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TOM TAT

Bai bao nay trinh bay mét mo hinh téng quéat d€ nhan dang tw dong nguoi dua trén
cac birc anh thu duoc tir camera giam sat. M6 hinh nay c¢6 thé dugc st dung cho viéc
hoc chuyén d6i va nghién cttu sdu hon, cling nhu tinh chinh d€ trién khai cho cac
du an cu thé trong thuc té. Dau tién, ching tdi huin luyén mé hinh trén tap dix liéu
dwoc cung cap sdn d&€ mod hinh 1am quen véi déc trung ctia d6i tieong quan tam. Tiép
theo, ching tdi thuc hién qua trinh hoc chuyén véi cac tham sd da hoc nay trén tap
d@t liéu duoc thu thap tir moi truong “thé gidi thiee”. Qua trinh nay giap mo hinh
duoc tinh chinh d€ thich nghi tot hon véi cac diéu kién thach thuic trong thuc té.
Thém vao d9, d€ t6i da hoa hiéu sudt cia md hinh, chting t6i khai thac YOLOv8, mot
trong nhitng mo hinh phat hién d6i tuong tién tién da dugc cong b gan day. Cac
két qua thi nghiém cho thay tinh kha thi cua cach tiép can nay khi dwgc st dung cho
giam sat video trong thanh phd thong minh.

Tw khéa: Phat hién d6i twong, YOLO, hoc chuyén d6i, gidm sat video.

1. MO PAU

Trong nhitng nam gan day, bai toan phat hién nguoi trong cac video giam sat
dang trd nén cAp thiét trong nhiéu linh vuc: gido duc, an ninh va quan ly giao thong. O
Viét Nam, bai toan nay cang tré nén cap thiét hon khi sd luong camera giam sat dugc
14p d3t tai cdc dd thi, khu cong nghiép, bénh vién, va truong hoc dang ngay cang ting
lén. Vi vay, viéc sit dung video gidm sat gitp cho viéc quan ly gido duc, an ninh, an toan
giao thong va chong tdi pham tré nén hiéu qua hon. Tuy nhién, d€ c6 thé giam sat va
xac dinh duoc hanh vi ctia con nguwoi mét cach nhanh chéng va chinh xéc, thi viéc két
hop hé thong camera gidm sat nay véi thuat toan phat hién d6i twong dé phat hién va
xac dinh nguoi hiéu qua la vo cung can thiét.
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Phdt hién ngueoi trong video gidm sdt véi YOLOvS
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Hinh 1. Kién truc tdng quan cta YOLOVS.

Dua trén nhitng cong bd gan day, YOLOvS [3] la m6 hinh kién triic mét giai doan
dat duoc hiéu qua cao trén ca hai khia canh d¢ chinh xac va toc d¢ xt ly. Trong bai bao
nay, chung toi sé tim hiéu va danh gid trén ca hai khia canh nay. Cac danh gia cta céc
md hinh nay duoc thuc hién trén tap dit liéu thu dugc tir camera giam sat thuc té€ két
hop véi dir liéu duoc thu thap tir internet. Cac két qua thi nghiém chi ra dwgc tinh kha
thi ctia cach ti€p can nay cho bai toan phat hién nguoi trong cac hé thdng giam sat thong
minh.

2. PHUONG PHAP NGHIEN CcUU

Phat hién d6i twong la mot trong nhiitng bai toan quan trong trong thi gidc may
tinh véi muc tiéu la d€ nhan biét mot d6i twong 1a gi va 6 dau. Hién tai, kién tric phat
hién d6i twong mot giai doan la sw lya chon thuce t€ d€ xay dung cac mo hinh véi téc do
suy luan nhanh. Pai dién n6i bat cho kiéu kién trac nay 1a YOLO (You Only Look Once).
Kién triic YOLO gitip cho nhiém vu phat hién d6i twong dat hiéu suét tot hon ca vé do
chinh xac va t6c d¢ xt ly. Cho dén hién tai, kién truc YOLO da tién hda qua nhiéu phién
ban: ttt YOLOv1 dén YOLOVS. Trong bai bao nay, chting t6i tim hiéu nhitng diém mai
0 phién ban YOLOVS8 va phuong phap hoc chuyén d6i véi mo hinh YOLOvVS da duoc
huan luyén trudce do.

2.1. Kién triic YOLOVS

Kién tric cia YOLOVS dugc xay dung dua trén phién ban truede cua md hinh
phat hién doi twong YOLOVS. Kién trac nay c6 thé dugc chia thanh hai phan chinh:
xuwong song (backbone) va phan dau (head) (Xem hinh 1).

Phéan backbone cua YOLOVS8 vé co ban gidng véi phan backbone cia YOLOVS5,
diém khac 1a mo-dun C3 dwoc thay thé bang mo-dun C2f dya trén ¥ tuwdng CSP (Cross-
Stage-Partial [1]) (Xem hinh 2). Trong d6, m6-dun C2f duoc xay dung dua trén sy két
hop dong thoi C3 va ELAN (Efficient Layer Aggregation Network [2]). Muc dich cua y
twong nay la giup YOLOVS c6 thé thu duoc nhiéu thong tin vé luong gradient hon trong
khi van dam bao bd trong s8 nhe. O phan cudi ctia backbone, md-dun SPPF phd bién
nhat van dugc st dung va ba 16p MaxPool c6 kich thude 5x5 duoc truyén néi tiép, sau
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d6 mdi 16p duoc ghép ndi, muc tiéu 1a d€ dam bao d6 chinh xac & cac ty 1& khac nhau

dong thoi dam bao thu gon dang ké s6 luong tham sg.
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Hinh 2. So sanh m6-dun C3 ctia YOLOv5 va mo-dun C2f cia YOLOVS.

Trong phan head, phwong phap hop nhat dic trung dwoc YOLOVS str dung van
la PAN (Path Aggregation Network [5]) va FPN (Feature Pyramid Networks [4]). Hai
thuat toan nay gitp tang cuong kha nang hop nhat va st dung thong tin 16p ddc trung
0 cac ty 1é khac nhau. Ngoai ra, hai mo-dun upsampling két hop xen ké véi cac mo-dun
C2f d€ tao thanh cac mo-dun Detect 0 cac ty 1 khac nhau (Xem hinh 3).

Ngoai mot s6 cap nhat vé kién triic, YOLOVS stt dung phuong phap Anchor-Free
Detection d€ dy doan truc tiép tam ctia d6i twong thay vi d6 léch (offset) tir anchor box
da biét. Cac anchor box 1a mot tap hop cac hop duoc xac dinh trude véi chiéu cao va
chiéu rong cu thé. Chung duoc st dung dé phat hién cac 16p ddi tuwong co ty 1€ co gian
va ty 1é kich thudc mong mudn. Ching duwoc chon dua trén kich thwde ctia cac doi tuong
trong tap di liéu huan luyén. Trong qua trinh phat hién, cac anchor box nay sé duoc lat
trén toan by anh. M6 hinh mang sé du doan xac suat va cac thudc tinh khac, nhu nén,
IoU (Intersection over Union) va offset cho mdi anchor box dwoc lat. Cac dy doan nay
sau do sé duoc sit dung d€ tinh chinh cho tiing anchor box riéng lé. Thém vao d6, cac
anchor box nay c¢6 thé duoc dinh nghia twong tng voi cac kich thude doi twong khac
nhau. Phwong phap Anchor-Free Detection gitp lam giam sd luong du doan, qua dé
tang toc thuat toan NMS (Non-Maximum Suppression), mot budc xtx ly hau ky phtec tap
d€ sang loc cac phat hién ting vién sau khi suy luan.
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Hinh 3. Kién truc chi tiét phan Head cua YOLOVS.

Thém vao d6, d€ mo hinh c6 thé thich ¢ng vdi nhitng bién thé cta do6i tuong
trong thuc t&, YOLOVS tang cuong dit liéu hinh anh trong qua trinh huan luyén. Tai moi
thoi diém, mo hinh sé thdy mot bién thé hoi khac nhau cta hinh anh ma né da duoc
cung cap. Mot trong nhitng phuong phap tang cuong dit liéu nhu vay duoc goi la
Mosaic Augmentation. Day la mot ky thuat gia tang dit liéu don gian, trong d6 dau vao
ctia md hinh dugc tao thanh bang viéc ghép bdn hinh anh khéc nhau. Cach gia ting di
liéu nay c6 thé khién cho mo hinh hoc dwoc cac déi tuwong 6 cac vi tri khac nhau trong
diéu kién bi che khuat mot phan. Tuy nhién, cach gia ting nay duwoc chitng minh bang
thuc nghiém la lam giam hiéu qua cua mo hinh néu duoc thyc hién trong toan bo qua
trinh luyén tap. Vi vay, cach gia tang dit liéu nay sé khong dwoc stt dung trong 10 vong
1ap huén luyén cudi cung.

2.2. Hoc chuyén déi véi YOLOvS

Hoc chuyén d6i dé cap dén viéc st dung mot mo hinh CNN da dwgc huan luyén
truede trén mot lwong 16n di liéu dé€ co thé giai quyét nhiém vu T1, thay thé mot hodc
nhiéu 16p trong md hinh CNN nay va sau d6 huan luyén lai mo hinh nay trén mot tap
d@ liéu khac, nho hon d€ c6 thé d€ giai quyét nhiém vu T2. Vi du nhu, gia st ching ta
da hudn luyén mot mo hinh CNN c6 thé phat hién dwgc nhiéu loai d6i tuwong trén mot
tap dir liéu rat 16n. Sau d6, ching ta hiéu chinh 16p dau ra chi d€ phat hién mot loai d6i
twong cu thé va hudn luyén lai md hinh nay véi mot tap di liéu nho hon nhiéu. Do vy,
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hoc chuyén la mot cach hitu ich d€ nhanh chéong huan luyén lai mot mo hinh trén di
liéu méi ma khong can phai huédn luyén lai toan by mang.

C6 hai cach tiép can chinh khi néi dén phuwong phap hoc chuyén ddi: tinh chinh
va trich xuat dac trung ¢ dinh. Ca hai déu xoay quanh viéc thay d6i trong s0 trong
mang trong khi huan luyén, tuy nhién cach thirc ma hai cach ti€p can thuc hién viéc thay
ddi nay la hoan toan khéac nhau. Khi st dung trich xuéat ddc trung cd dinh, cach tiép can
nay sé dong bang cac 16p dau tién trong mang va chi huan luyén cac 16p cudi cung.
Nguoc lai, khi stt dung tinh chinh, mang dwgc huan luyén binh thuong, trong doé tat ca
cac trong s6 duoc phép thay d6i. Ca hai cach tiép can nay van thay thé mot s& 16p trong
mang truede khi hudn luyén.

Trong nghién cttu nay, chiing t6i ap dung phuwong phap hoc chuyén d6i dya trén
cac trong s6 dugc hudn luyén trude tir tap dix liéu Microsoft Common Objects in Context
(MS-COCO) dé€ cai thién hiéu sudt cia mo hinh. Tap di liéu MS-COCO la mot bo di
liéu hinh anh quy mo 16n ¢d chita cac chu thich cho phép nguwoi dung huan luyén cac
mo hinh thi gidc may tinh d& nhan dang, gén nhan va mé ta cac ddi tuong. Ngoai ra, tap
d liéu MS-COCO bd sung cho quy trinh hoc chuyén d6i trong d6 dix liéu duoc ap dung
cho mot md hinh déng vai tro 1a diém ban dau cho mdt mo hinh khac. Tap dix liéu MS-
COCO con la mot tiéu chuan quan trong cho thi gidc may tinh d€ huan luyén, kiém tra
va tinh chinh m6 hinh phat hién d6i tuong.

3. KET QUA VA THAO LUAN

Trong phan nay, chung tdi trinh bay cac thiét 1ap thi nghiém dé thuc hién danh
gia ndm phién ban cia mo6 hinh YOLOv8: YOLOv8n, YOLOv8s, YOLOv8m, YOLOvS8I
va YOLOvS8x. Bén canh do, chuing tdi cling bao cao cac két qua thi nghiém da tién hanh.
Cudi cung, ching t6i phan tich, thao luan dua trén cac két qua da bao cao dé danh gia
hiéu qua cua tung phién ban khi ap dung cho hé thong giam sat thuc té.

3.1. Céc thiét 1ap thi nghiém

Chung t6i thuwe hién danh gia cac phién ban YOLOvS trudc va sau hoc chuyén
doi trén tap dir liéu duoc thu thap tir cac camera gidm sat ¢ trong phong hoc cia mot
truong mau gido. Trude khi hoc chuyén ddi, chting t6i stt dung cac phién ban YOLOvS
da duoc hudn luyén véi tap dit lieu MS-COCO [6]. Tap di liéu nay bao gom hon 330.000
hinh anh, v6i hon 200.000 hinh anh dugc gan nhan di liéu phuc vu cho cac bai toan:
phat hién, phan doan va cha thich d6i twong. Tap d@ liéu nay bao gom 80 16p ddi tuong
khac nhau, chta cac ddi tuong pho bién nhw nguoi, 0 to, xe dap va dong vat, ciing nhuw
mot s6 doi twgng dac biét nhu 6, tti xach va trang bi thé thao. Cac phién ban cua YOLOvVS
truede khi hoc chuyén doi duoc huan luyén tir dau véi hon 118.000 anh di liéu.
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Trong phan hoc chuyén doi, chung toi st dung tap dit liéu duoc thu thap tir cac
camera gidm sat trong cac 16p hoc mau gido (Xem hinh 4). Tap di liéu gom 72 anh duoc
gén nhan chi cho mot 16p d6i tuong 1a con nguodi va duoc chia thanh 2 tap huén luyén
(30 anh) va tap kiém thtt (42 anh). Trong pha huan luyén ctia viéc hoc chuyén doi, chung
toi st dung cung chung mot thiét 1ap gom: (1) kich thude dau vao: 640x640; (2) kich
thude batch: 4; (3) s6 vong lap can thuec thi: 200; (4) optimizer st dung thuéat toan Adam
voi momentum 0.937; (5) learning rate: 0.001 va (6) weight decay: 0.0005.

Hinh 4. M6t s6 hinh anh minh hoa tap di liéu duoc thu thap tir camera giam sét.

Chung t6i cung cap cac danh gia lién quan dwa trén cac do do nhu: Precision,
Recall, F1-score, mAP va tdc d0 xtt ly ctia cac phién ban. Cac két qua duoc bao cdo trong
bai bado nay déu duoc danh gia trén PC vdi cac tham s6 co ban (CPU: Intel(R) Xeon(R)
CPU @ 2.20GHz; GPU: NVIDIA Tesla T4 with 16 GB GDDR6).
3.2. Cac két qua thi nghiém
3.2.1. T6c do xtx ly

Bang 1 thé hién cac két qua cac két qua thi nghiém khi danh gid toc d xtt ly cua
cac md hinh YOLO. Tdc d6 xtt Iy duoc tinh bang thoi gian (ms) duoc duing dé thuc hién

qua trinh suy luan trén mot anh.

Bang 1. Tc dd xtr 1y ctia cAc mé hinh YOLO

Do do YOLOv8n YOLOvS8s YOLOvV8m YOLOvSI YOLOv8x

ms (GPU) 8.6 16.2 24.5 28.4 36.1

ms (CPU) 206.4 562.4 1382.3 2665.0 3988.4

3.2.2. b6 chinh xac

Hinh 5 thé hién phan danh gia cac d¢ do: Precision, Recall, F1-score va mAP50
ctia ndm phién ban ctia mo6 hinh YOLOVS, titc la YOLOv8n, YOLOvS8s, YOLOvSm,
YOLOvS8] va YOLOv8x. Phan danh gia duoc thuc nghiém trén tap dit liéu dugc thu thap
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ttr cac 16p hoc mau gido. Day 1a tap dit liéu duoc ghi hinh béi cdc camera gidm sat thong
thuong. Tap dir liéu nay thé hién sy da dang trong gdc nhin véi nhiéu thach thiec nay
sinh tr moi treong thuc t&: anh sang, bi che khuat, tu thé€ nguoi khac nhau. Muc dich
cua tap dir liéu nay la d€ phuc vu cho cac hé thong giam sat gido duc trong cac diéu kién
khéc nhau.
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Hinh 5. Precision, Recall, F1-score va mAP cuia cac phién ban YOLOVS trén tap dit liéu giam sat.
3.3. Phan tich va thao luan

Cac két qua duoc bao cao trong Bang 1 thé hién t6c dd xi ly ctia cdc mo hinh
YOLOv8n, YOLOvV8s, YOLOv8m, YOLOvS8I va YOLOv8x. Két qua thi nghiém cho thay
ca 5 phién ban ciia YOLOvV8 déu c6 thé dat dén kha nang xtt ly theo thoi gian thuce véi
st hd tro tinh todn ctia GPU. Két qua nay ciing khang dinh ca 5 phién ban ciia md hinh
YOLOvV8 déu cé thé dap ting cac tng dung doi hdi téc dd xtt 1y theo thoi gian thuce. Khi
khong c6 si hd tro cia GPU, d€ ¢6 thé tang toc qud trinh suy luan cia YOLOVS chting
ta co thé ap dung mot s6 ky thuat t6i wu kién trac md hinh, hodc giam kich thudc dau
vao ciing nhu thong luong truyén dén md hinh.

Hinh 5 cho thdy két qua so sanh ctia 5 phién ban ctia md hinh YOLOv8 duoc ap
dung phuwong phap hoc chuyén doi trén tap dit liéu thuc t€ d€ phat hién nguoi tir cac
camera giam sat. YOLOv8x c6 Fl-score (72.5%) va mAP50 (72.2%) cao nhat, tuy vay mo
hinh nay phai danh d6i véi tdc do xi ly thap va kho ap dung cho cac hé thong véi yéu
cau thap vé cau hinh phan cing. YOLOv8n c6 Fl-score (67.0%) va mAP50 (67.2%) thap
nhat trong 5 phién ban nhung lai c6 téc do x& ly nhanh nhat. Vi viéc chuan bi mét tap
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dt liéu phi hop thi YOLOv8n cling c6 thé dap tng dwoc ca hai doi hoi vé do chinh xac
va toc do xtir ly.

(a) D1 teong bi che khudt mot phan (b) B6i tuong & khoang cach xa

Hinh 6. Mot s6 thach thirc lién quan dén kich thude d6i twong va bi che khuat mot phéan. Cac
bounding box mau xanh biéu dién cho ground truth, mau do biéu dién cho két qua du doan ctia
mo hinh YOLOvSn.

Vi luong dir liéu chuén bi cho qua trinh huédn luyén la kha it (30 anh) nhung
hiéu qua ma cac phién ban cia m6 hinh YOLOvV8 mang lai 1a rat kha thi. Chi véi 200
vong 1dp hudn luyén, mo6 hinh YOLOvS8x (kién truc 16n nhét trong 5 phién ban) cé thé
hdi tu trong vong 1 gio. RS rang, thoi gian huén luyén da dwoc rat ngén rat nhiéu khi so
v6i viéc hudn luyén tir dau trén tap di lieu MS-COCO.

Bén canh viéc tdng tdc qua trinh huan luyén khi tap di liéu dé€ chuyén déi tac vu
la nho, thi hiéu qua du doan ctia mé hinh cling sé bi anh huong. Ly giai cho két qua thi
nghiém nay, ching t6i nhan thay rang con c6 nhiéu thach thiic tdc dong 1én hiéu suat
cua md hinh. Thi¢ nhat la ddi twong nhd do & khoang cach xa hodc bi che khuat nhw
duoc chi ra & hinh 6. Trong tinh huéng dau, cac chau hoc sinh dang ndm ngti va bi che
khuat boi cac tdm chan (mén). Tinh hudng tht hai lai ¢6 nhiéu chau ¢ ngoai phong va
cac chau ng6i doc voi hudng quan sat cia camera khién cho nhiéu chau bi che khuéat. D€
c6 thé€ nhan biét tt cac doi twgng trong treong hop nay, ching ta ¢ thé st dung cac
d&u hiéu khac dé nhan biét nhu khuon mat néi riéng va dau ngudi néi chung chang han.
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Hinh 7. Mot s0 thach thire lién quan dén tu thé doi tuong. Cac bounding box mau xanh biéu

dién cho ground truth, mau do biéu dién cho két qua du don ctia md hinh YOLOvSn.

Bén canh d¢, tu thé cua ddi twgng ciing anh hudng 16n dén viéc ra quyét dinh
chinh xac ctia mo hinh. Trong ca hai tinh huéng (Xem hinh 7), hdu hét cac d6i twgng déu
& tu thé ngdi va quay lung lai v6i camera. D& khac phuc thach thite nay, ching ta ciing
6 thé cho mo hinh duwoc huédn luyén thém voéi tap dix liéu méi ¢6 nhiéu déi tuwong véi tw
thé ngoi.

Cacbao cao thi nghiém cho thay viéc thuc thi nhiém vu phat hién d6i tuong trong
ngtr canh cua camera giam sat c6 thé dap tng tdc dd xw ly thoi gian thuce. Bén canh do,
dé€ dam bao duoc dd chinh xac pht hop véi cac bai toan thuc t€, viéc st dung cac phién
ban YOLOv8s va YOLOv8m la thich hop hon so véi cac phién ban con lai. Tuy nhién,
chting ta can xac dinh rang cac ing dung khac nhau cé cac yéu cau khac nhau vé téc do
va do chinh xac. Do vay, khi trién khai nhiém vu giam sat cho titng ngtt canh, chung ta
can phai can bang hai yéu t3 nay.

4. KET LUAN

Muc dich ctia nghién cttu nay gidi thiéu mot mo hinh téng quat cho bai toan phat
hién nguoi tir cac video gidm sat. Trong do, chang t6i gidi thiéu phuong phap hoc
chuyén do6i ap dung cho m6 hinh YOLOvS8, m6 hinh méi nhét trong ho mo6 hinh YOLO.
Bén canh d96, nghién ctru nay cling thiee hién danh gia su phu hop cta viéc ap dung cac
mo hinh YOLO cho nhiém vu phat hién d6i twong thoi gian thiee. Nam phién ban cua
md hinh YOLOv8 da duoc lua chon dé€ danh gia trén d¢ chinh xac va toc do xu ly. Két
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qua cho thay cac phién ban nay caa mo6 hinh YOLOv8 déu dap tng duoc toc do xui ly

theo thoi gian thuee véi su ho trg ctia GPU. Tuy nhién, trong cac hé thong giam sat véi

cau hinh phan ctéing khong dam bao thi YOLOVS ¢6 thé linh hoat duwoc sit dung vdi cac
kién tric nho hon, titc 1a YOLOvV8n va YOLOvSs.

Viéc dat duoc su can bang gitta tdc dd xtt Iy va do chinh xéac phu thudc rat 16n

vao yéu cau cua ting tng dung thuc t&. Diéu nay dan dén viéc lya chon mo hinh ban

dau pht hop 1a rat quan trong d& cé dwoc sy can bang can thiét cho mot tng dung cu

thé. Nghién ctru nay ¢ thé giup ich cho viéc trién khai cac hé thong gidm sat dat dwoc

hiéu qua cao nhét.
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ABSTRACT

The paper presents a generalized model for automatic detection of people using
images from surveillance cameras. The model can be used for transfer learning and
fine-tuned for specific projects in the real world. The first step is to train the model
on a provided dataset to familiarize it with the object of interest. Then, transfer
learning is performed with the learned parameters on a dataset collected from a "real
world" environment to better adapt to challenging conditions. To maximize the
model's performance, the current state-of-the-art single-shot detector YOLOVS is
utilized. The experimental results demonstrate the feasibility of the approach for

video surveillance in smart cities.

Keywords: Object detection, YOLO, Transfer learning, Video surveillance.

Lé Quang Chién sinh ngay 15/09/1983 tai Thira Thién Hué. Nam 2005,
ong tot nghiép cit nhan chuyén nganh Tin hoc tai treong Dai hoc Khoa
hoc, Dai hoc Hu€. Nam 2007, 6ng nhan bﬁng thac si chuyén nganh khoa
hoc may tinh tai treong Pai hoc Khoa hoc, Pai hoc Hué. Nam 2016, éng
nhan hoc vi tién si chuyén nganh Tin hoc tai treong SOKENDAI (The
Graduate University for Advanced Studies), Nhat Ban. Hién nay, 6ng

dang cong tac tai khoa Cong nghé Thong tin, treong Dai hoc Khoa hoc,
Dai hoc Hué.

Linh viee nghién cipu: Xt ly va nhan dang anh, xt ly video, hoc may, thi

gidc may tinh.

25






