
CHAPTER VII.  EVALUATION OF 2004 GCE COURSE SEGMENT 2570-2571-2572

VII.A. Configuration of the simulation environment

Two meshes representative of 2004 GCE course segment 2570-2571-2572 were 

created using TurboCAD Mac Deluxe in accordance with paragraph V.D.  Both the first 

and second mesh were dimensionally accurate, having the length of adjacent segments 

2570-2571 (137.1 m) and 2571-2572 (143.2 m), with an angle of -47.865 degrees 

between them (i.e., a 47.865 degree-turn to the right).  Both meshes represented the 

course boundaries as walls ten cm high and ten cm wide at a distance equal to the lateral 

boundary offset (3.962 m) from the centerline of the course.  However, the radius of the 

outer wall at the intersection was different for each mesh.

DARPA stated ([1]):

The Lateral Boundary Offset (specified in feet) is the 

distance in any direction from the Track Line 

(including a radius at the end points) that defines 

the corridor in which Challenge Vehicles are permitted 

to travel.

DARPA's instructions were not as specific during the 2004 GCE as they were 

during the 2005 GCE.  As a result, the author does not know what DARPA intended by 

“including a radius at the end points”.  However, DARPA provided specific examples of 

course geometry prior to the 2005 GCE ([2]).

As a result, the first mesh included an outer radius of 7.924 m (twice the lateral 

boundary offset) tangent to the outer wall at the intersection of the two adjacent course 

segments.  The adjacent course segments were otherwise straight.  The first mesh was 
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representative of the actual course boundaries established by DARPA in 2005.

The second mesh included an outer radius of 46.1 m tangent to the outer wall at 

the intersection of the two adjacent course segments.  This was not representative of the 

2004 GCE course, but provided a way to visually evaluate how far from the centerline 

during a turn of constant radius of 46.1 m the model would travel.

A world file was generated to contain the model and either of the two meshes.

VII.B. Simulation procedure

The following procedure was developed to evaluate the simulation target:

1. Set the following parameters:

useSwaybars = FALSE

useConstantVelocityMode = TRUE

useConstantSteeringAngle = FALSE

useSafeVelocity = FALSE

useTurnRadius = TRUE

turnRadius = 46.1

2. Run the simulation.  Accelerate the model to maximum velocity and 

attempt to negotiate the turn successfully.

3. If rollover occurs, set parameter useSafeVelocity = TRUE and 

confirm the model is able to make the turn at the maximum safe velocity.

4. If the model is able to make the turn at the maximum safe velocity, adjust 

the maximum velocity at model CG by increasing the velocity offset by 

0.5 m/s until rollover occurs.

5. When the model is no longer able to make the turn at the adjusted 
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maximum velocity, revise the world file to relocate the model to maximize 

the potential radius of the turn.

6. Report the results.

With parameter useSafeVelocity set to FALSE, the maximum velocity at 

model CG was 26.822 m/s.  The corresponding maximum angular velocity at model CG 

was 0.494 radians/s and maximum steering angle at model CG was 0.0557 radians.

With parameter useSafeVelocity set to TRUE,  the maximum velocity at 

model CG was 23.218 m/s.  The corresponding maximum angular velocity at model CG 

and maximum steering angle at model CG were unchanged.  These values are determined 

by representative challenge vehicle and course geometry.

The author then started Gazebo, started Player, started the playerv utility, and 

observed the model as it attempted to successfully negotiate turn 2570-2571-2572 using 

the first mesh generated.  The second mesh generated was used to determine how closely 

the model followed the centerline of a radius 46.1 m curve, with good results.

VII.C. Results

Multiple runs of nine trials in total were completed.  The results are summarized 

below.

• Trial 1

The model was accelerated to the maximum speed allowed by the RDDF of 

60.0 mph (26.822 m/s).  When the steering wheel was not released during the turn to 

allow the model to recover, the model rolled over.  When the steering wheel was released 

during the turn to allow the model to recover, the model exceeded the outer lateral 
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boundary offset and left the course.

• Trial 2

Parameter useSafeVelocity was set to TRUE.   The model successfully 

completed the turn at the maximum safe velocity of 23.218 m/s without rolling over or 

leaving the course.

• Trials 3 through 5

The maximum velocity at model CG was changed by increasing the velocity 

offset by 0.5 m/s in each trial.  The model successfully completed the turn at velocities of 

23.718 m/s (+0.5 m/s), 24.218 m/s (+1.0 m/s), and 24.718 m/s (+1.5 m/s).

• Trial 6

The maximum velocity at model CG was changed by increasing the velocity 

offset by 0.5 m/s to 2.0 m/s.  The model successfully completed the turn at a velocity of 

25.218 m/s, but began to tip during the turn.

• Trial 7

The maximum velocity at model CG was changed to 25.718 m/s by increasing the 

velocity offset by 0.5 m/s to 2.5 m/s.  When the steering wheel was not released during 

the turn to allow the model to recover, the model rolled over.  When the steering wheel 

was released during the turn to allow the model to recover, the model exceeded the outer 

lateral boundary offset and left the course.

• Trial 8

The maximum velocity at model CG was not changed.  The world file was 

revised to relocate model CG 3.072 m to the left of its original position.  This is the 
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maximum lateral displacement possible without violating the outer lateral boundary 

offset in segment 2570-2571-2572, increasing the potential radius to 49.172 m.  The 

model rolled over during the turn before the steering wheel was released to allow the 

model to recover.

• Trial 9

The model XML file was revised to increase the radius used to calculate 

maximum velocity, maximum angular velocity, and maximum steering angle to 

49.172 m, corresponding to the maximum lateral displacement of the model.  As a result,  

the maximum velocity increased to 26.465 m/s, the maximum angular velocity decreased 

to 0.479 radians/s, and the maximum steering angle at model CG decreased to 0.523 

radians.  The model rolled over during the turn before the steering wheel was released to 

allow the model to recover.

VII.D. Conclusions

The author compared the results of the model entering segment 2570-2571-2572 

with an allowed speed exceeding 48.0 mph to the results after configuring the controller 

to limit speed to 48.0 mph.  A speed of 48.0 mph corresponds to the course segment 

2570-2571-2572 maximum allowed turn radius of 46.1 m for a challenge vehicle with a 

SSF of 1.02, the worst case scenario.  The maximum speed allowed by the RDDF of 60.0 

mph corresponded to a turn radius of 72 m.  Because the maximum allowed turn radius 

exceeded the turn radius corresponding to the maximum speed allowed by the RDDF, this 

turn represented a rollover risk if an arbitrary challenge vehicle entered this turn at a 

speed exceeding 48.0 mph.
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The author concluded the representative challenge vehicle would not have been 

able to successfully complete the turn in segment 2570-2571-2572 at the maximum speed 

allowed by the RDDF and would have either rolled over or left the course.  However, the 

author calculated the effective SSF of the model using the velocity at which the model 

was able to successfully complete the turn (25.218 m/s).  An effective SSF of 1.41 was 

calculated using a turn radius of 46.1 m, which well exceeds the representative challenge 

vehicle SSF of 1.17 or effective SSF of 1.07.  The author proposed selection of ERP and 

CFM in combination with friction approximation may result in an effective SSF of the 

model which exceeds the effective SSF of the representative challenge vehicle.  See 

paragraph VI.E.

VII.E. Determination of the onset of rollover

To more reliably determine the onset of rollover, the author attempted to 

implement a rollover flag using functions ODEBody::GetEulerRate, 

ODEBody::GetLinearVel, and ODEBody::GetAngularVel without success. 

Although these functions returned information which may be interpreted as rollover, the 

author was unable to distinguish the onset of rollover from motion prior to or after the 

onset of rollover.

The author then attempted to use function ODEJoint::GetFeedback to 

return an ODE dJointFeedback structure containing the values of forces applied to 

each body of the wheel joints to determine when the forces for the inside wheels were 

zero.  Use of this function caused a segmentation fault.  The author did not attempt to 

resolve the problem.
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