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Photo Spot Manager at Edge platform
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1. Motivation and Objectives
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1. Motivation and Objectives

e Solution : Photo Spot Management by Al Platform!

@ @2 NVIDIA.

L

Video input Detecting & Analyzing Visualization Alert using Speakers
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mnvancuniversity 1. Motivation and Objectives

e Edge Al PlatformT=% I Challenges
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- Fine-tune YOLO.v7 tiny model with ‘People Detection’ Dataset.

Class Balance

train  valid test
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chair

car
Stopper

Precision
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- Optimization : Build TensorRT engine

YOLOv7Y

€ ONNX E o —
Custom —
y
Input image size optimize Layer fusion Precision Calibration
(FP16)
[ et input | ) . -3.4e+38 6.0 00 276 60 3.4e438
== == == A S 1 o >
640 X 640 mm m Lawnd m ﬂ m Quantize(r = 6.0)
320 x 320 \ 5= 5= I T =
$ S input | ) INTS [.; &

Quantize(x, r) = round(s * clip(x, -r, r))

8 Frame 15 Frame where s =127/ r
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Hungarian Algorithm
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4. 28X QI Tracking

Tracker: ID7} £0] &l BfA

- Problem of ID confusing New Box: OFZ! ID7F 5101 5| x| 9
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- 4. Model Test by Crowd Simulation

Pathfinder

Difficulties in obtaining
human footage

\ ¢

Used a simulator instead




Multithreading :

Appendix.A
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@ GPU: YOLO v7 Object Detection (4|
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@ CPU: CV2 Library(2t™ HEA|) + Cut-in-line Detection + ID tracking(EtE
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Execution time

Appendix.A

Multithreading : A0 A& = F7HX|
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Appendix.B

1

- B MX[7] X €10E2|F
people_in_line = { sorted_people_in_line = [
1: 17 [1, 17]

=-=Eggﬁ g §f§ E‘: %gi Sort ID in location order
4: 47 [5, 42]
____

start line

3

Ot MFH ZRIHE

17s  25s 30s 42s 47s 17s < 25s -> pass, temp <= 17 O|SA|7|0 temp?t H|

30s > 25s -> cut in line(not update temp)
@ @ ‘ @ . 25s < 42s -> pass, temp <= 25
47s > 42s -> cut in line(not update temp) NeTtEaRT YR =R
42s temp = 42 temp update

Time Order > Location Order : AjX| 7|2 E&
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- Corner case 1 : = QtO| At2f0| OfF A7t E HIZCO 2 O|SUL S22 L
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- Corner case 2 : & HZO| s AFRO| A 22 X[LIH O|50tAHLE AX[= E%
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Appendix.D

- D. Kalman Filter vs IOU
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Appendix.E

- E1. Tracking problems by Non-Maximum Suppression(NMS)

2 £ Chosel

—

-> object detection & 12|E2

Before non-max suppression
I\ . T i

37[et B2 =X

Ol 21 71 2| bounding boxesE A4

After non-max suppression

Non-Max
Suppression
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Appendix.E

- E2. Tracking problems with ID confusing
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Appendix.E
PP Tracker: ID7} £0] &l HfA
BOX: A =2 JOi| A OFX ID7F ROl = X| R EA
- E3. Tracking problems with ID confusing | (?IZID®0] or {22IDF )

T T+1

—

' i i i ' Bad

' i ' i ' Good!

X0.7
Penalty

Trackerl: 7| =0 EX5IH E2fA
Tracker2: 15=Z 2| O| & X|& E|X| A2 EfjH (MER2 E2fAH)
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- E4. Tracking problems with ID confusing

-

L I T T
|' 1 old 0.5 0.7
] 2 new 0.1 0.4

=

1 IOU_SUM
2 a-1, b-2 a-2 b-1
x0.7 0.5+0.4(*0.7)=0.78 0.1(*0.7)+ 0.7= 0.77
X0.5 0.5+0.4(*0.5)=0.70 0.1(*0.5)+ 0.7= 0.75

Trackerl: 7| =0 ZXiSIEH EgfFH
Tracker2: 15=2| 2 O &t X[ E|X| %2 E2fH (ME E2fAH)




Appendix.E
Tracker: ID7} £ 0{ =l BfA
BOX: S4Xf =2 0 A Ot ID7} O &|X| $2 A

ES. ID consistance (7| ZEIDE 0] or M{Z22IDE )
T T+1 T+2 |
K| & If
[ ] [ ] [ J

15 |2 O|LH Tracker &X|

self.people_in_line: {1: 1731252100.82, 3: 1731252105.23, 4: 1731252107.92}
sorted_people_in_line: [[4, 1731252107.92], [3, 1731252105.23], [1, 1731252100.82]]
@: {'id': @, 'bbox': [145.60547, 174.21875, 207.61719, 372.65625], 'unmatched frames': ©, 'age': 512}
b5 e el x': [482.8125, 340.8203, 538.28125, 616.40625], 'unmatched frames': ©®, 'age': 461}
: [712.1094, 362.5, 770.7031, 575.78125], 'unmatched frames': ©, 'age': 381}
[B22.65625, 346.28906, 867.96875, 585.9375], 'unmatched frames': @, 'age': 335}
[677.7344, 284.96094, 743.3594, 514.84375], 'unmatched frames': O, 'age': 188}
[694.9219, 271.48438, 750.3906, 535.5469], 'unmatched frames': 7, 'age': 11}

il
3: {'id': 3
4: {'id': 4
6: {'id': 6
B 8

]
]
?
?
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Appendix.F

2-class Precision-Recall curve

1.0 4
- F. Precision, Recall, mAP
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Appendix.G

- @G. Model Select

better MS COCO Object Detection

1280

n
n
¥

YOLOv7 is +120% faster

54 1280
A #
& 1280
53
—@=YOLOV7 (ours)
——Y
- 6 640 YOLOR
—e—PPYOLOE
. 4 —8—YOLOX
51
640 ® 40 Scaled-YOLOv4
y 640 o—YOLOVS (16.1)
50

11 13 15 17 1 21 23 25 27 29 31 33
V100 batch 1 inference time (ms)

5 7 9
better <fmm

Model #Param. FLOPs Size AP"®! APYg!  Apzgl APE!“’ AP}M""’ APE“’
YOLOv4 [3] 64.4M 142.8G 640  497%  68.2%  54.3% 32.9% 548% 63.7%
YOLOR-u5 (r6.1) [£1] 46.5M 109.1G 640  50.2%  68.7%  54.6%  332% 555% 63.7%
YOLOv4-CSP [7Y] 52.9M 1204G 640  50.3%  68.6%  54.9%  34.2%  55.6%  65.1%
YOLOR-CSP [41] 52.9M 1204G 640  508%  69.5% 553% 33.7% 56.0% 654%
YOLOv? 36.9M 107G 640 512% 69.7% 555% 352% 560% 66.7%
improvement -43% -15% - +0.4 +0.2 +0.2 +1.5 = +1.3

YOLOR-CSP-X [51] 96.9M 2268G 640  527% T1.3%  574%  363% 57.5%  68.3%
YOLOv7-X 71.3M 189.9G 640 529% T71L1% 575% 369% 57.7% 68.46%
improvement -36% -19% - +0.2 -0.2 +0.1 +0.6 +0.2 +0.3

YOLOv4-tiny [79] 6.1 6.9 416 249% 42.1%  25.7% 8.7% 284%  39.2%
YOLOv7-tiny 6.2 5.8 416 352% 528% 373% 157% 38.0% 534%
improvement +2% -19% - +10.3 +10.7 +11.6 +7.0 +9.6 +14.2

-tiny-31[79] 8.7 3.2 320 308% _ 473% 3229 _ 109

YOLOv7-tiny 6.2 3.5 320 308% 473% 322% 10.0% 319% 52.2%
improvement -39% -49% - = = = -09 = +0.7

YOLOR-E6 [51] 1158M  683.2G 1280 557% 73.2% 60.7% 40.1% 604% 69.2%
YOLOv7-E6 97.2M 5152G 1280 559% 73.5% 611% 40.6% 60.3% 700%
improvement -19% -33% - +0.2 +0.3 +0.4 1+0.5 -0.1 1+0.8

YOLOR-D6 [#1] IS1.7M  9356G 1280 56.1% 73.9% 612% 424% 605% 69.9%
YOLOv7-D6 1547M  806.8G 1280 563% 738% 614% 413% 606% T0.1%
YOLOv7-E6E I51.7M  8432G 1280 56.8% 744% 621% 408% 62.1% 70.6%
improvement = -11% - +0.7 +0.5 +0.9 -1.6 +1.6 +0.7
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- H. People Detection Dataset

People Detection Computer Vision Project

2 LeoUeno Updated 2 months age
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- |. Photo-spot time check

Under 100s at stage

-

Over 100s?

Over 100s at stage

people_in_stage = { if current time=120, time_limit=100
9: 15 stayed_time={
7: 30 9:105 -> stayed over limit

} 7:90 -> pass
id: time entered in stage }
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- ). 7|=o| ZEHMEQ} H|I

. &

jalotra/Queue- 'ml
-

Detection &, !

A naive Algorithm that uses People Detection and

Convex Hull as subroutines to solve this problem:

"Given an image of...

A1 O1 w5 Y0
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Jetson Nano Jetson Xavier NX
Al
0.5TFLOPs 32 TFLOPs
performance
Memor 4GB 64-bit 32GB 256-hit
y LPDDR4 LPDDRA4x
Cost $99 $699

@ NVIDIA.
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