Appendix C: Protocol Data Unit Specification

C.1 PDUs

The data required to simulate the world will take the form of a sequence of PDUs. The content of those PDUs is specified in the following clauses.

C.2 Format of PDU

A PDU will consist of:

1) Type of PDU to follow

2) Length of PDU (in bytes)

3) PDU type-specific data

C.3 Types of PDU

The types of PDU available and their corresponding identifiers are given in the following table:

Update PDU
1

Creation PDU
2

Destruction PDU
3

Fire PDU
4

Appearance Change PDU
5

Collision PDU
7

Explosion PDU
9

Join Request PDU
10

Join Granted PDU
11

Join Denied PDU
12

Initialisation Complete PDU
13

Time Synchronisation PDU
14

Game Space PDU
15

Parameter representations

This section defines the various parameter types in use in the different PDUs.

C.3.1 Timestamp

Time stamping shall be used to indicate the time at which the data contained in the PDU is valid. Timestamps shall be specified using a 32-bit unsigned integer representing the number of milliseconds since the beginning of the simulation.

C.3.2 Angle representation

Angles shall be specified as 32-bit floating-point numbers expressed in radians.

C.3.3 Euler angles record

Orientation of a simulated entity shall be specified by an Euler angles record. These angles shall be specified with respect to the entity’s coordinate system. The three angles shall each be specified with a 32-bit floating point number representing radians. The record is represented in the following table:

Psi(()
32-bit floating point

Theta(()
32-bit floating point

Phi(()
32-bit floating point

C.3.4 Angular velocity vector record

The angular velocity of simulated entities shall be represented by the Angular Velocity Vector Record. This record shall specify the rate at which an entity’s orientation is changing. This rate shall be measured in radians per second about each of the entity’s own coordinate axes. The record shall consist of three fields, and is represented in the following table:

Rate about x axis
32-bit floating point

Rate about y axis
32-bit floating point

Rate about z axis
32-bit floating point

C.3.5 Entity identifier record

The unique identification of an entity is specified by the Entity identifier record. This number shall consist of a Simulation Address Record and an entity identification number. The fields of this record are described below

C.3.5.1 Simulation address record

An entity’s simulation address will consist of the Simulation Address Record. This record shall consist of the following fields:

a) Server identifier. Each simulation server shall be assigned a unique identifier to distinguish it from all other simulation servers connected to the MSU. This identifier shall be specified with an 8-bit unsigned integer.

b) Client identifier. Each client simulation shall be assigned a unique identifier to distinguish it from all other clients connected to a simulation server. This identifier shall be specified with an 8-bit unsigned integer.

The record is represented in the following table:

Server Identification
8-bit unsigned integer

Client Identification
8-bit unsigned integer

C.3.5.2 Entity identifier record

An entity shall be assigned an identifier unique within the simulation application that owns it. This identifier shall be specified with a 16-bit unsigned integer. The Entity Identifier Record is represented in the following table:

Simulation Address
Server ID: 8-bit unsigned integer

Client ID: 8-bit unsigned integer

Entity Identifier
16-bit unsigned integer

C.3.6 Vector record

Vector values for entity coordinates, linear acceleration, and linear velocity, shall be represented using the Vector Record. This record shall consist of three fields, each a 32-bit floating-point number. The unit of measure represented by these fields shall depend on the information represented. The values utilising the Vector Record are described in detail below. The Vector Record is represented in the following table:

First component
32-bit floating point

Second component
32-bit floating point

Third component
32-bit floating point

C.3.6.1 Entity coordinate vector

Location with respect to a particular entity shall be specified with respect to three orthogonal axes whose origin shall be the location of the entity in the world coordinate system. The x-axis extends in the positive direction out the right side of the entity as viewed from above. The y-axis extends in the positive direction upward. The z-axis extends in the positive direction out the front of the entity. Each vector component shall represent metres from the origin.

C.3.6.2 Linear velocity vector

Linear velocity shall be represented as a vector with x, y and z components in the world coordinate system. Each vector component shall represent velocity in metres per second.

C.3.6.3 Linear acceleration vector

Linear acceleration shall be represented as a vector with x, y and z components in the world coordinate system. Each vector component shall represent velocity in metres per second per second.

C.3.6.4 World coordinates vector

World coordinates shall be represented as a vector with x, y and z components in the world coordinate system. The world coordinates system consists of an origin, and three orthogonal axes extending from that origin. Each vector component shall represent distance from the origin in metres.

C.3.7 Dead reckoning parameter record

Parameters necessary to define the dead reckoned state of an entity over time shall be described in the Dead Reckoning Parameter Record. This record shall consist of the following fields:

a) Algorithm in use. This field is an 8-bit enumeration of the algorithm in use. The valid values of the algorithm are given in the following sections.

b) Algorithm specific parameters: The type of this field is defined by the Algorithm in use field. Possible types are described in the tables in the following sub-sections.

The Dead Reckoning Parameter Record is represented in the following table:

Algorithm In Use
8-bit enumeration

Algorithm Parameters
Parameter Record

C.3.7.1 No reckoning Parameter Record (Algorithm #0)

No data is necessary for this algorithm.

C.3.7.2 Linear motion Parameter Record (Algorithm #1)

Current Velocity
Linear Velocity Vector

C.3.7.3 Linear acceleration Parameter Record (Algorithm #3)

Current Velocity
Linear Velocity Vector

Current Acceleration
Linear Acceleration Vector

C.3.7.4 Angular Rotation Parameter Record (Algorithm #4)

Current Rotation
Angular Velocity Record

C.3.7.5 Angular Rotation+Linear Velocity Parameter Record (Algorithm #5)

Current Rotation
Angular Velocity Record

Current Velocity
Linear Velocity Record

C.3.7.6 Angular Rotation+Linear Acceleration Parameter Record (Algorithm #7)

Current Rotation
Angular Velocity Record

Current Velocity
Linear Velocity Record

Current Acceleration
Linear Acceleration Record

C.3.8 Polygon description record

Description of a polygon with respect to a particular entity shall be defined in a Polygon description record. This record shall contain a list of vertex indexes defining which vertices make up the polygon. Each index shall be a 16-bit integer.

C.3.9 Colour record

This record consists of four fields: Red, Green, Blue and Alpha. Each field is an 8-bit unsigned integer representing the amount of each colour to mix to achieve the desired colour.

C.3.10 Material properties record

Description of the material appearance of an object is defined in a Material Properties Record. This record shall contain the following fields, all defined as colour records:

a) Ambient colour.

b) Diffuse colour.

c) Specular colour. 

C.3.11 Entity description record

3D descriptions of an entity, along with material properties shall be represented in the Entity Description Record. This record shall consist of the following fields:

a) The number of vertices the entity has.

b) The number of polygons the entity is made up of.

c) The number of vertices in each polygon.

d) A list of vertices described in the entity’s coordinate system. Each vertex shall be described with an Entity Location Vector.

e) A list of polygons. Each polygon shall be described with a Polygon Description Record.

f) Material properties of the object. This shall be described in a Material Properties Record.

The Entity description record is represented in the following table:

Vertex count = n
16-bit unsigned integer

Polygon count = m
16-bit unsigned integer

Polygon size
8-bit unsigned integer

n * Vertices
n * Entity Location Vectors

m * Polygons
m * Polygon Description Record

Material properties
Material Properties Record

C.3.12 Entity parameter record

Extra parameters associated with an entity are defined in the Entity Parameter Record. This record contains fields as follows:

a) Heat intensity: The temperature of the heat emitted from the entity, measured in degrees centigrade. If the entity is not a heat source, this value is zero. This value is defined as a 32-bit signed integer.

C.3.13 Unit type enumeration

A Simulation Unit has type with enumerations as given in the following table:

Terrain Generation Unit
0

Client Simulation
1

Simulation Server Unit
2

Main Server Unit
3

C.3.14 Game space information

This information consists of an 8-bit integer, where the lowest order bit denotes whether the PDU is a request or a reply, and the second lowest order bit denotes whether the information contained is a valid volume or not (for returning NULL volumes on allocation failure). This field can be represented as shown below:

Bit
7
6
5
4
3
2
1
0

Value






Valid
Rq/Reply

C.3.15 Bounding Sphere record

Information concerning the bounds of an object shall be represented in a Bounding Sphere record. The record shall contain fields as follows:

a) Location. The centre of the bounding sphere in world coordinates.

b) Radius. The outer surface of the bounding sphere.

The Bounding Sphere record is represented in the following table:

Location
World Coordinate vector

Radius
32-bit floating-point number

PDU definitions

C.3.16 Update PDU

This PDU shall contain the following fields:

a) Entity identification. The Entity identifier record for the issuing entity.

b) Timestamp. Time from which the PDU is valid.

c) State Information:

a. Location. World coordinates vector defining the current position of the entity.

b. Orientation. Euler angles record defining the current orientation of the entity.

c. Dead reckoning. Dead Reckoning Parameter Record defining the reckoning data specific to the entity.

The Update PDU is represented in the following table:

Field Size (bits)
PDU Fields

40
PDU Header
PDU ID – 16 bits



PDU Type – 8 bits



PDU Size – 16 bits

32
Entity ID
Server ID – 8 bits



Client ID – 8 bits



Entity ID – 16 bits

32
Time
Timestamp – 32 bits

96
Location
X Component – 32 bits



Y Component – 32 bits



Z Component – 32 bits

96
Orientation
Psi(() – 32 bits



Theta(() – 32 bits



Phi(() – 32 bits

8 – 288
Dead Reckoning
Algorithm Type – 8 bits



X Velocity– 32 bits



Y Velocity – 32 bits



Z Velocity – 32 bits



X Acceleration – 32 bits



Y Acceleration – 32 bits



Z Acceleration – 32 bits



Psi(() – 32 bits



Theta(() – 32 bits



Phi(() – 32 bits

C.3.16.1 Issuance

This PDU will be issued when one or more of the following conditions exists:

1) The discrepancy between the entity’s actual state and the state calculated by the dead reckoning algorithm exceeds a (simulation specific) threshold.

2) A predetermined (and simulation specific) length of time has elapsed since the issuance of the last Update PDU.

This PDU will be issued using a real-time, best effort communication system.

C.3.16.2 Receipt

On receipt of this PDU, the simulation shall determine that the information contained in the PDU is newer than the information currently in use to model the entity. If so, the world state should be updated to reflect the new information.

If an Update PDU is received for an entity that has not been created with a Creation PDU, it must be kept for a predetermined length of time equal to the maximum length of time between updates. If within this time a Creation PDU is received, the Update PDU should be applied to the new entity, otherwise it can be discarded.

C.3.17 Creation PDU

This PDU shall contain the following fields:

a) Entity identification. The Entity identifier record for the issuing entity.

b) Timestamp. Time from which the PDU is valid.

c) Description. Entity Description Record defining the entity’s physical description.

d) Bounding information. Set of Bounding Sphere Records defining the model’s bounds for simple collision detection.

e) Mass. Integer defining mass of the entity in kilograms.

f) Parameters. Entity Parameter Record defining any extra parameters the entity has.

g) State Information:

a. Location. World coordinates vector defining the current position of the entity.

b. Orientation. Euler angles record defining the current orientation of the entity.

c. Dead reckoning. Dead Reckoning Parameter Record defining the reckoning data specific to the entity.

The Creation PDU is represented in the following table:

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

32
Entity ID
Server ID – 8 bits



Client ID – 8 bits



Entity ID – 16 bits

32
Time
Timestamp – 32 bits

112+ n*3*32 + m*p*16
Description
n = Vertex Count – 16 bits



m = Polygon Count – 16 bits



p = Polygon Size – 8 bits



Vertex List – n * 3 * 32 bits



Polygon List – m * p * 16 bits



Material – 3 * 3 * 8 bits

16 + b * 64
Bounding Spheres
b = Bounding sphere count – 16 bits



Bounding spheres – b * 64 bits

32
Mass
Mass value – 32 bits

32
Parameters
Heat Source – 32 bits

96
Location
X Component – 32 bits



Y Component – 32 bits



Z Component – 32 bits

96
Orientation
Psi(() – 32 bits



Theta(() – 32 bits



Phi(() – 32 bits

8 – 288
Dead Reckoning
Algorithm Type – 8 bits



X Velocity– 32 bits



Y Velocity – 32 bits



Z Velocity – 32 bits



X Acceleration – 32 bits



Y Acceleration – 32 bits



Z Acceleration – 32 bits



Psi(() – 32 bits



Theta(() – 32 bits



Phi(() – 32 bits

C.3.17.1 Issuance

These PDUs shall be issued when a new entity is entered into the simulation world. 

This PDU type must be transmitted reliably.

C.3.17.2  Receipt

On receipt of this PDU, a simulation must enter the new entity into its world state, and begin to model it appropriately.

C.3.18 Fire PDU

This PDU shall contain the following fields:

a) Entity identifier. Identification of the first entity in the burst.

b) Timestamp. Time from which the PDU is valid

c) Burst size. 8-bit unsigned integer indicating how many entities to be created.

d) Burst rate. 32-bit timestamp indicating the time in-between entity creation.

e) Description. Entity Description Record defining one entity’s physical description.

f) Bounding information. Set of Bounding Sphere Records defining the model’s bounds for simple collision detection.

g) Mass. Integer defining mass of the entity in kilograms.

h) Parameters. Entity Parameter Record defining any extra parameters the entity has.

i) State Information:

a. Location. World coordinates vector defining the initial position of the entity.

b. Orientation. Euler angles record defining the initial orientation of the entity.

c. Dead reckoning. Dead Reckoning Parameter Record defining the reckoning data specific to the entity.

The Fire PDU is represented in the following table:

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

32
Entity ID
Server ID – 8 bits



Client ID – 8 bits



Entity ID – 16 bits

32
Time
Timestamp – 32 bits

40
Burst data
Burst size – 8 bits



Burst rate – 32 bits

112+ n*3*32 + m*p*16
Description
n = Vertex Count – 16 bits



m = Polygon Count – 16 bits



p = Polygon Size – 8 bits



Vertex List – n * 3 * 32 bits



Polygon List – m * p * 16 bits



Material – 3 * 3 * 8 bits

16 + b * 64
Bounding Spheres
b = Bounding sphere count – 16 bits



Bounding spheres – b * 64 bits

32
Mass
Mass value – 32 bits

32
Parameters
Heat Source – 32 bits

96
Location
X Component – 32 bits



Y Component – 32 bits



Z Component – 32 bits

96
Orientation
Psi(() – 32 bits



Theta(() – 32 bits



Phi(() – 32 bits

8 – 288
Dead Reckoning
Algorithm Type – 8 bits



X Velocity– 32 bits



Y Velocity – 32 bits



Z Velocity – 32 bits



X Acceleration – 32 bits



Y Acceleration – 32 bits



Z Acceleration – 32 bits



Psi(() – 32 bits



Theta(() – 32 bits



Phi(() – 32 bits

C.3.18.1 Issuance

This PDU will be issued when a simulation wishes to represent creation of multiple entities over time. Once issued, all entities must be tracked and destroyed individually.

C.3.18.2 Receipt

On receipt of a Fire PDU, a simulation must store the PDU, and at the appropriate time intervals perform an entity creation as if on receipt of a Creation PDU with the appropriate parameters.

C.3.19 Appearance Change PDU

This PDU shall contain the following fields:

a) Entity identifier. Identification of the first entity in the burst.

b) Timestamp. Time from which the PDU is valid

c) Description. Entity Description Record defining the entity’s new physical description.

d) Bounding information. Set of Bounding Sphere Records defining the model’s bounds for simple collision detection.

e) Mass. Integer defining mass of the entity in kilograms.

f) Parameters. Entity Parameter Record defining any extra parameters the entity has.

The Appearance Change PDU is represented in the following table:

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

32
Entity ID
Server ID – 8 bits



Client ID – 8 bits



Entity ID – 16 bits

32
Time
Timestamp – 32 bits

112+ n*3*32 + m*p*16
Description
Vertex Count – 16 bits



Polygon Count – 16 bits



Polygon Size – 8 bits



Vertex List – n * 3 * 32 bits



Polygon List – m * p * 16 bits



Material – 3 * 3 * 8 bits

16 + b * 64
Bounding Spheres
b = Bounding sphere count – 16 bits



Bounding spheres – b * 64 bits

32
Mass
Mass value – 32 bits

32
Parameters
Heat Source – 32 bits

C.3.19.1 Issuance

This PDU will be issued if the entity changes its appearance in any way. The PDU can be considered to have the same result as a sequence of PDUs consisting of destruction of the entity, then creation of a new entity with the same entity state information.

This PDU type must be transmitted reliably.

C.3.19.2 Receipt

On receipt of this PDU, a simulation must reflect the change in the objects appearance appropriately to the local simulation.

If an Appearance Change PDU is received for an entity that has not been created with a Creation PDU, the PDU must be kept for a predetermined length of time, equal to the maximum time between updates. If a Creation message arrives within that time, the Appearance Change PDU must be applied to the newly created entity, otherwise it should be discarded.

C.3.20 Destruction PDU

This PDU shall contain the following fields:

a) Entity identifier. Identifies the entity to be destroyed.

b) Timestamp. Specifies the time from which the PDU is valid.

The Destruction PDU is represented in the following table:

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

32
Entity ID
Server ID – 8 bits



Client ID – 8 bits



Entity ID – 16 bits

32
Time
Timestamp – 32 bits

C.3.20.1 Issuance

This PDU will be issued when an entity is to be removed from the world. If a Collision PDU referring to the entity is received after issuing this PDU, the simulation will acknowledge the collision with a Collision Acknowledge PDU containing some null value.

This PDU type must be transmitted reliably.

C.3.20.2 Receipt

On receipt of this PDU, a simulation must remove the entity from the world state, and no longer generate PDUs referring to the entity.

On receipt of a Collision Acknowledge PDU containing a null value indicating destruction of an entity, the simulation will discard the acknowledgement.

If a Destruction PDU is received for an entity that has not yet been created, the corresponding Creation PDU must be discarded when received.

C.3.21 Collision PDU

This PDU shall contain the following fields:

a) Signalling entity. Entity Identifier denoting the entity signalling the collision.

b) Timestamp. Time at which the collision occurred.

c) Location. World coordinates vector defining the location of the collision.

d) Colliding entity. Entity Identifier denoting the other entity involved in the collision.

The Collision PDU is represented in the following table:

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

32
Entity ID
Server ID – 8 bits



Client ID – 8 bits



Entity ID – 16 bits

32
Time
Timestamp – 32 bits

96
Location
X Component – 32 bits



Y Component – 32 bits



Z Component – 32 bits

32
Colliding Entity ID
Server ID – 8 bits



Client ID – 8 bits



Entity ID – 16 bits

C.3.21.1 Issuance

An entity will issue a Collision PDU if it detects a collision with another object, or receives data about an undetected collision, unless the colliding object is part of the terrain.

NB: At this point, a collision event is initiated. The entities cannot be considered to collide again until the collision event is over.

C.3.21.2 Receipt

On receipt of this PDU, a simulation must determine if a corresponding collision event is already in progress. If it is not, a Collision PDU must be issued and a collision event started.

Once a corresponding Collision PDU has been issued for this Collision, the collision should be modelled and, if necessary, an Update PDU sent.

Receipt of a Collision PDU will always result in the end of a collision event.

C.3.22 Explosion PDU

This PDU shall contain the following fields:

a) Entity Identifier. Identification of the explosion event.

b) Timestamp. Time from which data is valid.

c) Location. Location vector where the explosion occurred.

d) Intensity. 32-bit unsigned integer defining explosion intensity.

The Explosion PDU is represented in the following table:

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

32
Explosion ID
Server ID – 8 bits



Client ID – 8 bits



Entity ID – 16 bits

96
Location
X Component – 32 bits



Y Component – 32 bits



Z Component – 32 bits

32
Time
Timestamp – 32 bits

32
Parameter
Intensity – 32 bits

C.3.22.1 Issuance

These PDUs shall be issued when a simulation wishes to create an explosion event.

C.3.22.2 Receipt

On receipt of an Explosion PDU, a simulation shall determine whether it controls any entities affected by the explosion, and if so model the explosions effects.

C.3.23 Join Request PDU

This PDU shall contain the following fields:

a) Simulation Unit type. 8-bit enumeration of the type of unit. Allowable values for this field are given in an earlier section.

b) Host address information:

a. Address. This consists of a 32-bit value specifying the address to send IP packets to.

b. Port. This is a 16 bit identifier naming the port on the host machine to send IP packets to.

The Join Request PDU is represented in the following table:

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

8
Simulation type
Unit Type – 8-bits

48
Address
IP Address – 32 bits


Port
IP Port – 16 bits

C.3.24 Join Granted PDU


This PDU shall contain the following fields:

a) Simulation address. Simulation Address record to be assigned to the receiving unit. If the receiver is a simulation server, the Client ID field shall contain zero.

b) Timestamp. The current simulation time.

c) Server information. A 16 character string containing a description of the server granting the request.

d) Port. A 16-bit identifier indicating the port on the server to connect to for running the simulation.

The Join Granted PDU is represented in the following table.

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

16
Address
Server ID – 8 bits

Client ID – 8 bits

32
Time
Timestamp – 32 bits

16 * 8
Server description
String – 16 * 8 bits

16
Port
Port ID – 16 bits

C.3.24.1 Issuance

Join Request PDUs are issued once a simulation wishes to join a simulation, and is ready to receive information about the simulation world.

C.3.24.2 Receipt

On receipt of a Join Request PDU, a simulation server should establish whether the transmitting unit may join the simulation and respond appropriately.

C.3.25 Join Denied PDU

This PDU contains no extra parameters. The Join Granted PDU is represented in the following table.

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

C.3.26 Initialisation Complete PDU

This PDU contains no extra parameters. The Initialisation Complete PDU is represented in the following table.

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

C.3.26.1 Issuance

This PDU is issued when a simulation has received enough information to build an accurate local copy of the simulation world.

If the issuing unit is the MSU, the PDU is issued when the simulation is to begin, and new simulation servers will no longer be allowed to join.

C.3.26.2 Receipt

On receipt of this PDU, a client may begin to operate and create entities of its own.

If the receiving unit is an SSU, the PDU signifies that the simulation server can now allow clients to join the simulation.

C.3.27 Time synchronisation PDU

This PDU contains four timestamps defining the simulation time as described in the section on time synchronisation. 

The Time synchronisation PDU is represented in the following table.

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

32
t0
Timestamp – 32 bits

32
t1
Timestamp – 32 bits

32
t2
Timestamp – 32 bits

32
t3
Timestamp – 32 bits

C.3.27.1 Issuance/Receipt

The conditions under which this PDU is transmitted are covered in the section of the protocol dealing with time synchronisation.

C.3.28 Game space PDU

This PDU contains the following fields:

a) Simulation address. The simulation which is requesting or receiving game-space information.

b) Game-space information. Information about the PDU itself.

c) Upper left vertex.

d) Lower right vertex.

Field Size (bits)
PDU Fields

24
PDU Header
PDU Type – 8 bits



PDU Size – 16 bits

8
Information
Game-space information 8 bits

96
Upper Left
X Component – 32 bits



Y Component – 32 bits



Z Component – 32 bits

96
Lower Right
X Component – 32 bits



Y Component – 32 bits



Z Component – 32 bits

C.3.28.1 Issuance

A game issues this PDU if it wishes to request a game-space volume. This PDU will be routed to the TGU. If the TGU issues this PDU it is a reply and the PDU will be routed towards the requesting simulation.

C.3.28.2 Receipt

If a simulation receives this PDU, it can begin to the game-space allocated. If the TGU receives this PDU it must process it and return an appropriate game-space, or a null volume.


































