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Tom tit:

Trudc c&c van nan vé trom cip dang dién ra hét sirc phuc tap, viéc c6 mot hé thdng canh béo xam nhap,
dic biét tai cac cong truong dang thi cong 1a vo cung cap thiét. Trong bai bao nay, nhém tac gia xay dung
mot hé thdng canh bao xam nhap tu dong va chinh xac khi c6 ngudi xam nhap vao mét khu vuc trong céc
cong truong xay dung. Cu thé, sir dung cac mo hinh hoc sau tién tién nhu YOLOvS va YOLOVS dé c6 duoc
toa do cua vat thé, sau do, toa do cua ddi tuong duoc tinh toan va so sanh véi toa do khu vuc can giam séat
dé xac dinh hanh vi vi pham. Két qua dat dwoc trong nghién ctu nay rat tét, khi mé hinh YOLOv5n dat
dugc do chinh xac trung binh la hon 91% véi d6 nhay hon 84% va tbc do xur Ii hon 12 khung hinh trén
gidy, tuong tu Vi mo6 hinh YOLOv8n dat dugc d6 chinh xac trung binh hon 92% vaéi d¢ nhay hon 82% va
téc do xur 1i hon 15 khung hinh trén gidy.

Tir khoa: YOLO; Hé thong bao dong; Phét hién vat thé; Phat hién xam nhap.

Abstract:

Given the extremely complicated problems of theft, having an intrusion warning system, especially at
construction sites, is extremely urgent. In this study, we will build an automatic intrusion warning system
when someone enters an area on a construction site automatically and accurately. Specifically, we used
advanced deep learning models such as YOLOvV5 and YOLOVS to obtain the coordinates of the object and
then compared them with the coordinates of the monitored area to determine whether the conduct was a
violation. The results achieved in this study were very good when the YOLOv5n model achieved an average
accuracy of more than 91% with a sensitivity of more than 84% and a processing speed of more than 12
frames per second, similar to the YOLOv8n model that achieved an average accuracy of more than 92%,
with a sensitivity of more than 82% and a processing speed of more than 15 frames per second.

Keywords: YOLO; Alarm system; Object detection; Intrusion detection.

1. Giéi thiéu toi pham da ngay cang tré nén tinh vi va théng
minh hon, khién cho tinh trang trém cip tré nén
phtic tap. Véi su phét trién caa cong nghé sb,
vén dé trom cép dang tré thanh méi de doa ngay
cang Ién. Tur @6, dat ra cac bai toan ngan chan
va xt ly kip thoi nhitng hanh vi trom cap, tuy
nhién, dé giai quyét van dé nay can dén mot
ngudn nhan lyc va phai ludn néu cao canh giac,
chi dong trong viéc bao vé tai san. T do, co

Hién nay, vin nan trém céap trong cac cong
truong xay dyng van la mot van dé nghiém
trong dang dién ra tai nhiéu quéc gia trén toan
thé gioi. Biéu nay gay ra thiét hai 16n vé tai san,
ddng thoi, anh huang dén su an toan khi co thé
gay tai nan cho cac ddi twong xam nhap boi diéu
kién thi cong cua cac cong truong la vo cung
nguy hiém va tiém an nhiéu rui ro. Mat khéc,
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thé thiy, hé thong canh béo xam nhap 1a mot
giai phap hiéu qua cho viéc gidm sat xam nhap
tu dong, qua do, c6 thé phat hién kip thoi ciing
nhu ngin chin cac hanh vi bt hop phap tir céc
d6i twong vi pham mot céch tic thoi.

Mot s6 nghién ctru dd duoc dé xuat cho viéc
xac dinh sy xam nhap tai khu vuc céng truong
xay dung va duong ray [1-10], cac tac gia sir
dung nhirng phuong phap gan gidng nhau. Tiéu
biéu nhu Tran va cac cong sy [1] dit ra bai toan
phat hién con nguoi xadm nhap vao khu vyc
nguy hiém sir dung mé hinh YOLOVS, két hop
phuong phap nhan dién xam nhap bang cach
xac dinh mot diém nam trén hop gisi han bao
xung quanh vat thé va kiém tra toa do cua diém
d6 trén nhitng duong thiang hoac bén trong khu
vuc can canh bao. Ngoai ra, Zhao va cong su
[2] da dé& xuat mot s6 giai phap canh béo xam
nhap sém dua trén viéc phan loai khu vuc nguy
hiém cuia cong trinh theo khu vyc 1am viéc cua
ting loai cong viéc cu thé d6i voi cong nhan
xay dung. Hu va cac cong su [3] dé xuét cach
gidm sat theo thoi gian thyc cho cac khu vuc
nguy hiém trong cong trudng xay dung duya trén
mo6 hinh YOLOV5 va cin cir ngudng cac phan
dién tich giao nhau dé canh béo, ciing nhu phan
loai cdng nhan c6 hoic khéng trang bi d bao
ho khi lao dong. Mot sé phuong phap khac
trong [11-15], tiéu biéu nhu Zhang va cac cong
su [12] dé& xuat mot s phuong phap khi phat
hién vat thé chuyén dong trong khung hinh va
canh béo cac vat thé bi bo roi. Nhin chung, cac
phuong phap ké trén déu hién hiru cac han ché
nhat dinh, chang han, kha ning linh hoat cua
cac phuong phap canh bao chua thyc su t6i wu,
khong cho phép tuy chinh cac ngudng xam
nhap, khong thé hiéu chinh d6 nhay cua hé
théng, tir do, gilp kiém soat kha nang gui canh
bao nhiéu l1an mot cach hiéu qua.

Trong nghién ctiru nay, nhém tac gia sir dung
mot phuong phap kh&c nhung dam bao sy chinh
xé&c cho hé thdng, do 1a két hop mo hinh phat
hién vat thé tién tién YOLOVS5 [16] va YOLOVS
[17] véi phuong phap xac dinh dién tich giao
nhau cua hai da giac dé nhan dién xam nhap cua
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dbi twong vi pham. Cu thé, néu ngudng giao
nhau cua hai da giac dat mot ngudng nhét dinh
duogc cai dat tir true thi hé thdng thuc hién gui
c4c canh bao nhu 4m thanh va hinh anh caa d6i
tugng dén thiét bi cua nguoi giam sat. Hai da
giac ¢ day chinh la mdt da giac bao quanh vat
thé xac dinh chinh xac vi tri va kich thuéc caa
vat thé duoc md hinh phat hién, da giac thtr hai
la khu vuc mong muén giam sat va thuc hién
gui cac canh b4o. Quan sat Hinh 1, c6 thé thay
phuong phap nay xac dinh sy xam nhap bing
céch tinh toan phan dién tich cia hop gigi han
xung quanh vat thé khi YOLO phat hién, sau
do, tiép tuc tinh toan phan dién tich cit nhau
nam bén ngoai caa hinh hop so vai da giac can
canh bo. Sau cling, thay cac phan dién tich vao
mét cdng thire va dau ra chinh 1a phan dién tich
vi pham hay ngudng xam nhap cua céc vat thé
dang vi pham.

Ung dung

1 —

Lay toa dé la da giac ciia

nguoi xam nhip

Toa db cua da giic la khu
vure cinh bao dwoce vé

Khing

N

Tinh dién tich giao nhau
cua hai da giac

So sanh ti ¢ phan trim
giao nhau cua hai da giac cé vuot
ngwong canh bio

Canh bao

Két thic

Hinh 1. Qua trinh phét hién xam nhap.

2. Phuwong phap nghién ctru
2.1. M6 hinh YOLOvS8

YOLO (You Only Look Once) la moét thuat toan
phét hién dbi twong tién tién trong linh vuc thi
giac may tinh. Vé6i phién ban méi nhat la
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YOLOV8 di duoc gisi thiéu vao dau nam 2023
va duoc cai tién ciu tric dé dat két qua phat
hién d6i tugng tot hon. YOLOV8 ¢ d6 chinh
xac cao hon so véi c&c phién ban trude do, dugc
danh gia trén tap di lieu COCO va Roboflow
100. Ngoai ra, YOLOVS con hd trg day du cac
tac vu Vé thi giac may tinh nhu phat hién vat
thé, phan doan, udc tinh tu thé, theo dai va phan
loai vat thé. Bén canh dé, thuat toan nay co su
hd tro tir cong dong ngudi dung Ion cua gioi
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chuyén gia trong nganh, diéu nay, khién viéc st
dung no tré nén thuan tién hon.

Quan sat Hinh 2, véi phién ban YOLOv8m
¢6 kich thudce trung binh, thé nhung, n6 dat hon
50% mAP khi danh gia trén tap dit liéu COCO,
so vai phién ban YOLOv5m chi dat hon 45%.
Diéu nay cho thidy, YOLOvS dat do chinh xac
cao hon rat nhiéu so véi cac phién ban duoc ra
mét trudc day.
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Hinh 2. So sanh mo hinh YOLOVS5 [16] va YOLOVS [17].

2.2. Tap dir liéu

Sau khi thu thap céc tap dir liéu nguoi va cong
nhan xay dung khac nhau tir tap di liéu Penn-
Fudan [18] va tap dir liéu SHWD [19], s€ cé
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duoc thu muc hinh anh nhu Hinh 3 va dan nhan
cho anh. Sau khi hoan thanh, c6 thé s dung
2000 hinh anh va chia theo ty 1€ 6:2:2 vdi 60%
ding cho viéc huan luyén va 40% con lai ding
dé danh gia mo hinh.
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Hinh 3. Tap dit liéu huan luyén tiy chinh.

Cu thé, str dung 1200 anh (train) trong tap dir
liéu duge dan nhin dé huan luyén mé hinh va
400 anh (val) con lai & danh gid mé hinh, 400
anh khéc (test) danh gia mé hinh sau cung. Kich
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thuéc anh 640 va duoc chia nho kich thuéc
batch 13 16, tiép theo, tién hanh chay qué trinh
huan luyén trong vong 100 epoch. Huin luyén
véi ca hai mé hinh khac nhau la YOLOV5 va
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YOLOWS, sau d6, chon ba mé hinh thap nhat ¢
hai phién ban dé tién hanh dao tao va lay céc két
qua thyuc hién danh gia va su dung.

2.3. Phwong phap phat hién xam nhap

Phuong phap phat hién xam nhap duoc dé xuat
bang céch tinh dién phan khéc biét cua hai da
giac khi ching giao nhau cung véi dién tich caa
hinh hop chix nhat bao quanh vat thé va c6 duoc
ty 1¢ giao nhau cua hai da giac d6. Cu thé, quat
sat Hinh 4, khi mot hop gidi han cua vat thé tién
vao bén trong da giac mau doé la khu vuc canh
bao, ching tach ra thanh cac phan nam bén
trong va bén ngoai khu vuc canh béo. Bé tinh
toan can liy phan dién tich nam bén ngoai (mau
xanh luc) chia cho dién tich cua toan bo hop
gidi han cua vat thé, sau do, lay gia tri 1 trir ty
I¢ phép chia, sé c6 dugc mot ty I€ giao nhau hay
chinh Ia phan dién tich d6i twong vi pham (phan
mau hong) so vai khu vuc dang can giam sat.

Hinh 4. Dién tich giao nhau ctia hai da giac.

V6i phuong phép nay can tinh dwoc phan dién
tich khéc biét giira hai da giac, c6 thé hiéu do la
phan hop giéi han duoc cat va nam bén ngoai
da giac can canh bao hay néi cach khac 1 hiéu
ctia phan hop gidi han trir di phan dién tich 1a
khu vuc can canh bao. Phép chia cia cua phan
dién tich nam bén ngoai véi dién tich cua hop
gidi han ludn trong khoang tir 0 dén 1. Khi do,
phan dién tich con lai chinh Ia phan dién tich
dang bi ddi twogng xam pham va tinh phan ty I¢
giao nhau con lai. Bang cach Iy giatrj 1 trir cho
ty 1& caa hinh hop cit bén ngoai sé tinh duoc ty
1& giao nhau cua hai da giac. Tai Hinh 5 6 thé
thiy, phan dién tich can tinh chinh 1a phan dién
tich a (mau xanh lam).
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Hinh 5. Xéc dinh phan khac biét cua da giac.

Quan sat Hinh 6, sau khi tinh toan phan ty I¢
dién tich giao nhau, s& tra vé mot gié tri giao
cta hai da gidc. Can chuyén doi céc gié tri ty 1&
nay sau khi tinh todn sang gié tri phan trim dé
lam co s& cho ngudng canh bdo xam nhap.
Nhan cac gia tri nay véi 100, tir do, co thé
chuyén doi cac ty 1é dién tich cua cac dbi tuong
vi pham sang phan trim va cac gia tri phan trim
dugc st dung 1am co so so sénh cho hé théng
canh béo.

10U= 100%- DIEN TiCH BOUNDING BOX BEN NGOAI (%)
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Hinh 6. Chuyén ddi ty Ié sang phan tram.

Mot s6 wu diém ciia phuong phéap nay 1a chinh
X4c gan nhu tuyét ddi, linh hoat va téc do xir Ii
tuong ddi tét so Vi cac phuong phap khac. Vi
phuong phap nay, khéng phai chi y hinh dang
cua da giac trong khu vuc can canh bao, c6 thé
1a da giac 16i hoac da giac 16m, hay cac hinh
dang cua da giac duoc quyét dinh va déu c6 thé
hoat dong 6n dinh, tuy nhién, diéu kién Ia tai
khu vire can canh bao phai 1a mot da giac va c6
phan dién tich cu thé (Hinh 7). Tir do, phan ty
1& ndy dat mot ngudng phan trim giao nhau nhu
cau hinh ban du va s& c6 canh béo tac thoi.
Tuy nhién, can dam bao da giac cho khu vuc
can canh béo phai co kich thudc 16n hon hinh
hop bao quanh ddi twong, dé khi giao nhau véi
da giac duoc vé& cd thé dat duoc ngudng téi da
khi dién tich cua hinh hop bao quanh dbi tugng
hoan toan bén trong khu vuc can canh béo.
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Hinh 7. Hoat déng véi cac hinh dang khac nhau.

Déi véi trudng hop da giac can canh bao cé dién
tich khi giao nhau nho hon phan dién tich cua
hinh hép bao quanh ddi tugng, phai giam
ngudng canh bao & mic thap, vi du téi thiéu la
1%, mic dinh khi c6 hinh hop bao quanh ddi
tugng nam gan khu vuc can canh béo s& 1ap tac
canh béo. Ngudng canh béo duoc quyét dinh
giatri hop li vi phu thudc vao vi tri dat may anh,
vi tri can giam sat xa hay gan hoic noi dong
ngudi hay it nguoi qua lai dé hiéu chinh ngudng
phu hgp tranh céac treong hop khéng canh bao
hodc guri canh béo qué nhiéu lan. Tai Hinh 8,
gia sir ngudng canh bao duoc cau hinh 1a 55%,

da giac chua dat toi mot gia tri la 55%, nhu
trong trudng hop nay 1a 40% (phan mau vang),
thi day duoc xem 1a truong hop nghi ngo. Doi
Véi cac truong hop tir ngudng 55% tro 1én cho
dén tdi da 12 100% nhu trong trudng hop nay la
67%, thi ty 1¢ giao nhau cua cac dbi tuong so
véi khu vuc can canh bdo nim trong khoang
nay s& l1am cho hé thdng l1ap tic canh bao. Ngoai
ra, hién thi thém cac truong hop xam nhap cé
thé 1a vi pham hozc nghi ngo ¢ trong tng dung
dé khi str dung c6 thé giam sat va thong ké cac
loai truong hop vi pham thong qua thuat toan
tracking.

Hinh 8. Phat hién ddi twong xam nhap.

2.4. Thiét ké &eng dung

Trong nghién ctu nay, thiét ké mot chuong
trinh hoan chinh trén may tinh, cu thé, nhom sir
dung thu vién PyQt5 cua Python ciing véi phan
mém Qt Designer. V¢i tng dung nay, can thyuc
hién cac chirc nang co ban nhu hién thi hinh anh
tir nguon video dau vao dé phat hién vat thé trén
khung hinh tir mé hinh YOLO, céc chirc nang
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cau hinh vé kénh canh bao hay cai dat thong tin
ngudi ding dé luu trix hinh anh d6i twong xam
nhap,... va cho phép chon ngudn tir video hoic
camera két ndi vao may tinh. Ngoai ra, tao cac
chuc niang dé hd tro qua trinh xac dinh khu virc
can canh bao dé c6 thé d& dang thao tac trong
qua trinh sir dung &ng dung. Vi Hinh 9 ¢6 thé
thay, tng dung md ta chie ning tu dong ndi kin
mot da giac, bang cach Iy toa d6 dau tién trong
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danh séach toa do da v& va thém vao cudi danh
sach, nhu vay, c6 thé ndi diém cudi vao diém
dau va tao thanh mot da giac kin hoan chinh.

CCANH BAO XAM NHAP CAMERA CCTV

10638, 3687, mn.sasu nmoaumn 1686, 9880 |msas]m

Ty Do VA muw}ammﬁmw_

r |

> Noudng:
B e RTSPTS—— . (PP v fixéa NGt i#ichay Pchay  [lbimg

Hinh 9. N&i kin khu vuc canh béo.

Chtic nang luu toa dd duoc thé hién trong Hinh
10, can xac dinh cac ddi sb can thiét dé co thé
vé nén mot dudng thang. Cu thé, trong trudng
hop nay, can nhom hai cap toa do lién ké nhau
tir toa do hai diém dé tao thanh mét duong
théng, sau d6 1ap qua tirng cap toa do trong toa
d6 khu vye ma nguoi ding vé, tiép theo, luu toa
d6 nay vao tap tin, khi khoi dong chi can dé ung
dung doc cac gia tri nay tur tap tin va vé lai da
giac da luu.

CANH BAO XAM NHAP CAMERA CCTV
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Hinh 10. Lvu toa d6 khu vuc da ve.

Mt khac, trong qué trinh thiét ké ung dung theo
nhu Hinh 11, toa d¢ tng dung nam trén cling
bén trai 1a [0,0], tuy nhién, toa d6 sir dung dé vé
& mot nhan (label) trong PyQt co kich thudc
nhé hon so vai toan bo giao dién ng dung.
Kich thugc dé hién thi hinh anh la 1280x720
diém anh dang léch mot khoang [31,50] s0 Vi
giao dién bao quanh bén ngoai. Vi vay, can xt
li toa d6 khi nguoi dung chon vao khung hinh
bang cach trir thém mat gié tri twong ung cho
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ca truc x va truc y dé toa do duoc chon trén tng
dung tring khép hoan toan so véi toa do thyc té
trén khung hinh dugc chi dinh. Sau khi hoan
thanh cac chirc ning co ban cho hé thng, can
ta0 mot moi truong o va cai dat cac thu vién
can thiét dé tng dung cd thé hoat dong, véi viéc
st dung thu vién pyinstaller c¢6 thé dong goi
toan bo thu vién can thiét thanh mot wng dung
va tao mot chuong trinh cai dat trén may tinh.

Toa d¢ léch mot khodng (x,y)=(31,50)

N\
" CANH BAO XAM NHAP CAMERA CCTV

X 1i bing cach trir di mot
khoang x va y tuong Gng
khi v& trén Gng dung

ay

Hinh 11. Tinh toan lai gié tri toa do.

Trong hé théng nay, ching toi sir dung Flutter
dé thiét ké giao dién ung dung di dong co ban
nhu Hinh 12. Véi co sé dir liéu duoc sir dung la
MongoDB dé Iuu trit cac thdng tin vé lich st
xam nhap va thoi gian xam nhap. Cu thé, xay
dung cdc chic nang nhu khi giam sat khung
hinh hién tai, cir sau nhirng gidy mac dinh, ung
dung s& cap nhat trén co s¢ dit liéu, co thé xem
lai lich str vi pham cua cac dbi twong xam nhap
va bat hoic tit canh bdo tam thoi khi can thiét
dé tranh 1am phién khi giri canh bao lién tyc quéa
nhiéu lan va twong tu vai cac chirc nang khac.

CANH BAO XAM NHAP

Hinh 12. Giao dién tng dung di dong.

Tuy nhién, khi c6 dbi twong xam nhap, c6 thé
sur dung Telegram lam kénh canh béo chinh cho
hé théng nhu trong Hinh 13. Vi tinh don gian
va tién loi khi c6 thé gui thong bao ngay 1ap tic
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t6i tng dung néu dbi twong xam nhap. Thé
nhung, phai tién hanh cau hinh cac théng s6 can
thiét dé nhan canh béo nhu “token” va “id” cua
nhom trd chuyén trén (ng dung dé c6 thé thuc
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hién gtri va nhan cac canh bao xam nhap khi cé
d6i tuong vi pham theo thoi gian thuc mét cach
nhanh chong.

- e

3. Két qua dat dwoc
3.1. Panh gia két qua

Sau khi huan luyén ba mé hinh cho hai phién
ban YOLOV5 va YOLOVS, trich xuat cac chi s6
dé tién hanh thong ké nhu mAP (trung binh cia
d6 chinh xac), Recall (d6 nhay), Precision (d6
chinh x&c). Ngoai ra, s& nhan dugc tap tin két
qua dé vé biéu do so sanh. Quan sat Hinh 14, c6

Hinh 13. énh \béo iqua ung dung Telegram.

®

thé nhan xét biéu do vé do chinh xac cua hai
phién ban ndy, cac duong chi sé cua ting mo
hinh khé b&o hoa, véi cac epoch cubi cling, cho
thiy YOLOVS8s c0 gia tri cao hon so véi cac mod
hinh con lai. Néu so sanh véi mé hinh
YOLOv5m thi chi gan bang véi YOLOVSs.
Diéu nay cho thiay, YOLOVS c6 d6 chinh xac
tuong ddi cao so vi YOLOVS khi c6 chénh
léch vé do chinh xac tai cac md hinh.

BIEU PO THONG KE PRECISION GIT'A YOLOV5 VA YOLOVS
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=
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—— YOLOVSN
—=— YOLOVSS
—=— YOLOVSM

20 40
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Hinh 14. Biéu d6 danh gia Precision.

Dya vao Hinh 15, thdy rang, chi s6 do nhay
tuong d6i cao va c6 xu hudng bao hoa, tién dan
gan gia tri 1. Tuy nhién, chi s nay chua dat
dugc muc 6n dinh nhat khi dudng thang biéu
didn cho thdy sy dao dong Ién xubng thit
thuong, do chénh léch giita cac epoch lién ké
tuong ddi cao so véi chi s d6 chinh xac. Sau
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hon 100 epoch, YOLOv5m dat gia tri cao nhat,
tham chi 16n hon so véi YOLOv8m. Két qua co
gia tri thap nhat 1a YOLOVSn, tit ca cac md
hinh caa YOLOVS sau khi huin luyén déu thap
hon so vai toan bo mé hinh YOLOV5 trong
cung mot tap dar ligu.
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BIEU PO THONG KE RECALL GIUA YOLOVS VA YOLOVS

0.9

0.8

0.7
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0 20

Tai Hinh 16, chi s6 mMAP50 hay do trung binh
cua do chinh xac ¢ ngudng trung khép 50% da
gan hoi tu khi vao cac epoch cudi cling véi tat
Ca CAc gia tri déu bdo hoa va tiém can gan gia
tri 1a 1. Pung dau két qua 12 YOLOV5m khi dat
dugc khoang 90%, tuong ty vai cac md hinh
con lai cia YOLOVS déu cho ra két qua tuong
dbi cao. Piéu nay, co thé danh gia mé hinh

—— YOLOVSN
—— YOLOVSS

YOLOVSM
—— YOLOVSN
—— YOLOVSS
—— YOLOVSM

0 100

Epoch

Hinh 15. Biéu d6 danh gia Recall.

YOLOv5 dat do chinh xac tét hon so véi
YOLOV8. Tuy nhién, cac két qua vé mAP50
cia YOLOV5 va YOLOV8 déu khéng c6 su
khac biét nhiéu, su chénh léch khong lén & cac
epoch cudi cuing cho thay tat ca cac mé hinh déu
c6 thé st dung trong cac ang dung thuc té voi
hiéu suat cao.

BIEU PO THONG KE mAP50 GIU'A YOLOVS VA YOLOVS

10

Theo d6, nhu trong Hinh 17, danh gia chi sé
MAP50-95 hay néi cach khac la trung binh d¢
chinh xac & cac ngudng khac nhau tir 50% dén
95%, twong ddi cao & cac epoch cudi cung. Tuy
nhién, dudng cong cua c4c biéu do khé rd rét
khi so véi duong cong cua chi s6 mAP50, nhu
vay, chi s6 mAP50-95 c6 két qua khong tét so
vé6i chi s mAP50. Bé duong cong nay it biéu
thi trén biéu d6, cac chi s cua tirng epoch phai
hoi tu va chénh léch thap nhat. D4 thi cd thé bét
dau tir gia tri thap nhét sau do tang tiém can 1

—— YOLOVSN
—=— YOLOVSS
YOLOVSM
—— YOLOVSN
—— YOLOVSS
—— YOLOVSM

60 100

Epoch

Hinh 16. Biéu d6 danh gia mAP50.
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va gitr déu tai gié tri d6 hay tai bat ki cac gia tri
khéc dé dbi chiéu qua truc mAP50-95 lubn ludn
gan bang gia tri 1. M6 hinh YOLOv5m dat két
qua cao nhét véi hon 76%, tiép dén 1a mé hinh
YOLOV8m dat hon 75%, twong tu v&i cA&C mo
hinh con lai, cac két qua déu tuong ddng nhau.
Dbi vai mo hinh cd két qua thap nhat 1a mé hinh
YOLOV5N, két qua dat duoc chénh léch twong
dbi kha nhiéu khi trung binh dat khoang hon
62% so vGi md hinh YOLOVSN la gan 70%.
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BIEU PO THONG KE mAP50-95 GIUA YOLOVS VA YOLOVS

mAP50-95

40

3.2. Panh gia d¢ chinh xac mé hinh

Dua vao Bang 1 dé c6 goc nhin tong quan vé tat
ca cac mod hinh sau khi huan luyén. Voi do
chinh xac xuét tir chi s6 mAP50 trén tap dit liéu
kiém tra (test) va trich tir 20% cua toan bo tap
dir liu v6i 400 hinh anh dung dé danh gia.

YOLOVSN
YOLOVSS
YOLOV5SM
—— YOLOVSN
—— YOLOVSS
—— YOLOVSM

60 30 100

Epoch

Hinh 17. Biéu d6 danh gia mAP50-95.

YOLOV5N va YOLOV5s c6 cac gia tri vé tham
s6 ciing nhu GFLOPS tuong d6i thap, phan hiéu
suit twong dbi cao. Tuy nhién, md hinh
YOLOV5m cho két qua tt véi hon 20.85 triéu
tham s6 va d6 chinh xac dat khoang 92%, FPS
trung binh dat tir 3 FPS.

Bang 1. Panh gia cac mo hinh dé xuat.

Phuong thic Chinh xac (%) Tham sé (triu) GFLOPS FPS (f/s)
YOLOV5n 91.7 1.76 4.1 12.91
YOLOVS5s 92.5 7.01 15.8 7.38
YOLOV5m 92.9 20.85 47.9 3.3
YOLOVS8n 92.2 3 8.1 15.62
YOLOVSs 92.3 11.12 28.4 7.88
YOLOVSm 92.1 25.84 78.7 3.82

YOLOV5x [3] 90.8 87.7 218.8 17

YOLOVSI [3] 90.6 47 115.4 37

Déi véi YOLOVS, cac chi sb nhu s lwong tham
s6, GFLOPS va FPS ¢6 phan hon so véi phién
ban YOLOVS, thé nhung, chi sé FPS thap hon
s0 V6i YOLOVS5. Cu thé, md hinh YOLOvV8m
cho két qua kha tét véi khoang hon 25.84 triéu
tham s6, GFLOPS dat 78.7 va d¢ chinh x4c dat
hon 92% vai FPS trung binh khoang tir 3.82
FPS. Tuong tu Voi tit ca cac chi sb cua nhiing
md hinh YOLOVS con lai, véi cac chi sb nhu
FPS, GFLOPS, tham sb cao hon rat nhiéu so véi
cac md hinh YOLOvS. Biéu nay cho thay téc
d6 xtr 1i cua YOLOVS t6t hon so véi YOLOVS
boi d6 chinh xac twong dbi cao. Hon thé, khi so
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sanh vai cong trinh [3], hiéu suat caa phuong
phap d& xuit cho thiy su vuot troi trong do
chinh xéc, téc do xur Iy nho su téi wu trong viéc
tinh chinh kién trc mé hinh, théng sé huan
luyén. Cu thé, moé hinh d& xuit YOLOV5n va
YOLOvS8n dat d6 chinh xac lan lugt 91.7% va
92.2% khi so sanh vai YOLOvV5x (90.8%) va
YOLOV5I (90.6%) cua nghién cuu [3].

3.3. Panh gia hiéu suat mé hinh

Véi thong sb6 danh gia mo hinh, st dung may
tinh Windows, vi xu Ii Intel 15-1135G7, d6 hoa
tich hop Intel Iris Xe Graphics. Nhom tac gia
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tién hanh chay mé hinh va phat hién lién tuc
nhiéu déi twong ngudi di lai trong mot khung
hinh nhit dinh, c mdi mot vong lap tiép theo
s& thyuc hién luu lai gié tri FPS caa mé hinh cho
dén khi da 1000 gi4 tri dé thyc hién danh gié.
Diéu nay twong tu cho toan bo mé hinh con lai,
ldy 1000 gi4 tri cho tat ca mé hinh d3 dugc huin
luyén véi hai phién ban YOLOV5 va YOLOVS.

Qua Hinh 18 cho thay chi s6 FPS cua
YOLOVS5 twong dbi on dinh, khdng bién dong
nhiéu & ting epoch khac nhau theo thoi gian.

Ca hai phién ban déu duoc thong ké trén ba md
hinh thip nhit tir YOLOV5 va tién hanh danh
gi4 két qua & mdi md hinh bao gom hai gia tri
duoc trich tir tap tin sau khi huan luyén véi hon
100 epoch bao gom “best.pt” va “last.pt”. Vi
“best.pt” 1 tap tin trong s6 cho mé hinh ¢ hiéu
suat tt nhat trén tap di liéu kiém tra, dugc sir
dung dé danh gia do chinh xac cua mé hinh va
lwu lai tai thoi diém mo hinh dat két qua tot
nhat. “last.pt” 1a tép trong s6 cho mé hinh &
trang thai cudi cing cua qué trinh huan luyén.

BIEU PO THONG KE FPS YOLOVS

14

—— FPS-YOLOVSN-BEST

—— FPS-YOLOVSN-LAST

12

10

FPS-YOLOVSS-BEST
—— FPS-YOLOVSS-LAST
—— FPS-YOLOVSM-BEST
—— FPS-YOLOV5M-LAST

400

Céc gia tri cho teng m6 hinh caa YOLOv5
tuong ddi 6n dinh va déu nhau theo tung thoi
gian khac nhau. FPS dao dong trong khoang 13
dén 14 FPS dbi véi md hinh thip nhat Ia
YOLOV5N, tly thudc vao tap tin chira tham sé
sau khi huan luyén. Déi véi YOLOVSs chi sé
FPS dao dong tir 6 dén 7 khung hinh, tuong tu
véi mo hinh YOLOv5m, FPS dao dong trong

600 800 1000

Value

Hinh 18. Biéu d6 danh gia FPS caa YOLOVS.

khoang tir 3 dén 4 FPS. Dya vao Hinh 19, nhan
thay céc chi s6 FPS cia md hinh YOLOVS cao
tuong ddi nhiéu so véi cac md hinh YOLOVS.
Pé6i véi md hinh thip nhat YOLOvSn trung
binh dat khoang hon 16 khung hinh trén giay
hiéu ning tuong dbi cao, véi mod hinh
YOLOvVS8s trung binh dat hon 6 FPS va
YOLOv8m dat khoang 8 FPS.

BIEU PO THONG KE FPS YOLOVS

—— FPS-YOLOVSN-BEST
—— FPS-YOLOVSN-LAST

FPS-YOLOVSS-BEST
—— FPS-YOLOVSS-LAST
—— FPS-YOLOVEM-BEST
—— FPS-YOLOVSM-LAST

200 400

600 800 1000

Value

Hinh 19. Biéu d6 danh gia FPS YOLOVS.

Dé thiy ro su khéc biét, cd thé thuc hiénsosanh  YOLOVS. Theo Hinh 20, tit ca cac duong thang

cung voi ca hai phién ban YOLOvV5 va
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biéu dién chi s6 FPS cua ca ba phién ban
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YOLOv8 déu c6 gia tri 16n hon so voi
YOLOVS5. V6i md hinh thap nhat, YOLOVS cho
s6 khung hinh cao nhat c6 thé dat hon 16 khung
hinh trén gidy, ngoai ra, s6 FPS trung binh dat
khoang 15 khung hinh trén gidy so véi mé hinh
YOLOvVS5n dat khoang 13 khung hinh. Tuong

ty, md hinh YOLOVSs cho ra s6 khung hinh
trén mot gidy trung binh dat khoang 8 khung
hinh. YOLOv8m dat duoc két qua twong ddi tét
khi s6 khung hinh cho ra dat khoang hon 4
khung hinh trén giay.

BIEU PO THONG KE FPS YOLOVS VA YOLOVS

—— FPS-YOLOVSN-BEST
—— FPS-YOLOVSN-LAST
—— FPS-YOLOVSS-BEST
—— FPS-YOLOVSS-LAST

—— FPS-YOLOVSM-BEST

FPS

—— FPS-YOLOVSM-LAST
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—— FPS-YOLOV8S-BEST
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T —— FPS-YOLOVSM-LAST
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Hinh 20. Biéu d6 danh gia FPS cua ca hai.

3.4. Panh gia phwong phap

Phuong phap phat hi¢én xdm nhap dya trén
phuong phap phan trim giao nhau, véi téc do
xt Ii tét hon so vé&i cac phuong phéap khac. Tuy
nhién, hién hitu mot vai nhuoc diém, ching han
thé hién tai Hinh 21. Néu khu vuc can canh bao
c6 dang dac thu, cit 1an nhau, hé théng khong

thé phat hién cac truong hop vi pham, cho nén
khu vuc can canh béo 1a phan da giac c6 dién
tich nhat dinh. Bé tranh gap cac van dé nay, can
xac dinh hinh dang cuaa khu vuc canh bdo mot
cach don gian va hop li, tranh céc hinh dang qua
dic thl, cit 1an nhau, chdng 1an,... dé khdng bo
qua cac trudng hop vi pham khi hé théng khdng
canh bao nhu mong mudn.

Hinh 21. Nhuqc diém cuia phuong phap.

3.5. So sanh thuc nghiém

Gia st thir nghiém trong moi truong cong trinh
xay dung, md hinh xuét két qua phat hién tuong
dbi tét, cac vat thé 1a nguoi di qua cac khu vuc
canh bao déu dugc phat hién va vé 1én mot hinh
hop chit nhat bao quanh dbi twong, phan loai
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thanh cac truong hop vi pham (Hinh 22). Ngoai
ra, cO thé thiy, md hinh van ton tai mot sb
nhuoc diém nhu cac vat thé khi dung qua gan
canh nhau d6i khi khong thé phat hién chinh
Xé4c, day du cac dbi twong va tao nén toan bo
hinh hop bao quanh cac dbi tugng d6. Mit khéc,
véi phuong phap tinh ty 1€ giao nhau cua da
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giac cho thdy do chinh xac twong ddi cao, chi
hoat dong vai cac khu vuc canh b&o c6 hinh
dang nhit dinh, véi cac truong hop da giac can
canh béo cit 1an nhau, hé théng cé thé khdng
hoat dong chinh xac. Tuong ty nhu trong Hinh
23, hé thong da co thé phat hién duoc ba ddi
tugng nguoi la cong nhan xay dung dang xam
nhap vao khu virc da chi dinh. Trude do, chi can
xéac dinh khu vuc can canh bao chinh xac bang
cach khoanh ving ddy da va rd rét khu vuc
mong mudn giam sat, nhung trong trudng hop
nay, ngudng canh bao dugc hiéu chinh 1a 70%,
¢6 hai d6i twong vi pham khi dat gia tri toi da 1a
100%, ddi véi d6i twong con lai chi dat gié tri
12%. Do do, trudng hop ndy chua dat dén
ngudng 70%, chi xem day la truong hop nghi
ngo do dbi twgng chwa thuc su ¢ bén trong khu
vuc da chi dinh va chua dat téi ngudng canh
bao mong mudn.

CANH BAO XAM NHAP CAMERA CCTV

M|xsa NG tichay PChay

Hlimg
Hinh 22. Phét hién hau hét cac d6i tuong vi pham.

Céc két qua khi thir nghiém tir nhitng nguon anh
vé6i nhidu méi tredng khac nhau xuit ra cac két
qua tuong ddi tot. Véi cac diéu kién méi trudng
khong tét nhu ban dém va trong cac diéu kién
khéc nhau, hé théng déu cé thé phat hién tuong
d6i day du cac d6i tugng xam pham. Phuong
phap nay c6 do phuc tap twong ddi cao khi phai
tinh toan phan tram dién tich giao nhau cho tat
ca cac da giac chura d6i twong va cap nhat trén
khung hinh, toc d6 xir Ii cuia phwong phap rat tot
khi c6 thé xir Ii nhiéu dbi tuong cing ldc, hiéu
ning van twong ddi cao va gan nhu 1a c6 thé
phan loai chinh xac dugc cac treong hop xam
pham theo thoi gian thyc. Ngoai ra, trong hé
théng nay, nhém dung mé hinh thip nhat Ia
YOLOv8n dé cho thiy hiéu nang st dung 12 tot
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nhat, d6 chinh xac kha cao cho viéc phat hién
céc dbi twong xam nhap, ciing c6 thé st dung
cac md hinh khéc véi kién tric phirc tap hon khi
tang d6 chinh xac cho hé théng. Tuy nhién, c6
thé anh hudng dén hiéu suét hoat dong cua hé
théng do mé hinh cang cao, doi hoi cau hinh
phan cang tét hon dé co thé dat két qua phét
hién cac ddi teong vi pham 1a tét nhat.

CANH BAO XAM NHAP CAMERA CCTV

Wxéa  NGi  Iichay PChay

Hpimg

Hinh 23. Phan loai cac truong hop vi pham.

4. Két luan

Cong nghé ludn phat trién va doi méi, cac hanh
vi trom cap cang tinh vi hon. Theo d6, CAc tai
nan trong lao dong, cac tinh huéng xam nhap
vao cac cong truong, khu vuc stra chira, khu vuc
nguy hiém,... van ton tai va doi khi dé lai hau
qua v cung nghiém trong. Vi vay, trong nghién
ctru ndy, nhom tac gia dé xuat mot hé thong
canh b&o x&m nhap vao ving nguy hiém si
dung thuat toan tri tué¢ nhan tao tién tién dé dam
bao sy an ninh va an toan tai noi lam viéc hoac
noi & mot cach tét nhat, tu dong va chinh xac.

Két qua thyc nghiém cho thdy d6 chinh xac
cua phuong phap dé xuit tuong ddi cao:
YOLOV5n véi d chinh xac trung binh c6 thé
dat hon 91%, d6 nhay hon 84% va toc d6 xu i
dat hon 12 khung hinh trén gidy, twong ty Voi
mo hinh YOLOv8n ¢6 d6 chinh xac trung binh
dat hon 92%, d6 nhay hon 82% va toc do xir Ii
c6 thé dat 15 khung hinh trén gidy. Mat khac,
hé thdng dé xuat c6 thé phat hién hau hét cac
dbi twong xam nhap khi tién gan mot khu vuc
can canh béo va phéat ra cac tin hiéu canh béo
guri dén nguoi giam sat. Ngoai ra, dé tang tinh
hiéu qua cua hé théng tét hon, co thé can két
hop bd sung cac phwong phap canh bao khac dé
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tang sy linh hoat va tinh chinh xac, nham dam
bao cac 1an canh béo c6 vi pham tranh sai s6t
trong viéc phat hién cac dbi twong mot cach ti
da. Do d6, can thu thap da dang hon vé tap dir
liéu trong cac diéu kién méi trudng khac nhau
nhu anh sang, tu thé, hanh vi, goc do6 khac
nhau,... dé c6 thé gitp mé hinh ting d6 chinh
xac mot cach tt nhat, dam bao chat luong trong
nhitng lan canh béo, tranh gay bét tién, tao nén
trai nghiém khong tét cho nguoi s dung.
Nhiing van dé nay dugc tiép tuc nghién ciu va
thao luan trong cac nghién ctu tiép theo dé nang
cao hiéu qua khi nhan dién caa mé hinh va tinh
on dinh hé thdng phat hién sy xam nhap.
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Nghién cau nay duoc tai trg boi Truong Dai
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