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Background and Objective
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Background and Objective

= Hardware Interface for Coordinated Educational Robotics
Development
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Working Product
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Hardware Modules

= Power

* RF (Radio Freguency)

= |MU (Inertial Momentum Unit)
= Motor H-Bridge
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Hardware Design: Power System

= High-Efficiency 5V system
— 3.3V System
— Raspberry Pi

= 3.3V Peripheral
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Spice Schematic
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Simulation and Final Data
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Power: Interference Rerouted

o Lo LEC_BDZT’I Voltage Ripple=~2V
Bl Vean Voltage = 5.8V
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Power: Interference Rerouted

= Corrected Ripple Issues
Well-Regulated Output

Final Layout

Final Initial
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RF Module
" NRF24L01
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Design of Output Network  ygmin

» Recommended setup
= Requirement

»= Choice of Components
= Tolerance Analysis
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RF Module — Network Analysis
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RF Module — Network Analysis Simulation
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Real Data -

= Calculation and
Determination of Input
Impedance

= Other Considerations
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Input Impedance Analysis

Minimized Input Impedance at various frequencies

Input Impedance at 2.4 GHz
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= Capacitance Matters
= Ground Plane

= EMI Issues

= Driver Issues
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Motor Characterization and Control

= Soft PWM from Raspberry Pl [
= Motor choice e
= Current Considerations
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Battery

= Battery Ratings
= Reguirements
= Experimental Results
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Inertial Measurement Unit (IMU)

= Simple sensing circuit
= |CM 20648
= Driver
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IMU Demo
= Elevator r

QD
O

L
O
Z
r
—
n
O
T




Elevator Data Floor 2,1,5,2 Stopping at
Stopping at Going to 2" floor
15t flgor 5th floor

"M 4

2" floor

10.5

Z-Acceleration {mfsz]
=
I

9.5+ a
Stopping at
ar o _
: th floor ~ GOIng to
Going down >
5 2"d floor
8-53{] 4|{] SI{] 'BI{] ?I{] BI{] QI{] 1 {I]D 1 1|{] 120

Time (seconds)

ECE ILLINOIS



Elevator Data Floor 2,1,5,2
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Elevator Data Floor 2,1,5,2
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IMU: Inertia Overcome

= Driver iIssues
= Manufacturer errors
= Soldering Difficulties

E % ECE ILLINOIS



31

00000000006 0H000000

@)@
/geeooee@eaaeeeeeee

Sala mander
John k.an

Group &

@“"P'Ta E

e 1C29

1 ||||||

© 0
00

ﬁ?? .
||EFh Ground Plape
ANTENNA-GROVNDEDTRACE-25.7THH

Ground Plane

o5




(3
o™



Software Support

= Drivers for RF and IMU
= Motor controller integration

E - ECE ILLINOIS



Software Modules

= User inputs
= Camera Distance Detection
* ROS (Robot Operating System)
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amera Distance Estimation

= Estimate robot position relative to an April tag

https://april.eecs.umich.edu/software/apriltag
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Distance Estimation Demo
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Z-Axis Accuracy

Percent Error of Z-Axis vs. Actual Distance
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Robot Operating System (ROS)

= Nodes Hungry
Person

= Topics

Publishing

Hungr
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Nodes
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How We Use ROS

KEY

. ROS Topic
- ROS Node

Communication

Transmit/
Receive

Main
Control

Camera
Pose
Estimate

Camera
Processor

IMU Data

MU
Processor
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Main Control Node Example

Read from RF
Read from IMU
Read from camera

Output
to motor
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Costs

Part Count | Cost for Each
NRF24L01+ 1 $3.53
LT3065 1 $4.00
LTC3624 1 $4.00
RCL Components 50 $0.005
SN7H441INE 1 $1.95
Motors 2 $1.00
Robot Kit 1 $15.00
IMU 1 $9.67
Camera 1 $30.00
PCB Orders 1 $1.00
Total 1 $67.78
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Further Work

= More sensors

= Optimize RF transmission range
= Better motor drive support

= Better software framework
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Conclusion

= Works as expected
= Real application example
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