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3



RIDE VEHICLE ROBOTICS

I have long been interested in exploring robotics for 

amusement applications. The ride vehicles are often 

complex, but very versatile.

• This is an example from a ride at Universal Orlando

• Uses a KUKA robot to move the end-effector (riders)

• Attached to a mobile robot unit on track
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KUKA KR500 R2830

Simplify the robot system. For the purpose of this 

project, I needed to simplify the robotic system to 

just the robotic arm. Assume it is a stationary/fixed 

base.

Select a robot close enough to the actual 

thing. KUKA makes a special brand of robotic 

arms (RoboCoaster KR500 Series), which do not 

have readily available information online.

Ensure spherical wrist for IK analysis. Make IK 

analysis easier by using a robot with spherical 

wrist.
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α [rad] a [mm] d [mm] θ_offset [rad]

0 0 1045 0

-pi/2 500 0 0

0 1300 0 -pi/2

-pi/2 -55 1025 0

+pi/2 0 0 0

-pi/2 0 290 +pi

MODIFIED DH TABLE



FORWARD 
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FK DERIVATION OVERVIEW

The modified DH 

transformation from frame 

(i-1) to frame i is:

• With the shorthands of c = cos, s = sign
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The six transforms with the KR500 parameters substituted:

• Note: theta is the effective angle such that -



CLOSED-FORM HOMOGENOUS 
TRANSFORMATION
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With rotation from the 
base to tool frame:

where



INVERSE 
KINEMATICS
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IK DERIVATION PROCESS

Step 1

Find the wrist center

Step 2

Solve shoulder base angle q1

Step 3

Solve elbow/arm angles 
(q2, q3)

Step 4

Compute wrist rotation and 
solve wrist angles (q4, q5, 
q6)

• KUKA KR500 R2830 has a spherical wrist (the last three joint axes intersect), making IK 

possible.

• Position IK: solve (q1, q2, q3) using the wrist center position.

• Orientation IK: solve (q4, q5, q6) using a reduced wrist rotation.
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8 CLOSED-FORM IK SOLUTIONS

In the non-singular case, this robot admits 

up to 8 closed-form IK solutions. We can 

enumerate them explicitly as the 

Cartesian product:

Wrap the joint limits to reasonable values:
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Summary of the solutions:



VERIFICATION & 
VALIDATION
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FORWARD KINEMATICS 13MATLAB FK Test Case Output:

RoboDK FK Test Case Output:



INVERSE KINEMATICS 14MATLAB IK Test Case Output:

RoboDK IK Test Case Output (a few):

Tested 18 angle combinations, all T values were same as FK

Note: RoboDK has more configurations than MATLAB (8) because it 
does not have angle limits. I imposed angle limits on MATLAB, so that it 

would only give out feasible solutions.



MOTION PLANNING 
APP LIVE DEMO
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APP START COMMANDS

Github: https://github.com/maxheil5/ME7751_RideRo

bot_Project/tree/main

Start Backend (Terminal 1):

Start Frontend (Terminal 2):
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cd "c:\Users\maxhe\OneDrive\Documents\Github\ME7751_RideRobot_Project\4 - Simulation Environment\server" 
python -m ensure pip --upgrade 
python -m pip install --upgrade pip 
python -m pip install numpy 
npm install 

npm run dev

cd "c:\Users\maxhe\OneDrive\Documents\Github\ME7751_RideRobot_Project\4 - Simulation Environment\app"
npm install
npm run dev

Open http://localhost:5173.

https://github.com/maxheil5/ME7751_RideRobot_Project/tree/main
https://github.com/maxheil5/ME7751_RideRobot_Project/tree/main
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CONCLUSION & 
FUTURE WORK
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FUTURE INITIATIVES

Make more robust simulation package. Find/create a 

.urdf file for KUKA KR500 R2830 robot geometry.

Incorporate mobile robot (bottom half). Investigate 

the effect of the mobile robot portion of the system 

and revaluate FK and IK.

Build out scaled model with 3D-printing. Wire a scaled 

model of the ride system and execute planned 

motion paths to simulate similar motion during the 

ride.

Challenges & Lessons Learned:

• Inverse Kinematics starting 

point

o Hard to decide/figure out 

where the first place to 

begin

• Achieving robust simulations in 

a clean virtual environment

• Finding resources on KUKA 

Robots (paywalls)
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THANK YOU

MAX HEIL 

HEIL.115@OSU.EDU

HTTPS://GITHUB.COM/MAXHEIL5/ME77
51_RIDEROBOT_PROJECT/TREE/MAIN
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