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1.1 Problem and motivation

e About 1.35 million people died and
more than 50 million were injured
in road traffic accidents worldwide
every year.

e /8% are due to head trauma.

e Wearing a helmet reduces the risk
of death by 42% and the risk of
injury by 69%.




. Problem O1: Overlapping heads or license plates

In complex traffic environments, A and
B are motorcyclist:

e How to assign head area and

license plate to A?

e A's head areais in the box of B

e A's license plate is in the box of B
=> unclear positioning of violators and
corresponding license plates.




Problem 02: External conditions lead to the extraction of
incorrect information

e

e Small image size
e | ow resolution
e Different aspect ratios
e Different shooting angles
=> Post-processing steps are required




. Helmet detection
Helmet Detection and o
e Distinguish between people

Automatic L|C.e.nse Plate wearing helmets and  without
Recognition nelmets.

e Distinguish  motorcyclists  from
pedestrians.

License plate extraction

e Recognize license plates with
different ratios and many different
formats

e Distinguishing characters with high
similarity




2019
YOLOv3

Counting the total count of all the five classes

¥

For no helmet class, identify its person class

\ 4

For identified person class, identify its motor bike
class

\ 4

Find out the license plate of the motor bike

. <

Crop the license plate and save it as new image

> 4

Do the above steps for all no helmet class

1.2 Related works

Plate #1
Plate Confidence
KA41EMB395
KA41MB395 80.161301
KA416M@395 79.876579
KA41KM@395  79.874893
KA41BMB395 79.874687

Advantage:
e Propose a good processing
pipeline
e Apply post-processing
techniques to increase
accuracy



1.2 Related works

2020

Advantage:
YOLOv2

e Propose a threshold to
minimize false positives




1.2 Related works

The center point of
the target box is

located in the upper Adva ntage:

1/2 area of a rider

i e Combine the advantages of the
previous two methods and
Improve it

The center point of

the target box is Defect:

located in the lower
1/3 area of a rider

target box, keep the e Cannot be recognized properly
target box . . L
in heavy traffic conditions

2023 - /g
SG—YOLOV5 i-_ e plot ' : Iicense plote 0.91




O1

Consolidate and develop methods from previous articles to
address limitations in detecting head areas and license plates.

02

A post-processing method was developed, which facilitates the
discrimination and tracking of multiple objects within a single
frame. This technique also increases the accuracy of extracting
license plate information.

03

Creat a novel public dataset, comprising a total of 6562 images
Include 4 classes: motorcyclist, helmet, no_helmet, and license
plate, each image annotated with precise bounding boxes.

04

Create a website with a friendly and easy-to-use interface so users
can upload videos, run model and adjust parameters for an
Intuitive look.
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02.
METHODOLOGY

2.1 Overview Pipeline

2.2 Object Detection

2.3 Optical Character Recognition
2.4 Post-processing Technique




2.1 Overview Pipeline
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2.1 Overview Pipeline

PIPELINE PROCESS
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2.1 Overview Pipeline
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2.2 Object Detection

Why should we use YOLOv8?

On the MS COCO dataset, an important benchmark metric is inference time (ms/Frame, lower
is better) or Frames per Second (FPS, higher is better).

Model Inference time (ms)
YOLOvV/ 3.5
YOLOv4 12
YOLOvV3 29

Mask R-CNN 333

FPS (V100, B=1)

400

300

200

100

-100

YOLOv/-tiny-SiLU (286 fps)

PP-YOLOESS

PP-YOLOE-M
YOLOvV5-M g
pP-YOLOV2 T OLY> X
Faster RCNN-FPN+ i
May 20 Sep '20 Jan "21 May '21 Sep '21 Jan'22 May '22
Other models - Models with highest FPS (V100, b=1)

The fastest real-time object detection algorithm (Inference time)



2.2 Object Detection

Why should we use YOLOv8?
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50 A 50 A
o &
55 45 1 23 4%
g &
£ 40 4 £ 40 4
: :
O 135 - —e— YOLOv8 QO 135 - —e— YOLOVS
© Small YOLOV7 © oot YOLOV?
YOLOV5-7.0 YOLOV5-7.0
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Parameters (M) Latency A100 TensorRT FP16 (ms/img)

The fastest real-time object detection algorithm (Inference time)



2.3 Optical Character Recognition

Text Detection;: DB model (DB-Resnet50)

PP-OCRv4

Text Recognition: SVTR_LCNet
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One vector includes the
following information:
e Text position:
Coordinates of the
bounding boxes

around the detected
text (top-left, top-
right, bottom-|eft,
bottom-right).

e Content of the text

e Score




License Plate
Recognition

Overview

e PaddleOCR detect and extract
each line.

e A License Plate includes 8 or 9
characters

Line 1:30A1
30A156789 4_ Line 2: 56789




License Plate
Recognition

Letter Number
I 1
Z 2
J 3
A 4
S 5
G 6
B 8
D 0

e The third character is always A
e The third character is recognized

as N

=> conversion based on similarity

4 main
formats

NN-AN
NNN.NN

NN-AN

NNNN

\. J

NN-AA
NNN.NN

NN-AA

NNNN

\. J

\.

A’ B? C) D? E? F) G)
A: |HKLMN,P,S,
,UVWVXY,Z

J

\.

10,1,2,3,4,5,
6,7,8,9

J




2.4 Post-processing Technique

Which head belongs to which motorcycle?
Which license plate belongs to which motorcycle?




2.4 Post-processing Technique

Calculate the percentage of intersection area between
two bounding boxes to find motorcyclist from head.

CIP =

CIP needs to be greater than the threshold of 0.947 to be considered that the two
bounding boxes have intersected.



2.4 Post-processing Technique

We can easily observe that:

e The bounding box of the person's head in the
Image is within the bounding boxes of the two
motorcycles.

e The position of the head bounding box is not

appropriate compared to the motorcycle located

above.




2.4 Post-processing Technique

The next issue is that one head can correspond to two
motorcycles. Similarly, one motorcycle can have two license plates.

Height of
no_helmet

Height of o
no_helmet !
= Height of
HHB = moiugttcy:list
Height of

motorcyclist

’------




2.4 Post-processing Technique

 95% of the bounding box data for “No Helmets” falls within the range from 0.11 to 0.29.
e 95% of the bounding box data for “License Plates” falls within the range from 0.64 to 0.82.
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Histogram of threshold values for no_helmet and license plate



2.4 Post-processing Technique

e yv2_head must satisfy the condition of being within the range from 0.11 to 0.29.
e yv1_plate must satisfy the condition of being within the range from 0.64 to 0.82.

---------

y2_plate

y1_head 0.11 E
y2_head E
029 |
Height
of motorcyclist
0.64 |
y1_plate E
0.82 i
j

-



2.4 Post-processing Technique

The CIP and HHB methods may behave
inaccurately in cases of diagonal angles

and two individuals riding motorcycles
in parallel.

7/ We will examine a sequence of
\Y// frames and objects appearing in

the video.



2.4 Post-processing Technique

Identify motorcycles by determining the freque

Motorcyclist
f(4)=3

® ma= 01

Find No helmet



2.4 Post-processing Technique

The result after post-processing on the sequence of frames where objects appear.




2.4 Post-processing Technique

Filter license plate information for each line by selecting the highest score.

License plate | License plate line | Score line | Score line
Frame .
line top bottom top bottom
1 35B2 47480 0.82 0.87
2 35B2 47430 0.90 0.75
3 35BZ 47480 0.67 0.81

Final output: 35B2-47480



03.
Experiment

and Result

3.1 Data collection
3.2 Implementation
3.3 Result and Analysis

N




3.1 Data collection

e Source: phone camera, internet,
traffic camera.

e Resolution: 2560x1440.

e Different traffic situations:
crowded roads, sparse roads,
camera angles from left to right
and right to left.




Heatmap annotations

* Ty " I.-I‘

" -* 3.1 Data collection

motorcyclist helmet

- L |

license plate no_helmet

e Brightness: between -10% and +10%.
e Blur: up to 0.25px.

e Rotation: between -50 and +5o.

e Resize to 800x800.

Image Ratio
Train 5248 80%

Validation 984 15%
Test 330 5%
Total 6562 100%
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kaggle

Tesla P100-PCIE_16GB

CPU

Intel Xeon E-2300
Hyperparameters

e Epoch: 120
e Batch size: 16

e |Input shape : 800x800
Python 3.10 e Learning rate: 0.01

Language



Helmet and License plate Detection

e The original data set included

photos taken from the phone
camera for not very positive
results, mAP is 78%.

e Reasons: data imbalance

e Solution: add more picture
contain no_helmet class

motorcyclist
license plate
helmet
no_helmet

motorcyclist
license plate
helmet
no_helmet

O

1,000

500 1,000 1,500 2,000

2,000 3,000 4,000 5000 6,000 7000



0.95
0.95 5160
0.90 0.85
Helmet and License plate goss gom
° a 0.75
Detection - -
0.75
0.65
Overall, Precision is 94.9%, Recall T w e e o owmow I L
IS 95.3% and mAP is 97.9%
accurately and comprehensively — 003 o6
predict different classes 1 nohelmet 0946 0932  0.973
motorcyclist 0.959 0.993 0.991
' license plate  0.936 0.949 0.978

o

20 40 60 80 100 120
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1.3 Result

Helmet and License plate
Detection

Advantage:
e |dentify flat cap
e Multi object detection

Recognition ability
(total 300 objects):

e Old method: 246 objects (82%)

e Our method: 295 objects (98.3%)
=> [ncrease 16.3%




1.3 Result

Helmet and License plate
Detection

Disadvantage:

e Poor recognition in some
cases of strange helmet
colors

e Unable to identitfy
motorcyclists wearing hoods




License Plate Recognition

Tested on 2383 images,
PaddleOCR, found an accuracy
of 69.8%. After apply post-

procesing => 90.4%.

Disadvantage:

e Poor recognition in some
cases such as flashing, being
obscured, or license plates
with peeling paint.
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1.3 Result

Overall results

Our model successfully
identifying 208 out of the
220 motorcyclist.

=> Accuracy: 94.55%




04.
Web Application
Deployment

4.1 System Architecture
4.2 HDALPR System

N




4.1 System Architecture

O ——

i~
Request Data

Req

e Bl ]

It comprises key components:
e Frontend
e Backend
e Model Inference Engine

Response Data

Post-processing

B Time ¥y Plate nfo  Preview image
17-11-2003 15618 J9T1-G054
17-11-2023 15620 IMCI-FRXIR
I7-11-2023 15632 1GI-GETTO

I7-11-2023 105623  J9ET-580TT

S, A / ‘

S — =
;Respunse—} e Client




4.2 HDALPR System

& Menu

&4 Upload

Tasks

HELMET DETECTION AND AUTOMATIC
LICENSE PLATE RECOGNITION SYSTEM

Chao mung dén vdi trang chu cua chuang toi!

¥
T

oy Sellings

& About

Chung toi rat vui mung chao don ban tdi "Helmet Detection and Automatic License Plate Recognition
System” - mot du an day thach thic va day sang tao. Tai day, chung toi tan hudng viéc phat trién va nang

cap hé thong nhan dién mi bao hiém va tu dong nhan dién bién s6 xe, nham dam bao an toan va hiéu qua

trong viéc quan ly giao thong va bao vé ngudi tham gia.

Du an cua chung toi khong chi la su két hgp gida cong nghe va sang tao, ma con la mot cam két viing chac
v& an ninh va tién ich. Chung toi hy vong rang hé thong cla ching toi sé dong gop vao viéc tao ra moi
trudng giao thong an toan va hiéu qua cho cong dong.

Hay cung chung toi trai nghiém sdc manh cua cong nghé va dong gop vao sif ménh lam thay doi thé gidi
cua chung toi. Cam dn ban da tham trang cua chung toi va hday kham pha thém vé nhdng cai tién va tinh

nang mai nhat cua du an!
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Conclusion

Our proposed method has overall accuracy
about 94.55%.

Outstanding advantages of the method:
e Track and distinguish the head area and
license plate of each vehicle
e Significantly improved accuracy compared
to old methods
e Propose a meticulous
technique

post-processing

Future work:
e Distinguishing poor quality helmets
e Increase recognition ability in different
weather types




