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TOM TAT

Cai tién, hién dai héa hé thong giam sat an ninh, bao vé can cir trén dao la mét nhiém vu
quan trong ciua Qudn doi ta hién nay. Truoc ddy, phiwong phdp hoc mdy dwoc dp dung dé xay
dung bg phat hién doi twong, tuy nhién két qua qua trinh thuc nghiém ¢ bién ddao chwa dap ing
dirge yéu cau dat ra, ty 1é phat hién nham doi tiwong con cao. Trong bdi bdo nay, dé xudt thudt
todn Yolov3 tién hanh tu dong phat hién doi twong xudt hién trong khu vue giam sat.

Tir khoa: Tu dong phat hién; Hé théng giam sat an ninh; Yolov3.
1. DPAT VAN BE

Hé¢ thong giam sat an ninh hién nay thuong dugc tich hop camera anh thuong va camera anh
nhiét, dugc dat trén cac bé pan-tilt quay quét dé ting cudng pham vi giam sat. Yéu cau ddi voi
cac hé thdng giam sat bién dao 1a phai ty dong phat hién dugc ddi tuong dot nhap & khoang cach
xa, ¢o thé phat hién dbi tugng trong diéu kién song bién, suong mu phuec tap. béi tuong co6 kich
thudc nho, anh nhiéu nhiéu, vi thé, kho trich xuit dic trung, gdy kho khan cho nhiém vu phat
hién d6i tuong.

Hién nay, cac thudt toan phat hién d6i twong chii yéu duge chia thanh hai loai: phuong phap
truyén thong dwa vao cac dac trung thu cong va phuong phap hoc sau dwa vao cac déc trung
dugc trich xuét tir mang no-ron [1]. Phuong phép truyén théng dwa vao cach lua chon ctra sb
truot va cac dac trung anh theo mdt quy ludt, sit dung loai phuong phép nay cac dic trung anh
tinh khai quat khong cao, lam anh hudng té1 hi€u qua cua thuat toan. Bai bdo [2] sir dung thuat
toan Adaboost va mé hinh phén ting Cascade dé tng dung cho hé théng gidam sat an ninh, tuy
nhién khi h¢ thong duoc thir nghiém ¢ méi truong phirc tap nhu bién dao, ty 1¢ phat hién nhdm
dbi tugng van cao. Phuong phap hoc sau sir dung mang no-ron tich chap dé trich xuit cac dic
trung anh, c6 thé mo ta ddi tugng rét tbt, gitip ndng cao do chinh xac cua thuét toan. Dwa theo ¥
tudng thiét ké cua thuat toan, co thé phan thanh hai loai: Thuat toan mét giai doan va thuét toan
hai giai doan. Thuat toan hai giai doan chia qua trinh phat hién d6i twong thanh hai thanh phan
chinh 1a tao khu vyc dy doan, sau do tir nhimg khu vuc nay tién nay phat hién ddi twong. Cac
thuét toan tiéu biéu bao gom R-CNN [3], Fast-RCNN [4], Faster-RCNN [5]. Thuét toan mot giai
doan tryc tiép tao ra xac suat muyc tiéu va toa do vi tri cia ddi tuong chi thong qua mdt mang no
ron, cac thudt toan dién hinh nhu SSD [6], DSSD [7]. Hién nay mot sé nghién ctru da st dung
phuong phap hoc sau dé phat hién d6i twong tau thuyén [8, 9], Tuy nhién, chi tip trung xir 1y cho
mot kénh anh nhét dinh, bai bao [8] tién hanh phat hién va phan loai tau thuyén trén nén anh
thuong, bai bao [9] phat hién d6i tugng trén nén anh vé tinh. Vi thé, dé giai quyét nhiém vu phat
hién dbi turong cho ba kénh anh 13 anh thudng, anh hdng ngoai va anh nhiét, bai bao nay dé xuat
thuét toan Yolov3 dé nang cao chit lugng phat hién dbi twong cho hé thong.

Bai bao gém c6 5 phan chinh, bao gdm: Pit van dé; Thu thap dir liéu; Thuit toan tu dong
phat hién ddi tuong; Két qua dat duoc; Két luan.

2. THU THAP DU LIEU

Tap dir licu chiém mot vi tri rat quan trong trong sy phat trién cac thuat toan phat hi¢n doi
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tuong, tap dit li€u du 16n, da dang 1a co so dé phat trién cac thuat toan. Bai bao nay st dung bd
di lieu MS COCO[10], ngoai ra, hinh anh muc ti€u con dugc thu thap tir cic camera cuia hé
thdng. COCO 1a mdt bo dir liéu 16n va da dang v6i hon 200.000 hinh anh. Tuy nhién, bd di liéu
chi bao gém anh chup tir camera thudng va thuong duoc chup tir khoang cach gan, it bi anh
huéng bsi nhiéu.

bdi véi hé théng giam sat, bao vé can cu trén dao cac dbi tuong giam sat thuong & vi tri cach
xa camera, hinh anh bi tac dong 16n béi nhiéu. Dic biét dbi v6i anh hf”)ng ngoai va anh nhiét, dbi
tugng c6 dudng vién mo, dic trung mau sic va dic trung xam rat kho trich xuat, gdy khé khan
cho nhiém vu phat hién dbi tuong. Vi thé, hinh anh dugc léy tai thuc dia co vai tro rat quan
trong, gitip thuat toan c6 thé thich tmg duoc véi nhitng kho khin thuc té cia hé thong.

B dir liéu ting cuong nhu hinh 1 biéu dién bao gém anh nhiét, anh thudong va anh hong
ngoai véi 4 16p ddi tugng: Tau thuyén, nguoi, xe, UAV. Trong d6, 16p tau thuyén bao gdbm 4450
anh v6i hon 19000 ddi tuong, 16p d6i twong ngudi bao gdm 6430 anh véi 22095 ddi tugng, 16p
dbi twong xe bao gdbm 5024 anh v6i 20032 dbi twong, 16p dbi tuong UAV bao gdm 2026 anh véi
5061 ddi twong. Anh dir liéu dugc thu thap ¢ nhiéu khoang thoi gian khac nhau trong ngay, diéu
kién song bién, thoi tiét khac nhau, khoang cach xa, ddi tuong c6 kich thude nho nhét 6*6 pixel.

Hinh 2. Gdn nhan cho bé dir liéu.

Sau khi thu thap dit liéu can tién hanh gan nhin cho cac dbi twong. Bai bao sir dung phan
mém Yolo-mark dé tién hanh gén nhan cho b dit liéu. Phan mém nay c6 chiic nang luu thong
tin 16p d6i twong va thong tin vi tri dugc ddnh diu trong hinh dnh & dinh dang txt dé tién hanh
huén luyén. Hinh 2 cho thiy qua trinh gan nhin hinh anh. Sau khi chon 16p di twong va danh
ddu muc tiéu bang hinh chit nhat, va phan mém s¢ tao ra van ban nhan dinh dang txt c6 tén gidng
nhu té€n hinh anh.
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3. THUAT TOAN TU PONG PHAT HIEN POI TUQNG

3.1. Chu triic thuat toan

Thuat toan Yolov3 1a phuong phap chi st dung mot mang than kinh dé hoan thanh dy doan
va tinh toan xac suét cua cac 16p ddi tuong tr hinh anh trong mét lan chay. Thuét toan str dung
thong tin cua toan bd buc anh mot 14n va chi st dung mot mang than kinh duy nhét nén thuat
toan duoc tdi wu hoa, cau trac don gian, c6 dugc hiéu suét phat hién cao, va cé thé xur ly dugc
trong thoi gian thuc.

Anh dau vao
(batch_size: 416, 416, 32) Conv: Lép tich chap
Concatenate: Lién két 2 dau vao

Conv 32x32x3 Batch_size: Kich thudc dau ra cia céc 16p hodc cac khéi
Conv 64x3x3_s2

(batch_size: 208,208,64)

Residual Block 1x64
(batch_size: 208,208,64)

Conv 128x3x3_s2
(batch_size: 104, 104, 128)

Residual Block 2x128
(batch_size: 104, 104, 128)

Conv 256x3x3_s2 Conv Block
T 3x(128x1X1+256X3X3 ity 2L Két qui
(batch_size: 52, 52, 256)
= s (batch_size: 52, 52, 256) [l (0atch.size: 52, 52, 255)

Residual Block 8x256 5 o
(batch_size: 52, 52, 256) Concatenate OISR o x i g )

COTVEL2XEaID (batch_size: 52, 52, 384) UpSample Scale 1: Dung dé phat hién d6i tugng nho
(bamﬂ";’ize_ ;‘6 ngsm) LR B 5 (batch_size: 52, 52, 128)

Residual Block 8x512 .
(batch_size: 26, 26, 512) Concatenate CARTEITE Conv 255x1x1 +

o 3x(256x1x1+512x3x3) i
. tC?]nv- 102;1;(31(33_15324) (batch_size: 26, 26, 768) (batch_size: 26, 26, 512) (batch_size: 26, 26, 255)
atch_size: 13, 13,

Két qua

Residual Block 4x1024
(batch_size: 13, 13, 1024) Conv 256x1x1 +

Conv Block Upsample Scale 2: Dang dé phat hién ddi tuong kich thudc trung binh
3x(52x1x1+1024x3x3) (batch_size: 26, 26, 256)

(batch_size: 13, 13, 1024)
Conv 255x1x1 + ‘
(batch_size: 13, 13, 255) " qu

Scale 3: Dung dé phat hién ddi twong kich thude 16n

Hinh 3. Cdu triic mé hinh mang ciia thudt todn.

So do cAu triic mé hinh mang ciia Yolov3 nhu hinh 3 biéu dién, cAu tric nay bao gdm 53 16p no
ron tich chap két ndi lién tiép, 1a 16p ding dé trich xuat déc trung cua hinh anh. Dé giam kich thude
dau ra sau mdi 16p tich chap, tién hanh ldy mau xudng bang cac bod loc ¢ kich thudc 1a 2, qua d6
¢6 thé giam s luong tham sb ctia mo hinh, cai thién thoi gian qua trinh trich xuat dic trung.

Céc birc anh trude khi dua vao mé hinh, s& duge dua vé mét kich thude ¢d dinh, kich thuéde
nay la mot tham s6 o thé thiét 1ap trong mo hinh cua thuat toan, co thé su dung cac kich thudc
bao gdm 608x608, 416x416 va 304x304. Ddi véi mdi kich thude dau vao s& dugc thiét 1ap cac
16p riéng phu hop véi kich thudce ctia dau vao. Dé can bang giita do chinh xac va téc d6 cua thuat
toan, bai bao sir dung kich thuéc 416x416 dé thiét 1ap kich thudce dau vao cho thuat toan. Sau khi
di qua cac no ron tich chap thi kich thudc giam dén theo c?ip sb6 nhan 1a 2, sau d6, thu duge mot
ban dd dic trung co kich thudce twong dbi nho dé c6 thé dy doan di tugng trén ting 6 cua ban do
dic trung. D61 voi dau vao 416x416, kich thude ciia ban dd dic trung ding dé du doan ddi tuong
la 13x13, 26x26 va 52x52.
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Dau ra ciia thuat toan 1a mot vector bao gdm cac thanh phan:

y' =[Po, %Y, W,0, Py, Parevs Py ] (1)
Trong do:
- Py la xéc suat ddi twong xuat hién trong khung;
- (x,y) 1a toa d6 tam ctia khung, (w,h) 1a kich thudc chiéu rong, dai ciia khung;
- (Py, P3.-er Py ) 18 dur béo xdc suat clia céc 16p doi tuong.

3.2. Nguyén ly du doan cia thuit toan

Trong thuit toan Yolov3, mot bic anh dugc chia thanh S * S 6 vudng. Néu dbi tuong can
phat hién ton tai trong bat ky mot 6, thi 6 vudng nay c6 nhiém vu phat hién muc tiéu. Két qua dy
doan mdi khung gi6i han gom 5 phan tir (x, ¥y, W, h, confidence), trong do (x, y) la toa d6 tam cua
khung du doan, (w, h) 1a chiéu rong va chiéu cao cua khung du doan, confidence 13 xac suét
duoc dinh nghia bang cong thirc sau:

confidence = Pr(Object) * 10U 12t (1) 2)

Trong d6: Pr(Object) biéu thi trong 6 vudng c6 chita ddi twong hay khong, c6 gia tri bang 0

hoac 1. IOU gf;g (D) 1a ham danh gia d6 chinh xac két qua du doan, dugc tinh b?mg ty 1€ gitra dién

tich phan giao nhau va phan hop cia khung du doan va khung chira ddi twong duoc dan nhan
trong tap dir liéu. Néu 1O0U> 0.5 thi khung du doan duoc danh gia 1a tét.

Thong thuong, trén mot anh co thé chira nhidu ddi twong co kich thude khac nhau, by phat
hién dbi tuong can phai phat hién dugc cac dbi tugng ¢ moi kich thudc, vi thé, cdu tric cua thuat
toan phai phi hop dé c6 thé phat hién cac d6i twong co kich thude khac nhau. Ban d6 dic trung
duoc trich xudt tir mang tich chép néng chu yéu duogc str dung dé phan anh cac dic diém chi tiét
cua dbi tuong, phu hop dung dé phat hién cac d6i trong co kich thude bé. Ban db dic trung dugc
trich xuét tir mang tich chap cang siu thi co kich thudc cang nho, dugc dung dé mo ta cac dic
diém triru twong cua ddi tugng, phu hop dung dé phat hién cac d6i twong co kich thude 16n. Nhu
vay 16p tich chdp cang siu, ban do dic trung co kich thude cang nhé, kha ning phat hién cac dbi
tuong c6 kich thudc nho cang kho. Cach tiép can cua thuat toan 1a sir dung ban do dic trung cua
mang tich chép cac 16p khac nhau dé phat hién d6i tuong. Ngoai ra, thuat toan ciing thém cac
lién két gila cac 16p du doan, tién hanh 1ay mau 1én 16p du doan & tang sau va lién két voi lop du
doan ¢ tang trudc d6, nhu vay, c6 thé két hop thong tin tir ban d0 dic trung & cac tang khac
nhau, tdng do chinh xéc cia thuat toan.

Hinh 4. Nguyén ly du dodn cua thudt todn.
3.3. Ham 16i ciia thuat toan
Trong qua trinh hudn luyén, mé hinh s& tip trung vao nhirng 6 vudng c6 chtra ddi twong. Ting
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diém phan loai chinh xac ddi véi 16p d6 1én. Sau do, tiép tuc tap trung vao 6 vudng do, tim vi tri
khung du doan tot nhat va ting diém vi tri ciia khung du doan d6 1én, thay doi thong tin khung
du doan dé gan dung v6i nhan da duoc dan. Dbi voi nhimng 6 vudng khong chira ddi tuong, giam
diém tin cay va khong quan tim dén diém phén loai va diém vi tri cua nhimg 6 vudng nay.

Ham 16i dung dé tinh gia tri 16i cho khung du doan so voi vi tri thuc té tir tap dir liéu. Bao
gém cac thanh phﬁn: Do 16i cua viée du doan loai nhin cua dbi tugng va tinh toan xac suit, do
16i vi tri va d6 1on cﬁa khung dy doan. Ham 16i dugc tinh nhu sau:

Cloc = coordzz Obj[ (%—%) "‘(Yi—)A’i)z"'(\/wi_\/w_i)z"'(‘/ﬁi_\lhﬁi)z} 3)

i=0 j=0
e & . 2
Las = ZZ( o Aoy (1-257)) (= €5 ) +22 D87 ((©)- B (©)) @)
i=0 j=0 i=0 ceC
¢ =Cloc +Suis ®)
Trong do:

- Cloc 12 ham 16i cua vi tri va do 16n khung du doan so vd&i thuc té khung duogc dan nhan,;
- &y 12 ham 16i ctia viée du doan loai nhan ciia ddi tugng va tinh toén xéc suét;
-1i°bj : Ham indicator c6 gia tri 0 hodc 1, nhim xé4c dinh xem 6 i ¢6 chtra dbi twong hay khong.
Bing 1 néu chira dbi tugng va bang 0 néu khong chira di twong;

1ObJ Cho biét khung thw j ciia 6 i ¢6 chira ddi tuong hay khong, bang 1 néu co chira dbi

tuong, va bang 0 néu khong chira d6i tuong;
-C;; - Diém tin cdy cta o i;
-C : Tap hop tét ca cac 16p d6i tuong;
- p;(C) : Xéc suit c6 diéu kién ciia 16p ceC tai 6 i ma mo hinh dy doan.

4. KET QUA PAT PUQC

Hé théng gidm sat an ninh, bao v€ can cur sit dung ba kénh 1a anh thuong va anh héng ngoai
va anh nhiét. Video dung dé thir nghiém hiéu qua cua phuong phap dé xuat duoc quay boi hé
thong giam sat tai khu vyuc khao sat thuc té. Thuat toan Yolov3 duoc hudn luyén va thir nghiém
trén nén tang may tinh hé diéu hanh window, Intel i5-10400F, 2.9GHz, RAM 16GB, card d6 hoa
RTX 3060, ngbn ngt lap trinh C, st dung thu vién OpenCV 3.4.0, thu vién CUDA11.1 va
CUDNNS.0. May tinh dugc két ndi véi bé pan-tilt quay quét tich hop camera anh nhiét va
camera thuong. Cac tham s6 cua thuat toan duoc thiét 1&p nhu bang 1 thé hién.

Bing 1. Tham sé cia thugt toan.

Tham s6 | Batch | Learning rate | momentum | Decay | Max iteration
Gia tri 16 0.0025 0.95 0.0005 200000
bé danh gia hi€u qué cua thuat toan va tac dong cua bd dir li€u tang cudng, bai bao st dung
thuat toan Yolov3 khi duoc huén luyén boi b dit liéu COCO, thuat toan SSD va thuat toan Fast-
RCNN dé so sanh vé6i hiéu qua véi mo hinh ma bai bao dé xuat. Két qua so sanh nhu hinh 5 va
bang 2 thé hién.

Hinh 5 va bang 2 cho théy, khi thuét toan Yolov3 dugc huin luyén boi bo dir liéu COCO, ddi
v6i nén anh thuong va diéu kién anh sang tét, thuat toan van ¢ hiéu qua phat hién tét, tuy nhién,
dbi v6i diéu kién anh sang yéu, anh hong ngoai, anh nhiét thi hiéu qua cua thuat toan giam, do
chinh xé4c cua thuét toan 1a 0.55. Thuat toan SSD bo sét nhiéu ddi twong, dic biét 1a cac dbi
tuong co kich thudc nhé va cac doi tuong bi chéng 1én nhau, thuat toan c6 dd chinh xac la 0.76
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va toc do xtr 1y 1a 21frame/s. Thuat toan Fast-RCNN c6 d6 chinh xac 1 0.84, tuy nhién, chi phi
thoi gian cua thuat toan cao, tbe do xur ly 1a 13frame/s. Thuat toan Yolov3 khi duogc huén luyén
boi bd dir liéu COCO tang cuong ding dau vé& do chinh xac v6i d6 chinh xéc 1a 0.94, thuat toan
¢6 tbe do xir 1y nhanh, ddi véi kich thudc dau vao thiét lap 1a 416x416 toc do xir 1y 1én t6i
59frame/s. Co thé thiy, tang cudng bo dir lidu gitip cho mé hinh sau khi huan luyén c6 thé thich
tmg t6t hon véi tinh hinh thyc té tai thuc dia va thuat toan Yolov3 c6 wu thé khi dbi tuong ¢
kich thudc nho, phit hop yéu cau vé do chinh xac va xir 1y thoi gian thuc cua hé thong giam sat,
bao vé can cu trén dao.

(d) Két qua thir nghiém cia thudt toan Yolov3 véi b dit liéu COCO ting cuong.
Hinh 5. Két qua thir nghiém.

Bdng 2. Do chinh xdc va toc do cua cdc thudt todn.

At eos AP AP AP AP Fps
Thuat toan Tau thuyén Nguwoi Xe UAV MAP Frar&e/s
YOLOV3-COCO 0.47 0.59 0.63 0.53 0.55 59
SSD 0.76 0.75 0.80 0.75 0.76 21
Fast-RCNN 0.85 0.83 0.83 0.84 0.84 13
YOLOv3 0.95 0.92 0.93 0.93 0.94 59
5. KET LUAN

Bai bao dé xuat phuong phap Yolov3 dé nang cao chit luong tu dong phat hién trong hé
thdng giam sat. Két qua thir nghiém cho thiy phuong phap dé xuat co thé phat hién ddi twong
trong diéu kién phirc tap nhu mua, suong mu, anh sang yeu, nhiéu 16n. Thong qua thyc nghiém
cho thay tinh kha thi ctia phuong phép dé xuit. Do d6, thuat toan nay co thé dugc ap dung cho
linh vuc coéng nghiép hodc quan su nhu phat hién va giam sat dbi tugng trong cac bén tau hai
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cang, ciru nan hang hai va giao thong hang hai. Pac biét, trong linh vuc quan sy khong chi ¢6 thé
ung dung vao viéc phat hién dich, ma con dung cho cac hé thong vii khi dé nang cao d¢ chinh
xac cua céc thiét bi vii khi, nang cao hiéu qua chién dau cua quan dai ta.

Loi cam on: Nhom tac gia cam on sw dong gop y kién ciia phong KHQS, Bo Tham muu Hai qudn

gitip hoan thién bai béo nay. Nghién ciru ndy diege ho tro' tie nhiém vu cap b ma sé 2020.85.24.
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ABSTRACT

USING THE YOLOV3 METHOD ENHANCED THE QUALITY OF OBJECT DETECTING

FOR SURVEILLANCE SYSTEM, PROTECTION OF THE ISLAND FACILITIES

Improvement and modernization of the security surveillance system, protecting bases
on the island is a vital duty to our military nowadays. Previously, machine learning
methods have been used to construct object detectors, but the results of the experimental
process in the ocean and islands did not meet the specified requirements, and the false
detection rate was still high. In this paper, Yolov3 algorithm is proposed to automatically
detect objects appearing in the surveillance area.

Keywords: Auto-detection; Security monitoring system; Yolov3.
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