JI\/ Ambhers

Cumulative Design Review

Team RoMo
March 8th, 2018

Department of Electrical and Computer Engineering Adyvisor: Professor Kwon



~

Team Romo

Kevin Moriarty Collin Timmerman Aaron Stam Leonardo Luchetti

CSE ‘18 EE “18 EE 18 EE ‘18

Hampden, MA Westwood, MA Holden, MA East Bridgewater, MA
Department of Electrical and Computer Engineering Adyvisor: Professor Kwon



JI\/ A > 1

Project Overview

ROMO -

RObotic Autonomous Lawn MOwer

Romo offers the user free time and financial
savings. It is cheaper than a hired worker,
and easier than mowing by hand.
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Requirement

Specification

Lawn Area

1500 sq. ft.

Mowing Speed

3.5 +/- 1.0 mph

Battery Life

1 charge = 1500 sq. ft.

Position Accuracy

Better than 5 cm
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System Block Diagram

WiFi OUT WiFi IN

GPS Correction Data A
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_ Mower
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Updated Base Station System Block Diagram

e GPS Receiver gets position data and
transmits to NodeMCU via UART

e NodeMCU uses Wifi functionality
provided by the ESP8266 chip to
transmit the GPS data to the Mower

e Data is transferred using a WebSocket
Client and generated Wifi signal to a
Websocket server on the Mower
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e GPS Correction Data inputs

to GPS Receiver
H-BRIDGE
RIGHT

e GPS Receiver outputs A

corrected GPS data ESP8266

. NODEMCU UART = Q%ﬁ%%%?§E )

e Pine A64 computes current GPS IN H-BRIDGE

and desired position, outputs =)

to PSOC g’ 3

‘ <«

e PSOC outputs control signals
to H-bridges and receives
feedback from encoders

LEFT MOTOR
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\_ PsocCLp \_ENCODER /
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Rover System Block Diagram
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Proposed CDR Deliverables

e Rover Built and Functioning

e Kinematic GPS Position Functioning
o If not, some other positioning system set-up

e Have Motor Control and Positioning system Integrated

e Power Components all wired, power requirement met
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Proposed CDR Deliverables

R Buyilt = T
e Kinematic GPS Position Functioning
o If not, some other positioning system set-up

e Have Motor Control and Positioning system Integrated

e Power Components all wired, power requirement met
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Proposed CDR Deliverables

. Bt ard-Funetion
” - GRS Pasition Function

o If not, some other positioning system set-up

e Have Motor Control and Positioning system Integrated

e Power Components all wired, power requirement met
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Proposed CDR Deliverables

. Bt ard-Funetion
” - GRS Pasition Function

o If not, some other positioning system set-up

e Have Motor Control and Positioning system Integrated

. - Lwired .
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Proposed CDR Deliverables

. Bt ard Function:

Still working on this
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GPS Modules placed 93 inches (2.362m) apart, tested in static positions
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Outline of Demonstration (cont.)

@ GNSS Viewer Customer Release 2.0.296 for Venus 8

File Binary Venus8 RAW RTK INSDR 1PPSTiming Ephemeris

Com Port  Raudrate Sonnect
COM4 115200 )
v Message Fix RTK

$GPVTG,000.00.T,M.000.00.N,000.00K R ~
$PSTL,030,170953.000,A.4223.7854043 N
$PSTL032,170953.000,060318.AR.-0.398.2
$PSTL033,170953.000,060318,1.R 0.G1,0,0.
$PSTL033,170953.000.060318.1.B.0.G1.0.,0.
$GPGGA,170954.000,4223.7854027.N,072:
$GPGSA.A 3.31,26,32.22.25.29,03,14.16...1 ,,

< >

¥ Response

Set Binary Ouput Interval successful a
Configure RTK mode and operational fu
Query RTK mode successfully

RIK rover mode

Operational Function: Moving base
Baseline length:0.000000

Configure RTK mode and operational fiid

v COORDINATE
L EAST |
1416964.010 -0.001
L NORTH |
-4499644.453 0.003
P
4278275186 0.016

¥ Command

Hot Start | Warm Start | Cold Start
No Output |NMEA0183 Binary
Scan All Scan Port | | Scan Baud

= (] X
AGPS Datalog Converter Help
IGHmatoRM | RTK Info
 Cycle-Slipped RIBII RTK Age | Baseine_LenginfiBaseine Cou
17:09:54 0 0 1.0 10.0 2.357 350.25
72°3113.74343" W| |42°23'47.12426" N| | 106.57 -0.398 2315 -0.202
|@GPS @ GLONASS e
— RERAR.
000009DDVVVIOOPOVVOD
| © Beidou | O Galileo |
L |
| Earth View | iScaﬂerView |
m) Poi |
o 52) Point count : 300 / 300 ~scare"|
0.01
0.00
GPS oU?
Glonass [
Beid 0.02 |
G::il:: -0.02 -0.01 0.00 0.01 0 0)2 Clear

| Download |

&) 460800 ...

Screenshot of GPS output -
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Outline of Demonstration (cont.)

@ GNSS Viewer Customer Release 2.0.296 for Venus 8

File Binary Venus8 RAW RTK INSDR 1PPSTiming Ephemeris AGPS Datalog Converter Help

Com Port  Raudrate Sonnect
COM4 115200 )
v Message Fix RTK

$GPVTG,000.00.T,M.000.00.N,000.00K R ~
$PSTL,030,170953.000,A.4223.7854043 N
$PSTL032,170953.000,060318.AR.-0.398.2
$PSTL033,170953.000,060318,1.R.0.G1,0.0
$PSTL033,170953.000.060318.1.B.0.G1.0.,0.
$GPGGA,170954.000,4223.7854027.N,072:
$GPGSA.A 3.31,26,32.22.25.29,03,14.16...1 ,,

[IRGRMEtonMN | RTK  Info.
17:09:54 o/ 1.0
| Longiude 7 -l MSL Alitude-
N

72°3113.74343" W| | 42°23'47 12426" 106.57

0398

2315

Screenshot of GPS output -

@GPS @ GLONASS
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I!H 48]

A

< > | © Beidou O Galileo |
¥ Response |
Set Binary Ouput Interval successful a
Configure RTK mode and operational fu [
Query RTK mode successfully e — f———
RTK rover mode |Earth View | | Scatter View |
Operational Function: Moving base m)Dai ]
Baseline length:0.000000 N 0 E]Z) Foincount :300/.300 ml
¥ Y 001Im -+
v COORDINATE A 0.01 [~COOR |
L owessx . EasT__ 4 ° ' ENO
5
1416964010 -0.001 0.00 ["2D'RVS"]
. wessdy | | NORTH | 00047 m
-4499644.453 0.003 i
Lwesesz | .. wp. | epsg| | O 00039 m
4278275186 0016 Glonass Set Origin | |
Beidou 0.02
¥ Command "
e s 002 001 000 001 0.0z | Clear ||

Hot Start | Warm Start | Cold Start
No Output |NMEA0183 Binary

Scnl | [ScanPort] [Scan Boud] | | I 460200 [

| Download |

2.315

Baseline length
recorded 2.357m
actual 2.362m
accuracy of 99.8%
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Outline of Demonstration (cont.)

@ GNSS Viewer Customer Release 2.0.296 for Venus 8

File Binary Venus8 RAW RTK INSDR 1PPSTiming Ephemeris AGPS Datalog Converter Help

Com Port  Baudrate Connect
COM4 115200 =
v Message Fix RTK

$GPVTG,000.00.T,M.000.00.N,000.00K R ~
$PSTL,030,170953.000,A.4223.7854043 N
$PSTL032.170953.000.060318 A R -0.398.2
$PSTL033,170953.000,060318,1.R.0.G1,0.0
$PSTL033,170953.000.060318.1.B.0.G1.0.,0.
$GPGGA,170954.000,4223.7854027.N,072:
$GPGSA.A 3.31,26,32.22.25.29,03,14.16...1 ,,

< >

¥ Response |

Set Binary Ouput Interval successful: a
Configure RTK mode and operational fu
Query RIK mode successfully

RIK rover mode

Operational Function: Moving base
Baseline length:0.000000

Configure RTK mode and operational fihg

v COORDINATE
e EAST
1416964.010 -0.001
L NORTH |
-4499644.453 0.003
P
4278275186 0.016

¥ Command

[IRGRMEtonMN | RTK  Info.

17:09:54 0/ 0 1.0
| Longiude 7 ~WvsL Altitude"S ecio
72°3113.74343" W| |42°2347.12426" N| | 106.57 -0.398

Screenshot of GPS output -

@GPS @ GLONASS
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(m]
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Scatter plot shows precision within 2cm (0.02m)
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Power Capacity Test

Power testing performed by
measuring motor stall current and
extrapolating to battery capacity.

Stall current for single motor ~= 4.6A
* 3 motors = 13.8A + 2A for mower
electronics = 15.8A total draw

Battery capacity = 12Ah; 12Ah/15.8A
= 45 minutes 30 seconds runtime

Department of Electrical and Computer Engineering Adyvisor: Professor Kwon
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Power Capacity Test

N B Mower blade is 12”, accounting for

overlap effective width of 8”.

Giving us 1500ft *12/8 = 2250 ft to
mow a 1500ft? lawn.

@3.5 mph = 7minutes 18 seconds
@2.5mph = 14 minutes 36 seconds

@1.0mph = 25 minutes 34 seconds

Department of Electrical and Computer Engineering Adyvisor: Professor Kwon
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Planning Ahead: FPR Deliverables

e Mower can traverse the lawn

o  Can Drive straight

o Path following algorithm

e Improve System: wireless link performance

e Simplify set up of Mower

Department of Electrical and Computer Engineering Adyvisor: Professor Kwon



Planning Ahead: Path to FPR

Task

Finish testing/troubleshooting GPS (Aaron)

Setup and Test GPS with Two Receivers (Aaron & Kevin)
Port GPS Software to Raspberry Pi (Aaron & Kevin)
Complete chassis frame (Leo)

Mount Power Supply to Chassis (Collin)

Power Distribution (Collin)

Mount Motor Control Subsystem to chassis (Leo)

Test Motor Control and Chassis Functionality (Leo & Kevin)
Assembly of Dead Reckoning Subsystem (Collin and Leo)
Integrate Dead Reckoning into Software (Aaron & Kevin)
Testing of Dead Reckoning Subsystem (All)

Integrate GPS and motor control (Aaron & Kevin)
Testing to meet system requirements (All)

Final Integration and Testing (All)

Prepare for FPR (All)

Start Date

Department of Electrical and Computer Engineering

6-Dec-17
6-Dec-17
20-Dec-17
20-Dec-17
28-Dec-17
2-Jan-18
28-Dec-17
5-Jan-18
12-Jan-18
12-Jan-18
19-Jan-18
26-Jan-18
2-Feb-18
2-Mar-18
11-Apr-18

End Date

24-Dec-17
20-Dec-18
20-Jan-18
20-Jan-18
2-Jan-18
5-Jan-18
5-Jan-18
12-Jan-18
19-Jan-18
19-Jan-18
26-Jan-18
2-Feb-18
2-Mar-18
11-April-18
20-April-18

Duration
18
379

w W
-

N NN NN oW
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o oo

9
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Task Start Date End Date Duration
_____ Finish testing/troubleshooting GPS (Aaron) 6-Dec-17 24-Dec-17 18 —

Setup and Test GPS with Two Receivers (Aaron & Kevin) 6-Dec-17 20-Dec-18 379

Port GPS Software to Raspberry Pi (Aaron & Kevin) 20-Dec-17 20-Jan-18 31
Complete chassis frame (Leo) 20-Dec-17 20-Jan-18 31
Mount Power Supply to Chassis (Collin) 28-Dec-17 2-Jan-18

Power Distribution (Collin) 2-Jan-18 5-Jan-18

Mount Motor Control Subsystem to chassis=fe0) “Dec=r 5-Jan-18

Test Moto and Chassis Functionality (Leo & Kevin) 5-Jan-18 12-Jan-
embly of Dead Reckoning Subsystem (Collin and Leo) 12-Jan-18 19-Jan-18

N N 00w O;

Update Wireless Link Functionality (Kevin) 8-Mar-18 19-Mar-18
Integrate Dead Reckoning into Software (Aaron & Kevin) 12-Jan-18 19-Jan-18
Testing of Dead Reckoning Subsystem (All) 19-Jan-18 26-Jan-18 7
Integrate GPS and motor control (Aaron & Kevin) 26-Jan-18 2-Feb-18 7
Testing to meet system requirements (All) 2-Feb-18 2-Mar-18 28

Final Integration and Testing (All) 2-Mar-18 11-April-18
11-Apr-18 20-April-18

—
Department of minppring Advisor: Professor Kwon
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Planning Ahead: Path to FPR

Testing of Dead Reckoning
Subsystem (All)

Assembly of Dead Reckoning
Subsystem (Collin and Leo)
Update Wireless Link Functionality
(Kevin)

Integrate Dead Reckoning into
Software (Aaron & Kevin)

Integrate GPS and motor control
(Aaron & Kevin)

Testing to meet system
requirements (All)

Final Integration and Testing (All)

Prepare for FPR (All)

3/8 3/15 3/20 3/25
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Power Demonstration
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https://docs.google.com/file/d/1uWqjEqg9OlY2FwXObP30HoKZYrpMHYy2/preview

Mower Demonstration and Q&A
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Mower Demonstration and Q&A

Questions?
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