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Automatic detection of cheating behaviors in examinations is essential for
maintaining academic integrity, particularly in large-scale and online
assessments. This study proposes a lightweight human action recognition
model that is suitable for deployment on edge devices with limited
computational resources. The proposed method extends the MobileNet
architecture into a three-dimensional convolutional neural network by
employing three-dimensional depthwise separable convolutions to efficiently
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extract spatial and temporal features from video data. In addition, a
convolutional block attention module is incorporated to enhance the model's
ability to focus on salient motion regions while suppressing irrelevant
background information. Experimental results on an examination surveillance
dataset containing six categories of cheating behaviors demonstrate that the
proposed model requires only 3.2 million parameters and 1.8 billion floating-
point operations for each 16-frame video clip, substantially reducing
computational cost compared with the reference model. The model achieves
an accuracy of 93.7% and a weighted Fl-score of 0.932. These results
confirm that the proposed model provides an effective balance between
recognition accuracy and computational efficiency, making it well suited for
real-time examination surveillance systems deployed on edge devices.
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TU KHOA

Nhan dién hanh vi gian 14n
3D CNN nhe

Giam sat thi ctr

Nhan dang hanh déng

Co ché chu

Phat hién tu dong cac hanh vi gian 14n trong thi ctr 1a yéu cau quan trong
nham bao dam tinh liém chinh hoc thuat, dac biét trong cac ky thi truc tuyén
va quy mo 16n. Nghién ctru nay dé& xuit mot mé hinh nhan dang hanh déng
nhe, phtt hop trién khai trén cac thiét bi bién co tai nguyén tinh toan han ché.
Phuong phép nghién ciru mé rong Kién tric MobileNet sang mang no-ron tich
chap ba chiéu sir dung tich chap phan tach theo chiéu sau dé trich xudt dac
trung khong gian va thoi gian tir video, dong thoi tich hop mé-dun cha y khbi
tich chap nham tiang cuong kha ning tap trung vao cac ving chuyén dong
quan trong va giam anh huong ciia nén. Két qua thuc nghiém trén bo dir lidu
giam sat ky thi gdm séu loai hanh vi gian 1an cho thdy mé hinh chi sir dung
3,2 triéu tham s6 va yéu cau 1,8 ty phép toan dau phay dong cho mdi doan
video gdom 16 khung hinh, giam dang ké chi phi tinh toan so v&i mo hinh
tham chiéu, dong thoi dat do chinh xac 93,7% va diém F1 c6 trong sb dat
0,932. Két qua nghién citu khang dinh md hinh dé xuét dat sy can bang gitra
d6 chinh xac va hiéu qua tinh toan, pht hop cho cac hé théng giam sat thi cur
thoi gian thuc trén thiét bj bién.
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1. Gigi thigu

Gian 1an hoc thuat trong cac ky thi dat ra mot thach thic dai dang ddi véi cac co s giao duc
trén toan thé gidi. Sy mé rong nhanh chong ciia viéc kiém tra truc tuyén va tir xa, dugc thuc day
boi dai dich COVID-19, da lam tram trong thém mai lo ngai vé muac do pho bién cua gian 1an [1]
[2]. Gidm sat thu cong truyén thong, mic du hiéu qua trong méi truong quy md nho, ngdy cang
tré nén khong thuc té khi quy mé 16p hoc tang Ién va viéc giam sat chuyén sang méi trudng
khong dugc giam sat. Cac nghién ctru gan ddy da ghi nhan ty Ié gian lan vuot qua 30% trong cic
bai danh gia tryc tuyén [3], nhan manh nhu cau cap thiét vé cac giai phap giam sat ty dong. Nhan
dang hanh vi gian 1an ty dong bang video cung cip mot giai phap thay thé co thé mé rong, nhung
doi hoi cac md hinh c6 kha niang suy luan thoi gian thuc trén phan cing c6 kha ning tinh toan
han ché duoc trién khai trong cac phong thi.

Nhan dang hanh dong video di tién bo dang ké thong qua cac mang no-ron tich chap sau.
CNN hai chiéu két hop véi cac chién lugc t6ng hop thoi gian nhu Mang phan doan thoi gian [4]
va M6-dun dich chuyen thoi gian [5] mang lai hiéu qud tinh toan nhung thiéu mo hinh thoi gian
13 rang cua chuyén dong chi tiét. Ngoai ra, cac huéng tiép can dua trén phat hién dbi tugng theo
ting khung hinh (vi du nhu cac hé théng tuong ty YOLO) thudng yéu cau pipeline nhiéu budc
(phat hién — theo ddi — suy luan hanh vi), do ¢ kho nam bit truc tiép cac dac trung dong hoc lién
tuc cua hanh vi. Mang CNN ba chiéu, bao gdm C3D [6] va I3D [7], két hop chiéu thoi gian truc
tiép vao cac bo loc tich chap, dat dugce do chinh xac vuot troi voi chi phi tinh toan dang ké. Tich
chap (2+1)D trong [8] dugc d& xuét dé giam chi phi tinh toan so véi tich chap 3D tir C3D va 13D.
Mang SlowFast [9] da cai thién hon nita d chinh xac thong qua xu ly duong dan kép nhung van
yéu cau hon 34 triéu tham s. Kich thuéc mé hinh va sb lugng FLOP cao khién cac kién tric nay
khong pht hop dé trién khai trén cac thiét bi c6 tai nguyén han ché nhu may tinh ca nhan,
NVIDIA Jetson hodc Raspberry Pi, dién hinh cho cac hé thong giam sat trong 16p hoc.

Céc kién trac nhe da xuit hién dé thu hep khoang cach giita hiéu qua va do chinh xac.
MobileNet [10] d3 gii thiéu cac phép tich chap tach biét theo chiéu sdu dé giam dang ké sb tham
s6 trong khi van duy tri d¢ chinh x4c canh tranh. Cac phan ma rong gan day cho video, bao gom
TSM-MobileNetV3 [11] va MNv3-MFAE [12], da chirng minh tinh kha thi cta cac thiét ké than
thién véi thiét bi di dong cho nhan dang hanh dong. Tuy nhién, cac phuong phap chuyén kénh
cung cap trudng tiép nhan thoi gian han ché, va ban chat tinh té, chi tiét cua cac hanh vi gian
lan—nhiing ctr chi tay ngan gon, nhitng cai quay dau 1én It va nhitng thao tac vét thé nho—doi
hoi cac mo hinh ¢6 kha nang mo hinh héa khong gian—thoi gian rd rang.

Céc co ché chi y nhu Squeeze-and-Excitation (SE) [13] va Convolutional Block Attention
Module (CBAM) [14] da dugc chimg minh la hi¢u qua trong viéc tang cuong kha ndng phan biét
ddc trung voi chi phi tbi thiéu [15], [16]. Tuy nhién, trong phan 16n cac nghién ctru hién co,
CBAM chu yéu duogc tich hop vao cac kién trac CNN 2D (vi du nhu cac bién thé ResNet-
CBAM), do d6 chi khai thac hiéu qua thong tin khong gian ma chua tan dung day du chiéu thoi
gian cua dir lidu video. Bén canh d6, viéc két hop co ché chi ¥ véi cac kién trac 3D nhe nhiam
ddng thoi dam bao kha niang biéu didn khong gian—thoi gian va hidu qua tinh toan van con 1a mot
hudng nghién ctru chua duogc khai thac day du, dic biét trong bai toan phat hién hanh vi gian lan
trong moi trudong gidm sat thi ctr.

Trong bai bao nay, ching t6i dé xuiat MCNet-CBAM, mdt CNN 3D nhe giai quyet nhung
thach thic trén bang cach két hop hiéu qua mé hinh héa khong gian—thoi gian voi thiét ké tdi uu
cho thiét bi bién. Khac véi cac phuong phép 2D két hgp chi y hodc cac pipeline phat hién ddi
tuogng theo timg khung hinh, mé hinh dé xuét hoc truc tiép biéu din hanh vi tir chudi video thong
qua tich chap 3D va co ché chu ¥ md rong theo khong gian—thoi gian. Nhimg déng gop cua
chung t61 nhu sau:

e  Chung t6i thiét ké mot khdi tich chap tach biét theo chiéu sau 3D mé rong triét ly
MobileNet [10] cho video, dat dugc s6 lwong tham sé chi 3,2 triéu.
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e  Chung t6i tich hop CBAM [14] vao kién tric 3D, cung cap Sy chu ¥ theo kénh va khong
gian tuan ty chi vaéi 0,08 triéu tham so bo sung.

e  Chung t6i xay dung bo dir liéu ExaChgat:6 va danh gia so voi C3D [6] va 13D [7], dat
dugc do chinh xac 93,7% véi muc giam tham so gap 12,4 lan so véi C3D.

e  Ching tdi tien hanh cac danh gia toan di¢n ve loai boé va hiéu qua bao gom kich thudc
mo hinh, FLOPs va suy luan trén phan cirng bién.
2. Phuong phap

Trong phan nay, chung t6i trinh bay chi tiét vé kién trac md hinh MCNet-CBAM, tap trung
vao viée ap dung cdc khoi tich chap 3D nhe ket hop co che chu y nham dat dugc hiéu suat toi uu
trén phan cuang bi han che.
2.1. Tong quan vé Kién triic MCNet-CBAM

MCNet-CBAM bao gom 5 khéi tich chap tach biét chiéu sau 3D (3D depthwise separable
convolution blocks). D¢ t6i wu hoa kha nidng tdp trung vao cac dic trung quan trong, mo-dun

CBAM dugc tich hop ngay sau 4 khoi dau tién. Pau vao cia mang 1a mét clip gom T=16 khung
hinh, kich thuéc khung hinh H=W=112, v4i s6 kénh C=3 (anh mau RGB).

5% - Normal

76% - Looking Aside
Block 1| Block 2| Block 3| Block 4 [Blocks [ | pc, e
y Conv softmax ) 1% - Phone Usage
5 l CBAM | CBAM | CBAM | CBAM | CBAM 4% - Passing Notes
T O 4% - Device Manipulation
. S
Input clip
16x112x112x3

Hinh 1. Tong quan mé hinh MCNet-CBAM.
Trong do, 3D Conv la phép tich chdp 3D, GAP la tang Global Average Pooling
Kién triic mang str dung cac khdi tich chap tach biét chidu sau 3D (3D Depthwise Separable
Convolution) dé giam thiéu sé luwong tham sé trong khi van giir duoc kha ning trich xuit dac
trung khong gian - thoi gian tir video. Mdi khéi bao gom mét I6p tich chap chiéu sau (Depthwise
Convolution) véi kernel 3 x 3 x 3, theo sau 1a mot 16p tich chap diém (Pointwise Convolution)
vai kernel 1 x 1 x 1. Co ché CBAM dugc tich hop ngay sau I6p Pointwise Convolution dé tinh
chinh cac dic trung. Bang 1 mé ta kién trtc chi tiét cia mé hinh dugc dé xuit MCNet-CBAM.
Bang 1. Kién triic chi tiét cia MCNet-CBAM

Khoi Tham s6 S6 lan lip  Kich thwée diu ra
Input Block (3D Conv) 5 x 7 x 7, stride 2, 32 channels 1 16 X 56 X 56 X 32
Block 1 (DW + PW + CBAM) 3 x 3 x 3, stride 1, 64 channels 1 16 X 56 X 56 X 64
Block 2 (DW + PW + CBAM) 3 x 3 x 3, stride 2, 128 channels 1 8 x 28X 28x 128
Block 3 (DW + PW + CBAM) 3 x 3 x 3, stride 2, 256 channels 1 4 X 14 x 14 x 256
Block 4 (DW + PW + CBAM) 3 x 3 X 3, stride 2, 512 channels 1 2X7x7x512
Block 5 (DW + PW) 3 X 3 x 3, stride 1, 1024 channels 1 2X7x7x1024
Global Average Pooling - 1 1x1x1x1024
Fully Connected 1024 -> 6 classes 1 6

Nhu duge mé ta trong Hinh 1, toan bd pipeline xir Iy cia MCNet-CBAM nhu sau: Input
Block — Block 1 (DW+PW+CBAM) — Block 2 (DW+PW+CBAM) — Block 3
(DW+PW+CBAM) — Block 4 (DW+PW+CBAM) — Block 5 (DW+PW) — GAP —
FC(1024—6) — Softmax — Du doan.

Xét khdi Block 1 (cac khdi khac twong tu), gia sir dau vao 1a tensor 5 chidu: X € RTXHXWxC,
Trong do6: T: chiéu sau (Depth/ Time), H: chiéu cao (Height), W: chiéu rong (Width), C: sé kénh
(Channels). Déi vi DW, mbi kénh dugce tich chap doc 1ap véi mot kernel riéng vé6i kernel co
kich thudc nhu trong cong thuc (1).
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‘ K(c) € R¥33 c=1.2,...,C (1)
bau ra:
7€ RTrxerWer (2)
Cong thuc cho DW dugc tinh nhu sau:
2t hw,c) = ZZ Z K(C)(i,j k) - X(t + i, h + j,w + k,¢) ©)
i=0 j=0k=0

Dbi v6i DW, dé giam thiéu sé luong phép tinh toan ma van giit duoc kha nang hoc hoi dic
trung tir dau vao, cac khdi DW duoc thiét ké dé khong co sy twong tac giita cac kénh va do do, sb
luong kernel s& bang chinh sb kénh C.

Doi voi PW, 16p nay thuc hién tich chap 1x1x1 dé két hop thong tin giita cac kénh. Goi
Kernel c6 kich thudc nhu sau:

P € RleXlXCXC! (4)
Trong do: C’ la 6 kénh dau ra va DAu ra cubi ¢o kich thude nhu sau:
Y € RTIXHIXWIXCI (5)

Két qua dau ra Y duoc tinh theo cong thirc:

Y(t, hw, ) = Z P(c,c) - Z(t,h,w,c) (6)
=1

Khéi 3D Depthwise Separable Convolution phan tach phép tich chap 3D truyén thong thanh
hai phép toan tuan tu: (i) tich chap chiéu sau (depthwise convolution) véi kernel 3x3%3 ap dung
doc lap trén timg kénh dé trich xuat dic trung khong gian—thoi gian cuc bo; va (ii) tich chap diém
(pointwise convolution) vai kernel 1x1x1 nham hoc su két hop tuyén tinh giita cac kénh.

2.2. Co' ché chit Y CBAM (Convolutional Block Attention Module)

F ' E2
F
F
Channel Spatial
gt Attention —=  Aftention Refined
Fasurs Module Module Feature

Hinh 2. Cdu tric ciia khéi chii y CBAM

Mé dun CBAM (Hinh 2) hoat dong theo trinh ty hai budc cbt 15i: Attention theo kénh
(Channel Attention) va Attention theo khong thoi gian (Spatial Attention). Co ché nay xur 1y ban
d6 dac trung F dau vao thong qua cac phép toan tinh toan chi tiét nhu sau:

- Channel Attention: Nham khai thac thong tin biéu dién gitra cac kénh cua dic trung. Phép
toan st dung Average Pooling va Max Pooling trén khong gian dé tao ra hai vector dic trung
riéng biét, sau d6 dwa qua mot mang no-ron da tang (MLP) chung. Dau ra duoc két hop lai dé tao
ra ban d6 chu ¥ kénh M_c. Lop Channel Attention giup mang luéi tap trung vao cc ban d6 dic
trung mang tinh quyét dinh cao nhét dbi véi hanh vi gian 14n.

- Spatial Attention: Hoat dong trén cac dic trung da dugc tinh chinh bgi Channel Attention.
N6 4p dung Average Pooling va Max Pooling trén chiéu kénh, tiép theo la phép tich chap (vi du:
kernel 7x7x7 cho 3D) dé x4c dinh cac vi tri khong gian quan trong. Lép nay dinh huéng su cha y
clia mo hinh vao cac ving khong gian cu thé nhu chuyén dong cia tay, huéng mat nhin thay vi
bdi canh xung quanh.

Dé tang cuong kha ning biéu dién dic trung ciia md hinh 3D CNN nhe trong bai toan nhén
dién hanh vi gian 1an, ching t6i tich hop md-dun Convolutional Block Attention Module
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(CBAM) vao kién trac mang. CBAM la mét co ché attention tuan tw, bao gom hai thanh phan
chinh: Channel Attention va Spatial Attention, giup moé hinh hoc dugc “nén cht y vao cai gi”’ va
“chu y & dau” trong khong gian—thoi gian. Gia sir dau vao ciia mo-dun 1 tensor dic trung F €
RTXHXWXC ‘trong 6 T, H, W, C lan luot 1a chiéu thoi gian, chiéu cao, chiéu rong va s6 kénh.
Channel Attention: Muc tiéu ctia Channel Attention 1a khai thac méi quan hé phu thudc gitra
cac kénh dic trung, tir d6 nhan manh cac kénh mang thong tin quan trong ddi véi viéc phéan biét
hanh vi. Cuy thé, tensor F dugc nén theo chiéu khong gian—thoi gian théng qua hai phép pooling
toan cuc: Global Average Pooling va Global Max Pooling, thu dugc hai vector dac trung:
Fogr Fiax € RV¥IXC (7)
Hai vector nay sau d6 dugc dua qua mot mang MLP ding chung tham sd, gom hai 16p fully
connected véi ti 18 giam chiéu r, nham hoc biéu dién phi tuyén gitra cac kénh. Két qua tir hai
nhanh dwoc cong phén tor va dua qua ham kich hoat sigmoid dé tao ban dd attention theo kénh:

‘ Mc(F) = a(MLP( vg) + MLP(F,,Cqu)) (8)
Ban d6 attention nay duoc sir dung dé tai can bang tensor dau vao:
=Mc(F)OF ©)

trong d6 © 1a phép nhan ting phan tir ¢6 broadcast. Co ché nay cho phép md hinh wu tién cac
kénh dic trung mang tinh phan biét cao, vi du nhu cac kénh lién quan dén chuyén dong tay,
hudng nhin hodc tu thé dau trong béi canh giam sat gian 1an.

Spatial Attention: Sau khi tinh chinh theo kénh, mo-dun Spatial Attention tiép tuc xac dinh
cac ving khong gian—thoi gian quan trong trong tensor dic trung. Pau tién, tensor F’ dugc nén
theo chiéu kénh bang hai phép pooling:

Fasvg'Fnslax = RTXHXWXl (10)
Hai ban dd nay duoc ndi theo chiéu kénh, tao thanh tensor:
[Favg Fnax] (11)

Sau d6, mot I6p tich chap 3D véi kernel kich thuge 7x7x7 dugc ap dung nham hoc céc mﬁl‘J
phu thudc khong gian-thoi gian cuc bo. Két qua dugc dua qua ham sigmoid dé tao ban do
attention khong gian:

) . Ms(F') = O-(f7X7X7([FaSvg'Fnslax])) (12)
Cudi cung, tensor dau ra dugc tinh nhu sau:
F'=Ms(FYOF' (13)

Co ché nay giup md hinh tap trung vao cac vung quan trong nhu chuyen dong bat thuong cua
tay, anh mét hoic tuong tac dang ngo, dong thoi glam nhiéu tir cac vung nén khong lién quan.

e Viéc tich hgp CBAM vao kién triic dugc thic ddy boi cac wu diém sau:

¢ Kha nang chon loc dac trung hiéu qua: Channel Attention gitip xac dinh cac kénh quan trong
nhét ddi vai ting loai hanh vi gian 1an.

* Dinh vi khong gian—thoi gian chinh xdc: Spatial Attention tép trung vao cdc vung co chuyén
dong bat thuong, loai bé anh huéng caa nén.

e Chi phi tinh toan thap: CBAM chi lam ting khoang 0,08 trigu tham s6 (dudi 3% tong sb
tham s6), phtt hop véi myc tiéu xay dung mo hinh nhe.

e D& tich hop: Mé-dun c6 thé chén truc tiép vao cac khdi tich chap 3D ma khong yéu cau thay
ddi cau tric backbone, ddng thoi hoat dong theo co ché ty giam sat.
3. Thi nghiém

Trong phan nay, chiing t6i trinh bay vé bo dit liéu dwoc sir dung dé thir nghiém va chi tiét
trién khai moé hinh MCNet-CBAM. Sau d6, ching t6i cung cép cac két qua va phan tich so sanh
giita cac mé hinh. Cudi cung 1a cac phan tich cit bo nham thay dwoc sy hiéu qua caa khdi CBAM
mang lai.
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3.1. Bg di ligu

Tap dir liéu ExaCheat-6 dugc xdy dung c6 hé thdng nham phuc vu bai toan nhan dién hanh vi
gian lan trong méi truong thi cir. B dit lidu bao gom 4.800 doan video ngén (clips), dugc thu thap
tir 40 nguoi tham gia, md phong 6 loai hanh vi dién hinh trong phong thi, bao gdm: Normal (hanh
vi binh thudng), Looking Aside (nhin ngang/doc), Whispering (thi tham), Phone Usage (str dung
dién thoai), Passing Notes (chuyén gidy), va Device Manipulation (twong tac voi thiét bi khac). Bé
thu thap duoc bo dir lidu nay, ching toi tudn thii cic nguyén tic dao duc trong thu thap va xu 1y dir
liéu con ngudi. Tat ca 40 nguoi tham gia déu dugc thong bao rd rang vé muc dich nghién ciru va da
cung cap sy dong ¥ tw nguyén trude khi ghi hinh. Dit liéu thu thap duoc chi sir dung cho muc dich
nghién ctru, dugc an danh hoa va khong chira thong tin nhan dang ca nhén. Quy trinh thu thap va st
dung dit liéu dam bao tuan thu cac quy dinh hién hanh vé bao vé quyén riéng tu.

MGi doan video co do dai 2 gidy, duoc ghi hinh ¢ téc d6 30 khung hinh/gidy (FPS). Tir mdi
clip, chiing t6i thuc hién trich mau 16 khung hinh, sau d6 chuan hoa vé kich thudc khong gian
112 x 112 pixel, phi hop véi dau vao ciia mé hinh 3D CNN. Tép dir liéu duoc phén chia theo ty
I& 70% cho huan luyén, 15% cho kiém thir (validation) va 15% cho danh gia (test), dam bao tinh
khach quan trong qua trinh huin luyén va danh gia mo hinh. Dé danh gia tac dong cua do dai
chudi video dén hiéu qua nhan dién hanh vi gian 1an, chung t6i tién hanh mot thi nghiém b sung
V6i cac d6 dai clip khac nhau, bao gom 1 gidy (8 khung hinh), 2 gidy (16 khung hinh) va 4 gidy
(32 khung hinh), trong do6 tdc d6 ldy mau duoc gitr cd dinh. Két qua cho thay, véi d6 dai clip
ngan (1 gidy), m6 hinh c6 xu huéng bo sot cac hanh vi c6 tinh lién tuc hodc dién ra cham theo
thoi gian, chang han nhu hanh vi “nhin sang bén” hodc “trao doi nho”. Piéu nay 1a do théng tin
ngit canh theo thoi gian chua duoc tich lily day du, dan dén giam d6 chinh xac tong thé. Nguoc
lai, khi ting d6 dai clip 1én 4 gidy, mo hinh c6 kha ning ndm bat t6t hon cac dic trung dong hoc
dai han, tuy nhién chi phi tinh toan ting dang ké, 1am giam téc do suy luan (FPS), anh huong dén
kha ning trién khai thoi gian thyc trén cac thiét bi bién. Pang cha y, voi d6 dai 2 gidy (16 khung
hinh), mé hinh dat duoc su can bang tdt gitra d6 chinh xac va hiéu ning. D6 dai nay du dé bao
quat cac chuyén dong quan trong trong hau hét cac hanh vi gian 1an phé bién, dong thoi van dam
bao toc do xir ly cao.

V& phan bé dit liéu, mdi 16p hanh vi bao gb6m 800 clips, dugc thu thap trong nhiéu diéu kién
khac nhau nham ting tinh da dang, bao gém su thay dol Vvé goc quay, anh sang va bd cuc phong
thi. Cac ddi tugng tham gia dugc chia thianh 4 nhém, mdi nhom gdm 10 ngudi, Véi cac kich ban
phong thi mé phong khac nhau. Dit liéu video dwoc ghi bing camera d6 phan giai 1080p dit tai
goc phong, nham dam bao bao quat toan bd khong gian quan sat.

Qua trinh gan nhéan dugc thuc hién boi ba chuyén gia doc lap, va mdi mau dwgc chap nhan khi
c6 it nhat 2/3 s6 phiéu dong thuan. Do tin cay gitra cac chuyén gia duoc danh gia thong qua hé s6
Cohen’s Kappa dat 0,92, cho thay murc d6 nhat quan cao trong qua trinh chu thich dir liéu.

Dé cai thién kha ning tong quat héa ctia mo hinh, ching t6i ap dung mot sé ky thuat ting
cuong dir ligu (data augmentation), bao gom:

(1) Lat ngang ngau nhién voi xac suét 0,5;

(2) Biéu chinh d¢ sang trong khoang +10%;

(3) Dich chuyén thoi gian trong pham vi +2 khung hinh;

(4) Cat ngau nhién (random crop) ving 112 x 112 tir anh gdc kich thuée 128 x 128.

Céc phép bién ddi nay giup 1am phong phti khong gian dir liéu dau vao, twong duong véi viéc
tao ra hon 10.000 mau hiéu dung trong mai epoch, tir ¢ gop phan nang cao d6 6n dinh va hiéu
qua hoc ctia mé hinh.

3.2. Trién khai

Mo hinh dugc trién khai bang framework PyTorch (phién ban 2.0) va huan luyén trén GPU
NVIDIA RTX A4000, tan dung cac thu vién ting tdc tinh toan chuyén dung cho hoc sau nham
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nang cao higu qua xir 1y. PSi véi bai toan phan loai da 16p, ham méat mat Cross-Entropy. Qué
trinh t6i wu hoéa dwoc thuc hién thong qua thuat toan Adam véi cac siéu tham sé f1 = 0,9,
B2 = 0,999. Téc do hoc ban dau duoc thiét 1ap 1a 1 x 1073 va duoc diéu chinh theo chién lugc
cosine annealing, giam dan vé 1 x 107°, gitip cai thién kha nang hoi tu va tranh roi vao cuc tiéu
cuc bo. Bong thai, hé s6 weight decay duoc dit & mic 1 x 10~% nham giam thiéu hién tuong
overfitting. Kich thudc batch duoc lya chon 1a 32, ¢&am bao can bang giira hiéu nang tinh toan va
d6 6n dinh cua qua trinh huan luyén.

Céac mo hinh lightweight dé& xuat dwoc huan luyén tir dau (from scratch) trong 100 epochs.
Trong khi d6, cac mo hinh tham chiéu nhu C3D va I3D duoc khai tao tir trong s6 da huén luyén
trude trén tap dir liéu Sports-1M, sau d6 duoc tinh chinh (fine-tuning) trong 50 epochs dé phu
hop v&i bai toan cu thé.

Vé chi phi tinh toan, thoi gian huin luyén trung binh dwoc ghi nhan nhu sau: mé hinh dé xuat
MCNet-CBAM mat khoang 6 gio cho 100 epochs (huan luyén tir du), trong khi C3D va I3D lan
luot yéu cau khoang 8 gio va 12 gid cho 50 epochs fine-tuning. Ngoai ra, cac thi nghiém trién
khai suy luan (inference) trén méy tinh v6i CPU i3 3,0 GHz véi do chinh xac sé hoc FP16 cho
thiy kha niang ung dung thyc tién cta mo hinh trong cac hé thong giam sat thoi gian thyec.

3.3. Cic chi s6 danh gid

Dé danh gia va so sanh hiéu ning cta cac moé hinh, chung toi st dung tap cac chi s6 pho bién
trong bai toan phén loai da 16p, bao gdm Accuracy, Precision, Recall va Fl-score. Bén canh cac
chi s6 danh gia do chinh xac, chiing t6i ciing xem xét cac tiéu chi vé hiéu qua tinh toan nham
danh gia tinh kha thi trong trién khai thyc té, bao gom:

- S6 lwgng tham sé (Params): tong s tham s6 c¢6 thé huan luyén caa mé hinh, phan 4anh do
phirc tap vé bo nh.

- S6 phép toan (FLOPs): duoc tinh trén mdi dau vao 1a mot clip gém 16 khung hinh, dai dién
cho chi phi tinh toan.

- Tbc @6 xir ly (FPS — Frames Per Second): dwoc do trén may tinh théng thuong (CPU i3) véi do
chinh xac s hoc FP16 va kich thudc batch bang 1, nham danh gia kha ning suy luan thoi gian thyc.

Céc tiéu chi trén cung cip mot danh gia toan dién, khong chi vé do chinh x4c phan loai ma
con vé hiéu ning va kha ning trién khai cia mo hinh trong cac hé thong giam sat thuc té.

3.4. Phan tich so sanh

Két qua thuc nghiém trong Bang 2 cho thiy mo hinh dé xuat MCNet-CBAM dat d6 chinh xac
(Acc) 93,7%, cao hon 5,1 diém phan trim so voi kién trac 2D CNN tiéu chuin dya trén TSN
(ResNet-50). Piéu nay khang dinh vai trd quan trong ctia viéc mo hinh héa dic trung khong
gian—thoi gian trong bai toan nhan dién hanh vi.

Bang 2. So sanh hiéu nang voi cac mé hinh co s6

Mo hinh Acc (%) Prec(%) Rec(%) F1 Params GFLOPs FPS

TSN (ResNet-50) [4] 88,6 87,9 88,2 0,880 24,6M 33,0 45
C3D [6] 94,5 94,1 94,3 0,942 39,6M 16,8 18

13D [7] 94,2 93,8 94,0 0,939 34,0M 43,2 12
TSM-MobileNetV3 [11] 91,8 91,3 91,5 0,914 35M 2,1 78
MCNet-CBAM (Ours) 93,7 93,3 93,5 0,932 32M 1,8 85

Khi so sanh véi cac kién trac 3D CNN quy mé 16n nhu C3D va I3D, mé hinh MCNet-CBAM
chi suy giam nhe vé do chinh xac (khoang 0,5-0,8%). Tuy nhién, d6i lai, mé hinh dat duoc sy cai
thién dang ké vé hiéu qua tinh toan: s6 lugng tham sé giam t&i 12,4 1an so véi C3D va chi phi
tinh toan (FLOPs) giam khoang 9,3 lan. Két qua nay cho thy viéc két hop 3D depthwise
separable convolution véi co ché attention CBAM mang lai kha ning can bang hiéu qua giira do
chinh xac va chi phi tinh toan.
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S0 v4i mo6 hinh nhe TSM-MobileNetV3, MCNet-CBAM dat d§ chinh xac cao hon 1,9%,
ddng thoi van duy tri s6 lwong tham sé thap hon. Didu nay cho thdy wu thé cua viéc khai thac truc
tiép dic trung khong gian—thoi gian bang tich chap 3D két hop attention, thay vi dua trén cac co
ché xap xi theo thoi gian.

Vé kha nang trién khai thoi gian thuc, MCNet-CBAM dat téc d 85 FPS trén may tinh CPU i3
thong thuong véi FP16, batch = 1, vuot xa ngudng yéu cau 30 FPS cho cac hé thong giam sat
truc tuyén. Trong khi d6, cic moé hinh nhu C3D (18 FPS) va I3D (12 FPS) khong dap ung duoc
yéu cau thoi gian thuc, con TSM-MobileNetV3 tuy dat toc do cao (78 FPS) nhung c6 d6 chinh
xéc thap hon.

Nhiing két qua nay cho théy MCNet-CBAM dat duoc sy can bang tdi wu giita do chinh xéc,
d6 phuc tap tinh toan va téc do suy luén, qua d6 phu hop cho cac ung dung gidm sat gian 1an
trong moi truong thuc té co han ché vé tai nguyén phan cang.

Bang 3. Chi tiét ma trgn nham lan

Actual \ Predicted Normal Looking Whispering Phone Passing Device Manip.

Aside Usage Notes
Normal 118 1 1 0 0 0
Looking Aside 4 106 7 0 2 1
Whispering 1 8 102 0 5 4
Phone Usage 0 0 0 119 1 0
Passing Notes 0 1 2 1 115 1
Device Manip. 0 1 1 1 2 115

Dé hiéu rd hon vé hiéu ning ctia md hinh, ching t6i tién hanh phan tich ma tran nham lan (&
Bang 3) trén tap kiém tra nham xac dinh cac loai hanh vi d& bj du doan sai. Két qua cho thay,
mic du md hinh dat d chinh x4c tong thé cao, van ton tai mot s cip hanh vi c6 xu hudng bi
nham Ian do su tuong dong vé dic trung khong gian—thai gian.

Cu thé, hanh vi “nhin sang bén” (Looking Aside) d6i khi bi nham véi cac hanh vi co chuyén
dong dau nhe hoic khong rd rang, chang han nhu “gdi dau”, do ca hai déu lién quan dén su thay
d6i vi tri ving dau trong thoi gian ngan. Tuong ty, hanh vi “thi tham” (Whispering) c6 thé bi
nham 14n voi cac hanh vi twong tac nhe khac khi khoang cach giita cac ddi twong nho hozc khi
chuyén dong miéng khong du r6 rang trong video c6 d6 phén giai thép

Ngoai ra, cac hanh vi ¢6 déc trung tinh vi va thoi gian dién ra ngan thuong co ty 1€ nham I4n
cao hon so v6i cac hanh vi ¢6 chuyén dong rd rang va kéo dai. Piéu nay cho thdy mic dit mo
hinh d3 khai thac t6t thong tin khong gian—thoi gian, viéc phan biét cac hanh vi vi md (micro-
actions) van 1a mot thach thirc, dic biét trong diéu kién dit liéu nhidu hoic thiéu thong tin.

3.5. Phén tich Cit bé

Dé danh _gia mot cach dinh luong déng gop cua tung thanh phan trong Kién trac dé xuat,
ching t0i tién hanh nghién cttu cat bo trén cac bién thé ciia md hinh. Két qua trong Bang 4 cho
thay, khi loai bo hoan toan co ché attention (md hinh Baseline), d6 chinh xéac chi dat 89,5%.

Bang 4. Két qua nghién ciu cdt bo

Céu hinh Acc (%) A Baseline Params GFLOPs
Baseline (khong attention) 89,5 - 3,12M 1,72
Baseline + SE (chi channel) 92,1 +2,6 3,16M 1,76
Baseline + CBAM spatial-only 91,6 +2,1 3,16M 1,77
Baseline + CBAM (channel+spatial) 93,7 +4,2 3,20M 1,80
Baseline + CBAM (2 Ién) 93,8 +4,3 3,28M 1,88

Viéc bo sung riéng 1é co ché chu ¥ theo kénh thong qua Squeeze-and-Excitation (SE) gitip cai
thi¢n d6 chinh xac 1én 92 ,1%, twong (rng murc tang 2,6 diém phan tram so voi baseline. Tuong tu,
khi chi sir dung thanh phan spatial attention trong CBAM, mo hinh dat 91,6%, ting 2,1%, cho
thy ca hai co ché cha y déu dong vai tro doc lap va co ¥ nghia trong viéc ning cao hiéu ning.

http://jst.tnu.edu.vn 354 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 231(07): 347 - 355

Khi két hgp dong thoi channel attention va spatial attention trong cau trac hoan chinh cia
CBAM, d6 chinh xac dat 93,7%, ting 4,2% so voi baseline. Két qua nay chting minh sy b tro
IAn nhau (complementarity) giita hai co ché attention, giip mé hinh hoc dugc ca “dic trung quan
trong” (what) va “vi tri quan trong” (where) trong dir li¢u khong gian—thoi gian.

Ngoai ra, viéc chén CBAM hai lan lién tiép chi mang lai cai thién rat nho (+0,1%) trong khi
lam tang s6 lugng tham s, cho thiy ciu hinh mot mo-dun CBAM la du dé dat hiéu qua t6i wu.

4. Két luan

Trong nghién ctru ndy, chiing t6i d& Xuat mé hinh MCNet-CBAM, mét kién triic 3D CNN nhe
duoc thiét ké chuyén biét cho bai toan nhan dién hanh vi gian l4n trong mi truong thi cir. Mo hinh
dat hiéu nang cao véi do chinh xac 93,7%, trong khi chi st dung 3,2 tri¢u tham s6 va 1,8 GFLOPs,
dong thoi dat téc d6 suy luan 85 FPS trén mdy tinh c4 nhan théng thuong. So véi cac md hinh 3D
CNN truyén thong nhur C3D, MCNet-CBAM gitp giam kich thuéc mé hinh t6i 12,4 lan nhung van
duy tri d6 chinh x4c canh tranh. Nhiing két qua nay cho thay hiéu qua cua viéc két hop 3D
depthwise separable convolution véi co ché attention CBAM trong viéc dat duoc su can bang giira
d6 chinh xac va chi phi tinh toan, pht hop véi cac hé thong giam sat thoi gian thuc c6 han ché vé
tai nguyén. Trong tuong lai, chiing t6i dinh huéng ma rong nghién ctru theo cac hudng sau: (1) Mo
hinh héa phu thudc thoi gian dai han thong qua viée tich hop cac kién triic nhu Transformer hoac
LSTM nhim khai thac ngit canh chudi tét hon; (2) Két hop dit liéu tir nhidu goc nhin dé nang cao
d6 bao quat va do chinh xac nhan dang; (3) Téi uu hoa trién khai trén thiét bj bién théng qua cac k¥
thuat nén mé hinh nhu luong tir hoa nham giam tiéu thy nang luong.
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