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1 Scope 

The competition consists of the 2 main components: 

 

1.1 The game platform 

The game platform (in order words, the simulation environment) is developed in Unity engine and 

provided to the competitors. It consists of the game (as an ‘.exe’ file) and an SDK. Further details 

about the SDK will be described with the first release of the platform. 

 

1.2 The user codes 

The player codes are consists of the Python codes written by the competitors. Users will execute the 

predefined commands inside of their Python code in order to perform control of the game. 

 

In practice, the ultimate goal is controlling the vehicles and completing the missions in the most 

effective and successful way, using Python programming. 

 

This version of the specification focuses on the first release of the platform. See further releases 

section for more details. 

 

  



2 Unmanned Ground Vehicles (UGV) 

A UGV is either active or inactive. Inactive UGVs do not provide any functionalities and cannot 

interact with the world. A UGV may switch to inactive state after some events such as crashing. More 

details are explained in the other sections. 

 

UGV internally maintain some states and exposes some parameters to perform control of the vehicle 

movement. 

 

Input parameters 

1. Throttle 

2. Turn Choice 

3. Brake 

4. Handbrake 

5. Gear (Forward or backwards) 

 

Input parameters are controlled by the user by executing the UGV commands. More details are 

specified in the commands section. 

 

UGV always follows the road curves which are described in the road representation section. It 

maintains a ‘desired velocity’ and advances the vehicle in the road curve by distance in every cycle. 

 

Velocity calculation 

Velocity is incremented (or decremented) by the acceleration calculation. Throttle, resistance, brake, 

and handbrake is applied in order to calculate the new velocity. New velocity is clamped in the final 

step. 

 

1. Throttle application: 

velocity ← velocity + (throttle * forwardAccFactor * deltaTime)   [if normal gear] 

velocity ← velocity - (throttle * backwardAccFactor * deltaTime)   [if reverse gear] 

 

2. Resistance application 

velocity ← velocity – (|velocity|^2 * dragFactor + dragAdd ) * deltaTime  [if normal gear] 

velocity ← velocity + (|velocity|^2 * dragFactor + dragAdd ) * deltaTime  [if reverse gear] 

 



3. Brake application 

velocity ← velocity – (brake * brakeFactor) * deltaTime    [if normal gear] 

velocity ← velocity + (brake * brakeFactor) * deltaTime    [if reverse gear] 

 

4. Handbrake application 

velocity ← 0        [if the handbrake is active] 

 

In summary 

The velocity is directly assigned to zero if the handbrake is active. Otherwise the new velocity is 

calculated by the following formula in every update cycle: 

 

[normal gear]: 

velocityChange(t) =  (throttle * forwardAccFactor - (|velocity|^2 * dragFactor + dragAdd ) - (brake 

* brakeFactor)) * t 

 

[reverse gear] 

velocityChange(t) =  (throttle * forwardAccFactor + (|velocity|^2 * dragFactor + dragAdd ) + (brake 

* brakeFactor)) * t 

 

Parameters: 

o t: delta time, time difference in two cycles. 

o throttle, brake: User controlled input parameters 

o forwardAccFactor: Configuration-defined parameter for acceleration 

o dragFactor,  dragAdd: Configuration-defined parameters for air/ground resistance 

o brakeFactor: Configuration-defined parameter for brake strength 

o |velocity|: Current velocity magnitude 

 

  



Steering Control 

Steering is controlled by the ‘turn choice’ parameter. This parameter can be changed any time while 

the UGV is active. More details about it are described in the commands section. 

 

‘Turn choice’ is the curve index (an integer) that simply means that the vehicle should turn to the 

specified curve whenever it reaches to the end of the current curve and needs to perform a turn or 

slide to another curve. 

 

Example 

 

In this example, if the ‘turn choice’ parameter is assigned to 0, then the vehicle will turn right when 

it reaches to the corner. Otherwise, if the ‘turn choice’ parameter is assigned to 1, then the vehicle 

will turn left when it reaches to the corner. 

 

Every curve has a unique id (index) as specified in the road representation section. And this 

numbering (ie. ordering of the indexes 0, 1, ..) is performed with respect to the curve index values. 

 

For example: If the vehicle is in the ‘curve-17’, and it has two connections to ‘curve-18’ and ‘curve-

19’. Then the user should assign the ‘turn choice: 0’ to turn to the ‘curve-17’, and assign the ‘turn 

choice: 1’ to turn to the ‘curve-18’. In other words, sorting order of the indexes are preserved. 

 

If the user commands an invalid ‘turn choice’, then an arbitrary curve will be selected by an 

unspecified procedure. That is, the vehicle may turn to any curve. 

 

Backward Movement 

UGV has the ability of backward movements as specified above. However, this movement is 

limited as the following: UGV is not allowed to make a turn while moving in reverse direction. 

Therefore, a UGV can only move straight backwards. Otherwise a penalty is applied. More details 

are present in the penalties section. 



3 Motor Control 

Vehicles internally maintain a simple state machine for motor control as specified here. 

 

 

 

MOTOR_STOPPED 

This is the initial state of the vehicles. In this state, the vehicle is not expected to be driven. All throttle 

commands are ignored. However some other commands that are not directly related to the motor can 

still be used such as steering and brake. More details are described in the commands section. The 

vehicle has no fuel consumption in this state. The vehicle switches to this state by a user command 

or automatically by the system. This state cannot be directly chosen by the user. Instead an 

intermediate state is required as MOTOR_STOPPING. 

 

MOTOR_STARTED 

In this state, the vehicle accepts the control commands normally and it is expected to be driven in this 

state. The vehicle continuously consumes the fuel according to the rules specified in the fuel section. 

Standard commands such as steer and throttle can be used to perform a translation of the vehicle 

position. This state cannot be directly chosen by the user. Instead an intermediate state is required as 

MOTOR_STARTING. 

 

MOTOR_STARTING 

The vehicle jumps to this state whenever it needs to switch it’s state from MOTOR_STOPPED to 

MOTOR_STARTED. This is a transient state, and the motor finally switches to MOTOR_STARTED 

state automatically after a specified time. The vehicle consumes the fuel according to the rules 

specified in the fuel section. 

 



MOTOR_STOPPING 

The vehicle jumps to this state whenever it needs to switch it’s state from MOTOR_STARTED to 

MOTOR_STOPPED. This is a transient state, and the motor finally switches to MOTOR_STOPPED 

state automatically after a specified time. The vehicle consumes the fuel according to the rules 

specified in the fuel section. 

  



4 Fuel Mechanism 

Every UGV has a fuel capacity determined by the game configuration. A vehicle consumes its fuel 

continuously only if it’s in ‘active’ state and the motor state is not ‘stopped’. Current fuel of the 

vehicle is decremented by the function below in every cycle. 

 

FuelConsumption(t) = (k0 + (throttle * k1) + (speed * k2)) * t 

 

Parameters: 

o t is the delta time to calculate the fuel consumption 

o throttle is the current throttle value of the vehicle assigned by user commands 

o speed is the magnitude of the 3-dimensional velocity vector 

o k0, k1, and k2 are the constants specified in the game configuration 

  

A vehicle is considered out-of-fuel whenever the current fuel value becomes smaller or equal to zero. 

The value is clamped to fit in the range of non-negative numbers. 

 

When the vehicle is in MOTOR_STARTED state and the fuel becomes empty, the motor will be 

stopped automatically with the standard procedures. And a stopped motor cannot be started by the 

user while the vehicle is out-of-fuel. 

 

Throttle is ignored when the vehicle is out-of-fuel. However steer and brake commands may still be 

applied for a short time period as long as the vehicle has a velocity. Handbrake on the other hand can 

be used in either case. 

 

A penalty is applied in case of out-of-fuel, then some little amount of fuel is gained automatically, so 

that the vehicle can go to a desired supply point. More details are described in the penalties section. 

 

Vehicles can refuel from the supply point as specified in the supply section. 

5 Supply Mechanism 

Vehicles have some resources as water and fuel, and they utilize and consume their resources actively. 

Each vehicle has a capacity for each of the supply type. Vehicles will need some fuel to perform 

movements, and need some water to perform fire extinguishing tasks, as specified in other sections. 



These resources are supplied by the ‘supply points’. A vehicle must be physically close enough to 

utilize a supply point, and this distance is calculated by Euclidean Distance. And this range is 

determined by the game configurations. 

Supply points also have a capacity for each of the supply type. They transfer their resources to the 

attached vehicles with the speed of a configuration-defined parameter. Also, they refill their resources 

continuously with a configuration-defined speed parameter. 

A vehicle is considered ‘attached’ to a supply point, if it has an explicit intention for obtaining some 

resources from the Supply Point. Supply points immediately start to transfer resources to the attached 

vehicles. Attachments are handled per resource types, and managed by user commands as specified 

in the commands section. 

Maximum number of vehicles that can be attached to a supply point is limited by a configuration 

parameter. A vehicle can only be attached to a single supply point at a time for each of the resource 

types. 

A vehicle shall stop its motor, with standard procedures specified in other sections, before attaching 

to a supply point and gaining resources from the supply point. In addition, vehicles shall not try to 

utilize a supply point while moving. Furthermore, a vehicle shall not start its motor while it’s attached 

to a supply point. Otherwise a penalty is applied. More details are in the penalties section. 

A supply point may or may not serve a specific resource type. 

All supply points are located in either ground or water surface. A supply point may be unreachable 

for a specific vehicle type or from a specific location. For example a ground vehicle may be unable 

to go to a supply point located in the middle of the water. 

  



6 Fire Extinguishing Mechanism 

One of the main tasks of the game is the fire extinguishing. (Other tasks will be released with the next 

versions.) According to the game scenario, various fires will occur at random times in random parts 

of the map. Players are expected to extinguish these fires in the most efficient way. 

 

A fire is defined with the following parameters: 

1. Center: Origin of the fire, in three dimensional coordinates, in meters. 

2. Radius: Radius of the fire in meters. 

3. Strength Factor: Fire strength per unit area, in sl/m2 

4. Propagation Factor: Growing ratio of the radius of the fire in m/s. 

5. Max Radius: Maximum radius that the fire can have in meters. 

6. Max Strength: Maximum strength factor that the fire can have, in sl/m2 

 

Strength factor of a fire means that, how many seconds required for extinguishing a 1m2 fire, with 1 

liter of water. Therefore strength factor is defined in (sl/m2), that is, (seconds * liters  / meter2). 

 

Strength of a fire is calculated as (Strength Factor * Surface Area). That is, (Strength Factor * π 

* radius2 ). And strength of a fire is defined in (sl), that is, (seconds * liters). 

 

‘Destruction’ of a fire is calculated with the following: (ΔTime * Strength). Where the delta time is 

the time in seconds while the fire is active. This ‘destruction’ value is used for calculating the score 

of the player. Scoring system will be described in the next versions of the specification. 

 

The interference can be done in any part of the fire, and the whole circle of the fire will be effected. 

 

A fire is considered extinguished if its strength reaches to zero. 

 

A vehicle must be close enough to perform interference to the water. This distance is calculated with 

the Euclidean Distance. This range parameter is defined in the game configurations. 

 

Vehicles utilize their water supplies for fire extinguishing tasks. See supply mechanism section for 

more details. 

 



Vehicles have a water emitting capacity in liters per seconds and this parameter is controlled by 

game configurations. And the interference is performed by the user commands by specifying the 

interference point and water pressure in liters per seconds. See the commands section. 

 

A vehicle can only intervene in one position at a time with water. 

 

In the current version of the specification, a vehicle is allowed to physically move inside of a fire. 

However, this action might be disallowed in the next versions. 

 

  



7 Penalties 

In the current version of the specification, fire destruction and vehicle crashes raise a penalty. Fire 

destruction do not directly effect the game mechanics, but it effects the score of the competitors. 

Scoring system will be described in the future. 

 

Vehicle crash penalties are applied in the cases listed below. The vehicle switches to re-spawning 

state immediately after the penalty. And becomes inactive for a short time period defined in the game 

configurations. 

 

Vehicle collision penalty occurs when a vehicle collides with another vehicle. In this case, both of 

the vehicles are punished. 

Handbrake penalty occurs when the user commands to activate handbrake while the vehicle has a 

relatively high velocity. This threshold is determined by the configurations. 

Gear change penalty occurs when the user commands to change gear while the vehicle has a 

relatively high velocity. This threshold is determined by the configurations. 

Speed violation penalty occurs when a vehicle exceeds a speed limit specified for a curve or area. 

For road speed limits, see the road representation section. 

Backward movement penalty occurs when a vehicle violates the backward movement limitation 

specified in the UGV control section. 

Out-of-fuel penalty occurs when a vehicle exhausts all of its fuel. In this case the system will add 

some minimal amount of fuel automatically, so that the vehicle can go to a desired supply point. 

 

  



8 Game Configuration 

Game configurations (or scenarios), defines several parameters effecting the overall features of the 

game. These parameters are read by the game from a YAML file. This file will be located near the 

EXE file. 

 

Formal descriptions and details about the parameters will be described with the first release of the 

platform. See the calendar for more details.  



9 Road Representation 

This section focuses on the roads to be used by the ground vehicles. For aerial and surface vehicles,  

see the next versions of the specifications in the future. 

 

The road network is ultimately represented as a “directed graph”. The network has N number of 

nodes and E number of edges. The edges indicates a “curve” but not a straight line, and contains many 

other attributes as specified below. 

 

Nodes: For each of the nodes, following properties are defined: 

1. Node Id 

2. Node Position, as a three dimensional point in meters. 

 

Curves: For each of the curves, following properties are defined: 

1. Curve Id 

2. Start Node Id 

3. End Node Id 

4. Start Tangent, as a three dimensional vector in meters. 

5. End Tangent, as a three dimensional vector in meters. 

6. Curve Length, in meters 

7. Speed Limit, in meters per seconds 

 

Each curve is constructed as a Cubic Hermite Spline, and defined by the node positions and tangents. 

A point in the curve, in range [0, 1] is calculated with the following formula: 

 

 

Parametreler: 

o t is the value in range [0, 1] 

o p0 is the start node position of the curve 

o p1 is the end node position of the curve 

o m0 is the start tangent of the curve 

o m1 is the end tangent of the curve 

Thus, each of the curve is defined as a 3rd degree polynomial in 3-dimensional space. 

  



10 Commands 

Commands are executed by the user through Python code to perform control over the agents. 

Required SDK will be provided to the competitors for sending commands. 

 

In addition we provide some debugging commands to make the development easier. However 

debugging commands will be disabled in the final competition day. 

 

In case of a command execution failure, a diagnostic will be shown in either game console, or any 

other interface provided by the platform. 

 

10.1 UGV Commands 

UGV commands are executed by the user in order to conduct the control mechanism of the unmanned 

ground vehicles. UGV commands have the following structure: 

 

UGV Command := [UGV Id] [UGV Command Type] [Parameters] 

 

A UGV must be ‘active’ and ‘enabled’ in order to process the incoming commands. 

 

Command: Set Throttle 

Inputs: Throttle value in range [0, 1] 

Description: Given value is set in the UGV transform controller, and used as specified in the UGV 

control section. 

 

Command: Set Brake 

Inputs: Brake value in range [0, 1] 

Description: Given value is set in the UGV transform controller, and used as specified in the UGV 

control section. 

 

Command: Set Gear 

Inputs: True for forward gear, False for backwards gear. 

Description: Given value is set in the UGV transform controller, and used as specified in the UGV 

control section. 

Remarks: Gear change shall be applied only if the vehicle has no motion. Otherwise a penalty is 

applied. 



 

Command: Set Handbrake 

Inputs: True or False 

Description: Given value is set in the UGV transform controller, and used as specified in the UGV 

control section. 

Remarks: Gear change shall be applied only if the vehicle is ‘slow enough’. Otherwise a penalty is 

applied. This parameter is defined by the game configuration. 

 

Command: Set Turn Choice 

Inputs: An integer in [0, 3] 

Description: Given value is set in the UGV transform controller, and used as specified in the UGV 

control section. 

Remarks: If the user commands an invalid value, the UGV may turn to any direction. 

 

Command: Start Motor 

Inputs: None 

Description: The UGV motor will be started as specified in the motor control section. 

Remarks: This command shall only be used if the motor is currently in ‘stopped’ state. In addition 

motor cannot be started if the vehicle is out-of-fuel. 

 

Command: Stop Motor 

Inputs: None 

Description: The UGV motor will be stopped as specified in the motor control section. 

Remarks: This command shall only be used if the motor is currently in ‘started’ state. 

 

Command: Start Supply 

Inputs: Supply Point Id as an integer, and Supply Type as an enum. 

Description: The UGV will be attached to the specified supply point and start gathering resources. 

Remarks: This command may fail in some cases as specified in supply mechanism section. 

 

Command: Stop Supply 

Inputs: Supply Point Id as an integer, and Supply Type as an enum. 

Description: The UGV will be detached from the specified supply point and stop gathering resources. 

Remarks: This command may fail in some cases as specified in supply mechanism section. 

 



Command: Start Extinguishing 

Inputs: Interference point and water pressure 

Description: The UGV starts to emit water to the fire. 

 

Command: Stop Extinguishing 

Inputs: None 

Description: The UGV stops emitting water. 

 

10.2 Debugging Commands 

Here we provide some more commands to make the development easier. 

Please note that debugging commands will not be allowed in the final competition. 

 

Command: Set Crashes Enabled 

Inputs: True or False 

Description: With this command, you can enable or disable the crashes, and penalties. 

 

Command: Set Limits Enabled 

Inputs: True or False 

Description: With this command, you can enable or disable just the speed limit rules. 

 

Command: Show Road Nodes 

Inputs: True or False 

Description: With this command, you can show or hide the nodes of the roads in the game-view. 

 

Command: Show Speed Limits 

Inputs: True or False 

Description: With this command, you can show or hide the speed limits in the game-view 

 

More debugging commands might be provided with the next releases. 

 

  



11 Further Releases 

It is planned to release a new version in every month until the final competition day. This specification 

mostly focuses on the first release. New changes will be published in the specifications whenever a 

new version is released. 

 

Here are the other features to be released in the next versions, in summary: 

- Unmanned Aerial Vehicles (UAVs) 

- Unmanned Surface Vehicles (USVs) 

- New Type of Missions for UGV, UAV, and USVs 

 

And please note that this technical specification is subject to change at any time until the final 

competition. 

 


