section 2.1.1.2) last received by the IG before the gate and line-of-sight intersection data are 
calculated. The Host may correlate this value to an eyepoint position or may use the value to determine sensor 
sampling rate latency. 

Either this packet or the Sensor Extended Response packet (Section 4.2.7) must be sent to the Host during 
each frame that the specified sensor is active. 

The contents of the Sensor Response packet are as follows: 
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7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 106 Packet Size = 24 View ID 

Sensor ID Reserved *1 Reserved 
Gate X Size Gate Y Size 

Gate X Position 
Gate Y Position 

Host Frame  Number 

*1 Sensor Status 

Figure 89 – Sensor Response Packet Structure 

Table 40 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 40 – Sensor Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 106 

This parameter identifies this data packet as the 
Sensor Response packet. The value of this parameter 
must be 106. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 24 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 24. 

View ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the view that represents the 
sensor display. 

Sensor ID 

Type: unsigned int8 

Units: N/A 

This parameter specifies the sensor to which the data 
in this packet apply. 
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Parameter Description 
Sensor Status 

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 Searching for target 
 1 Tracking target 
 2 Impending breaklock 
 3 Breaklock 

This parameter indicates the current tracking state of 
the sensor. 

Gate X Size 

Type: unsigned int16 

Units: pixels or raster lines (see note at right) 

This parameter specifies the gate symbol size along 
the view’s X axis. 

Note: This size is specified in either pixels or raster 
lines depending upon the orientation of the display. 

Gate Y Size 

Type: unsigned int16 

Units: pixels or raster lines (see note at right) 

This parameter specifies the gate symbol size along 
the view’s Y axis. 

Note: This size is specified in either pixels or raster 
lines depending upon the orientation of the display. 

Gate X Position 

Type: single float 

Units: degrees 

Datum: Viewing vector 

This parameter specifies the gate symbol’s position 
along the view’s X axis. This position is given as the 
horizontal angle formed at the sensor eyepoint between 
the sensor’s viewing vector and the center of the track 
point. 

Gate Y Position 

Type: single float 

Units: degrees 

Datum: Viewing vector 

This parameter specifies the gate symbol’s position 
along the view’s Y axis. This position is given as the 
vertical angle formed at the sensor eyepoint between 
the sensor’s viewing vector and the center of the track 
point. 

Host Frame Number 

Type: unsigned int32 

Units: N/A 

This parameter indicates the Host frame number at the 
time that the IG calculates the gate and line-of-sight 
intersection data. 
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4.2.7 Sensor Extended Response 
The Sensor Extended Response packet, like the Sensor Response packet (Section 4.2.6), is used to report the 
gate size and position on a sensor display to the Host. This packet also contains the geodetic position of the 
sensor track point and the entity ID of the target. 

Either this packet or the Sensor Response packet must be sent to the Host during each frame that the specified 
sensor is active. 

The contents of the Sensor Extended Response packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 107 Packet Size = 48 View ID 

Sensor ID Reserved *2 *1 Entity ID 
Gate X Size Gate Y Size 

Gate X Offset 
Gate Y Offset 

Host Frame Number 
Track Point Latitude 

 
Track Point Longitude 

 
Track Point Altitude 

 

*1 Sensor Status 
*2 Entity ID Valid 

Figure 90 – Sensor Extended Response Packet Structure 

Table 41 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 41 – Sensor Extended Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 107 

This parameter identifies this data packet as the 
Sensor Extended Response packet. The value of this 
parameter must be 107. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 48 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 48. 
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Parameter Description 
View ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies the view that represents the 
sensor display. 

Sensor ID 

Type: unsigned int8 

Units: N/A 

This parameter specifies the sensor to which the data 
in this packet apply. 

Sensor Status 

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 Searching for target 
 1 Tracking target 
 2 Impending breaklock 
 3 Breaklock 

This parameter indicates the current tracking state of 
the sensor. 

Entity ID Valid 

Type: 1-bit field 

Units: N/A 

Values: 0 Invalid (non-entity target) 
 1 Valid (entity target) 

This parameter indicates whether the target is an entity 
or a non-entity object. If this parameter is set to Valid 
(1), then Entity ID identifies the target entity. 

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter indicates the entity ID of the target. This 
parameter is ignored if Entity ID Valid is set to Invalid 
(0). 

Gate X Size 

Type: unsigned int16 

Units: pixels or raster lines (see note at right) 

This parameter specifies the gate symbol size along 
the view’s X axis. 

Note: This size is specified in either pixels or raster 
lines depending upon the orientation of the display. 

Gate Y Size 

Type: unsigned int16 

Units: pixels or raster lines (see note at right) 

This parameter specifies the gate symbol size along 
the view’s Y axis. 

Note: This size is specified in either pixels or raster 
lines depending upon the orientation of the display. 
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Parameter Description 
Gate X Position 

Type: single float 

Units: degrees 

Datum: Viewing vector 

This parameter specifies the gate symbol’s position 
along the view’s X axis. This position is given as the 
horizontal angle formed at the sensor eyepoint between 
the sensor’s viewing vector and the center of the track 
point. 

Gate Y Position 

Type: single float 

Units: degrees 

Datum: Viewing vector 

This parameter specifies the gate symbol’s position 
along the view’s Y axis. This position is given as the 
vertical angle formed at the sensor eyepoint between 
the sensor’s viewing vector and the center of the track 
point. 

Host Frame Number 

Type: unsigned int32 

Units: N/A 

This parameter indicates the Host frame number at the 
time that the IG calculates the gate and line-of-sight 
intersection data. 

Track Point Latitude 

Type: double float 

Units: degrees 

Values: -90.0 – 90.0 

Datum: Equator 

This parameter indicates the geodetic latitude of the 
point being tracked by the sensor. This parameter is 
valid only when the Sensor Status parameter is set to 
one (1) or two (2). 

Track Point Longitude 

Type: double float 

Units: degrees 

Values: -180.0 – 180.0 

Datum: Prime Meridian 

This parameter indicates the geodetic longitude of the 
point being tracked by the sensor. This parameter is 
valid only when the Sensor Status parameter is set to 
one (1) or two (2). 

Track Point Altitude 

Type: double float 

Units: meters 

Datum: Mean Sea Level 

This parameter indicates the geodetic altitude of the 
point being tracked by the sensor. This parameter is 
valid only when the Sensor Status parameter is set to 
one (1) or two (2). 
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4.2.8 Position Response 
The Position Response packet is sent by the IG in response to a Position Request packet (Section 4.1.27). 
This packet describes the position and orientation of an entity, articulated part, view, view group, or motion 
tracker. 

The contents of the Position Response packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 108 Packet Size = 48 Object ID 

Articulated Part ID Reserved *2 *1 Reserved 
Latitude/X Offset 

 
Longitude/Y Offset 

 
Altitude/Z Offset 

 
Roll 
Pitch 
Yaw 

Reserved 

*1 Object Class 
*2 Coordinate System 

Figure 91 – Position Response Packet Structure 

Table 42 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 42 – Position Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 108 

This parameter identifies this data packet as the 
Position Response packet. The value of this 
parameter must be 108. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 48 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 48. 
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Parameter Description 
Object ID 

Type: unsigned int16 

Units: N/A 

Values: If Object Class = 0: 0 – 65,535 
 If Object Class = 1: 0 – 65,535 
 If Object Class = 2: 0 – 65,535 
 If Object Class = 3: 1 – 255 
 If Object Class = 4: 0 – 255 

This parameter identifies the entity, view, view group, 
or motion tracking device whose position is being 
reported. If Object Class is set to Articulated Part (1), 
this parameter indicates the entity whose part is 
identified by the Articulated Part ID parameter. 

Articulated Part ID 

Type: unsigned int8 

Units: N/A 

This parameter identifies the articulated part whose 
position is being reported. The entity to which the part 
belongs is specified by the Object ID parameter. 

This parameter is valid only when Object Class is set to 
Articulated Part (1). 

Object Class 

Type: unsigned 3-bit field 

Units: N/A 

Values: 0 Entity 
 1 Articulated Part 
 2 View 
 3 View Group 
 4 Motion Tracker 

This parameter indicates the type of object whose 
position is being reported. 

Coordinate System 

Type: unsigned 2-bit field 

Units: N/A 

Values: 0 Geodetic 
 1 Parent Entity 
 2 Submodel 

This parameter indicates the coordinate system in 
which the position and orientation are specified. 

Geodetic – Position is specified as a geodetic latitude, 
longitude, and altitude. Orientation is given with respect 
to the reference plane shown in Figure 18, page 23. 

Parent Entity – Position and orientation are with 
respect to the entity to which the specified child entity, 
articulated part, view, or view group is attached. This 
value is invalid for top-level entities. 

Submodel – Position and orientation are with respect 
to the articulated part’s reference coordinate system as 
described in Section 3.3.3. This value is valid only 
when Object Class is set to Articulated Part (1). 

Note: If Object Class is set to Motion Tracker (4), this 
parameter is ignored and the positional and rotational 
data are relative to the tracking device boresight state. 
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Parameter Description 
Latitude  (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -90.0 – 90.0  

Datum: Equator 

If Coordinate System is set to Geodetic (0), this 
parameter indicates the geodetic latitude of the entity, 
articulated part, view, or view group. 

X Offset  (All other coordinate systems) 

Type: double float 

Units: meters 

Datum: If Coordinate System = 1: Parent entity’s 
   reference point 
 If Coordinate System = 2: Submodel’s 
   reference point
 If Object Class = 4: Tracker boresight 

If Coordinate System is set to Parent Entity (1), this 
parameter indicates the X offset from the parent entity’s 
origin to the child entity, articulated part, view, or view 
group. 

If Coordinate System is set to Submodel (2), this 
parameter indicates the X offset from the articulated 
part submodel’s reference point (see Section 3.3.3)  

If Object Class is set to Motion Tracker (4), this 
parameter indicates the X position reported by the 
tracking device. 

Longitude (Geodetic Coordinate System) 

Type: double float 

Units: degrees 

Values: -180.0 – 180.0  

Datum: Prime Meridian 

If Coordinate System is set to Geodetic (0), this 
parameter indicates the geodetic longitude of the entity, 
articulated part, view, or view group. 

Y Offset  (All other coordinate systems) 

Type: double float 

Units: meters 

Datum: If Coordinate System = 1: Parent entity’s 
   reference point 
 If Coordinate System = 2: Submodel’s 
   reference point
 If Object Class = 4: Tracker boresight 

If Coordinate System is set to Parent Entity (1), this 
parameter indicates the Y offset from the parent entity’s 
origin to the child entity, articulated part, view, or view 
group. 

If Coordinate System is set to Submodel (2), this 
parameter indicates the Y offset from the articulated 
part submodel’s reference point (see Section 3.3.3)  

If Object Class is set to Motion Tracker (4), this 
parameter indicates the Y position reported by the 
tracking device. 
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Parameter Description 
Altitude  (Geodetic Coordinate System) 

Type: double float 

Units: meters 

Datum: Mean Sea Level 

If Coordinate System is set to Geodetic (0), this 
parameter indicates the geodetic altitude of the entity, 
articulated part, view, or view group.  

Z Offset  (All other coordinate systems) 

Type: double float 

Units: meters 

Datum: If Coordinate System = 1: Parent entity’s 
   reference point 
 If Coordinate System = 2: Submodel’s 
   reference point
 If Object Class = 4: Tracker boresight 

If Coordinate System is set to Parent Entity (1), this 
parameter indicates the Z offset from the parent entity’s 
origin to the child entity, articulated part, view, or view 
group. 

If Coordinate System is set to Submodel (2), this 
parameter indicates the Z offset from the articulated 
part submodel’s reference point (see Section 3.3.3)  

If Object Class is set to Motion Tracker (4), this 
parameter indicates the Z position reported by the 
tracking device. 

Roll 

Type: single float 

Units: degrees 

Values: -180.0 – 180.0  

Datum: If Coordinate System = 0: Geodetic  
   reference plane 
 If Coordinate System = 1: Parent entity’s 
   reference plane 
 If Coordinate System = 2: Submodel’s 
   reference plane 
 If Object Class = 4: Tracker boresight 

This parameter indicates the roll angle of the specified 
entity, articulated part, view, or view group.  

If Object Class is set to Motion Tracker (4), this 
parameter indicates the roll angle reported by the 
tracking device. 

Pitch 

Type: single float 

Units: degrees 

Values: -90.0 – 90.0  

Datum: If Coordinate System = 0: Geodetic  
   reference  
   coordinate system 
 If Coordinate System = 1: Parent entity’s 
   reference  
   coordinate system 
 If Coordinate System = 2: Submodel’s 
   reference  
   coordinate system 
 If Object Class = 4: Tracker boresight 

This parameter indicates the pitch angle of the 
specified entity, articulated part, view, or view group.  

If Object Class is set to Motion Tracker (4), this 
parameter indicates the pitch angle reported by the 
tracking device. 
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Parameter Description 
Yaw 

Type: single float 

Units: degrees 

Values: 0.0 – 360.0 

Datum: If Coordinate System = 0: Geodetic  
   reference plane 
 If Coordinate System = 1: Parent entity’s 
   reference plane 
 If Coordinate System = 2: Submodel’s 
   reference plane 
 If Object Class = 4: Tracker boresight 

This parameter indicates the yaw angle of the specified 
entity, articulated part, view, or view group.  

If Object Class is set to Motion Tracker (4), this 
parameter indicates the yaw angle reported by the 
tracking device. 
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4.2.9 Weather Conditions Response 
The Weather Conditions Response packet is sent in response to an Environmental Conditions Request 
packet (Section 4.1.28) whose Request Type parameter specifies Weather Conditions. The packet describes 
atmosphere properties at the requested geodetic position. 

Figure 92 illustrates a hypothetical scenario wherein the Host requests the weather conditions at two points, A 
and B, and the IG returns a response for each point: 

 
 
 
 
 
 

Host 

Weather Conditions 
Response 

 

Request ID = 0 

Start of Frame 

 
 
 
 
 
 

Image 
Generator 

Environmental 
Conditions Request 

 

Request ID = 0 
Request Type = 4  

Point A

Frame n 

Frame n + 1 Weather Conditions 
Response 

 

Request ID = 1 

IG Control Environmental 
Conditions Request 

 

Request ID = 1 
Request Type = 4  

Point B

 

Figure 92 – Data Exchange for Weather Conditions Request 

In the above example, the Request ID parameter of each Environmental Conditions Request packet is unique 
and is equal to the Request ID parameter in the corresponding Weather Conditions Response packet. 

The contents of the Weather Conditions Response packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 109 Packet Size = 32 Request ID Humidity 

Air Temperature 
Visibility Range 

Horizontal Wind Speed 
Vertical Wind Speed 

Wind Direction 
Barometric Pressure 

Reserved 

Figure 93 – Weather Conditions Response Packet Structure 

Table 43 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 
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Table 43 – Weather Conditions Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 109 

This parameter identifies this data packet as the 
Weather Conditions Response packet. The value of 
this parameter must be 109. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 32 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 32. 

Request ID 

Type: unsigned int8 

Units: N/A 

This parameter identifies the environmental conditions 
request to which this response packet corresponds. 

Humidity 

Type: unsigned int8 

Units: percent 

Values: 0 – 100 

This parameter indicates the humidity at the requested 
location. 

Air Temperature 

Type: single float 

Units: degrees Celsius (°C) 

This parameter indicates the air temperature at the 
requested location. 

Visibility Range 

Type: single float 

Units: meters 

Values: ≥ 0 

This parameter indicates the visibility range at the 
requested location. 

Horizontal Wind Speed 

Type: single float 

Units: m/s  

Values: ≥ 0 

Default: 0 

This parameter indicates the local wind speed parallel 
to the ellipsoid-tangential reference plane. 
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Parameter Description 
Vertical Wind Speed 

Type: single float 

Units: m/s 

Default: 0 

This parameter indicates the local vertical wind speed. 

Note: A positive value indicates an updraft, while a 
negative value indicates a downdraft. 

Wind Direction 

Type: single float 

Units: degrees  

Values: 0.0 – 360.0 

Default: 0 

Datum: True North 

This parameter indicates the local wind direction. 

Note: This is the direction from which the wind is 
blowing. 

Barometric Pressure 

Type: single float 

Units: millibars (mb) or hectopascals (hPa) 

Values: ≥ 0 

This parameter indicates the atmospheric pressure at 
the requested location. 
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4.2.10 Aerosol Concentration Response 
The Aerosol Concentration Response packet is sent in response to an Environmental Conditions Request 
packet (Section 4.1.28) whose Request Type parameter specifies Aerosol Concentrations. The packet describes 
the concentration of airborne particles associated with a specific weather layer.  

The aerosol type is determined by the weather layer ID. If two or more global or regional weather layers overlap 
and have the same layer ID, the concentration of that aerosol is the average of the concentrations due to each 
layer. 

Figure 94 illustrates a hypothetical scenario wherein the Host requests the aerosol concentrations at two points, A 
and B, and the IG returns one or more responses for each point: 

 
 
 
 
 
 

Host 

Start of Frame 
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Generator 
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Conditions Request 

 

Request ID = 0 
Request Type = 8  
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Frame n + 1 

IG Control Environmental 
Conditions Request 

 

Request ID = 1 
Request Type = 8  
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Point B lies within two weather layers 
with different layer IDs. A response 
packet is required for each layer. 

Aerosol Concentrations 
Response 

 

Request ID = 0 
Layer ID = 1 

Aerosol Concentrations 
Response 

 

Request ID = 1 
Layer ID = 1 

Aerosol Concentrations 
Response 

 

Request ID = 1 
Layer ID = 2 

 

Figure 94 – Data Exchange for Aerosol Concentrations Request 

In the above example, the Request ID parameter of each Environmental Conditions Request packet is unique 
and is equal to the Request ID parameter in the corresponding Aerosol Concentration Response packet or 
packets. Because Point B is located within two distinct weather layers, two separate response packets are 
required. 

The contents of the Aerosol Concentration Response packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 110 Packet Size = 8 Request ID Layer ID 

Aerosol Concentration 

Figure 95 – Aerosol Concentration Response Packet Structure 

Table 44 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 
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Table 44 – Aerosol Concentration Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 110 

This parameter identifies this data packet as the 
Aerosol Concentration Response packet. The value 
of this parameter must be 110. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 8 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 8. 

Request ID 

Type: unsigned int8 

Units: N/A 

This parameter identifies the environmental conditions 
request to which this response packet corresponds. 

Layer ID 

Type: unsigned int8 

Units: N/A 

This parameter identifies the weather layer whose 
aerosol concentration is being described. Thus, this 
parameter indicates the aerosol type to which this 
packet corresponds. 

Aerosol Concentration 

Type: single float 

Units: g/m3 

Values: ≥ 0 

This parameter identifies the concentration of airborne 
particles. The type of particle is identified by the 
Layer ID parameter. 
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4.2.11 Maritime Surface Conditions Response 
The Maritime Surface Conditions Response packet is sent in response to an Environmental Conditions 
Request packet (Section 4.1.28) whose Request Type parameter specifies Maritime Surface Conditions. The 
packet describes the sea surface state at the requested geodetic latitude and longitude. 

Figure 96 illustrates a hypothetical scenario wherein the Host requests the maritime surface conditions at two 
points, A and B, and the IG returns a response for each point: 
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Figure 96 – Data Exchange for Maritime Surface Conditions Request 

In the above example, the Request ID parameter of each Environmental Conditions Request packet is unique 
and is equal to the Request ID parameter in the corresponding Maritime Surface Conditions Response packet. 

The contents of the Maritime Surface Conditions Response packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 111 Packet Size = 16 Request ID Reserved 

Sea Surface Height 
Surface Water Temperature 

Surface Clarity 

Figure 97 – Maritime Surface Conditions Response Packet Structure 

Table 43 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 45 – Maritime Surface Conditions Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 111 

This parameter identifies this data packet as the 
Maritime Surface Conditions Response packet. The 
value of this parameter must be 111. 
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Parameter Description 
Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 16 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 16. 

Request ID 

Type: unsigned int8 

Units: N/A 

This parameter identifies the environmental conditions 
request to which this response packet corresponds. 

Sea Surface Height 

Type: single float 

Units: meters 

Datum: Mean Sea Level 

This parameter indicates the height of the sea surface 
at equilibrium (i.e., without waves). 

Note that the instantaneous elevation of the water 
including wave displacement may be determined from 
a Height Of Terrain request. 

Surface Water Temperature 

Type: single float 

Units: degrees Celsius (°C) 

This parameter indicates the water temperature at the 
sea surface. 

Surface Clarity 

Type: single float 

Units: percent 

Values: 0 – 100 

This parameter indicates the clarity of the water at its 
surface. A value of 100% indicates pristine water, while 
a value of 0% indicates extremely turbid water. 
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4.2.12 Terrestrial Surface Conditions Response 
The Terrestrial Surface Conditions Response packet is sent in response to an Environmental Conditions 
Request packet (Section 4.1.28) whose Request Type parameter specifies Terrestrial Surface Conditions. The 
packet describes the terrain surface conditions at the requested geodetic latitude and longitude. 

Figure 98 illustrates a hypothetical scenario wherein the Host requests the terrain surface conditions at two 
points, A and B, and the IG returns one or more responses for each point: 
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Figure 98 – Data Exchange for Terrestrial Surface Conditions Request 

In the above example, the Request ID parameter of each Environmental Conditions Request packet is unique 
and is equal to the Request ID parameter in the corresponding Terrestrial Surface Conditions Response 
packet or packets. Because Point B falls within a region for which two surface condition attributes have been 
assigned, two separate response packets are required. 

The contents of the Terrestrial Surface Conditions Response packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 112 Packet Size = 8 Request ID Reserved 

Surface Condition ID 

Figure 99 – Terrestrial Surface Conditions Response Packet Structure 

Table 46 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 
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Table 46 – Terrestrial Surface Conditions Response Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 112 

This parameter identifies this data packet as the 
Terrestrial Surface Conditions Response packet. 
The value of this parameter must be 112. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 8 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 8. 

Request ID 

Type: unsigned int8 

Units: N/A 

This parameter identifies the environmental conditions 
request to which this response packet corresponds. 

Surface Condition ID 

Type: unsigned int32 

Units: N/A 

Values: 0 – 65,535 

This parameter indicates the presence of a specific 
surface condition or contaminant at the test point. 
Surface condition codes are IG-dependent. 
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4.2.13 Collision Detection Segment Notification 
The Collision Detection Segment Notification packet is used to notify the Host when a collision occurs 
between a collision detection segment and a polygon. When a segment intersects a polygon whose material code 
matches the collision mask defined for the segment (see Collision Detection Segment Definition packet, 
Section 4.1.22), the IG sends a Collision Detection Segment Notification packet indicating where and with 
what the collision occurred. If a segment intersects multiple polygons with material codes matching the mask, only 
the closest intersection is returned. Segments are not tested against polygons belonging to same the entity as the 
segment. 

Note that collision detection testing is performed every frame by the IG. If a collision detection segment has been 
disabled, it will be excluded from all collision testing. 

The contents of the Collision Detection Segment Notification packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 113 Packet Size = 16 Entity ID 

Segment ID Reserved *1 Contacted Entity ID 
Material Code 

Intersection Distance 

*1 Collision Type 

Figure 100 – Collision Detection Segment Notification Packet Structure 

Table 47 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 47 – Collision Detection Segment Notification Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 113 

This parameter identifies this data packet as the 
Collision Detection Segment Notification packet. 
The value of this parameter must be 113. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 16 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 16. 

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter indicates the entity to which the 
collision detection segment belongs. 
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Parameter Description 
Segment ID 

Type: unsigned int8 

Units: N/A 

This parameter indicates the ID of the collision 
detection segment along which the collision occurred. 
This parameter, along with Entity ID, allows the Host to 
match this response with the corresponding request. 

Collision Type 

Type: 1-bit field 

Units: N/A 

Values: 0 Non-entity 
 1 Entity 

This parameter indicates whether the collision occurred 
with another entity or with a non-entity object such as 
the terrain. 

Contacted Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter indicates the entity with which the 
collision occurred. 

If Collision Type is set to Non-entity (0), this parameter 
is ignored. 

Material Code 

Type: unsigned int32 

Units: N/A 

This parameter indicates the material code of the 
surface at the point of collision. 

Intersection Distance 

Type: single float 

Units: meters 

Datum: X1, Y1, and Z1 specified in Collision 
 Detection Segment Definition packet 

This parameter indicates the distance along the 
collision test vector from the source endpoint (defined 
by the X1, Y1, and Z1 parameters in the Collision 
Detection Segment Definition packet) to the point of 
intersection. 
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4.2.14 Collision Detection Volume Notification 
The Collision Detection Volume Notification packet is used to notify the Host when a collision occurs between 
two collision detection volumes (see Collision Detection Volume Definition packet, Section 4.1.23). Volumes 
belonging to the same entity are not tested against each other. 

The IG sends a Collision Detection Volume Notification packet for each volume involved in a collision. For 
instance, if two volumes collide, two Collision Detection Volume Notification packets will be sent. If a collision 
occurs that involves three volumes, a total of six Collision Detection Volume Notification packets will be sent. 

Unlike with collision detection segment testing, where the result is a single point, the result of a collision detection 
volume test is the geometric intersection of two volumes. This intersection is usually an irregular volume with 
many vertices; therefore, the collision response data contains no spatial information describing the intersection. 

Because collision detection volume testing does not involve polygon surfaces, no material code is returned with 
the collision response data.  

Note that collision detection testing is performed every frame by the IG. If a collision detection volume has been 
disabled, it will be excluded from all collision testing.  

The contents of the Collision Detection Volume Notification packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 114 Packet Size = 16 Entity ID 

Volume ID Reserved *1 Contacted Entity ID 
Contacted Volume ID Reserved 

Reserved 

*1 Collision Type 

Figure 101 – Collision Detection Volume Notification Packet Structure 

Table 48 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 48 – Collision Detection Volume Notification Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 114 

This parameter identifies this data packet as the 
Collision Detection Volume Notification packet. The 
value of this parameter must be 114. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 16 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 16. 
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Parameter Description 
Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter indicates the entity to which the 
collision detection volume belongs. 

Volume ID 

Type: unsigned int8 

Units: N/A 

This parameter indicates the ID of the collision 
detection volume within which the collision occurred. 
This parameter, along with Entity ID, allows the Host to 
match this response with the corresponding request. 

Collision Type 

Type: 1-bit field 

Units: N/A 

Values: 0 Non-entity 
 1 Entity 

This parameter indicates whether the collision occurred 
with another entity or with a non-entity object such as 
the terrain. 

Contacted Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter indicates the entity with which the 
collision occurred.  

If Collision Type is set to Non-entity (0), this parameter 
is ignored. 

Contacted Volume ID 

Type: unsigned int8 

Units: N/A 

This parameter indicates the ID of the collision 
detection volume with which the collision occurred. 
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4.2.15 Animation Stop Notification 
The Animation Stop Notification packet is used to indicate to the Host when an animation has played to the end 
of its animation sequence. 

If an animation is set to play continuously, no Animation Stop Notification packet will be sent. 

The contents of the Animation Stop Notification packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 115 Packet Size = 8 Entity ID 

Reserved 

Figure 102 – Animation Stop Notification Packet Structure 

Table 49 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 49 – Animation Stop Notification Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 115 

This parameter identifies this data packet as the 
Animation Stop Notification packet. The value of this 
parameter must be 115. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 8 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 8. 

Entity ID 

Type: unsigned int16 

Units: N/A 

This parameter indicates the entity ID of the animation 
that has stopped. 
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4.2.16 Event Notification 
The Event Notification packet is used to pass event data to the Host. The Host may enable and disable 
individual events using either the Component Control (Section 4.1.4) or Short Component Control (Section 
4.1.5) packet. 

This packet contains three user-defined 32-bit word values that may contain data describing the attributes of the 
event (e.g., time of occurrence, position). These data may be formatted as needed; however, they must be byte-
swapped as 32-bit fields when byte swapping is necessary.  Refer to the description of the Component Control 
packet (Section 4.1.4) for more information. 

The contents of the Event Notification packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 116 Packet Size = 16 Event ID 

Event Data 1 
Event Data 2 
Event Data 3 

Figure 103 – Event Notification Packet Structure 

Table 50 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 

Table 50 – Event Notification Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 116 

This parameter identifies this data packet as the Event 
Notification packet. The value of this parameter must 
be 116. 

Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 16 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 16. 

Event ID 

Type: unsigned int16 

Units: N/A 

This parameter indicates which event has occurred. 

Event ID assignments are IG-specific. 
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Parameter Description 
Event Data 1 

Type: word 

Units: Event-specific 

Values: Event-specific 

This parameter is one of three 32-bit words used for 
user-defined event data. If this parameter is not needed 
to describe the event, this value is ignored.  

Note: This parameter will be byte-swapped as a 32-bit 
value if the receiver and sender use different byte 
ordering schemes. If the parameter is used to store 
multiple 8- or 16-bit values, the data should be packed 
so that byte swapping will be performed correctly. 

Event Data 2 

Type: word 

Units: Event-specific 

Values: Event-specific 

This parameter is one of three 32-bit words used for 
user-defined event data. If this parameter is not needed 
to describe the event, this value is ignored.  

Note: This parameter will be byte-swapped as a 32-bit 
value if the receiver and sender use different byte 
ordering schemes. If the parameter is used to store 
multiple 8- or 16-bit values, the data should be packed 
so that byte swapping will be performed correctly. 

Event Data 3 

Type: word 

Units: Event-specific 

Values: Event-specific 

This parameter is one of three 32-bit words used for 
user-defined event data. If this parameter is not needed 
to describe the event, this value is ignored.  

Note: This parameter will be byte-swapped as a 32-bit 
value if the receiver and sender use different byte 
ordering schemes. If the parameter is used to store 
multiple 8- or 16-bit values, the data should be packed 
so that byte swapping will be performed correctly. 
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4.2.17 Image Generator Message 
The Image Generator Message packet is used to pass error, debugging, and other text messages to the Host. 
These messages may be saved to a log file and/or written to the console or other user interface. Because file and 
console I/O are not typically real-time in nature, it is recommended that the IG only send Image Generator 
Message packets while in Debug mode. 

Each message is composed of multiple eight-bit character data. The text message must be terminated by NULL, 
or zero (0). If the terminating byte is not the last byte of the eight-byte double-word, then the remainder of the 
double-word must be padded with zeroes. Zero-length messages must be terminated with four bytes containing 
NULL (to maintain 64-bit alignment). The maximum text length is 100 characters, including a terminating NULL. 

The Packet Size parameter must contain the total number of bytes within the message, including the two-byte 
header, the message ID, the terminating NULL and any padding. This value must be an even multiple of eight (8). 
For example, if the string, “Error 1234,” were sent to the Host, the packet size would be 16. Figure 104 illustrates 
the byte allocation for the packet: 

     4 bytes 
‘E’ ‘r’ ‘r’ ‘o’ 8 bytes 
‘r’ ‘ ‘ ‘1’ ‘2’ 12 bytes 
‘3’ ‘4’ NULL NULL 16 bytes 

 2-Byte  Header 

Terminating 
NULL 

Padding 

Message ID 

 

Figure 104 – Example of Image Generator Message Packet 

The Message ID parameter identifies the message. Typically, this ID will correspond to a common, fixed 
message. In these cases, the Host can retrieve the message from a look-up table without the IG having to use 
unnecessary bandwidth to reproduce the text. The ID might also correspond to a common message while the 
remainder of the packet contains additional text to supplement the message. 

The contents of the Image Generator Message packet are as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 117 Packet Size = 4 + message length Message ID 

Character 1 Character 2 Character 3 Character 4 
 

 
 

Character n - 2 Character n - 1 Character n NULL 

Figure 105 – Image Generator Message Packet Structure 

Table 51 defines each parameter’s data type, units, and usage. If a default value and/or reference datum are 
applicable for a parameter, or if the domain differs from the range of values listed in Table 2, those values are 
also listed. 
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Table 51 – Image Generator Message Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 117 

This parameter identifies this data packet as the Image 
Generation Message packet. The value of this 
parameter must be 117. 

Packet Size 

Type: unsigned int8 

Units: bytes 

Value: 8 ≤ (4 + message length) ≤ 104 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 4 
plus the length of the message text, including NULL 
characters. 

The minimum size of the Image Generation Message 
packet is eight (8) bytes. 

The maximum packet size is 104 bytes. This allows for 
a message length of up to 100 characters, including the 
terminating NULL. 

Note: Because all packets must begin and end on a 64-
bit boundary, the value of this parameter must be an 
even multiple of eight (8). 

Message ID 

Type: unsigned int16 

Units: N/A 

This parameter specifies a numerical identifier for the 
message. 

Character n 

Type: char 

Units: N/A 

These 8-bit data are used to store the ANSI codes for 
each character in the message string. 

Note: The maximum number of characters, including a 
terminating NULL, is 100. 
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4.3 User-Defined Packets 
User-defined data packets may be used to facilitate transmission of data not specifically supported by an existing 
CIGI packet. User-defined data packets may be contained in both IG-to-Host and Host-to-IG messages. 

When user-defined data packets are introduced into a particular CIGI application, they should adhere to the 
standard data packet format in order to maintain continuity across data packets. Standard data packet format 
includes the Packet ID in the first byte and the Packet Size in the second byte. All parameters used to identify an 
instance of a packet (in other words, all parameters that, if identical, would allow two packets to represent the 
same object) should be contained within the first two 32-bit words. It is recommended that if bytes are allocated 
for such parameters as Entity ID and View ID, these values be positioned and sized in similar fashion as other 
instances of like information within the interface. 

The size of each user-defined data packet depends on the amount of data contained in the packet. The developer 
should place the total number of bytes, including the two bytes of header, in the Packet Size field of this packet so 
that the receiver can properly interpret the packet. 

Note: All user-defined packets must begin and end on a 64-bit boundary. The value of the Packet Size parameter 
must therefore be an even multiple of eight (8). 

Note that when a user-defined data packet is introduced into a particular implementation of CIGI, that 
implementation will no longer conform to the baseline definition of the interface and thus may not be acceptable to 
the general CIGI user community. Ideally, each Host and IG device should be capable of being configured to 
ignore all user-defined packets. 

The general format for user-defined packets is as follows: 

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Packet ID = 201 – 255 Packet Size = 4 + (4 × n) Data 

Data Block 1 
 

 
 

Data Block n 

Figure 106 – General User-Defined Packet Structure 

Table 52 defines each parameter’s data type, units, and usage. 

Table 52 – General User-Defined Packet Parameter Definitions 

Parameter Description 
Packet ID 

Type: unsigned int8 

Units: N/A 

Value: 201 – 255 

This parameter identifies this data packet as a user-
defined packet. The value of this parameter must be 
within the range of 201 through 255. 
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Parameter Description 
Packet Size 

Type: unsigned int8 

Units: Bytes 

Value: 4 + (4 × n) ≥ 8 

This parameter indicates the number of bytes in this 
data packet. The value of this parameter must be 4 
times the number of data words, plus 4 for the word 
that includes the two-byte header. 

Note: Because all packets must begin and end on a 64-
bit boundary, the value of this parameter must be an 
even multiple of eight (8). 

Data 

Type: Packet-specific 

Units: Packet-specific 

This field consists of two bytes of user-defined data. 
The data may be arranged and formatted as needed. 

Data Block n 

Type: Packet-specific 

Units: Packet-specific 

These 32-bit blocks represent user-defined data. The 
data may be arranged and formatted as needed. 
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APPENDIX A – ACRONYMS 
CIGI  Common Image Generator Interface 
DCS  Dynamic Coordinate System 
ERM  Earth Reference Model 
FOV  Field of View 
HAT  Height Above Terrain 
HOT  Height Of Terrain 
IG  Image Generator 
I/O  Input/Output 
IP  Internet Protocol 
LOS  Line of Sight 
LSW  Least Significant Word 
MSL  Mean Sea Level 
MSW  Most Significant Word 
NED  North-East-Down 
SOF  Start of Frame 
UDP  User Datagram Protocol
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APPENDIX B – CIGI 3.x CHANGE HISTORY 
Version 3.0 

Numerous changes from CIGI 2. 

Version 3.1 

No data format changes from CIGI 3.0. 

Version 3.2 

General Changes: 

– Added a minor version number to the interface. Minor version changes can now contain data format 
changes. 

– Modified the use of the Frame Counter mechanism. 
– Added capabilities for continuous, periodic HAT/HOT and LOS responses from a single request. 

 
IG Control 

– Renamed CIGI Version parameter to “Major Version.” 
– Added Minor Version parameter. 
– Renamed Byte Swap parameter to “Byte Swap Magic Number.” 
– Modified the use of the Frame Counter parameter and renamed it to “Host Frame Number.” 
– Added Last IG Frame Number parameter. 

Rate Control 

– Added Coordinate System parameter and modified reference data for linear and angular rates. 

HAT/HOT Request 

– Added Update Period parameter. 

Line of Sight Segment Request  

– Added Update Period parameter. 
– Added Destination Entity ID and Destination Entity ID Valid parameters. 

Line of Sight Vector Request  

– Added Update Period parameter. 

Start of Frame  

– Renamed CIGI Version parameter to “Major Version.” 
– Added Minor Version parameter.  
– Renamed Byte Swap parameter to “Byte Swap Magic Number.” 
– Modified the use of the Frame Counter parameter and renamed it to “IG Frame Number.” 
– Added Last Host Frame Number parameter. 
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HAT/HOT Response  

– Added Host Frame Number LSN parameter. 

HAT/HOT Extended Response  

– Added Host Frame Number LSN parameter. 

Line of Sight Response  

– Added Host Frame Number LSN parameter. 

Line of Sight Extended Response  

– Removed Intersection Point Coordinate System parameter. 

– Added Host Frame Number LSN parameter.  

Sensor Response  

– Renamed Frame Counter parameter to “Host Frame Number” and changed the use of this parameter to 
reflect the Host frame number.  

Sensor Extended Response  

– Renamed Frame Counter parameter to “Host Frame Number” and changed the use of this parameter to 
reflect the Host frame number.
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APPENDIX C – ERRATA 
This appendix contains corrections to this ICD. Changes and additions are indicated by highlighted text. Deletions 
are indicated by Sstruckthrough textS. These pages supercede the corresponding sections within the document. 
Changes included here will be incorporated into the next revision of the ICD.  

This appendix will be updated periodically. Visit the CIGI web site ( HTUhttp://cigi.sourceforge.netUTH) for the latest 
version. 

The list below gives the sections and page numbers that contain the corrections, describes each change, and 
provides the revision date for each change. 

Revision Date Section Page Page(s) Affected Description 
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