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Tom tit:

Phat hién hanh vi mang vii khi 1a mét trong nhitng bai toan cdp bach va yéu cau trién khai trén
pham vi rdng véi nhiéu camera va thudng yéu cau cai dat trén cau hinh hé thdng gon nhe nhung
can phai dat dugc do chinh xac cao. Mang YOLO (You Only Look Once) la mét trong nhitng mé hinh
phat hién déi tugng trong anh kha hiéu qua hién nay. Tuy nhién, cdc md hinh YOLO dugc cong b6
cho cdng dong dung chung khéng dugc hudn luyén trén cac cd sd dif liéu (CSDL) vii khi. Nghién clru
nay thuc hién thu thap va gan nhan bo CSDL clia 06 loai vii khi thong dung. Ngoai ra, bai bao cling
trién khai giai phap hoc chuyén giao gilta cdc md hinh YOLO c&u hinh cao va ndng cho cdc mé hinh
YOLO c4u hinh th3p va nhe hon. Viéc nay gilp chuyén giao tri thirc ma hé chuyén gia da téng hop
dugc ddi vai cac loai vii khi cho cac md hinh nhe nhdm dat duge mot mé hinh ¢é cdu hinh don gian,
dé dang trién khai thuc t& trong khi do chinh xac hé théng cao hon. Nghién clru con dé xuét gidi
phap phat hién hanh vi mang vii khi ciia ngugi sir dung két hgp két qua dau ra cia mé hinh YOLO
véi ludng dich chuyén quang hoc clia cac d6i tugng phat hién trong anh. Két qua dat dugc cho thiy
hé théng cua chiing tdi dat k&t qua t6t han khi hoc chuyén giao dé phat hién vii khi va dic biét dat
két qua cao han khi phat hién hanh vi mang vii khi. Do chinh xac thir nghiém khi phat hién vi khi
khi hoc chuyén giao gitta mé hinh YOLO V3 tiny so vdi YOLO V3 tiny — YOLO V8 KD cao hon tir 2%
dén 7,9% trong khi thdi gian dap 'ng nhanh han 10,95 ms khi chay trén GPU. D6 chinh xac phat
hién hanh vi mang vii khi cla gidi phdp dé xuat dugc cai thién Ién tGi 13,88% so vdi st dung két
qua dau ra ctia mé hinh ciia YOLO V3 tiny.

T khoa:
Mang ndron tich chap, hoc sdu, chat loc kién thlrc, md hinh gido vién — sinh vién, hoc chuyén giao,
phat hién ngudi, phat hién vat thé.

Abstract:

Weapon carrying behavior detection is one of the necessary problems. This system deploys on a
large space with many cameras. It is installed in a compact and slow configuration while it requires
high accuracy. The YOLO network is one of the most effective object detection models in
image/video. However, the published YOLO (You Only Look Once) models are not trained on
weapons databases. This study collects and labels the database of 6 common types of weapons. In
addition, the paper also implements a transfer learning solution between high-configuration and
heavy YOLO models to lower-configuration and smaller YOLO models. This work aims to transfer the
knowledge from the expert system that has compiled about weapons to a simpler model to achieve a
model with a simple configuration, easy to deploy in practice while maintaining higher accuracy. The
research also proposes a solution to detect the user's weapon carrying behavior that combines the
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output of the YOLO model with the optical flow stream of detected humans and weapons in the
image. The results show that our system achieves better results when transferring learning to detect
weapons and especially achieves better results when detecting weapon carrying behavior.
Experimental weapon detection accuracy between YOLO V3 tiny models compared to YOLO V3 tiny —
YOLO V8 KD is 2% to 7.9% higher while response time is 10.95 ms faster when tested on GPU. The
weapon carrying behavior detection accuracy of the proposed solution is improved by up to 13.88%

compared to using the model output of YOLO V3 tiny.

Keywords:

Convolution Newral Network, Deep Learning, Weapon Detection, Transfer Learning, Human

Detection, Object Detection.

1. GIOI THIEU

Phat hi¢én hanh vi mang vi khi la mot
trong nhitng bai toan cip thiét trong linh
vuc an ninh gidp phéat hién sém va ngan
ngtra hau qua nghiém trong co thé xay ra
cho con nguoi. Pay la mot trong nhitng
nhiém vu cip bach nham dam bao xa hoi
an toan va nang cao chat luong cudc séng.
Tuy nhién, vai cac bai todn an ninh co
yéu to xa hoi thuong trién khai trén hé
thdng mang camera tai nhiéu diém trén
duong phd, khu vui choi, khu thé thao,
cong vién,... Do d6, hé thong duogc xur Iy
trén mot sé luong I6n camera va doi hoi
hé thdng phai c6 thoi gian dap tng nhanh,
cau hinh nhe va do chinh xéac phat hién
trong chi gidi an toan cho phép. Trong khi
d6, mang noron tich chap hién nay thé
hién r6 wu diém vuot troi trong nhiéu linh
vuc khac nhau nhu xt ly anh [1], xu ly
ngbn ngt tu nhién [2],... Bac biét, mang
YOLO [3]-[10] Ia mot trong nhitng mang
tich chap phét hién tét cac d6i tuong trong
anh. Cac phién ban YOLO V1 [3] dau
tién duoc dé xuat nam 2016 va cho dén

nay cac phién ban YOLO V8 [10] m¢i
nhat duoc cap nhat nim 2023 nhiam cai
tién cac phién ban trudc d6. Cac phién
ban cang nang cap thi d6 chinh xéac cang
cai thién nhung yéu cau cau hinh mang
cang phuc tap va do vay can cai dit trén
hé théng may tinh ¢6 cdu hinh cao hon
hoic 14 thoi gian dap ung lau hon. Piéu
do6 khong chi vai c&c phién ban khéc nhau
cua YOLO ma con d6i véi ca cac mo hinh
mang noron tich chap khac nhu Resnet
[11], DenseNet [12], MobileNet [13].
Piéu d6 1a do cac phién ban sau cd cau
hinh phtic tap hon nén sb lugng tham sé
I6n, tri thirc ma mang téng hop duoc tot
hon so v6i cau hinh don gian hon. Do
vay, hoc chuyén giao va chit loc tri thic
[14] (Knowedge Distillation) da dugc cac
nha khoa hoc nghién cau va dé xuat lan
dau tir nhitng ndm 2005 nham sir dung mo
hinh chuyén gia c6 nhiéu kién thic dé
truyén cho mé hinh don gian c6 tri thirc
kém hon khi thuc hién huan luyén va tinh
chinh lai tham s6 cia mé hinh don gian
trén cung mot b CSDL. Tuy nhién, viéc
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hoc chuyén giao trén mé hinh YOLO cho
bai toan phat hién vi khi thi chua co
nghién cau nao thuc hién. Do do, trong
nghién ctru nay sé khao sat qua trinh hoc
chuyén giao tir hé chuyén gia la cac md
hinh YOLO c¢6 c4u hinh cao nhu YOLO
V6 [8], YOLO V7 [9] va YOLO V8 [10]
cho mé hinh ¢ ciu hinh thap 13 YOLO
V3 tiny [5] trén CSDL vi khi.

Hién nay, c6 mot s6 bo CSDL vii khi
dugc cac nhom nghién cau thu thap, gan
nhan va chia sé cho cong ddng dung
chung nhu Pistol classification dataset
[15], Kbnife classification dataset [16],
Sohas  weapon dataset  [17], Pistol
detection dataset [18], Knife detection
dataset [19], Sohas weapon detection
dataset [20]. Tuy nhién, cac CSDL nay cé
mot s6 han ché chinh d6 1a: (1) Hau hét
chi c6 sé luong it cac loai vii khi gom
sung, dao, con; (2) Cac bo CSDL co diéu
kién nén don gian, hau hét chi chtra hinh
anh vii khi; (3) Chung khong c6 hinh anh
va gan nhin vé hanh vi mang vii khi;
(4) Cac bo CSDL c6 hinh anh tinh;
(5) CSDL chura 1an véi ca vii khi va cac
vat dung thong thuong khac nhu vi tién,...
Do d06, trong nghién ctru nay chiing t6i da
dinh nghia 06 loai vii khi khac nhau. Sau
do, chung t6i thuc hién thu thap céc video
nguoi mang vii khi va gan nhan cho bg
CSDL nay trong diéu kién nén phuc tap &
moi truong ngoai troi va moi truong
trong nha.
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Ngoai ra, viéc sir dung md hinh YOLO
chi c6 thé phét hién vii khi ma khong thé
phét hién hanh vi cé mang/véc/deo vii khi
cua nguoi. Trong nghién cau nay ching
t61 dé xuat giai phap phét hién hanh vi
mang vii khi cua ngudi két hop gitta két
qua dau ra cia md hinh YOLO vai ludng
dich chuyén quang hoc [21] cua d6i tuong
trong anh khi phéat hién dugc tr mang
YOLO. Giai phap dé xuat dugc thuc hién
thir nghiém trén hai bo CSDL gém 01 bo
CSDL dung chung Pistol detection dataset
[18] va 01 bo CSDL ty thu thap. Két qua
thir nghiém cho thdy giai phap dé xuét
hiéu dat hiéu qua cao hon so véi giai phap
goc ca vé do chinh xac va thoi gian dap
ung.

Phan 2 caia bai bao md ta chi tiét giai phap
dé xuat. Két qua thir nghiém duoc trinh
bay trong Phan 3. Phan 4 1a muc cudi
cuing s& trinh bay két luan va huéng phét
trién trong thoi gian tiép theo.

2. GIAI PHAP PE XUAT

2.1. Phat hién hanh vi mang vii khi caa
ngwoi

Hé théng dé& xuat gébm ba phan chinh:
(1) Qué trinh huin luyén hé théng sir
dung mé hinh chit loc va chuyén giao tri
thuc (Hinh 1a); (2) Qua trinh phat hién
vung nguoi va vung vii khi (Hinh 1b);
(3) Qua trinh phat hién hanh vi mang vii
khi ctia nguoi (Hinh 1c). Ba qua trinh trén
duoc trinh bay chi tiét trong cac phan
tiép theo.
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Hinh 1. So’ dd khéi hé théng phét hién hanh vi mang vii khi ctia nguoi
(a) Huan luyén m6 hinh; (b) Hé théng phéat hién ngwoi va vii khi; (c) Phat hién hanh vi mang vii khi.

2.2.1. Huan luyén mé hinh

Mang YOLO duoc lya chon dé huan
luyén m6 hinh phéat hién ving nguoi va
06 loai vii khi. Bo CSDL nay dugc mé ta
trong muc 2.2. Tuy nhién, d&& ¢c6 mé hinh
dat hiéu suét cao trong khi kién trac md
hinh nhe hon thi ching t6i sit dung mé
hinh chit loc tri thirc khi hoc chuyén giao
nhu mo ta trong Hinh la. Trong do, mo
hinh chét loc tri thic chuyén giao giira
cac mO hinh YOLO trong Hinh la dugc
thuc hién théng qua ham mat mat 1a su
két hop cua ham mat mat cua sinh vién L
(Student Loss) va ham mat mat két hop

gitra hai gido vién va sinh vién Lgp,
(Distillation Loss) nhu mo ta trong cong
thire (1) sau day:

Ly, 5% y%) = L3, 5%) + aLgpi V%, ¥°)

@
Trong d6, 0 <a <1 hé sb thé hién su
anh huong cua ham mat mat caa sinh vién
Ls va ham mat mat két hop giira hai giao
vién Lgp. Trong bai bao nay, hé s6 a st
dung bang 0.5. Ngoai ra, ham mat mat st
dung la CE (Cross Entropy) [22], va cong
thire (1) duoc biéu dién chi tiét nhu trong
cong thuc (2) sau day:
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L(y,y5,y%) =
Y ilogy®) + a X (vilogyd) )

Trién khai chi tiét hé théng duoc mo ta
trong Bang 1. Trong d6, md hinh gido
vién sir dung lan luot mot trong ba phién
ban YOLO cao nhat cho toi thoi diém
hién tai la YOLO V6-V8. M6 hinh sinh
vién nhan chuyén giao tri thirc sir dung 12
YOLO V3 tiny. Két qua danh gia va so
sénh hiéu qua caa qué trinh chuyén giao
tri thac gitra cadc md hinh YOLO gido
vién khac nhau vai cung mot mé hinh
sinh vién dugc tinh bay chi tiét trong
phan 3.

CSDL st dung la cac bo CSDL Vé vii khi
trong muc 2.2. Truéc hét, ba md hinh
YOLO phién ban méi nhat 1a YOLO V8,
YOLO V7 va YOLO V8 lan lugt dugc s
dung lam mo hinh chuyén gia dé huan
luyén (retrain) va tinh chinh lai tham s
(finetune) mo hinh trén CSDL nguoi va
vii khi do tac gia tu thu thap va gan nhan.
Sau d6, mdi mo hinh da tinh chinh tham
s6 nay duoc dong bang cac 16p mang va
su dung vai vai tro la gido vién (teacher).
MO hinh YOLO V3-tiny véi vai tro la
sinh vién (student) duoc thiét ké song
song véi md hinh gido vién khi huan
luyén lai mé hinh sinh vién nhim muc
dich ké thira tri thirc ma mé hinh chuyén
gia da hoc dugc trude d6. Tham sb khi
thuc hién huan luyén mé hinh duoc thé
hién nhu trong Bang 1.
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Bang 1. CAc tham sé trién khai qua trinh
huan luyén hé théng

M® hinh gido vién YOLO V6; YOLO
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Hinh 2. Qua trinh huan luyén mé hinh
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Hinh 2 minh hoa két qua qua trinh huan
luyén md hinh YOLO V3 tiny. Két qua
nay cho thdy hé théng dat hiéu suat tot va
b&o hoa tai vong lap 90. Do vay, trong cac
thir nghiém trong muc 3 sé sir dung mo
hinh nay dé thuc hién cac danh gia khac
trong hé thong dé xuat.

2.2.2. Phat hién ngwdi va vi khi

Mo hinh YOLO V3 tiny sau khi duoc
huan luyén trong phan 2.1.1 s& duogc s
dung dé phat hién ving nguoi va phét
hién vang vl khi (Hinh 1b). Khi mét anh
Ires cho qua md hinh YOLO sg& thu dugc
cac vung anh nguoi (I5(i = (1, ..., M)) va
cac vung anh vi khi (Ié,(i =(,..,N))
(Hinh 3). Trong d6, M 14 sé lugng nguoi
phat hién duoc trong mot anh, N 1a sb
luong vii khi phat hién dugc trong mat
anh. Tat ca ving ngudi va cac vung vil
khi dd phat hién duoc trong mdi anh s&
dugc cho vao b déém S;va S, nhu mo ta
trong cong thuc (3) va (4). Hai bo dém
nay duoc st dung dé lam dau vao cho qué
trinh phat hién hanh vi mang v khi ¢
phan 2.2.3.

Sy = MYOLO(Ipep) = {15, i = (1,..,M)} (3)
Sy = MYO¥0 (Ipgp) = {Ilil/'i =(1, ---:N)} 4)
Viéc danh gia dinh luong hiéu qua cua
mé hinh YOLO V3 tiny khi hoc chuyén
giao tir c&¢c mo hinh gido vién khac nhau
nay s& duoc thuc hién va tinh bay chi tiét
trong muc 3.2.1.

2.2.3. Phat hién hanh vi mang vi khi

Hé thdng phét hién hanh vi mang vii khi

cta ngudi duoc dé xuat nhu mo ta trong
Hinh 1c nhdm tranh céc truong hop phét
hién sai. Hanh vi mang vii khi c6 thé 1a
ngudi cam vii khi trén tay hodc véc, doi,
deo,... v khi trén ngudoi. Sau khi phat
hién cac ving ngudi va cac vung vi khi
cd trong mot anh, chung téi sé duyét cac
phan giao nhau gitta ngudi va vii khi
trong hai bo dém S;va S,. Néu trong cac
vung nguoi trong S; ¢O sy giao nhau véi
vung vil khi trong S, thi ving vii khi d6
duoc gitr lai bo dém nhu mo ta trong cong
thae (5) sau day:

LNl +¢ (5)

ah, 1) = { G 1o)
other

remove
Trong do, j=(1,...,N), k=(1,...,K), K<N.
Sy dich chuyén quang hoc (Optical Flow)
cia ca vung vii khi (IX) va viung ngudi
(I¥) s& duoc tinh toan sir dung md hinh
RAFT  (Recurrent  All-Pairs  Field
Transforms for Optical Flow) [21] gita
khur]g hinh hién tai va khung hinh truéc
d6 lan luot la OF 1 va 0F1§. Trong do,
mdi ving ngudi va/hoic vii khi véi kich
thugc (P,Q) s& dugc s dung dé tinh
vector ludng dich chuyén quang hoc. Mai
ving dugc chia ludi déu nhau véi kich
thudc ludi 1a 10x10pixels. Nhu vay, moi
ving s& cd sd luogng vector thé thién
lubng dich chuyén quang hoc (H) Ia
phan nguyén caa (P*Q)/100 va mdi diém
trén lugi s& co gia tri thé hién do Ion
cua ludng dich chuyén quang hoc la
0,(h = (0, ...,H)). Sau d6, dé dai dién
cho su dich chuyén cua mdi ving ngudi
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va/hodc vii khi dugc tinh nhu trong cong

thae sau day:

k

k
H H ,lp
Yh=10y" 2h=10p

OFI‘IAc/ hoac 0F1§

(6)

Hanh vi mang vii khi duoc loc lai thong
tin trugc khi nhan cudi cung dugc quyét
dinh nham loai trir truong hop nhan sai
nhu trong cong thic (7):

Ik =
{False OF . > thres and  OF . < thres

True others

(7)
Cong thic nay kiém tra néu ving nguoi
dich chuyén trong khi vung vii khi dung
yén thi vii khi phat hién dugc khéng thuoc
hanh vi mang vii khi. Va né chi dugc coi
la hanh vi mang vii khi trong cac truong
hop sau day:

= Truong hop 1 1a vii khi nam gan nguoi
va ca vii khi va ngudi déu dich chuyén khi
ngudi dich chuyén.

= Trudng hop 2 1a vii khi nam gan nguoi
va ca v khi va nguoi cung dung yén.

= Truong hop 3 13 tay cam vii khi va
thay d6i nhung nguoi van dimg yén.

Viéc loc lai hanh vi nhu trén nham loai bo
cac truong hop co vii khi xut hién trong
khung hinh nhung nguoi khong str dung
vl khi d6 thi khéng duoc coi la hanh vi
mang vii khi. Véi giai phap dé xuat da
khic phuc duoc trong didu kién nén phuc
tap c6 vat thé gidng vii khi hodc trong nén
c6 xuat hién vii khi va nguoi hoan toan
khéng sir dung vii khi do.

(ISSN: 1859 — 4557)

2.2. Co s& dir liéu vii khi WeaponEpuMq

Céac bo CSDL vu khi hién c6 do cong
dong nghién cau cung cip mién phi nhu
Weapon [15]-[20] thudng cung cip sb
lrong nhan vii khi kha gidi han vaéi chi tur
hai dén bdn loai vii khi. Ngoai ra, cac
CSDL vi khi nay thuong la cac vung anh
véi nén don gian va chi c6 vii khi & nhing
hinh trang kha don gian, rd nét va chinh
dién. Trong nghién cau nay chdng toi thu
thap CSDL c6 hanh vi nguoi mang vil
khi. Trong d6, ching t6i st dung 06 loai
vii khi nhu minh hoa trong Hinh 3.

OF

(c) Kiém/ dao (d) Binh ba

(e) Phéng lon/ ma tu

(f) Con

Hinh 3. Minh hoa cac loai vii khi trong bé CSDL
WeaponEpuMq

SO 34

21



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC DIEN LUC

(ISSN: 1859 — 4557)

Chung t6i dat tén b CSDL vii khi tu thu
thap véi tén la WeapondEpuMq. Dac
diém cua bo CSDL nay 1a c6 ngudi xuat
hién trong cac khung hinh. Trong do, co
maot hodc nhiéu nguoi mang vi khi va cé
ngudi khong mang vl khi. Ngoai ra, trong
khung hinh xuat hién cac vii khi nhung
khong duoc ngudi mang/cam. B CSDL
nay dugc thu thap tai cac ngit canh trong
nha va ngodi troi va tai cac thoi diém
hoan toan khéac nhau trong nhiéu ngay.
CSDL WeaponEpuMq c6 tit ca 100
video. May quay st dung la HiK-Vision
DS-2CD2643G2-1ZS cung c4p anh mau
RGB véi toc do thu thap 30 fps, d6 phan
giai anh 2688x1520 pixels. Mdi video c6
do dai 1 phat dén 10 phat. Tong sb luong
nhan cac loai ngudi, vii khi va hanh vi
mang vii khi trong b CSDL nay duoc
trinh bay chi tiét nhu trong Bang 2.

Bang 2. Sé lweng tieng loai div ligu
trong CSDL WeaponEpuMq

STT Loai vii khi S6 lwong
1 | Dao 26662
2 | Sung 28518
3 | Kiém/Pao 25567
4 | Pinhba 26781
5 | Phong lon 24193
6 | Con 27291
7 | Nguoi 35671
8 | Hanh vi mang vii khi 125890

B6 CSDL nay dugc chung tdi gan nhén
thanh hai phan: (1) Loai gan nhan thir
nhat thuc hién gan cho ting ving hinh

anh c6 chua 06 loai vi khi trong Hinh 3
va gan nhadn vung hinh anh chra nguoi;
(2) Loai gan nhan thu hai chiang téi thuc
hién gan nhan hanh vi mang vii khi cua
nguoi la vung hinh anh ma nguoi
mang/deo/cam mot trong sau loai vii khi
trén. Hinh 4 minh hoa mot sé hinh anh
trong bo CSDL cua chdng toi tu thu thap
tai cac didu kién nén va ngir canh khéc
nhau. Hinh 4a minh hoa hinh anh thu thap
tai méi truong ngoai troi, Hinh 4b minh
hoa hinh anh thu thap tai moéi truong
trong nha.

R

(b) Thu thap trong nha

Hinh 4. Minh hoa mét sé hinh anh cta bé CSDL
WeaponEpuMq

2.3. Giao thire va thang do danh gia
2.3.1. Thang do danh gia (Metric)
Pé danh gia hiéu qua caa mo hinh YOLO,
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chang t6i s dung cac chi tiéu do chinh
xéac P (Precision), do triéu hdi R (Recall).
Trong d6, do chinh xac thu dugc trén tap
dir liéu thir nghiém 1la thudc do danh gia
d6 hiéu qua cua mé hinh qua cac thong sb
do chinh xac P va d¢ triéu héi R. Do
chinh xac P dugc dinh nghia 1a ti 1é cua sb
ngudi phat hién dang trén téng s6 nhan
duoc phat hién minh hoa bai cong thic

sau day:
TP
P = TP+FP (8)

Do triéu hdi R duoc dinh nghia 12 ti 18 cua
s6 nhan phét hién dang trén tong s nhan
cé trong anh nhu minh hoa baéi céng thic

sau day:
TP
R= TP+FN ©)

Trong d6, TP (True Positive) 1a tong s6
du doan dung duoc phén lop vao duang;
FP (False Positive) tong sé dy doan sai
dugc phén 16p vao ding; FN (False
Negative) tong sé du doan sai duoc phan
I6p vao sai; va TN (True Negative) la
téng sé du doan dung duoc phan 16p vao
sai, N 1 tong s6 16p. Két qua danh gia hé
théng s& duoc thuc hién va trinh bay chi
tiét trong muc 3.

2.3.2. Giao thdec (Protocol)

Trong bai b&o nay, chdng téi chia bo
CSDL thanh 10 phan bang nhau. Sau do,
chang téi sir dung phuong phap “Leave-
one-subject-out” [23] dé thuc hién 10 lan
thar nghiém. Trong d6, tai moi lan thu
nghiém, tam phan dir liéu duoc sir dung
dé huan luyén moé hinh, mot phan dé

(ISSN: 1859 — 4557)

validation va mot phan dé danh gia (test)
md hinh. Tai mdi lan ther nghiém nay s&
¢6 do chinh xac Pj, Rj (j=(1-M), M=10).
Do chinh xac cua moét CSDL dat duoc
bang céach ldy trung binh cua 10 lan danh
gida m6 hinh véi d6 chinh xac P
(Precision) nhu trong cong thirc (10) sau:

S P

M

P= (10)

Do triéu hdi R (recall) cua ca co so dit lidu
duoc tinh nhu trong cong thac (11) sau:

M=10p,
_ Xj=1 Rj

R= =L (11)

3. KET QUA THU NGHIEM

Chung t6i thuc hién cac thar nghiém trén
may tinh st dung CPU Intel Core i5-
11400H, GPU NVIDIA GeForce GTX
1650, b nhé RAM 8 GB. Ngon ngir lap
trinh st dung 14 ngbn ng Python. Céac
thar nghiém duoc thuc hién trén 01 bo
CSDL dung chung Pistol detection dataset
[18] va 01 bo CSDL tu thu thap co tén la
WeaponEpuMg. Trong d6, bo CSDL
Pistol detection dataset [18] c6 3000 anh
cua cac loai siing ngan.

Céc thir nghiém duoc tién hanh trong
nghién ctu nay gom: (1) Panh gia do
chinh x&c phat hién nguoi va vii khi vai
cac mo hinh KD tir cac mo6 hinh chuyén
gia/gido vién khac nhau; (2) Panh gia d6
chinh xac ciaa md hinh phat hi¢n hanh vi
mang vii khi cia nguoi; (3) Panh gia thoi
gian dap ung cua mo hinh (Time cost) hoc
chuyén giao va thoi gian dap tng cua hé
thdng phét hién hanh vi mang vii khi.
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100
98
96
94
92
90
88
86
84
82

® YOLO V6

% YOLO V7

& YOLO V8

% YOLO V3 tiny

¥ YOLO V3 tiny -YOLO V6 KD
# YOLO V3 tiny -YOLO V7 KD
® YOLO V3 tiny -YOLO V8 KD

96.54
96.18
97.23
89.26
91.38
95.79

97.16
#YOLO V6 %« YOLO V7

RVWYOLO V3 tiny -YOLOVE KD % YOLO V3 tiny -YOLO V7 KD

#YOLO V8

% YOLO V3 tiny

i YOLO V3 tiny -YOLO V8 KD

Hinh 5. D6 chinh xac (P-Precision), dé triéu héi (R-Recall) cho phat hién vii khi
trén CSDL WeaponEpuMq

3.1. So sanh két qua quéa trinh hoc
chuyén giao (KD)

Trong phan nay, ching toi s& tién hanh
khao sat sy anh hudng cua viéc sur dung
cac md hinh gido vién khac nhau khi
chuyén giao tri thac cho cing mot mo
hinh sinh vién (Hinh 1a).

Trong d6, ba mo hinh gido vién lan luot la
YOLO V6, YOLO V7 va YOLO V8. Mbi
thoi diém chi sar dung mot mo hinh dé
chuyén giao tri thizc cho md hinh YOLO
tiny V3. Hinh 5 va Hinh 6 biéu dién két
qua cua qua trinh phat hién ving nguoi va
ving vii khi ciia cac md hinh so véi két
gua ma chung t61 da gan nhan.

Hinh 5 biéu dién két qua phéat hién cac
loai vii khi trén b CSDL tu thu thap
WeaponEpuMq véi loU = 0,5, két qua
trong cho thidy mot sé diém ndi bat nhu
sau:

= Trong ba mé hinh chuyén gia lan luot
tr YOLO V6-V8 thi viéc st dung mo
hinh YOLO V8 dé phét hién dat két qua
cao nhat trén hai tiéu chi danh gia P va R
véi 97,23% va 98,82%. Tuy nhién, ba md
hinh nay c6 cu cau hinh phuc tap nén khi
chay truc tuyén yéu cau cau hinh may cao
va thoi gian dap ung lau (trong muc
3.3.3).

= Néu sir dung md hinh YOLO V3 tiny
¢ yéu cau cau hinh may nhe hon va thoi
gian dap Gmg nhanh hon so véi ba phién
ban day du cia YOLO V6-8. Tuy nhién,
md hinh nay lai dat két qua kha thap trén
ca thang do d¢ triéu hdi (P), do chinh xac
(R) khi phéat hién ving nguoi va vung vil
khi tai cac gid tri twong ung la 89,26% va
90,06%.

= Khi sir dung mét trong sé cac mé hinh
YOLO V6-8 dé huan luyén lai va tinh
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chinh tham sé cho YOLO V3 tiny thi két
qua caa YOLO V3 tiny KD dat két qua
t6t hon trén ca ba loai hoc chuyén giao.
Trong dé, v6i md hinh hoc chuyén giao
ma gio vién 1a YOLO V8 thi két qua caa
YOLO V3 tiny dat duoc két qua cao nhat
trén ca ba tiéu chi danh gia (Hinh 5) va
cao hon han so véi md hinh YOLO V3
tiny (Hinh 5). Két qua nay cho thay hiéu
qua ctia qua trinh hoc chuyén giao c6 chat
loc tri thue dat hiéu qua cao hon ddi véi
mo hinh YOLO V3 tiny khi &p dung cho
bai todn phét hién v khi. Do d6, mé hinh
YOLO V3 tiny - YOLO V8 KD s¢& duoc
su dung trong danh gia & cac muc 3.2.2 va
3.2.3. Két qua ma tran nham lan chi tiét
cua phat hién vii khi cho hai giai phap st
dung md hinh YOLO V3 tiny va YOLO

100
98
96
94
92

90

(%)

88

86

84

82

80

recision

# YOLO V6 97.23
B YOLO V7 99.19
#YOLO V8 99.91
= YOLO V3 tiny 94.11
% YOLO V3 tiny -YOLO V6 KD 95.48
# YOLO V3 tiny -YOLO V7 KD 97.19
% YOLO V3 tiny -YOLO V8 KD 99.45

®YOLO V6
5 YOLO V3 tiny -YOLO V6 KD

B’ YOLO V7
& YOLO V3 tiny -YOLO V7 KD
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V3 tiny - YOLO V8 KD dugc thé hién
nhu trong Hinh 8. Trong do, phuong phap
YOLO V3 tity két qua dat duoc thip hon
han trén ca sau 16p dit liéu so véi phuong
phap YOLO V3 tiny - YOLO V8 KD. bac
biét 1a phat hién thiéu, phat hién nham
sang nén hoic sang loai vii khi khac.
Trong danh gia nay, tdc gia ciing thuc
hién tinh toan do chinh x&c phat hién
nguoi trong anh cta cac phuong phap
khac nhau trén bo CSDL WeaponEpuMq
tai loU = 0,5 nhu mé ta trong Hinh 6. Két
qua ndy mot lan nita cho thay viéc é&p
dung mé hinh hoc chuyén giao tir hé
chuyén gia (YOLO V6-V8) dem dén két
qua tét hon cho phat hién ngudi khi sir
dung mé hinh YOLO V3 tiny. Két qua cai
thién trén ca hai tiéu chi Precision va

\\\\\\\\Eﬁﬁ}\\\\\\\\\\\

Recall
95.67
96.81
97.14
89.31
92.35
93.17
95.62

2 YOLO V8
% YOLO V3 tiny -YOLO V8 KD

=YOLO V3 tiny

Hinh 6. D& chinh xéac (P-Precision), do triéu héi (R-Recall) cho phat hién nguwei
trén CSDL WeaponEpuMq

SO 34

25



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAl HOC PIEN LUC
(ISSN: 1859 — 4557)

Recall va ké;t qua phat hi¢n ving nguoi tt  Hinh 7 minh hoa két qua caa qua trinh
nhat _tren mo hinh hoc chuye,r_l glao_YOLO‘ phét hién ving ngudi va ving vii khi trén
V3 tiny - YOLO V8 KD véi Precision la . L

anh st dung voi hai phién ban YOLO V3

99,45% va Recall la 95,62%. Trong cac  “ . ) _
danh gia sau chling tdi s& st dung md hinh  tiny (Hinh 7a va YOLO V3 tiny - YOLO

nay dé thyc hién cac thir nghiém. V8 KD (Hinh 7b).

b) Két qua ctia md hinh YOLO V3 tiny —YOLO V8KD

Hinh 7. Két qua phat hién vung nguwi va vung vii khi
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Trong d6, Hinh 7a van con mot ving
ngudi va vung vi khi khong phat hién
duoc khi sir dung m6 hinh YOLO V3 tiny
va vung nay dugc phat hién khi sir dung
md hinh hoc chuyén giao caa YOLO V3
tiny - YOLO V8 KD (Hinh 7b).

Tuy nhién, khi sit dung md hinh YOLO
V3 tiny - YOLO V8 KD lai phat hién
nham ving nén c6 ddi twong hinh anh
giong vii khi da dugc gan nhan nam trén 6
to6 (hai vung c¢6 duong bao 6 vubng mau
xanh 14 cay trén 6 td phat hién nham Ia
kiém va hai ving bao mau tim phét hién
nham thanh stng trong Hinh 7b). Hinh 7
trén phat hién tat ca 07 nguoi trong anh 1a
viing c¢6 khung mau vang va hé théng phat
hién ra 11 vii khi trong anh la cac vung
c6 khung voi cac mau xanh la (kiém),
xanh duong (dao), tim (sung). Néu chi st
dung mo6 hinh YOLO dé phaét hién vii khi
trong anh thi s& bi nhan nham khi trong
anh cé chira vii khi nhung ngudi khdng sir
dung ching. Hoic hé théng s& nhan nham
khi trong nén c6 ving anh co hinh trang
gidng vii khi. Ngoai ra, trong nghién ciru
nay chung toi cling danh gia trén CSDL
dung chung Pistol detection dataset [18]
Véi cac phuong phap st dung nhu trinh
bay trong Bang 3. Két qua cho thiy viéc
4p dung md hinh chuyén giao tri thicc md
hinh YOLO V8 cho mé hinh YOLO V3
tiny (hang 4 cua Bang 3) ciling dat hiéu
qua cao hon so vdi su dung mé hinh
YOLO V3 tiny (hang 2 cia Bang 3). Hon
nira, két qua dat duoc ciing cao hon giai
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phap trong [18] sir dung md hinh fast R-
CNN vaéi backbone la VGG16 (hang 1
cua Bang 3).

Bang 3. Két qua phat hién vii khi ctia CSDL
Pistol detection dataset [18]

Phwong phap Precision | Recall
[18] 89,91 32,24
YOLO V3 tiny 83,12 31,89
YOLO V8 98,51 97,19
YOLO V3tiny -

YOLO V8 KD 97,36 94,74

Giai phap dé xuat dé phét hién hanh vi
mang vil khi ctia nguoi duoc cai thién so
véi viéc sir dung mod hinh YOLO va két
qua dugc thé hién chi tiét trong muc 3.2.

3.2. Hiéu qua caa md hinh phat hién
hanh vi mang vii khi

Trong d4nh gia nay chung t6i sir dung két
qua vung nguoi va vung vil khi da phat
hién duoc tr mé hinh YOLO V3 tiny -
YOLO V8 KD nhu da trinh bay trong
muc 3.2.1. Pay la mo hinh dugc lya chon
vi dat hiéu qua cao hon. Tur hai ludng
thong tin la vung nguoi va vung vii khi da
phéat hién dugc, hanh vi mang vii khi dugc
x4c dinh dya trén giai phap dé xuat nhu
da trinh bay trong muc 2.2.3. Trong vi¢c
thuc hién gan nhan cho CSDL vi khi cua
ching téi, ngoai viéc gan nhdn vung
nguoi va vung vii khi thi ching t61 con
gan nhan hanh vi mang vii khi cua nguoi
trong khung hinh. Do vay, trong muc nay,
chang toi thuc hién so sanh két qua cua
viéc phat hién hanh vi mang vi khi da
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0 | Song | Kiém | Dao [Mh& Cda Qoo | Susg | Kifem | Qoo |MiEthy| Con Do | Seng | Kdm | Deo |Métis| Cés
Deo 0030 | 0090 | 000 ’ Dao 0008 | OOD2 Dao \ o008 | ool
Sang ’K Sung Sing
Kifm | D080 Q0%0 i 00so | ooty Kifm | D009 0006 | 0037 Lém | 0009 0005 | COL7
D0 0050 | co2d 0010 L 0008 0008 O | Q008 0008
Mithy | 0064 0068 | 0020 M3 th 0005 | OO0 M3 i Q009 | 0004
on Cén Cén
Nen | 0085 | 0083 | 0011 | 0116 | 0032 | OOM1 Neén | 0068 | 0069 | 0060 | 0062 | 0045 | 0082 Nin | 0048 | 0082 | 0007 | 0010 | 0001 | 0011
a) b) c)

Hinh 8. Bang ma tran nham |an (Confusion Matrix) phat hién hanh vi mang vii khi

dugc gan nhén va4i hanh vi mang vl khi
ma hé thdng phat hién dugc. Trong do, do
chinh x&c cua viéc phat hién hanh vi
mang vi khi dugc tinh dya trén cac tiéu
chi nhu d4 trinh bay trong muc 2.3. Két
qua duoc thé hién nhu trong Bang 4.

Bang 4. Két qua phéat hién hanh vi mang vii khi

cua CSDL WeaponEpuMq

Phwong phap Precision | Recall
YOLO V3 tiny 84,80 82,06
YOLO V3 tiny -

YOLO V8 KD 93,12 91,39
Proposed method 96.,2 95,94

Két qua trong Bang 4 cho thiy giai phéap
dé xuadt cai thién dang ké viéc nhan
nham/sai so véi viéc chi phét hién ving
vii khi 1a két qua dau ra cia YOLO V3

tiny va YOLO V3 tiny - KD. Trong do, P
tang tor 84,8% I[én 96,9%, R ting tur
82,06% lén 95,94%. Hinh 8 biéu dién ma

tran nham 1an cua ba phwong phap YOLO
V3 tiny; YOLO V3 tiny - YOLO V8 KD;
YOLO V3 tiny - YOLO V8 KD véi luong
dich chuyén quang hoc cta ving ngudi va
vung vil khi (muc 2.2.3). Két qua cho thay
hé théng phat hién hanh vi mang vii khi
dé xuat nang cao d6 chinh xac phat hién
nham so voi st dung dau ra cia mé hinh
YOLO. Dic biét giam dang ké truong hop
phat hién nham sang dbi twong nén co6
hinh trang gidng vil khi.

Hinh 9 minh hoa két qua phét hién hanh
vi mang vii khi. Két qua cho thiy viéc st
dung md hinh YOLO phét hién nham 04
d6i twong nén (Hinh 9a). Tuy nhién, khi
st dung giai phap cua tac gia dé xuat thi
da loai trir dugc cac treong hop phat hién
nham (Hinh 9b).

28

SO 34



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGONG DAl HOC PIEN LUC I
(ISSN: 1859 — 4557)

b) Két qua ctia md hinh YOLO V3 tiny-YOLO V8 KD

Hinh 9. Két qua phat hién hanh vi mang vii khi
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3.3. Th&i gian dap trng caa mé hinh KD
Ngoai viéc so sanh két qua do chinh xac
R, d6 triéu hdi P da trinh bay & cac phan
trén. Trong muc ndy, chang tdi tién hanh
thuc hién khao sat vé thoi gian thuc hién
trung binh cta cac phién ban YOLO cho
hai qua trinh: (1) Qua trinh phat hién
nguoi va vil khi; (2) Qué trinh phat hi¢n
hanh vi st dung vii khi. Panh gia vé thoi
gian dap Gng nay duoc chay thir nghiém
trén nén tang CPU va GPU. Két qua thoi
gian dap ung duoc trinh bay trong Bang 5.

Bang 5. Téc d6 phéat hién ngwei va vii khi
trén cac phién ban YOLO

Téc d xiv | Toc do xir
Iy mot ly mot
.| khung hinh | khung hinh
Phuong phap | o qung | sir dung
CPU GPU
(ms) (ms)
YOLO V6 80,39 22,09
YOLO V7 85,03 23,81
YOLO V8 78,85 21,74
YOLO V3 tiny 21,05 12,02
YOLO V3 tiny
YOLO V8 KD 20,98 11,86

Két qua trong Bang 5 cho thay mang
YOLO V3 tiny KD c6 thoi gian phat hién
khi str dung GPU 14 thdp nhat va tuong
duwong m6 hinh YOLO V3 tiny voi 12 ms
va khi sir dung CPU thi két qua la 21 ms.
Két qua nay thap hon rat nhiéu so véi viéc
sir dung cac md hinh YOLO V6 dén V8
c6 thoi gian dap tng khi sir dung CPU lan
lugt 1a 80,39 ms, 85,03 ms va 78,85 ms.

Thoi gian dap ung khi sir dung GPU lan
luot 1a 22,09 ms, 23,81 ms va 21,74 ms.
Trong khi d6, d6 chinh xac phat hién cua
mo hinh YOLO V3 tiny KD c6 d6 chinh
xac cao hon YOLO V3 tiny va d¢ chinh
X4c tiém can véi két qua cua cac md hinh
phtc tap 12 YOLO V7 va YOLO V8.
Diéu nay cho thiy giai phap hoc chuyén
giao c6 chat loc tri thac véi mang
YOLO do chung toi dé xuat dat két
qua tot véi mé hinh phat hién va nguoi
va vii khi trong thtr nghi¢m trén CSDL
WeaponEpuMg.

Ngoai ra, ching to6i cling thyc hién danh
gi4 thoi gian trung binh dé hé thong phat
hién hanh vi nguoi mang vii khi khi su
dung mé hinh YOLO V3 tiny - YOLO V6
KD tir thoi diém doc anh dén khi xu Iy
xong mot khung hinh. Trong d6, thoi gian
thuc hién trén CPU la 26,89 ms va thoi
gian thuc hién trén GPU la 14,59 ms.

4. THAO LUAN VA KET LUAN

Trong bai bao nay, ching t6i da thuc hién
hoc chuyén giao c6 chit loc tri thic tir md
hinh giao vién cho mang YOLO va ap
dung cho CSDL phét hién vii khi. Két qua
cho thdy mé hinh hoc chuyén giao kha
hiéu qua nham dat dugc mot md hinh c6
kién tric nhe hon, thoi gian dép tng
nhanh hon. Cac tht nghiém dugc thuc
hién trén b CSDL do chdng toi tu thu
thap WeaponEpuMq va bo CSDL dung
chung. Két qua cho thay giai phap hiéu
chinh tham sb c6 ké thura tri thic tir mang
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chuyén gia dat hiéu qua cao hon tir 1,99%
dén 7,9% trén ca hai bo CSDL, trong khi
thoi gian dap ung cua md hinh giam 62
ms khi su dung CPU va 10,95 ms khi sur
dung GPU. Nghién ctru con dé xuét giai
phap phat hién hanh vi mang vii khi cua
ngudi VGi viéc st dung két hop ving
nguoi va vung vii khi da phat hién dugc.
Ngoai ra, thong tin vé ludng dich chuyén
quang hoc cua hai vung phéat hién duoc
nay ciing duoc sir dung dé phat hién hanh
vi mang vii khi cua nguoi. Cac danh gia
thir nghiém trén bo CSDL do ching toi
thu thap vé hanh vi mang vii khi cho thay
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giai phap dé xuat dat két qua tét hon so
véi viéc chi sir dung két qua phat hién vii
khi tir ¢au ra cia mang YOLO V3 tiny t6i
13,88%. Trong thoi gian téi, ¥ tuong dé
Xuat cua nghién ctu nay sé& tiép tuc duogc
trién khai dé danh gia trén bo CSDL lén
va da dang hon cling nhu ap dung cho
phét hién hanh vi mang cac vat dung khac
cua nguoi. Viéc khao sat hiéu qua caa cac
phuong phap tinh toan ludng quang hoc
cling s& dugc khao sét va két hop vai theo
vét ddi tuong dé nang cao hon nira hiéu
qua cua giai phap phat hién hanh vi mang
vii khi.
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Gidi thiéu tac gia:

Tac gia Boan Thi Huong Giang tot nghiép dai hoc nganh do ludng va tin hoc cong
nghiép ndm 2003, nhan bing Thac si nganh do ludng va cac hé théng diéu khién
ndm 2006 va bang Tién si nganh diéu khién va tu ddong hda ndm 2008 tai Pai hoc
Bach khoa Ha Néi. Hién nay tac gia la giang vién Khoa Diéu khién va Tu déng hda -
TruGng Dai hoc Dién lyc.

Linh vuc nghién clru: Diéu khién va tu ddng hda st dung thdng tin hinh anh, xar ly
anh, hoc may va hoc sau...
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