Systems Design Review

P16241¢ AUTONOMOUS PEOPLE MOVER PHASE III

WS mm D3 Engineering




Team

Member
Joe Hudden

Project Manager

Major

Contact
Jmh4206@rit.edu

Eric Schulken

Controls & Mechanical Design

ems1552@rit.edu

Cody Smith

Engineering Lead, Software & Communication

cds7494@rit.edu

Jessica VanGiesen

Electrical & Safety Design

Jiv4851@rit.edu

David Ruan

Power & Electrical Design

dxr2863@rit.edu

Michael Zielinski

Controls & Safety Design

mrz7263@rit.edu

Alex Avery

Software, Communication & Electrical Design

aja’9675@rnit.edu




Agenda

/Problem Definition Review /Systems Design
ABackground AFunctional Decomposition
AProblem Statement ASystemArchitecture
AProject Scope AMorphological Chart
ACustomer Requirements AConsidered Concepts
AEngineering Requirements APugh Analysis Criteria
AHouse of Quality APugh Analysis

ASelected Concept
ABenchmarking

AFeasibility Analysis
ARisk Assessment
AUpdated Schedule



Background

Rochester Institute of Technology isertering the field of autonomous venhicle
research.

Research and development of autonomous vehicles are becoming more and
more popular in the automotive industry. It is believed that autonomous
vehicles are the future for easy and efficient transportation that will make for

safer, less congested roadways.

Our project will follow the work completed by the Phase | and Il teams.



Problem Statement

/Current State

AThere have been two phases of this project so far. The first phase focused on modifying a golf cart into a
remote controlled vehicle. The second phase is working on adding autonomous functionality to the
APM in highly restricted settings.

MDesired State

A APM is capable of localization, path planning, path following, and object avoidance. APM provides a
simple humanAmachine interface which displays diagnostic information. Passengers have the ability to
take control of the vehicle whether it is moving or stationary.

/Project Goals

A APM can drive autonomously on a closed course while avoiding static and moving obstacles, staying on
the designated path, and maintaining the safety of passengers and bystanders

/Constraints

A Phasdl & CE Tearaccomplishments; budget; time for research, testing, and debugging; maintaining
the safety of passengers and bystanders



Project Scope

A Remote control A Autonomous forward drive A Moving object detection &
A Manual override A Static object detectio& avoidance
avoidance (stopping) A Algorithmsto utilize LiDAR,
A Closed course ultrasonics & camera

A Remote & manual override A More advanced object analys
A Basic path following A Waterproofing electronics
A Mounting LiDARyltrasonics A Path planning

& camera A Basic useinterface

A Emergency stop?



Customer Requirements

Customer -
RaME # Importance Description
CR1 9 APM must, at a minimum, be able to operate within a closed course in autonomous mode
CR2 9 APM must move forwards in autonomous mode
CR3 9 APM must have intelligent vehicle control: driving
CR4 9 APM must have intelligent vehicle control: steering
CR5 9 APM must have intelligent vehicle control: braking
CR6 6 APM must re-route path to avoid obstacle
CR7 9 APM must be able to detect obstacles and brake
CRS8 3 APM must exhibit localization
CR9 3 APM must have diagnostic data logging capability
CR10 1 APM will have a display which will show it's location on a map, as well as diagnostic information
CR11 9 APM destination must be input via Secure Shell Protocol (SSH) or remote desktop to the onboard PC
APM must perform an emergency stop when a passenger hits the emergency stop button, or when the
CR12 9 remote control device activates the emergency stop
CR13 9 APM must have a way to switch between manual, remote, and autonomous modes




Engineering Requirements

: : Unitof | Minimum | Target
Rgmt. # Engr. Requirement (metric) Measure | Value Vali o Comments/Status
S1  |Driving Modes (Manual, RC, Autonomous) Pass / Fall
S2  |Steering Control Precision Degrees 2 t1
S3  |Steering Position Encoding Degrees +2 tl Governs steering accuracy through feedback
S4  |Speed Control Precision MPH (m/s) | £1(0.5) [£0.5(0.25)
S5 |Speed Encoding MPH (m/s) | £1(0.5) [£0.5(0.25) Governs speed accuracy through feedback
S6  |Maximum Speed MPH (m/s) | 10(4.5) | 12(5.4)
S7  |GPS Positioning Meters t5 +0.25 Governs dewviation between planned and actual course
S8  |Course: Arrive at planned destination Meters +5 25 Cart will stop within stated radius from destination
S9  |Course: Stop when moving obstacle moves in way Pass / Fail More research needed to get more specific about size, speed, and distance
S10  |Detection of Light Reflecting 10" x 10" Objects Within 3 Meters Percentage| +1 100 180 degrees in front of car, 15 degrees vertical
S11  |Detection of Sound Reflecting 1' x 1' Objects Within 1 Meter Percentage| t1 100 180 degrees in front of car, 15 degrees vertical
S12  [Minimum Stopping Distance (from top speed without hitting obstacle) Meters 5 3 2.9m/'s"2 (0.30 G) & 4.8m/s"2 (0.49 G) average acceleration, respectively
S13  |SSH Interface with onboard PC Pass / Fall
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Functional Decomposition
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Functional Decomposition Continued
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Functional Decomposition Continued

Autonomous transportation PHASE il & CE
along:pre-dd'nedm TEAM
outside at Imagine RIT
Show Cart P:hm:rt:l.
Location Bystnders
¥

EFS-FHI'"
Diapnostic
Information




System ArchitecturePhysical
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System ArchitectureFunctional
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Morphological Chart
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Considered Concepts
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Pugh Analysis Criteria

Criteria Criteria Explanation
Effectiveness Concept's ideal capability of success
Concept's ability to be achieved with regards to resource risks and technical
Feasibility challenges
Cost Effectiveness Concept's ability to be achieved within $500 budget
Safety Concept's safety to itself, passengers, and bystanders
Robustness Concept's repeatable performance in adverse conditions (overall durability)
Computational Efficiency Concept's use of computational resources is not wasteful
Concept's ability to provide an enjoyable experience for the passenger. Additig
Passenger Experience it is easy to use and makes the passenger feel safe
Time to Build/Implement Concept's ability to be built within the two semesters given to build the project
Concept's physical performance when operating including efficient travel and
Vehicle Performance smooth operation
Location Accuracy & PrecisiopConcept's ability to locate itself accurately and precisely




Pugh Analysis

Criteria Concept 1Concept 2Concept 3Concept 4Concept S
Effectiveness S - _ +
Feasibility - - + -
Cost Effectiveness D + - + -
Safety s S - + S
Robustness T - - - +
Computational Efficiency U S + + S
Passenger Experience M - - - +
Time to Build/Implement - + S -
Venhicle Performance S - S _
Location Accuracy & Precisiin S + - +
Total + 1 3 4 4
Total - 4 7 4 4




Pugh Analysis

Criteria Concept 1Concept 2Concept 3Concept 4Concept |
Effectiveness S - - +
Feasibility + - + -
Cost Effectiveness - D - + -
Safety S A - ] S
Robustness + — - S +
Computational Efficiency S U S + -
Passenger Experience + M - - +
Time to Build/Implement + - + -
Vehicle Performance S - - -
Location Accuracy & Precisiin S + - +
Total + 4 1 4 4
Total - 1 8 5 5




Pugh Analysis

Criteria Concept 1Concept 2Concept 3Concept 4Concept |
Effectiveness + + + +
Feasibility + + + -
Cost Effectiveness + + D + -
Safety + + A + +
Robustness + + - S +
Computational Efficiency - S U + -
Passenger Experience + + M - +
Time to Build/Implement - + + -
Vehicle Performance + + - S
Location Accuracy & Precisiin - - - +
Total + 7 8 6 5
Total - 3 1 3 4




Pugh Analysis

Criteria Concept 1Concept 2Concept 3Concept 4Concept &
Effectiveness + + - -
Feasibility - - - -
Cost Effectiveness - - - 5 _
Safety - + - A +
Robustness + S S T +
Computational Efficiency - - - U i
Passenger Experience + + + M +
Time to Build/Implement S - - -
Vehicle Performance S + + i
Location Accuracy & Precisign  + + + +
I
Total + 4 5 3 4
Total - 4 4 6 6




Selected Concept
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Benchmarking GPS Modules

Product EM-506 BU-35354 NVS NV08C-CSM-BRIBparkFun Venus GPRAdafruit MTK3339 UBLOX LEA-6]
Price ($) $39.95 $34.59 $64.00 $49.95 $39.95 $149.99
Positional Accuracy (m) <25 <25 <15 <25 <1.8 <25
Speed Accuracy (m/s) 0.01 N/A 0.05 0.1 0.1 0.1
Heading Accuracy (degreef) 0.01 N/A 0.05 0.1 0.1 0.5
Reacquistion Time (s) 0.1 0.1 N/A 1 N/A N/A
Hot Start Time (s) 35 1 3 1 1 1
Cold Start Time (s) 35 35 25 29 34 26
Update Frequency (Hz) 1/5 1 1/2/5/10 1/2/415/8/10/2¢ 42014 42009
Sensitivity (dBm) -163 -163 -143 -165 -165 -160
Input Voltage (Vdc) 4.5-6.5 4.5-5.5 3-3.6 2.7-3.3 3-4.3 4.75-5.25
Communication UART USB UART UART /12C UART UART /USB / 14
DGPS/RTK Compatible DGPS Input N/A DGPS/RTK N/A DGPS DGPS/RTK




Benchmarking Path Planning Algorithms

Algorithm Pre-Defined Routes Branch-&-Bound A* Probabilistic Roadmap D*
Complexity O(n) O(n*log(n)) O(n*log(n)) O(n*log(n)) <O(n*log(n)
Implementation difficulty 1 5 5 6 8
Persistent memory usage Very Large Moderate Moderate Moderate Moderate
Dynamic memory usage Minimal Moderate Moderate Large Moderate
Pre-defined data effort Very High Minimal Minimal Moderate Minimal




Feasibility AnalysesGPS Accuracy

/Question: What is the accuracy of the currentMethodology:

GPS?

/Current Specifications:
A< 2.5 metersh positional accuracy

A Connected GPS receiver to a separate
microcontroller

A Microcontroller provided 5 volts to power GPS
module

A< 0.1 meters per secon speed accuracy A Location fix is acquired and the GPS NMEA data

A< 0.1degreesA, headingaccuracy

Example Calculation: Split 07717.3644 E into 4 groups
077 degrees | 17 minutes | 0.3644 minutes | E (east)

minutes
60

Decimal degrees = degrees +

Decimal degrees = 77 + {”'2:44}

Decimal degrees = 77.28941 E

Ad NBIR OAF (0KS YAONRO2Y
A Data is compared to coordinates from google
maps

A DDDMM.MMMM to decimal degrees conversion needed to
compare coordinates

Example NMEA Message:
$GPRMC,161229.487,4,3723.2475,N,12158.3416, W, 0.13,309.62,120598,,, 4 + 10

Indicates a latitude of 3723.2475 & a longitude of 12158.3416




Fea3|b|I|ty Analys«tsG PS Accuracy

Amage shows test where GPS receiver held
stationary while logging data points every
second for a total of 28 points.

/Green pinA actual location
A43.084972:77.678308

/Red pinsh, average reported locations
A 43.084953;77.678250

.v”“-“’“ AAYyOSyideQa C2NXNdzZ 'S dza s
coordinates to distance

A Current GPS module reported position 2.11
n meters from actual positon

il

C a)gk earth

40'42.08" W elev 556 ftlp eye alt 697 ft €




Feasibility AnalysesGPS Accuracy

Roaming test of current GPS




