TAP CHI KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, PH Hué
S6 chuyén san Cong nghé thong tin Tap 20, S6 1B (2022)

PHAT HIEN POI TUONG MOT GIAI POAN CHO GIAM SAT VIDEO
TRONG THANH PHO THONG MINH

Lé Quang Chién

Khoa Cong nghé Thong tin, Trwong Dai hoc Khoa hoc, Dai hoc Hué

Email: lqchien@hueuni.edu.vn

Ngay nhdn bai: 14/6/2022; ngay hoan thanh phan bign: 16/6/2022; ngay duyét ding: 22/6/2022
TOM TAT

Gan day cac phuwong phap phat hién d6i twong da dat duoc hiéu sudt cao trén ca toc
do va do chinh xac. Bén canh d6, viéc ing dung cac phuwong phdp nay trong cac hé
thong giam sat thong minh dang thu hut duwoc nhiéu sy quan tam. Bai bao nay tim
hiéu su phat trién cia mo hinh phat hién d6i twong mot giai doan You Only Look
Once (YOLO) gom: YOLOv3, YOLOv4 va YOLOVS. Cac phién ban nay sé duoc danh
gia dua trén tdc d6 xtr ly khung hinh, F1-score va d6 chinh xac trung binh khi thue
hién suy luan. Cac két qua thi nghiém cho thdy tinh kha thi ctia cac mo6 hinh nay khi

duoc st dung cho giam sat video trong thanh phd thong minh.

Tt khoa: Phét hién d6i twong, YOLO, giam sét video, thanh ph& thong minh.

1. MO PAU

Trong cac hé thong thong minh, phat hién doi tuong dong mot vai tro quan trong
dé giam sat hiéu qua cac su vat, su kién cu thé. Muc tiéu ctia nhiém vu nay la phat hién
su hién dién ctua déi tuong trong mot 16p cu thé va xac dinh vi tri chinh xac caa doéi
twong doé trong hinh anh. Cac phuong phap phat hién déi twong hién tai co thé duoc
chia thanh hai kiéu: mot giai doan va hai giai doan. Phuwong phap phat hién mét giai
doan thyc hién dinh vi d6i twong va phan loai cung mot lic trong khi phuong phép phat
hién hai giai doan phan tach nhiém vu nay cho mdi hop gi6i han (bounding box). Trong
bai bao nay, chiing t6i nghién ctru va danh gia phuwong phap phat hién mot giai doan do
bdi nhitng wu thé vé tdc do xir 1y so v6i phuwong phap phat hién hai giai doan.

Dua trén nhiing bao cao gan day, YOLO la mot trong nhiing kién trac mot giai
doan dat duoc hiéu qua cao trén ca hai khia canh dd chinh xac va tdc d6 xt ly. Cu thé,
cac phién ban YOLOv3 [1], YOLOv4 [2] va YOLOV5 [3] sé duoc tim hiéu va so sanh trén
ca hai khia canh nay. Cac danh gia cta cac phién ban nay duwoc thuc hién trén tap d
liéu HumanSurveillance thu dwgc tir camera gidam sat thuce t€ két hop voi di liéu duoc
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thu thap tir trang web gettyimages. Cac két qua thi nghiém chi ra duoc tinh kha thi cta
phuong phap YOLO cho c4c bai toan phat hién ddi twgng trong cac hé thdng giam sat
thong minh.

2. PHUONG PHAP NGHIEN CUU

Phét hién d6i twong la mot trong nhiing bai toan quan trong trong thi giac may
tinh v6i muc tiéu 1a d€ nhan biét mot d6i tuong 1a gi va ¢ dau. Hién tai, cd nhiéu thuat
toan hoc sdu dua trén kién trac hai giai doan da duwgc dé xuat cho bai toan nay. Tuy
nhién, cac thuat toan nay thuwong khong thé dap ting yéu cau vé téc do xtr ly do boi hai
giai doan xtt ly tach biét nhau. Diéu dé da gidi han kha nang tng dung cua kiéu kién
triic nay cho céc bai toan thuc t€. Khac véi kiéu kién trac hai giai doan, YOLO la mét
kién tric hoc sdu mot giai doan st dung mang no-ron tich chap d€ phat hién déi twong.
Kiéu kién trac nay giup cho nhiém vu phat hién doi twgng dat hiéu suat t6t hon ca vé
dd chinh xac va tdc do xw ly. Trong phan nay, chung tdi trinh bay mot cach tong quan
ba phién ban ctia YOLO cho bai toan phat hién d6i twong hién dai: YOLOv3, YOLOv4
va YOLOv5.

2.1. Kién trac YOLOV3

Trong YOLOV3, Darknet53 duogc stt dung lam backbone dé€ trich xuét cac dac
trung tir hinh anh dau vao. Backbone nay gom 52 phép tich chap két hop voi ky thuat

bd qua mét sd két ndi nhu trong ResNet. Bén canh d6, kiéu kién triac nay cling st dung
mang kim ty thap déc trung (Feature Pyramid Network - FPN) [4] d€ xtr ly hinh anh tai
cac murc nén khong gian khac nhau.

Darknets3
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Hinh 1. Kién trac cia YOLOvV3.
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So sanh voi cac phién ban trude d6, YOLOvV3 cung cdp hiéu suat tot trén cac dau
vao voi dd phan giai khac nhau. Thém vao d6, YOLOV3 ciing cho tdc dd xtt ly nhanh
hon dang ké so véi cac mo hinh dya trén hai giai doan (vi dy, RCNN va Faster-RCNN
voi ResNet50 lam backbone) va dat dwoc do chinh xac twong duong. Ngoai ra, khi so
sanh voi kiéu kién truc mot giai doan khac nhu Mobilenet-SSD, YOLOV3 ciing dat duoc
toc do xtt ly twong tw nhung lai cung cap d¢ chinh xac tot hon.

2.2. Kién triic YOLOv4

Kién truc cia YOLOv4 la mot phién ban stra doi cao cap hon cia YOLOV3.
Nhitng stra d6i nay thé hién ¢ ba thanh phan chinh trong YOLOv4: Backbone, Neck va
Head. YOLOvV4 st dung Cross Stage Partial Network (CSPNet) trong Darknet, tao ra
mot backbone trich xuét ddc trung maéi dugc goi la CSPDarknet53. Kién truc tich chap
nay dua trén kién tric DenseNet da stra doi [5]. N6 chuyén mét ban sao ctia ban d6 déc
trung tir layer co s sang layer tiép theo thong qua dense block. Y tudng & day la gitip
cho vtra lvu gitt dwgc mot phan thong tin tir cac layer trudc, vira giam d§ phuic tap cua

mo hinh.

Phéan Neck c¢é nhiém vu tron va két hop cac ban d6 déc trung (feature maps) da
hoc duoc théng qua qua trinh trich xuat dac trung (6 Backbone) va qua trinh nhan dang
(YOLOV4 goi la Dense prediction). Muc tiéu cta viéc tong hop nay dung dé€ lam giau
thong tin day vé Head. Trudc khi chuyén ti€p dén kién trac tong hop ddc trung trong
Neck, cac feature maps dau ra cua CSPDarknet53 sé dugc giri dén mot khoi bd sung
(khoi SCP - Spatial Pyramid Pooling) d€ gia tang truwong ti€p nhan va tach ra cac déc
trung quan trong nhat. Trong YOLOV3, cac tac gia da gidi thiéu mot cach thic ap dung
khoi SPP (YOLOvV3-SPP). Khoi SPP ap dung max-pooling véi cac kernel kich thwée khac
nhau. Cac feature maps thu dwoc tir viéc a4p dung max-pooling (vdi kernel size khéc
nhau) sé duoc két n6i lai véi nhau. YOLOv4 ciing ap dung lai ky thuét nay. Thém vao
d6, trong YOLOV4, cac tac gia sit dung mang tdng hop duong dan (Path Aggregation
Network - PANet) [6] lam phuwong phap tong hop tham s0 tir cac miec backbone khac
nhau cho cac mttc phat hién khac nhau, thay vi FPN dwoc sit dung trong YOLOV3.
PANet hay FPN la cic phuong phép duoc stt dung nham lam giam sy mat mat thong
tin khi mang cang sau. Trong d6, thong tin ¢ cac mc khéc nhau sé duoc két hop véi
nhau.

Phan Head c6 chtrc nang 1a thuc hién cac du doan day ddc. Du doan day dac la
dy doan cudi cung bao gom mot vecto ¢ chira toa dd bounding box (tdm, chiéu cao,
chiéu rong), do tin cay ctia du doan va cac 16p xac suat. YOLOv4 trién khai Head giong
nhut YOLOv3 véi cac budce phat hién dya trén anchor.
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Hinh 2. Kién trac YOLOvA4.
2.3. Kién trac YOLOvV5

YOLOvV5 khac véi cac phién ban truedc. Phién ban nay st dung framework
PyTorch thay vi Darknet. Vi vay, YOLOV5 than thién véi nguoi duing va cé thé dé dang
hudn luyén trén cac tap dit liéu tuy chinh. So véi framework Darknet duoc YOLOv4 ap
dung, framework Pytorch dé dwa vao san pham hon.

So sanh vé mit kién truc, YOLOv5 da tich hop nhiing cai tién maéi nhét twong tw
nhu kién trac YOLOv4, do d6 khong cé nhiéu khac biét vé ly thuyét. Nhin chung, kién
tric YOLOV5 c6 thé duoc tom tit nhw sau:

e Backbone: Cau truc Focus, mang CSP
e Neck: Khoi SPP, PANet
¢ Head: YOLOV3, st dung GloU-loss

3.KET QUA VA THAO LUAN

Trong phan nay, chung tdi trinh bay cac thiét 1ap thi nghiém dé thyc hién danh
gid ba phién ban cia mo6 hinh YOLO: YOLOv3, YOLOv4 va YOLOV5 (chung toi lIira chon
stt dung YOLOvb5-large vdi kich thuwdc mo hinh tiwong duwong voi YOLOv4.). Bén canh
dd, ching t6i cling bao cdo cac két qua thi nghiém da tién hanh. Cudi cung, chung to6i
phan tich, thao luan dua trén cac két qua da bao cao dé danh gia hiéu qua caa ting phién
ban khi ap dung cho hé thong giam sat thuc té.

3.1. C4c thiét 1ap thi nghiém

Chung t6i thyc hién danh gia ba phién ban YOLO trén tap dt liéu
HumanSurveillance. Day 1a tap di liéu duoc thu thdp tir hai nguoén chinh: (1) Tt trang
web gettyimages; (2) Ttt cdc camera gidm sat dwgc chia sé trén youtube. Tap dit liéu
HumanSurveillance gdm hai tap train va test. Trong d6, tap dit liéu train chita 13.564
anh va tap d liéu test chira 3.393 anh. HumanSurveillance gom hai 16p d6i tuwong: head
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va body. Tap dit liéu nay cling chita tong cong 125.959 bounding box voéi trung binh 4
nguoi moéi anh (Hinh 3).

Trong phan huan luyén, ching t6i sit dung cung chung mét thiét lap cho ca ba
phién ban. Cac tham s6 dau vao cu thé gom: (1) kich thudc dau vao: 416; (2) kich thudc
batch: 32; (3) s& vong lap can thuyec thi: 1000; (4) optimizer sit dung stochastic gradient
descent véi momentum 0.9; (5) learning rate: 0.001 va (6) weight decay: 0.0005.

Chung t6i cung cap cac danh gia lién quan dua trén cac do do nhu: Precision,
Recall, F1-score, mAP va t6c d§ xtt ly ctia ba phién ban. Céc két qua dwgc bao cdo trong
bai bao nay déu duwoc danh gia trén PC voi cac tham sd co ban (CPU: 10th Gen. Intel
CoreTM i7-10750H Processor; GPU: NVIDIA GeForce RTX 2080Ti with 11 GB GDDR®).
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Hinh 3. M6t s& hinh anh minh hoa tap di liéu HumanSurveillance.
3.2. Cac két qua thi nghiém
3.2.1. T6c do xwr ly
Bang 1 thé hién cac két qua cac két qua thi nghiém khi danh gia t6c do xi ly ctua
ba md hinh YOLO. Téc dd xtt Iy duoc tinh bang s§ lwong khung hinh dwoc xtt ly trong
mot giay.

Bang 1. Toc d6 xu ly ctia cac mo hinh YOLO
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Do do YOLOv3 YOLOv4 YOLOvV5

FPS 64.8 60 59.8

3.2.2. Do chinh xac

Bang 2 thé hién d¢ chinh xac trung binh ctia hai mé hinh YOLO va SSD khi duoc
thiec nghiém trén tap di liéu HumanSurveillance. Day la tap dit liéu duoc ghi hinh boi
cac camera giam sat duong pho va tir trang gettyimages. Tap dit liéu nay thé hién su da
dang trong goc nhin vdi nhiéu d6 phan giai khac nhau. Muc dich ctia tap dix liéu nay la
d€ phuc vu cho cac hé thong giam sat giao thong trong cac diéu kién khac nhau.
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Hinh 3. Precision, Recall, F1-score va mAP ctia ba m6 hinh trén tap dit liéu HumanSurveillance.
3.3. Phan tich va thao luan

Cac két qua duoc bao cdo trong Bang 1 thé hién t6c do xtr ly cua ba mo6 hinh
YOLOV3, YOLOv4 va YOLOv5-large. Két qua thi nghiém cho thdy YOLOv3 c6 t6c do
xt ly nhanh nhat (64.8 fps), ti€p theo dén YOLOv4 (60 fps) va YOLOv5-large (59.8 fps).
Diéu nay c6 thé giai thich do bdi YOLOv4 va YOLOvb5-large ¢6 kién trac phtic tap hon
YOLOV3 khi bd sung thém thanh phan Neck d€ xtt ly feature maps duoc trich xuat ti
thanh phan Backbone. Két qua nay ciing khang dinh ca ba mo hinh déu c6 thé dap tng
cac tng dung doi hoi téc do xt ly theo thoi gian thuec.

Hinh 3 cho thay két qua so sanh cuia ba mé hinh YOLO khac nhau dwoc huan
luyén va kiém tht trén tap dt liéu HumanSurveillance d€ phat hién nguoi tir cac camera
giam sat. YOLOV3 c6 precision cao nhung recall thdp va diéu d6 cho thdy mo hinh can
duoc cai thién. D€ mot thuat toan dwoc coi la hiéu qua, phai ¢ sy can bz‘?mg gitta
precision va recall. Sy can bz‘?mg do6 duoc phan anh béi d6 do F1-score. Nhw dwoc chi ra
trong Hinh 3, precision va recall ctia YOLOv4 va YOLOv5-large can bang tSt hon. Do
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do, Fl-score cia YOLOv4 va YOLOvb5-large cao hon so voi YOLOv3, méc du YOLOvV3
c6 precision cao hon. Nhu mot hé qua, mAP cta YOLOv4 (90.1%) va YOLOv5-large
(92.6%) cting cao hon dang ké so vdi YOLOV3 (81.3%).

Cacbao cao thi nghiém cho thay viéc thuc thi nhiém vu phat hién d6i tuwong trong
ngtr canh cua camera giam sat c6 thé dap tng tdc dd xw ly thoi gian thuc. Bén canh do,
dé€ dam bao duoc dd chinh xac phtt hop véi cac bai toan thuec t€, viéc st dung cac phién
ban YOLOv4 va YOLOVS5 la thich hop hon so véi YOLOV3. Tuy nhién, ching ta can xac
dinh rang cac tng dung khac nhau c6 cac yéu cau khac nhau vé tdc dd va do chinh xac.
Do vay, khi trién khai nhiém vu gidm sét cho timg ngit canh, chiing ta can phai can bang
hai y€u t0 nay.

Véi d6i tuong duoc gidm sat 1a con ngudi, thi cac md hinh YOLO déu dé dang
phat hién ngay ca ¢ khoang cach xa do boi kich thwedc va hinh dang ddc trung. Vi vay,
viéc st dung cac mo hinh c6 kién tric 16n nhue YOLOv4 va YOLOv5-large d6i khi khong
can thiét. Chang ta c6 thé trién khai v6i cac moé hinh YOLO véi kién tric nho gon hon
d€ phuc vu cho muc dich gidm sét theo thoi gian thuc khi ma phan ciing ctia hé thong
khong dap ting du yéu cau. Trong treong hop nay, cac mo6 hinh nhu YOLOv5-small hay
YOLOv5-medium sé duoc wu tién lwa chon do ¢ tdc dd xtr ly nhanh hon dang ké khi
thuc hién suy luan trén CPU. Bén canh dd, chiing ta co thé ting tdc do xtt ly thong qua
viéc st dung cac ky thuat tién xt ly nhw trit nén, ciing nhuw cac ky thuéat theo ddu dé co
nhitng tuy chon thich hop.

4. KET LUAN

Muc dich ctia nghién cttu nay la danh gid sy phu hop ctuia viéc ap dung cac mo
hinh YOLO cho nhiém vu phat hién d6i twong thoi gian thye. Ba m6 hinh YOLOv3,
YOLOvV4 va YOLOv5-large da duogc lwa chon d€ danh gia trén d¢ chinh xac va toc d6 xw
ly. Két qua cho thay ba m6 hinh YOLOv3, YOLOv4 va YOLOv5-large déu dap ing duoc
t6c d6 xtz ly theo thoi gian thuc véi swe hd tro cia GPU. Tuy nhién, trong cac hé thdng
giam sat véi cdu hinh phan cting khong dam bao thi YOLOVS5 ¢6 thé€ linh hoat dwoc st
dung vdi cac kién trac small hay medium.

Viéc dat duwoc sw can béng gitta toc do xr ly va dd chinh xac phu thudc rat 16n
vao yéu cau cda ting tng dung thuec t&. Diéu nay dan dén viéc lya chon mo hinh ban
dau pht hop 1a rat quan trong dé c6 duoc su can bang can thiét cho mot tng dung cu
thé. Nghién ctru nay c6 thé gitp ich cho viéc trién khai cac hé thong giam sat dat duoc
hiéu qua cao nhat.
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ONE-STAGE OBJECT DETECTION
FOR VIDEO SURVEILLANCE IN SMART CITIES

Le Quang Chien
Faculty of Information Technology, University of Sciences, Hue University
Email: lqchien@hueuni.edu.vn
ABSTRACT

Object detection methods have recently achieved high performance in both speed
and accuracy. Besides, the application of these methods in intelligent surveillance
systems has been attracting much attention. This article explores the evolution of a
single-stage object detection model, You Only Look Once (YOLO) including:
YOLOvV3, YOLOvV4 and YOLOVS5. The versions will be evaluated based on the frame
rate, Fl-score and mean average precision in the phase of the inference. The
experimental results show the feasibility of the models when being applied for video

surveillance in smart cities.

Keywords: Object detection, YOLO, Video surveillance, smart cities.
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