WO 2021/179035 1/16 PCT/AU2021/050160

100 —
Surveillance Vehicle 110

Power Source GPS Receiver

Camera 120a Camera 120b 125 126

S S |
v

Image Processing Computing Device 130

Processor 132 Communication Module 134
Memory 136
Parking Indicator
Detection ML Background Matching Module
Model 142 152
Reference Background Geometric
Backeround Image Feature Match
'gb u g Extractor Validation
Library 144 Module 154 | | Module 156
Background
Images 146
Licence Plate Character
Background Detection ML Recognition
Image Metadata Model 159 Module 164
148
Parking
GPS Correction Vehicle Condition and
Signal Detection ML Compliance
Generation Model 158 Determination
Module 167 Module 162
Remote Computer System 180 %
Memory 172
Background Image Annotation
Tool 149 Processor Network 170
<> 174
Amotation ||
i1z Module 194 .
Figure 1




WO 2021

/179035 2/16

\ 4

Capture Images of Urban Area 210

A 4

Process the captured images using a
- parking indicator detection ML model
to identify parking indicators in the

images 212

/,/’Aflez;s\f\;\\
__-~"one parking indicator ~~-__

\‘\‘\ identified? T
‘\\\\M,///
|

Yes

v

Process the images using a
background matching module to
determine a parking location in each
of the images 216

v

Determine parking conditions
associated with the determined
parking location 218

PCT/AU2021/050160

200
¥

Figure 2

!

Process the images using license plate
detection ML Model to determine a

each vehicle in the images 222

licence plate number corresponding to

v

Process the images using a
trained vehicle detection ML
Model to identify a vehicle in the
images 224

,,,,,,,,,,,,,,,,,,,,,,,,,,,, L

Determine if the identified
vehicle is located in the parking
perimeter in background image

corresponding to the parking
location 226

\ 4
Determine if the identified
vehicle was positioned in the
parking location beyond a time
stipulated in the parking
conditions 227

\ 4

Determine compliance of target
vehicle to the determined parking
conditions 228

\ 4

Transmit compliance data to
remote system 229




WO 2021/179035 3/16 PCT/AU2021/050160

300 j‘

Capture or Receive Images of Urban
Area 310

\ 4

Extract background descriptors from
at least one captured image using a
background feature extractor module
312

Select one or more candidate
matching images from the library of
background images 314

\ 4

Perform geometric matching between
the at least one image and the one or
more candidate matching images to
select a single background matching
image 316

\ 4

Query location metadata of the single
matched background image to
determine location 318

Figure 3



WO 2021/179035 4/16 PCT/AU2021/050160

00

510

s




PCT/AU2021/050160

5/16

WO 2021/179035

.§

: \\\

Figure 6

700 \
N

§\\\§\\\\\\\\\§\\ |

%
¥
Yrtternisess

)]

N

o
%”/,

710

N

Figure 7



6/16 PCT/AU2021/050160

WO 2021/179035

Q 9.n314

7

7
%

\&\&x\\\\\ \\\w\\\ “\\\\\\\N“N\\
.\\\\ \\ \\\\\&\\N& 7 . \»&\\\\\\ NN\“‘\\

\“Wh\“\\\s \\\\\\\\\\\\\\: \M \\ \\
... .



WO 2021/179035 7/16 PCT/AU2021/050160

910 /—900

Figure 10



WO 2021/179035 8/16

PCT/AU2021/050160
910

1010

Lo

L

Figure 11

oo 1229

" 1224

~ 1233

1210

1227 =

1221

” A’//////

i

1223 =
1222 =

Figure 12



WO 2021/179035

1300 ﬂ‘

9/16

Capture Images of Urban Area 1310

Select and annotate a Parking Zone
Start Image 1312

Select and annotate a Parking Zone
End Image 1314

Select and annotate one or more
images between the Parking Zone
Start and End Image 1316

Automatically extrapolate location of
images not explicitly annotated 1318

|

Update reference background image
library 1320

Figure 13

PCT/AU2021/050160



PCT/AU2021/050160

10/16

WO 2021/179035

T 24n3i4

— O0SVT
0SvT

i

<3

27, 2 Z
7 - . _

( oort



WO 2021/179035 11/16 PCT/AU2021/050160

1500 W

1530 /)

1520 T

1522
1510 T

Figure 15



WO 2021/179035 12/16 PCT/AU2021/050160

1600
A
Start of End of
Parking 1650 Parking
Zone Zone - 1620
1610 | 1630 rd
Y :+ I | A
: |
— 0, |
L Do 1680
I
Ds : »!
[ I Dz |
[ T 1
I
| De >|
I
1640 > <
U U ‘ Figure 16
[ em— ————
110
1700 .
A
Start of End of
Parking Parking 1620

Zone Zone /
1750 T /

1610 — !
Y Y 1730

LI
| Di i
g

Yy ___|

Ds | >
I = — 1780
IDe.
|
1740 > e

Figure 17 mtjﬂ l




WO 2021/179035 13/16 PCT/AU2021/050160

o e 1800
Figure 18 v
Imag(? Remote Computing Device 1810
Processing
Computing
Device 130 Camera 1820 Memory 1840
Background .
Processor 1810 <«—» Feature Location
Extractor Determination
! Module 1855 Module 1850
Network 170 GPS Receiver
)J 1830

Figure 20 /S

Autonomous Vehicle 2000

GPS Receiver

Camera 120a Camera 120b
| | 126
) 7 B SR f
. . Remote Server
Image Processing Autonomous Vehicle
. . “«—> . . System 2040
Computing Device 130 Computing Device 2030




WO 2021/179035

14/16

Receive GPS data and images from
Computing Device 1910

v

Extract background descriptors from
at least one captured image using a
background feature extractor module
312

v

Select one or more candidate
matching images from the library of
background images 314

v

Perform geometric matching between
the at least one image and the one or
more candidate matching images to
select a single background matching
image 316

\ 4

Query location metadata of the single
matched background image to obtain
location of the vehicle 318

3 3
| |
i Generate GPS Correction Signal 1920 i
| |
| |
| |
| |

e

Transmit Location information and
GPS Correction Signal to computing
device 1930

PCT/AU2021/050160

/1900

Figure 19



WO 2021/179035 15/16 PCT/AU2021/050160

‘/fA’ZIOO

2106 ™,

R

R

2112 : 2o g \f"2140
2118

Figure 21




WO 2021/179035 16/16 PCT/AU2021/050160

/2200

Computer System
2212 7
A
A
» Processor 2202
» Memory 2204
< » Storage 2206

»  Input/Output Interface 2208
» Communication Interface 2210

\ 4

Figure 22



