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Overview

Introduction
Intelligent Ground Vehicle Competition
Team Dynamics
Previous Work
Prototype Construction
Current Progress
Speed Control

Obstacle Avoidance Techniques
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Emergency Stops
Future Work

Image Processing




Intelligent Ground Vehicle Competition (IGVC)

Annual design competition
June 3, 2016
Competition Constraints
Time Limit
Speed Restrictions (1~5 mph)
Obstacle Avoidance
Lane Detection
Design Constraints
Size
Power
Emergency Stops
Payload
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Team Dynamics

Multidisciplinary Cross-Collaboration

FAMU-FSU College of Engineering
(COE)

Junior FIT Team (Melbourne, FL)

2 year project
Working toward the common goal of
qualifying and competing in IGVC
Biggest challenge is communication

FAMU/FSU

Structure Fabrication
Vehicle Speed Control
Emergency Stops
Battery Selection

FIT

GPS Waypoint Navigation
Vehicle Perception
PixyCam
NVidia Jetson
Project Tango
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Previous Work

Frame Fabrication
Simple wooden frame
Eases maintenance

Motor Mounting
Extended shaft addition to remove stress on motor output shaft
Bearing removal to attach the extended shaft firmly on the wheel

Motor Familiarization Motor Controller
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Open-loop speed control

Vary wheel speed at desired rate
Lidar Obstacle Detection

2D mapping

Obstacle location detection




Current Progress

Speed Control
Closed loop control
Lidar Obstacle Detection

Localization and mapping
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Wireless Stop

XBee communication and integration with motor controllers

Battery Selection




Block Diagram I

RPLIDAR |

Motor Control |
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Speed Control

* Inputinitial duty cycle
* Interpret encoder readings to obtain wheel velocity

* Adjust duty cycle based on the desired and actual
wheel velocity

Set Desired RPM

1

Desire|
+

H RPM

Calcglate Duty
Cycle

Run Duty Cycle
| Wait |

Read
Encoder

Calculated Wheel
Speed

Is Wheel -
RPM > Desnre: RPM
Desired

RPM?

Is Wheel
RPM <

Desired
RPM?
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RPLIDAR - Localization and Mapping

What does the surrounding environment look like?

Mapping is a matter of integration the information gathered from the vehicle’s sensors into a given
representation

Central aspects of mapping include the representation of the environment of the interpretation of the
sensor data.

Where am I?
Localization is a matter of estimation the position of the vehicle relative to a map.
GPS Waypoint Navigation
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Mapping & Obstacle Detection

2D Mapping without Obstacle 2D Mapping with Obstacle




Battery

ithi : Table 1 - Volt d Current Distributi
Lithium lon Polymer Batteries ClalGEev et Rt MR Bl

More resistant to overcharge.
Lower rate of self-discharge

Stored Charge of the battery is RS775 Motor B 12~15 20*
decreased at a lower rate.

RS775 Motor A 12~15 22*

Increased shelf-life il S ~02
NI myRIO-1900 . 0823
Total ~45.70
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*Note: Current at maximum torque load




Battery Selection

Thunder Power 7700-4SM70
7700mAh 4-Cell/4S 14.8V Magna Series 70C LIPo split w/ interconnect

Specifications:
Max Charge 12C
Max Charge Current 92.4A
Max Continuous Discharge: 70C
Max Continuous Current 539A
Max Burst: 140C
Max Burst Current 1078A
Weight: 780 g
Price $300
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Thunder Power 7700-4SM70




Battery Selection

Lithium lon Polymer Batterie
RS775 Motor A

More resistant to overchar

Lower rate of self-discharg ?/75MoforB

Stored Charge of the battery ¢,
decreased at a lower rate. MyRIO-1900

Increased shelf-life Total

12~15 22*

12~15 22*

7~12 ~0.2
~0.8-2.3
~45.70

*Note: Current at maximum torque load
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Emergency Stops

& 8

a Radio Modules 2, - 0013A20040D4FABS
Name: - EI © @® ‘
L] <o Dsk | " @« Ty Rutec: N
. CD DSR
Function: XBEE....15.4 B o ok DTR RTS BRK Dy Rutae: N0
Port: usbse... - AT Close Record Detach
MAC: 0013...FA84
Console log 00000
1 remote modules X
Name:
jon: XBE..5.4 X
@ Function:
wan. NN AR
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Send packets e @ o Send a single packet ]
Name Data o €
B oacketo 0 ‘ Send selected packet S',’
packet 1 1 o
© L

c Send sequence

o Transmit interval (ms): 500 1
 Repeattines 1|
Loop infinitely

‘ Start sequence




Florida Institute of Technology

Sending prototype to FIT team members
They will integrate image processing with speed control and Lidar system

Image processing will detect obstacles as well as the guide lines for the course

They are implementing these techniques using:
Nvidia Jetson
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Project Tango
Pixy Cameras




Future Work

1-Sep 21-Oct
Prototype Frame Design

Frame Design |

Motor Specification  (IENNREEEE
Sensor Specification I
Processor Specification [
Market Research [
Frame Material Selection
Motor Selection
Sensor Selection
Processor Selection

Ordering Materials
Motors
Motor Drivers

Task

Obstacle Avoidance Processors
Emergency Stop Processors
Batteries

Prototype Frame Machining
Frame Construction

Motor Mounts

Electroninc Compartment Construction
Emeergency Stop Mounts
Coding

Speed Control

Emergency Stop

Lidar Obstacle Avoidance

Date

10-Dec 29-Jan 19-Mar

8-May

x
=
el
c
[]
T
c
<]
E=
©
[a]
I
[]
=
c
[
w
]
o
[




future Work

Task

15-Dec 4-Jan 24-Jan 13-Feb 4-Mar

Ordering Materials

Motors

Motor Drivers

Obstacle Avoidance Processors
Emergency Stop Processors
Batteries

Prototype Frame Machining
Frame Construction

Motor Mounts

Electroninc Compartment Construction
Emeergency Stop Mounts
Coding

Speed Control

Emergency Stop

Lidar Obstacle Avoidance

24-Mar

13-Apr

3-May

x
=
el
c
[]
T
c
o
E=
©
o
-
[
o)
c
[]
w
[
o
[




Reference

http://www.igvc.org/objective.html
http://www.igvc.org/20161GVCRules.pdf
http://www.robotmarketplace.com/products/AME-210-1012.html
https://www.pololu.com/product/1381
https://www.sparkfun.com/products/13680
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Questions?




House SISO

Strong Positive (] NN (1) é I N NS S
Positive +
Negative - Engineering '::f’o
Characteristics =
Strong Negative e ‘Q&,’ - @
= w EJ E —
s 21232 . = a0 -
. = T [ -— .G = —_— E
Reaumrement = 2 <|s|g(8|zlE|S|z|2
equirements = S = = @ o a = Yl g
slz|l2|2|8||I®|S|8|3|E|g|®F ¢
Strong -5 SElS|S|&|I=|E|s|S|E|=|d8|&|=|8 &
Medium —3 Vehicle Speed s|l1]1|3|s|12|3][s|3][s|[s5]s5][3]1
Weak -1
Size 1 3 1 1 1 1 1 1 1 3 3 3 5 5
Lane Following ) 5 5 3 1 5 3 ) 3 3 1 1 1 3
Obstacle Avoidance ) 1 5 1 5 5 3 5 3 5 3 3 1 1
Waypoint Navigation 3 3 3 1 1 1 3 5 3 1 1 1 1 1
Mechanical E-Stop 5 1 i 1 1 1 3 3 3 1 1 3 1 5
Wireless E-Stop 5 1 5 1 1 1 3 3 3 1 1 3 1 1
Absolute Importance 57|95 (49|69 (69|85 (121|85 |81 |61 |81 |43 |63
Relative Importance 6 |11 | 6 8 8 |10 |12 |10 | 9 7 9 5 7
Rankings 6|12 |7 |5|5|3|1]|3|4]|6¢6 6




Decision Matrices

Steering Base Control Feasability Speed Total

Differential Steering O 7 7 7 21
Skid Steering O 7 5 5 17
Tank Tread O 5 3 3 11
Steering Fans O 3 3 5 11
Ackerman Steering O 5 O 5 10
Body Structure Base Manufacturability Weight Availability |Total

Tubing Frame o) 7 5 7 19
Sheet Material o 7 5 5 17
3D Printed 0O 5 5 3 13
Hovercraft 0 3 7 5 15
Materials Base Machinability Density Availability |Total

4130 Steel 0o 7 3 5 15
Aluminum 6061 0 7 5 7 19
ABS Plastic o 5 7 5 17
Wood 0o 5 7 5 17
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Decision Matrices

Processor Base Power Consumption |Processor Speed |[Memory Total

NI MyRio 1900 o) = 5 = 15

Raspberry P12 0 5 7 7 19

Arduino ) 5 3 3 11

MSP430 o 5 3 3 11

Sensor Base Accuracy Range Speed Total

Infrared ) 5 0o 5 10

Ultrasonic 0 3 5 7 15 g
Radar 0 3 5 5 13 2
Lidar 0 7 7 7 21 s
Vision Base Resolution Intigration Accuracy Total

Pixi Cam 0o 7 7 5 19

USB Camcorder ) 5 3 5 13

Power Base Capacity Voltage Weight Total

Lead Acid ) 7 5 5 17

Lithium lon 0 7 7 7 21

Nickel-Metal Hybrids 0o 7 5 5 17

Lithium Polymer o 7 5 3 15




RPLidar Scan 1 Data

Sheetd Sheet1
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6.1719 794 15 =y iAo =t
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RPLidar Scan 2 Data
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