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Low Level Design
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Concept

Input Parking Lot Images

Convolutional Neural Network

Parking Spot Availability App




Sm Constraints

Lighting & Visibility Power Management Accessibility




Module Overview

Server Host (Watta)
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Parking Lot D




Sm Computer Vision Module (4.1, 4.4)

Bitwise Color Mask
Distortion Correction

Perspective Transformation

Canny Edge Detection

Hough Line Transform

Load Network Weights

Re-Construct Architecture

Split Testing / Training Data
Vacancy Classification
One-Hot Encoding
Occupancy Classification
Build Network Architecture




Computer Vision Module (4.1, 4.4
Sl come (41,44

Satellite Image Bitwise Color Mask Canny Edge Detection




Computer Vision Module (4.1, 4.4
sl come (41,49

ROI Cropping Cropped Edge Image Parking Space Clusters }
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Sm Computer Vision Module (4.1, 4.4)

Parking Space ID Dictionary h
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Network Module (4.2

/ Output Predictions '\
MySQL Insert.

>

I Network Module

ZeroMQ Image
Stream

Existing ITS Infrastructure

Server Host (Watta)
lamp.engin.umd.umich.edu

DNS, Routers, Intemet Accessibility

Raw Image Data Storing

!

Virtual Private Network Service

Prediction Mapping Correlations

;

File Transfers via SCP

Statistical / Analytical Modeling

Remote Access (SSH)

Static IP Registration /

HTTP Local Website

A

MySQL Lookup
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Network Module (4.2

1 r \2”"“—\,, ) e / |

PHP web interface

| SELECT |

\

lamp.engin.umd.umich.edu

ﬁ MySQL Database !

MySQL

MySQL
‘ SELECT ‘

Parksmart App

|

mysql-connector
INSERT
UPDATE
DELETE

Computer Vision
Module
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Network Module (4.2)

Subscriber

Publisher
Publisher-Subscriber Model Image
Certificates to establish trust Data
TCP sockets to publish and _
subscribe to image data across Publisher
the network
Certificates.transferred - OOB Transfer (Pre-shared).___ N
manually with SSH e .
v T
Camera Camera Camera
Public Public Public
Key 3 s| | Key Key
) OMQ |3
Server Module w Image Data w Camera Module
5 -]
Server Server | [ &1 | server
Private Public Public
Key Key Key

""" QOB Transfer (Pre-shared)
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Network Module (4.2)

Publisher

Computer Vi
Module

sion

zmgq.context()
zmgq.context.socket(zmq.PUB)

socket.bind()

Subscriber

Networking Module
Server

zmgq.context()
zmgq.context.socket(zmq.SUB)

socket.connect()

ZeroMQ Authentication —

ZeroMQ Authentication

socket.send()

socket.send()

Current Image

Parking
Update Pickle

Data

socket.recv()

socket.recv()
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Network Module (4.2)

e

Subscribe to
Computer Vision
Module

TCP
Event?

New
Mapping?

Save Image Save Data Log
Locally Locally
Perform
gzgfé? [\3,\; T: Correlation
Mapping

Timeout?

yes

C End Program >
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ARk Application Interface Module (4.3) (o )

A

Parse New Parking Space Data

Update Occupancy Values

Display Parking Lot Bitmap
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Application Interface Module (4.3
SRy o0 (43
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Sm Application Interface Module (4.3)

lamp.engin.umd.umich.edu ( Start >

http:// request
http:// Server
request Response
no Valid
response?
yes

Parse Response

Update User
Interface

S




Bottom Full Structure




Sm Wiring Diagram (4.4)

M.2 (Linux Driver )m—

{ Jetson Nano }
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December 2, 2019

Risk Assessment & Mitigation

Penalty of
QOccurrence
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Penalty of Occurrence

6.2.1

6.1.2

6.1.3

6.1.1

6.3.1

6.4.1

6.3.2

[y
[s]

= N W kA U N 0w

Serious Injury/Death
Injury, Serious Property Damage
Collateral Property Damage
System Loss
System Damage
Component Loss
Component Damage
Serious Project Delay
Project Delay
Critical Consideration

3

45

6

7

8

Likelihood of Occurrence

910
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Sm Safety Features

Hardware switch to turn the Camera Module On/Off

System Containment sealed to prevent damage from weather conditions
System Isolation: Wireless Connection and battery Operation

Roof access by certified personal

Remote data logging prevents loss in system failure
Authentication/Encryption to protect system data
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Sm Excursions

6.3.1.2 Wireless Range Excursion

6.3.2 OpenCV Excursion

6.3.3.2 App Development Excursion
6.3.3.4 Website Hosting Evaluation Excursion

6.3.4.2 Placement and Data Acquisition Excursion
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Budget

module no Item Vendor Model/Part No. Unti Cost Qty Suté;';tal
wideangle IMX219-160

Vision 1 | camera Waveshare Camera 30 30
Vision 2 | mount 30 30
Vision 3 | case & fan 22 22
Image microcomputer
Processing 4 | board NVIDIA Jetson Nano 100 il 100
Image
Processing 4 | 256 GB MicroSD Amazon MB-ME256GA 40 40
Comm 6 | jetson NIC Waveshare AC8625 NIC 25 25
Power
Management 7 | TBD TBD +
Total Cost
Estimates 267+
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Master Schedule

| AN I A S S NS S I A S S S [ A S S |

| T+ T+ 1171771717 17T 1T 1T 17T 1T 1T 1T 1T T"1 |
12/8 12/15 12/22 12/29 1/5 112 1/19 126 2/2 2/9 2/16 2/23 3/1 3/8 3/15 3/22 3/29 4/5 4/12 4/19 4/26

121 4/30

App development and networking

Outdoor Device build Finalized

peployment ofevice _
Do Soitsibn e i _

App Completion and Delivery



