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TOM TAT

Bao luc hoc diong 1a mét vin dé nghiém trong, dnh huwong dén sirc khée hoc sinh va chat
leong méi trwong gido duc. Tuy nhién, hau hét nghién cizu hién tai tdp trung vao bao luc trong béi
canh c6ng cong hodc dién anh, vén khéc biét ddng ké véi hanh vi bao lic hoc dirong — thuong tinh
vi va khé quan sat. Bén canh do, sur thiéu hut dir liéu chuyén biét ciing la rao can lon trong viéc phat
trién hé thong giam sat hiéu qud. Hé khac phuc nhitng han ché nay, nghién citu dé xuat FUSED-A,
mgét kién tric hoc sdu da luong tich hop ddc trung khéng gian—thoi gian tir chugi anh RGB va di
ligu khung xwong 2D théng qua co ché Guided Dot-Product Attention. Md hinh cho phép hoc firong
quan giiza chuyén dong co thé va ngit canh hinh anh, givip ting cuong dé chinh xac trong nhén dién
hanh vi. Pong thoi, bé diz lieu EduSafe-Early diwoc xay dung véi 10 16p hanh dgng nham phuc vy
phét hi¢n sém hanh vi bat thieong. Cac thyc nghiém cho thay FUSED-A vuot tréi so véi nhiéu phirong
phap hién dai, mé ra huéng tiép cdn hiéu qua cho cac hé thang gidm sat bao luc hoc dirong thong
minh va izng dung thuc tién cao.

Tir khoa: bao luc hoc dudng; nhan dang hanh vi; phét hién hanh vi bét thuong; thi giac may
tinh; tién bao luc; YOLO

1.  Giéi thiéu

Bao luc hoc dudng 1a hanh vi hanh ha, ngugc dai, danh dap; xam hai than thé, strc
khoe; lang ma, xuc pham danh du, nhan phém; cd lap, xua dudi va cac hanh vi ¢b y khéc gy
t6n hai vé thé chit, tinh than ciia ngudi hoc xay ra trong co sé gido duc hodc 16p doc 1ap
(Government of Vietnam, 2017). Bao luc hoc duong gay ra nhitng hé luy sau rong, tac dong
tryc tiép va gian tiép dén nhiéu khia canh ctia ca nhan, gia dinh, nha trudng va xa hoi. Vé
mit thé chat, bao luc hoc duong gay ra nhiing ton thuong nghiém trong dan dén cac van dé
suc khoe lau dai, can tré kha nang tham gia hoc tap va hoat dong hang ngay cia hoc
sinh (Nguyen et al., 2025). V& mit tdm i, nan nhan phai d6i mit v6i nhitng tén thuong
nghiém trong nhu r6i loan lo Au, trAm cam (Tran et al., 2025a; Ta et al., 2025), tur d6 lam
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giam hi¢u suat hoc tap va can tr¢ sy hinh thanh nhan cach. Bao luc hoc duong con gbp phﬁn
gia ting bat 6n cong ddng, 1am ting ganh ning cho hé thong y té cong cong va chi phi kinh
té lién quan dén viéc khic phuc hau qua, dong thoi 1am suy giam chit lwong ngudn nhan luc
tuong lai, gdy ra nhimg tic dong lau dai ddi v6i su phat trién bén vimng cia xa hoi.

Trén toan cau, c6 hon 150 triéu hoc sinh da tirng bi bao luc hoc duong, khoang 50% em
hoc sinh trong d6 tudi 13-15 timg bi bit nat (UNICEF Vietnam, 2018). Con & Viét Nam, trong
giai doan 5 nam tir 2017 dén 2022, di xay ra téng cong 2624 vu bao luc hoc dudng, voi 7209
dbi twong c6 lién quan (Nguyen, 2023). Trong béi canh do, viéc xay dung mot md hinh phat
hién sém bao luc hoc dudng khong chi mang ¥ nghia khoa hoc ma con c6 gia tri thiét thuc ddi
Véi cdng tac gido duc va bao vé hoc sinh. Phat hién soém 1a yéu tb then chét dé can thiép kip thoi,
ngan chin su leo thang cua hanh vi bao luc va han ché hau qua tam Ii kéo dai ddi véi nan nhan.

Hién nay, cac cong trinh nghién ciru vé bao lyc thuong tap trung vao viéc phat hién
hanh vi bao luc xa hoi (Tang et al., 2024; Mishra et al., 2025; Andrade et al., 2025) thuong
khong hiéu qua trong méi truong thuc té nhu trudng hoc, noi cac hanh vi bao luc 6 thé dién
ra tinh vi, nhanh chong va thuong bi che gidu dudi nhitng hinh thie tuong chirng v hai.
Mot trong nhirng rao can 16n nhét chinh 1a sy khan hiém caa cac bo dix liéu chuyén biét cho
béi canh hoc duong. Hau hét cac bo dir liéu hién co tap trung vao bao luc trong méi truong
cdng cong hoic trong phim anh, véi dic diém hanh vi va ngir canh rat khéc biét so véi hoc
duong. Viéc thiéu dit liéu khong chi can tro kha nang huan luyén cac mé hinh hoc sau c6 do
chinh xé&c cao ma con han ché tinh kha dung cua céc hé théng giam sat théng minh trong
moi truong giao duc.

Dé giai quyét nhitng thach thirc nay, nghién ciru nay dé xuat FUSED-A, mot kién tric
hoc sau da ludng tich hop dic trung khong gian-thoi gian tir chudi anh va dir liéu khung
xuong, st dung co ché chi ¥ (attention) dé ting cuong hiéu qua phat hién hanh vi bao luc
trong mdi trudng hoc dudong. Nhimg dong gop chinh caa nghién ciu nay gom:

- M6 hinh FUSED-A dugc dé xuat, mot kién trac da ludng tich hop dic trung tir chudi
anh RGB va khung xuong 2D thong qua co ché chd y, nham nang cao hiéu qua nhan dién
hanh déng bao luc hoc duong trong moi trudng video.

- B dit liéu chuyén biét vé& hanh vi bao luyc hoc dudng EduSafe-Early duoc dé xuét, bao
goém 10 16p hanh dong bao luc va khong bao luc.

- Thuc nghi¢ém va phan tich hé théng cac mo hinh hoc sau nhu ResNet50, MobileNetV3
két hop v6i LSTM, BiLSTM, GRU va BiGRU dé so sanh hiéu suit trén timg loai dir liéu va
phuong phap hop nhét dic trung.

- MO0 hinh dé xuét dat hiéu suét vuot troi so véi cac phuong phap SOTA trén bo dit li¢u
dé xuat EduSafe-Early.

2. D6i twong va phwong phap nghién ciu
2.1. Céc cbng trinh lién quan
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Cac nghién ctru gan day da khai thac tiém ning cua hoc sau trong viéc phat hién hanh
Vi bao lyc (Tran et al., 2024). (Omarov et al., 2022) dé xuat mot phwong phap phat hién hanh
Vi bao luc dya trén khung xwong ngudi, khdng yéu cau phan ctng tinh toan cao, pht hop
Véi céc hé thdng giam sat trong méi trudng hoc duong. Phuong phap ndy gdm hai giai doan:
trich xuat dic trung tu thé nguoi tir chudi anh va phan loai hanh dong bang mang no-ron dé
xéc dinh cac hanh vi bao luc. Phuong dé xuit dat d6 chinh xac 18n tgi 97% trong nhan dién
hanh vi gay han trén bo dir liéu tu xay dung. (Ye et al., 2020) phat trién hé théng dua trén
video sir dung KNN, dic trung optical flow va bo phan loai hai tang DT-SVM, dat d6 chinh
Xac 97,6% va cho thiy kha niang phan biét tét gitta hanh vi bao luc va hoat dong thuong
nhat. Bén canh d6, (Haque et al., 2024) gidi thiéu mé hinh BrutNet két hop CNN va GRU,
khong st dung optical flow nhung van dat do chinh xac 90% trén tap dit AVDC. Gan day,
(Perseghin & Foresti, 2023) cng b hé théng dura trén CNN 2D duoc huan luyén trén bo dit
liéu Daily School Break (DSB), dat d6 chinh xac 95% va c6 thé trién khai véi chi phi thap
trong mdi truong hoc duong thuc té. Gan day, nghién ctu cua (Tran et al., 2025b) mé rong
huéng tiép can bang cach wng dung mang tich chap db thi (GCN) dé khai thac dic trung
chuyén dong tir khung xuong. M6 hinh SKE-A3TGCN dugc dé xuét sir dung co ché chd y
khéng gian—thoi gian nham tap trung vao cac khép quan trong trong hanh vi bao luc. Két qua
thuc nghiém trén nhiéu tap dit liéu nhu HockeyFight, RWE-2000 va Movies cho thdy mé hinh
dat hiéu suat vuot troi, dac biét trong béi canh do phan giai thap va méi truong bién dong.

Tuy dat két qua cao, phan 16n cac md hinh trén van dya vao cac bo dir liéu khong
chuyén biét cho bao luc hoc dudng nhu Hockey Fight, Movies hoic Violent Flow, vén duoc
thu thap tir phim anh, YouTube hoac méi truong xa hoi noi chung. Cac tap dir liéu nay khéng
phan anh dng tinh chét tinh vi va kin dao ctia bao luc hoc dudng, ddng thoi thudng c6 chat
lwong hinh anh thap va thiéu da dang vé béi canh. Ngay ca céc tap dix liéu chuy@n biét hon
nhu Daily School Break (DSB) (Perseghin & Foresti, 2023) hay video tu xay dung cua (Ye
et al., 2020) ciing con nhiéu han ché, chu yéu vé quy mé (chi khoang 100 video ngan) va sb
lwong 6p hanh dong chua phong phi. Biéu nay 1am han ché kha niang tong quat hda caa md
hinh va trién khai thuc té trong truong hoc gap nhiéu kho khin. Do d6, can c6 mot huéng
tiép can phd hop hon véi thuc té truong hoc, ca vé md hinh 1an dir liéu.

2.2. Phwong phdp phat hién sém bao luc trong hoc dwong

Nghién ctru ndy mé hinh FUSED-A nham phét hién bao luc hoc duong tir video giam
sat bao gom hai nhanh xu Ii song song: nhanh RGB dé khai thac dic trung khong gian — thoi
gian tir dix liéu hinh anh va nhanh Skeleton dé khai thac ddc trung hanh vi tir khung xuong
ngudi. Ca hai nhanh déu st dung kién trac BILSTM dé md hinh hda méi quan hé theo chudi
thoi gian gitra cac khung hinh, sau d6 dugc tich hop thong qua co ché chi y. Cach tiép can
nay cho phép md hinh tan dung hiéu qua ca hai ngudn thdng tin bé tro - théng tin ngix canh
tir hinh anh RGB va thdng tin hanh vi tir chuyén dong khung xwong. Chi tiét vé kién trac
cua FUSED-A duogc trinh bay nhu trong Hinh 1.
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Hinh 1. Kién tric FUSED-A tich hop ddc trung khéng gian-thoi gian
tir chudi anh va di liéu khung xwong

2.2.1. Trich xudt ddc trung khéng gian — thoi gian

MJdi video ddu vao dugc chuan hoa thanh 30 khung hinh c6 kich thudc (224x224x3).
Cac khung hinh nay dugc dua vao mang ResNet50 da tién huan luyén trén bo dir liéu
ImageNet dé trich xuat dic trung khong gian. Mdi khung hinh duoc &nh xa thanh mot vector
dic trung 2048 chiéu, két qua la chudi dic trung c6 kich thudc (30x2048) dai dién cho toan
b6 video. Chudi dic trung nay sau d6 duoc dua vao hai 16p BILSTM lién tiép ¢ mé hinh
hoa quan hé thoi gian giira cac khung hinh. Lép BiLSTM dau tién gdm 128 don vi an va tra
vé toan bo chudi dau ra nham bao toan thdng tin theo ting thoi diém, trong khi 16p tha hai
goém 64 don vi an chi giir lai hidden state (trang thai 4n) cudi cuing, nén toan bo chudi vao
mot biéu dién dic trung cb dinh giau théng tin. Dé han ché hién tuong qua khép (overfitting),
Dropout véi ti 1¢ 0.2 duoc ap dung sau méi 16p BiLSTM.
2.2.2. Trich xudt ddc trung khung xwong

Déi v6i nhanh Skeleton, mdi khung hinh duoc xir Ii bang YOLO11 Pose dé phat hién
cac diém khung xwong. Cu thé, mdi ddi tugng ngudi duoc biéu dién bang 36 dic trung, bao
gbm toa do (x, y) ctia 13 diém khdp chinh va 10 goc tao bdi cac cip khép (nhu duge thé
hién trong Hinh 2). Trong nghién ctru ndy, chung toi tap trung vao hai ddi tuong chinh trong
mbi khung hinh, din dén viéc trich xuét 72 dic trung khung xuwong.

Hinh 2. Cdc ddc trung diém va géc khung xirong dwege sir dung
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Céc goc dic trung phan anh tu thé tai cac khép chinh, duoc tinh toan bang cong thirc
cosin giita hai vector tao thanh boi ba diém lién tiép A, B va C (voi B 1a diém trung gian).
Géc tai diém B dugc tinh theo cong thuec:

cos0 = (1 —x) (X3 — x2) + (Y1 — ¥2)(¥3 — ¥2) )

\/(x1 —x2)%+ (y1 — ¥2)? -\/(x3 —x3)% + (y3 — y2)?

trong do:
o (x1,y1), (x2,v,), (x3,v3) latoa d6 cua ctia ba khdp A, B va C.
e 0 1a gbc tao boi hai vector BA vaAB
Tuong ty nhu nhanh RGB, cac dic trung khung xuong duoc sip xép thanh chudi co
kich thudc (30x72) va dua qua hai 16p BiLSTM véi kién truc twong tu: 16p dau c6 128 don
vi an tra vé chudi day du, 16p sau c6 64 don vi an va chi giir lai du ra cudi cung.
2.2.3. Két hop ddc trung théng qua co ché chii y tich vé hwdng cé hirdng din
Dé két hop dic trung tir hai nhanh RGB va Skeleton, co ché cha y tich vé hwéng co
hwéng din (Guided Dot-Product Attention — GDPA) duoc dé xuat dé tdi wu hoa qua trinh
két hop thong tin. GDPA gitip mé hinh tip trung vao nhitng tin hiéu quan trong hon bang
cach tinh toan diém twong quan gitra hai nguén dit liéu. Cu thé, thay vi 4p dung trong s6 1én
ca hai nhanh, chi ¢6 dic trung khung xuong duoc diéu chinh, trong khi dic trung hinh anh
duoc giit nguyén. Piéu nay duoc thiét ké dua trén viéc dic trung RGB cung cip thong tin
ngir canh phong pht va 6n dinh hon, c6 thé dong vai trd 1am ngudn tham chiéu dé diéu chinh
dic trung khung xwong von thuong bi anh huong boi 16i phat hién diém hodc dao dong
chuyén dong nho. Viéc gitt nguyén dic trung RGB trong khi diéu chinh dic trung khung
xuong nham hudng din nhanh dong hoc hoc cach thich nghi tét hon véi ngit canh khong
gian — thoi gian ctia toan bo canh quay.
Pau tién, ma tran cha y duogc tinh b?mg cac nhan hai vector dac trung tir hai nhanh la
Freg> Fskeletons € RY?8*1, theo cong thuc:
M = Fggp X Fg;celetons (2)
Trong d6, M € R*?8*128 13 ma tran chu y, phan 4nh mitc d6 lién quan gifta cac dic trung
hinh dnh va khung xuong, con Fhpierons € RY*1?8 12 ma trén chuyén vi ctia dic trung khung
xuong sau khi di qua cac 16p BILSTM. Sau dé, cac diém ndy duoc chuan hoa bang ham
softmax dé tao ra ma tran trong s6 chu ya:
a = softmax(M) (3)
Ma tran ndy sau d6 dugc str dung dé diéu chinh dic trung khung xuwong bang phép
nhan ma tran:
Fs’keletons = AFsketetons (4)
Trong d6 Flypierons € RY?8*! 1 didc trung khung xuong sau khi da duoc diéu chinh.
Cubi cung, dic trung hinh anh ban dau dugc ghép ndi (concatenate) v6i dic trung khung
xuong di duoc didu chinh dé tao ra mot biéu dién thdng nht:

Ffusion = Freal IF.sfkeletons (5)
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Viéc chi diéu chinh dic trung khung xuong gitip mé hinh tin dung dwogc thong tin tir
ca hai ngudn dir liéu mot cach hiéu qua. Pic trung hinh anh déng vai trd nhu mot ngudn
tham chiéu cb dinh, trong khi dic trung khung xuong duoc hoc cach thich nghi dé phu hop
hon voi thong tin khong gian va ngit canh ma hinh anh cung cp. Két qua 1a mot mo hinh
nhan dién hanh dong manh m&, c6 kha ning khai thac dong thoi thong tin khong gian, thoi
gian va dong hoc dé dwa ra du doan chinh xac hon. Hinh 3 cung cp goc nhin truc quan vé
co ché chu ¥ GDPA dugc dé xuit.

Sau khi dic trung tong hop tir hai nhanh duoc hinh thanh thong qua co ché attention
fusion, biéu dién hop nhit Frysion s€ dugce dua vao mot tang Dense voi s6 lugng no-ron bang
s6 16p hanh dong. Tai ddy, ham kich hoat softmax duogc st dung dé chuan hoa dau ra thanh
phan phbi xac suat trén khong gian nhén, tir d6 thu dwoc vector dy doan:

y = Softmax(Dense(Frysion) (6)

Trong d6, § € R™*! 13 vector x4c suét cta cac loai hanh dong va mdi phan tir trong
9; dai dién cho x4c sudt mo hinh dy doan video thudc 16p hanh dong thir i. Nhan dau ra cubi
cling s& dugc xac dinh bang cach chon phan tir co xac suét cao nhét trong .

Veetor-Fyopns | (1, 128) Vector-Fi, .. | (1,128)

Transpose (128, 1)

G

l Attention Score | (128, 128)

v

Softmax

4,%)

Vector-F'y oons | (1, 128)

¢ Y

| Concatenate |

Hinh 3. Co ché chii y GDPA

2.2.4. Bo dir liéu

Dé giai quyét han ché vé su thiéu s6t cac bo dit liéu chuyén biét cho méi truong hoc
duong, chung t6i xay dung EduSafe-Early (Educational Safety Dataset for Early Violence
Detection) - mot tap dit liéu duoc thiét ké danh riéng cho nhiém vu phat hién sém hanh vi
bao lic trong béi canh gido duc. Dya trén mirc do thuong tich gay ra cho nan nhan, bao luc
hoc dudng duoc phan thanh ba cip do: (1) Pe doa bao luc, gém cac hanh vi mang tinh canh
bao nhu chi tay, tha thé, x6 ddy, nim cb 4o nhung chua gy thuong tich; (2) Bao luc gay
thuong tich, bao gdm cac hanh vi nhu danh, ddm, d4, 1én gbi, bop c6 hoic dung vat ném gay
t6n thwong thé chat muc nhe dén trung binh; (3) Bao luc nghiém trong, 1a nhitng hanh vi c6
thé gay chan thuong nghiém trong hoic lién quan dén vii khi. Tuy nhién, mac do tha ba
thuong it xuat hién trong méi trudng hoc dudng.
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Hinh 4. M6 td nam géc quay thu thdp bo dir liéu

Dir liéu duoc thu thap vai su tham gia cua 12 sinh vién (8 nam, 4 nir) tir Khoa Céng
nghé Thong tin, Truong Pai hoc Su pham Thanh phé H6 Chi Minh, trong d6 tudi tir 19-21.
Mai tinh hudng dugc thuc hién bai mot cap sinh vién dong vai nan nhan va ngudi thuc hién
hanh vi bao luc, véi té hop gisi tinh da dang (nam-nam, nit-nix, nam-ni). Video duoc ghi
hinh ¢ d6 phan giai 720p@30fps, vai camera ¢b dinh & d6 cao trén 2m, mé phong goc nhin
ctia hé théng giam sat truong hoc. Viéc quay phim dugc thuc hién tai 5 vi tri khac nhau, nhu
minh hoa & Hinh 4, nham dam bao su da dang vé goc quay va bdi canh. Trong qué trinh ra
soat dir liéu, chiing tdi nhan thiy maot sb video c6 tu thé hanh dong twong dong duoc ghi lai
tir cing mot goc quay, dan dén kha niang du thira thong tin. Bé dam bao tinh da dang va chat
luong cua tap dir liéu, cac video tring lap da duogc loai bo, chi giit lai nhitng mau cé sy khac
biét rd rét vé tu thé hoac bbi canh khdng gian.

Tap dix liéu EduSafe-Early bao gém tong cong 1000 video, duge chia déu cho 10 I6p hanh
dong, mdi 16p gébm 100 video. Cac 16p hanh dong duogc thiét ké dé phan anh phé hanh vi tur
khong bao luc dén cac mirc do bao luc khac nhau, bao gom: Chi tay, Nam ¢6 4o, X6 day, Thu
thé, Bop/kep ¢6, Nam toc, Pa/lén gbi, Ném/danh bang vat, Panh/dam va Khong bao hec. Viéc
phan bé can bang giira céc 16p khong chi gidp mé hinh hoc sau phan biét chinh xac cac hanh vi
bao luc hoc dudng, ma con tang kha ning nhan dién trong nhitng tinh hudng c6 hanh dong trong
ddng nhung khong mang tinh bao lyc, tir d6 giam thiéu nham I4n trong qué trinh huan luyén va
suy luan md hinh. Hinh 5 trinh bay mot sé6 mau dix liéu trong bo dit lieu EduSafe-Early.

| b = B L - e . [y )

Thii thé Danh/dim

Niam co @o Bop/kep co Nam loc Dianh bing do Khong bao hie
vit

Hinh 5. Mét s6 mdu diz liéu trong bé diz liéu EduSafe-Early
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2.2.5. Phwong phap danh gia

Hiéu suit cuia moé hinh duoc danh gia thong qua bén chi sé chinh la Accuracy,
Precision, Recall va Fl-score, duoc tinh dua trén cac cong thac (7), (8), (9) va (10). Céc chi
s6 nay phan anh kha ning phéan loai chinh xéac hanh vi bao luc va khong bao lyc cia mo
hinh. Trong d6, TP (True Positive) la sb truong hop bao luc dugc phat hién dung, FP (False
Positive) 1a sb truong hop khdng bao luc nhung bi phan loai nham thanh bao lec, TN (True
Negative) 1a s6 truong hop khdng bao luc dugc nhan dién chinh xéac, va FN (False Negative)
la sé trudng hop bao luc ma md hinh khdng phat hién.

p _ TP+TN -
CUracY =Tp Y FP + FN + TN

Precision = TP )

recision = TP+ FP
Recall = i 9

et = TP FN
2 X Precision X Recall

F1 — Score = (10)

) Precision + Recall

3. Ketqua va thao luan
3.1. So sanh véi cac phwong phdap SOTA

Béng 1 trinh bay két qua so sanh gitta mo hinh dé xuét va mot sb phuong phép SOTA trén
mot bd dir liéu EduSafe-Early. Nhin chung, mé hinh duoc dé xuat dat két qua vuot trdi trén ca
bén chi sd, voi Precision = 0.95, Recall = 0.94, F1-score = 0.94 va Accuracy = 0.94. So véi
(Diindar et al., 2024) dat F1-score 12 0.87 — m6 hinh FUSED-A cho thay mirc cai thién dang ké
1én dén 7%, dic biét trong bdi canh cac hanh vi bao luc thuong ngén, tinh vi va dé bi nham 1an.
Phuong phap (Haque et al., 2024) dat két qua cao v6i Fl-score 13 0.92, tuy nhién van thip hon
s0 v6i mé hinh dé xuat. Biéu nay cho thiy hiéu qua cta chién lugc két hop dic trung c6 hudng
dan (GDPA), ciing nhur tinh phtt hop cua kién tric da ludng trong viéc tich hop thong tin thi giac
va dong hoc. Trong khi d6, (Islam et al., 2021) chi dat F1-score 1a 0.80, cho thiy khoang cach
dang ké vé mat hiéu suat, phan anh sy tién bo ctia cac mé hinh hoc sau trong nhiing nim gan
day. Nhitng két qua nay xac thue rang kién traic FUSED-A, cling v6i co ché chti ¥ tich v6 hudng
c6 hudéng dan, mang lai loi thé o rét trong nhan dién hanh vi bao luc hoc duong, dac biét 1a
trong giai doan dau ctia hanh vi — noi cic mé hinh truyén théng thudng gip kho khan.

Bing 1. So sanh hiéu sudt ciia mé hinh FUSED-A
VoI cdc phuong phdp trudce ddy trén bo dir liéu EduSafe-Early

Nghién ciru Precision Recall F1-score Accuracy
Islam et al., 2021 0.81 0.80 0.80 0.80
Diindar et al., 2024 0.88 0.87 0.87 0.87
Haque et al., 2024 0.93 0.92 0.92 0.92
Skeleton-BiLSTM (dé xuAt) 0.66 0.65 0.65 0.65
ResNet50-BiLSTM (dé xuét) 0.92 0.92 0.91 0.92
FUSED-A (dé xuit) 0.95 0.94 0.94 0.94
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Pang chua y, khi so sanh vdi hai nhanh don dugc tach ra tir FUSED-A, md hinh
ResNet50-BiLSTM trén chudi anh RGB dat F1-score = 0.91 — cao hon hin so v&i nhanh
Skeleton-BiLSTM (F1-score = 0.65), phan anh vai trd ndi trdi ctia dic trung hinh anh trong
nhan dién hanh vi. Tuy nhién, khi tich hop hai ngudn dit liéu qua GDPA, hiéu suit mé hinh
duoc cai thién thém 3%, cho thfiy su bod sung gia tri tir dic trung khung xuwong khi duoc dan
huéng boi dic trung RGB. Diéu nay khang dinh ring FUSED-A khong chi don thuan 1a su
két hop hai nhanh ma con 1a su phéi hop ¢ dinh hudng gitp ting cuong kha ning phan biét
hanh vi tinh vi trong moi truong hoc duong.

3.2. Thuc nghiém cdit bé
3.2.1. Thuc nghiém trén dac trung RGB

Ching t6i di tién hanh thir nghiém hai kién trc dya trén CNN phd bién 1a MobiNetV3
va ResNet50, két hop v6i bon kién trac RNN ph bién 1a LSTM, BiLSTM, GRU va BiGRU
¢6 kha ning xt Ii dir liéu chudi hiéu qua, nhdm danh gia kha ning nhan dién hanh dong dwa
trén chudi anh RGB. Cac két qua duoc trinh bay trong Bang 2. Két qua thuc nghiém cho
thiy mé hinh str dung MobileNetV3 két hop BiLSTM dat hiéu suét cao véi Accuracy va F1-
score dat 0.91, kh'fmg dinh wu thé cua viéc khai thac quan h¢ thoi gian theo ca hai chiéu.
Nhom mo hinh str dung ResNet50 dat hi¢u suét cao hon so v&i MobileNetV3, cho théy kha
nang trich xuét dic trung khong gian uvu vi¢t cua ResNet50. Bac biét, mo hinh ResNet50 két
hop BiLSTM dat d6 chinh xac 0.92 va F1-score 0.91, kh'fmg dinh hi€u qua cua BiLSTM
trong viéc khai thac mdi quan hé khong gian - thoi gian. Nhin chung, cdc mé hinh str dung
BiLSTM déu dat hiéu sut cao nhat trong ca hai nhom, nho kha ning khai thac thong tin
theo hai chiéu thoi gian. Bén canh d6, ResNet50 ciing cho thdy hiéu qua nhinh hon
MobileNetV3, dic biét khi két hop v6i BiLSTM.

Bdng 2. Két qud thuec nghiém duwa trén dic trung RGB.

Model Model Precision Recall Fl-score Accuracy
LSTM 0.89 0.89 0.89 0.89

. BiLSTM 0.92 0.91 0.91 0.01
MobileNetV3 GRU 0.88 0.86 0.87 0.87
BiGRU 091 0.90 0.90 0.90

LSTM 091 0.90 0.89 0.90

BiLSTM 0.92 0.92 0.91 0.92

ResNets0 GRU 0.91 0.90 0.90 0.91
BiGRU 0.92 091 091 091

3.2.2. Thuc nghiém trén ddc trung khung xwong

Ba md hinh LSTM, BIiLSTM va BiGRU duoc thir nghiém dé hoc tap cac dic trung
khung xwong. Céc két qua dugc trinh bay trong Bang 3. Tuong ty nhu ¢ nhanh RGB, md
hinh BiLSTM tiép tuc dat hiéu sut cao nhat v&i d6 chinh xac 0.65 va F1-score 0.65, cho
thdy kha ning phan loai 6n dinh va hiéu qua khi xir Ii dit liéu khung xuong. Trong khi dé,
mo hinh LSTM c6 két qua thap hon mot chut, véi Accuracy va F1-score dat 0.63, con BiGRU
c6 hiéu suat thip nhat khi chi dat 0.60 Accurcy va 0.59 F1-score
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Bdng 3. Két qua thuec nghiém duwa trén dic trung khung xwrong

Model Precision Recall F1-score Accuracy
BiGRU 0.61 0.69 0.59 0.60
LSTM 0.65 0.63 0.63 0.63
BiLSTM 0.66 0.65 0.65 0.65

3.2.3. Phwong phdp két hop dic trung

Dua trén két qua thuc nghiém so b voi hai loai dac trung RGB va khung xuong,
chung t6i lua chon ResNet50 lam mang trich xuét dic trung khong gian cho nhanh RGB va
str dyng BiLSTM lam mo hinh hoc chudi thoi gian cho ca hai nhanh nham khai thac hiéu
qua quan hé theo thoi gian giita cac khung hinh. Bang 4 trinh bay két qua so sanh giira ba
chién luoc hop nhéit dic trung duoc trién khai trong mé hinh FUSED-A, bao gdbm Guided
Dot-Product Attention (GDPA) — phuong phap duoc dé xuit, Concatenation va Element-
wise Addition.

Bing 4. So sanh hiéu sudt giita cdc phirong phép hop nhat déc trung

Phwong phap két hop Precision Recall F1-Score Accuracy
Element-wise Addition 0.93 0.92 0.92 0.92
Concatenation 0.93 0.93 0.93 0.93
GDPA 0.95 0.94 0.94 0.94

Két qua thuc nghiém cho thiy Guided Dot-Product Attention (GDPA) 1a phwong
phap hop nhét dic trung hiéu qua nhit trong ba chién luoc dugc so sanh. Diém doc dao cua
GDPA nam ¢ co ché hop nhét khong dbi xtng, trong d6 dic trung khung xuwong — von nhay
cam voi chuyén dong — duoc diéu chinh theo dic trung RGB dong vai tro 1am ngudn tham
chiéu giau ngir canh. Céch tiép can nay cho phép mé hinh hoc duoc cic tuong quan dong
hoc trong méi lién hé véi bd cuc canh quan va cac yéu té khong gian, tir d6 ning cao kha
ning phan biét hanh vi bao lyc trong cac tinh hudng phtic tap va tinh vi — vbn thuong gap
trong moi trudng hoc duong. So véi cac phuong phap ghép ndi truc tiép hodc cong phan ti,
GDPA mang lai biéu dién déc trung hai hoa va c6 tinh dinh hudng 15 rang hon, tao nén tang
cho nhiing cai tién tiép theo trong cac hé thong giam sat thdng minh.

3.3. Thdo lugn

Két qua cho thdy mé hinh d& xuét dat hiéu suat vuot troi trong phat hién sém hanh vi
bao luc hoc dudng, véi Accuracy va Fl-score déu dat 94% khi sir dung kién tric ResNet50—
BiLSTM cho chudi anh RGB, két hop vai BiLSTM cho dit liéu khung xuong thong qua co
ché hop nhat GDPA. Biéu nay khang dinh hiéu qua cua chién lugc két hop dic trung co diéu
huéng, cho phép mé hinh tap trung vao nhiing tin hiéu chuyén dong quan trong trong ngi
canh khong gian — thoi gian. Trong khi cac phwong phap hop nhat thong thudng nhu
concatenation hoic element-wise addition chi don thuan ghép ndi thdng tin, GDPA cho phép
diéu chinh dong hoc cua chudi hanh vi theo cac dic trung thi gidc 6n dinh hon, tir d6 cai
thién d6 chinh xéc trong céc tinh hudng phirc tap va dé nham Ian.
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BiLSTM cho thdy kha ning mé hinh héa hiéu qua cac chudi thoi gian hai chiéu, dic
biét phu hop voi bai toan phan tich video. Mic du mé hinh don thuan dya trén di liu
skeleton cho két qua chwa thuc su ndi bat, nhung khi dugc tich hop véi dic trung RGB va
xur | qua co ché attention, hiéu suat duoc cai thién rd rét. Biéu nay lam ndi bat gia trj caa
viéc khai thac di liéu da ngudn trong bai toan nhan dién hanh vi bao lyc.

Mot dong gop khac 1a viéc xay dung EduSafe-Early, bo dir liéu chuyén biét cho méi
truong hoc duong, bao gdm 10 16p hanh dong tir phi bao luc dén bao luc gay thuong tich.
Pay 1a co s quan trong giip md hinh hoc tét hon va c6 kha ning tong quat héa trong moi
truong thuc té. Cubi cing, nghién ctru nay dé& xuat mot hudng tiép can kha thi cho céc hé
théng giam sét thdng minh trong gido duc, vaéi kha ning nhan dién sém hanh vi bat thuong
va hd tro gido vién can thiép kip thoi. Tuy nhién, nghién ciru van con nhiéu thach thie, dac
biét vé viéc str dung céc kién tric ning nhu Resnet50 lam cong cu trich xuét dic trung. Viéc
t61 vu hoa mo hinh dé dam bao tinh 6n dinh va chinh xac trong cac diéu kién anh sang, goc
quay va bdi canh khac nhau s& 1a hudng phat trién tiép theo trong tuwong lai.

4. Két luan va kién nghi

Nghién ctru nay dé& xuat FUSED-A, mdt mé hinh hoc sau da ludng két hop thong tin
tir chudi anh RGB va dit liéu khung xwong 2D thong qua co ché chi ¥ tich vo huéng co
huéng dan (GDPA), nham nang cao hiéu qua phat hién sém hanh vi bao luc hoc duong. Két
qua thuc nghiém cho thay FUSED-A dat hiéu suat vuot troi vai Accuracy va Fl-score déu
dat 94%, cao hon so v&i cac phuong phap hoc sau don ludng va cac chién lugc hop nhat
truyén thdng. Mot dong gop quan trong khac 1a viéc xay dung EduSafe-Early, bo dit lidu
chuyén biét dau tién tai Viét Nam danh cho bai todn phat hién som bao luc hoc duong, véi
10 16p hanh dong dwoc gan nhan can than va phan anh trung thuc dic diém hanh vi trong
moi truong gido duc. Pidu nay giup ting cudng tinh thuc tién va kha ning téng quat hoa cua
md hinh trong cac tng dung giam sat thyc té.

Tur nhitng két qua dat duoc, nghién ciu kién nghi rang cac hé thong giam sat an ninh
trong truedng hoc nén tich hop cac md hinh hoc sau da phuong thirc nhw FUSED-A dé phét
hién som cac hanh vi nguy co, tir d6 ho trg gido vién va can bo quan Ii can thiép kip thoi.
Trong tuong lai, cac huéng nghién cu ma cd thé bao gém: (1) tich hop thém di liéu am
thanh tang cuong hiéu suat; (2) phat trién md hinh nhe pht hop véi thiét bi giam sét c6 cau
hinh thap; va (3) trién khai thir nghiém thuc té tai cac truong hoc dé danh gia hiéu qua hoat
dong va mirc d6 chap nhan caa ngudi dung.

< Tuyén bé vé quyén loi: Tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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ABSTRACT

School violence is a serious issue that affects students” well-being and the overall quality of
the educational environment. However, most research focuses on violence in public or cinematic
contexts, which significantly differ from school-based violence, often subtle and difficult to detect.
Moreover, the lack of specialized datasets remains a major barrier to developing effective
surveillance systems. To address these limitations, this study proposes FUSED-A, a multi-stream
deep learning architecture that integrates spatio-temporal features from RGB image sequences and
2D skeleton data through a Guided Dot-Product Attention (GDPA) mechanism. The model enables
learning correlations between body motion and visual context, thereby enhancing the accuracy of
behavior recognition. Additionally, the EduSafe-Early dataset is introduced, comprising 10 action
classes specifically designed for early detection of abnormal behaviors. Experimental results
demonstrate that FUSED-A outperforms several state-of-the-art methods, offering a promising and
practical approach for intelligent school violence surveillance systems.

Keywords: abnormal behavior detection; action recognition; computer vision; pre-violence;
school violence; YOLO
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