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http://www.youtube.com/watch?v=Bl60BZKY8Qw


Mechanically Speaking
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Gear Ratio = 12 (front flip)

Motor Selection
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Inertial Model Validation

mCAD = 2.829 kg mtrue= 2.803 kg



The Process
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System Model



Sensors and 
States
● ToF Library issues
● Absolute Orientation
● No State Machine

○ Watchdog timers
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Drivetrain
● Update Jwheel and Kb with fixed body 

step
○ Designed speed controller
○ Control limits

● Hanging system threw it all off
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Hanging System
● Characterizing our kick
● Brake was a significant non-linear 

component
● Could not rotate around center of 

mass
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Free Model
● Ignores ICs and Brake
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Hardware Tuning
● Most success with proportional 

control
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Documentation of design 
decisions
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Technical 
Requirement

MoSC
oW Method Metric/Units Criteria Justification Accomplished?

Moment of 
inertia (car) S CAD modeling kg m2

Ixx < Iyy & Izz
or

Ixx > Iyy & Izz

Minimize Ixx to reduce control effort 
& avoid intermediate-axis 

instability.
Yes

Moment of 
inertia 

(wheels)
M CAD modeling kg m2 Ixx≅0.00045 

Sufficiently large Ixx, wheel reduces 
required Δωwheel to achieve a given 
ΔLchassis via conservation of angular 

momentum.

Yes

Motor torque 
capability M Motor curve 

analysis Nm T > 0.155 
Nm

According to simulation, 
~0.155 Nm torque max required to 
produce desired axial acceleration

Yes

Unit test 
mounting 

point
M CAD modeling mm Within 1mm 

of COM

Unit test mounting point must be 
near COM in order to accurately 

model robot rotation
Close

Mechanical Requirements



Electrical Requirements
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Technical 
Requirement

MoSCo
W Method Metric/Units Criteria Justification Accomplished?

Peak Current M Ammeter through 
Motor Controller Amps ~20A cont.

30A peak
Necessary to deliver simulated torque, 

subject to motor controller
Cont: Yes

Peak: Exceeded

Distance 
Accuracy S

Serial print along 
test positions 

(ruler)
Meters +/- 0.5 cm

Need for general state changes, but not 
pinpoint accuracy (on ground, not 

distance to ground)
Yes

Orientation 
Accuracy S

Serial print along 
test positions 
(protractor)

Radians +/- 0.125 rad
Control does not care too much about 

steady-state error regardless. Goal 
impact being off is still upright

Yes

Motor Speed 
Accuracy M

High speed 
camera and 
Serial print

Percentage +/-5% Need to have accurate approximation for 
torque, max sim = 6000 rpm Yes

Time of Flight 
I2C 

Communicati
on

C Serial Prints of 
Variables ms < 25ms

Straight serial takes time - we do not 
have to sample Time of Flight every 

cycle
Yes



Key Takeaways
1. Intensive up-front mechanical analysis for 

component selection was imperative

2. Frontloading development of a (mostly) 
comprehensive CAD model was worthwhile

3. Control is easier in simulation
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THANK YOU!

21



Robot Demo
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http://www.youtube.com/watch?v=-delfOCFNt8
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http://www.youtube.com/watch?v=MH8YzAqg9Ig&t=6


THANK YOU!
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26



Content w/ Caption 
Slide
Content caption text.
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Picture w/ Caption 
Slide
Picture caption text.
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