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TOM TAT

Bao liec hoc dwong la mét van dé phirc tap va dang lo ngai trong hé thong gido duc ciia nhiéu
quéc gia trén thé gioi, trong do co Viét Nam. Mdc du da co nhiéu mé hinh phat hién bao lyc tw dong
dwoc phat trién dua trén tri tué nhan tao, nhung viéc trién khai thuc té van con gap nhiéu khé khan
do do phitc tap va chi phi tinh todan I6m. Dé khdc phuc cdc han ché nay, nghién ciru ciia chiing téi dé
xudt xdy dung mét mé hinh C-ViDNet (Campus Violence Detection Network) phdt hién bao luc hoc
dwong tw dong véi s6 heong tham s6 nhé nham ting cuong kha néing phat hién va phan g nhanh
voi cac vu viéc bao luc trong moi truong giao duc. Pau tién, YOLOX duoc sir dung dé xdc dinh ciia
nhitng nguwoi xudt hién trong khung hinh. Tiép theo, tir thé ciia nhitng nguoi nay dwoc trich xudt bang
HRNet va chuyén déi thanh 3D Heatmap Volumes, givip giam nhiéu va loai bo cdc yéu té nén khéng
can thiét. Sau dé, mét kién triic gom hai luong dwoc trién khai dé hoc cdc ddc trung tir 3D Heatmap
Volumes. Trong d6, mét luong tdp trung vdo ddc trung khong gian ciia tw thé, trong khi luong con
lai theo déi sw thay doi tw thé ciia con nguwoi giita cdc khung hinh. Két qua tir C-ViDNet cho thdy
tiém néng trong viéc phdt trién mé hinh phdt hién bao liec hoc dwong tw déng. Gidi phdp nay khong
chi gidam bt sy phu thugc vao gidm sdt thii cong ma con dam bdo phdt hién kip thoi cdc tinh huéng
bao luc, ho tro nha truong trong viéc xdy dung moi truong an toan hon cho hoc sinh.

Tir khéa: bao lyc; bao luc hoc duong; nhan dang hanh vi; thi gidc may tinh; xir li anh; Yolo

1.  Gi6i thiéu

Bao luc nodi chung da duogc xac dinh 1 rang 1a mot vin dé nghiém trong dbi véi st
khoe cong dong (Rutherford et al., 2007). Khéng c6 qudc gia hoic cong dong nao khong bi
anh huong boi bao luc (World Health Organization, Regional Office for the Eastern
Mediterranean, 2024). Bao luc con dic biét nguy hiém trong méi truong hoc dudng, noi hoc
sinh, sinh vién dang trong giai doan phat trién quan trong vé ca thé chat 1an tdm 1i. Theo
khoan 5 Diéu 2 cta Nghi dinh 80/2017/ND-CP, bao lyc hoc duong 1a hanh vi nguoc dai,
danh dap, bao hanh; lam ton hai dén strc khoe, than thé; si nhuc, ling ma dén danh du va
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nhan pham; tiy chay, c6 lap, rudng riy va nhimg hanh dong gay anh hudng ning né toi stc
khoe tinh thin va thé chit caa ban hoc trong cac td chtic, co 6 gido duc (Government, 2017).
Trén toan cau, bao luc hoc duong 1a mdt van dé nghiém trong, véi khoang mot nira s6 hoc
sinh trong d6 tudi 13-15, twong duong khoang 150 tridu tré em, bao céo rang ho di trai qua
bao lyc giita cac ban dong trang lira trong va xung quanh truong hoc. Dang lo ngai hon,
khoang 720 triéu tré em trong do tudi di hoc séng & cac qudc gia ma luat phap khong bao vé
cac em khoi hinh phat thé xac ¢ truong (UNICEF, 2021).

Bao lyc hoc dudng gay ra nhiéu hau qua nghiém trong, anh hudng sau sic dén ca nan
nhan, thi pham va méi trudong gido duc. V& mit tdm li, nan nhan thuong phai ddi mat vai
céc van d& nhu trim cam, lo u, va s¢ hii, dan dén cam giac c6 lap, c6 nguy co cao phat trién
céc roi loan tAm than, tham chi la tu tir. Ddi véi tha pham, viéc tham gia vao cac hanh vi bao
luc c6 thé hinh thanh cac hanh vi 1éch lac, tao tién dé cho cac hanh dong vi pham phap luat
trong twong lai. Ngoai ra, bao luc hoc dudong con tdc dong ti€u cuc dén két qua hoc tap. Nan
nhan thudng mét tap trung, giam himg tha véi viéc hoc va c6 xu hudng bo hoc, trong khi
thi pham ciing c6 thé bi gian doan qua trinh hoc tap do phai d6i mat voi cac bién phap ki
ludt tir nha truong va phap luat.

Viée xay dung mdt moi truong hoc duong an toan, lanh manh Ia diéu kién tién quyét
dé dam bao chat luong gido duc. Hién nay, cac mo hinh hoc sau nhu mang no-ron tich chap
(CNN) va mang no-ron hdi quy (RNN), di cho thdy hi¢u qua cao trong nhiéu nhiém vu nhu
nhan dang hanh dong, giam sat an ninh va phat hién bat thuong trong dam dong. Do do, co
thé tmg dung hoc sau dé xay dung mot hé théng co kha ning phat hién va canh bao nhanh
chong cac tinh hudng bao luc, gop phan bao vé va duy tri méi trudng hoc dudng an toan.

Trong nghién ctru nay, mé hinh C-ViDNet dugc dé xuat dé phat hién bao luc hoc
duong qua céac tac dong vat li giita cac c4 nhan (dudi 7 ngudi), dua trén chudi khung hinh tir
video giam sat. Phuong phap nay sir dung cac 3D heatmap volumes, cho phép trich xuit dic
trung tu thé cua nguoi trong khong gian va thoi gian ma khong can thong tin phong nén.
Quy trinh nay lan lugt phat hién nguoi thong qua YOLOX, udc lugng tur thé bang HRNet
va chuyén ddi thanh 3D Heatmaps Volume cho mdi tu thé. Sau do, cac 3D heatmap nay
duge xtr 1i qua mot kién trac gdm hai ludng, véi mot ludng trich xuét dic trung khong gian
tir tu thé va mot ludng trich xuat dic trung thoi gian tir sy thay d6i cua tu thé. Piac trung tir
ca hai ludng duoc két hop qua 16p Fusion va tién hanh phan loai dé dy doan xéac suat video
co chira bao luc.

2. Doi twong va phwong phap nghién ciru

Phén nay tap trung trinh bay hai ndi dung chinh: 1) Déi twong nghién ctru: Bao gom
viéc phat hién hanh vi bao luc hoc duong thong qua dir li€u tir camera gidm sat, cung voi
viéc nghién ctru va 4p dung cadc md hinh hoc sau trong nhan dién bao luc; va 2) Phuong phap
nghién ctru: Trinh bay chi tiét quy trinh x4y dung mo hinh C-ViDNet nham hd tro hi¢u qua
trong viéc phat hién bao luc trong moi truong hoc duong.
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2.1. Déi twong nghién civu

Céc phuong phép truyén thong trong viéc phat hién va ngan chin bao luc chi yéu dua
vao con ngudi, nhung ching ton tai nhiéu han ché, chang han nhu kho phat hién cac hanh vi
tinh vi, khong thé theo ddi lién tuc, va dé bi chi phdi bai yéu td chii quan. Trong khi dé, su
phat trién manh mé cta cac hé thong camera giam sat hién dai da tré thanh cong cu quan
trong trong vi¢éc ddm bdo an ninh, ddc biét 1a phat hién bao luc (Parui et al., 2023). Tuy
nhién, su gia ting nhanh chong cua lugng dit liéu tir cac hé thong nay da dat ra thach thirc
16n trong viéc xay dung cac phuong phap tu dong, c6 kha nang x1 i va phan tich hang triéu
video véi d6 chinh xac cao va tbc d6 nhanh chong (Kumar et al., 2023). Dic biét, cac hé
thong truong hoc ngay cang duoc trang bi camera giam sat dé dam bao an ninh hoc dudng.
Trong bdi canh nay, su tién bd vuot bac cua tri tué nhan tao dd mo ra co hoi phat trién céc
giai phap tu dong, hiéu qua hon dé phat hién va ngén chén bao lyc hoc duong.

Trong vai nim qua, di c6 nhiéu nghién ctru tip trung vao bai toan phat hién bao luc
trong video. Mot hudng nghién ctru dang chu y 1a phat hién bao luyc dya trén phan tich am
thanh tr video, cho phép nhén di¢n hanh vi ngay ca khi hinh anh khong r6 rang (Yildiz et
al., 2023; Santos et al., 2021). Pong thoi, cac phuong phap phat hién bao lyc dya trén hinh
anh da dat dugc nhiing tién bo 16n nho su phat trién cua thi giac may tinh va xu 1i video
(Divya et al., 2024; Ghalley et al., 2024).

Cac m6 hinh hoc sdu nhu CNN va 3D-CNN di duoc sir dung dé phan tich cac khung
hinh va video, nhan dién chinh xé4c cac hanh vi bao luc nhu danh, dim, hay x6 déy dua trén
céc dic trung tryc quan. Ngoai ra, su két hop giita phan tich 4m thanh va hinh anh da dén
dén viéc phat trién cac mo hinh da phuong thirc, tin dung thong tin tir ca hai ngudn dit liéu
(Khan et al., 2024; Wu et al., 2023). Nhitng m6 hinh nay khong chi tang cuong do chinh xéc
ma con cai thién kha niang phat hién bao luc trong cac tinh hudng phuc tap, noi dit liéu tir
mot ngudn don 1¢ 1a khong di.

2.2. Phwong phap phadt hién bao luc trong hoc dwong

Nghién ctru nay dé xudt C-ViDNet — mo hinh c6 kha ning phat hién bao luc hoc duong
qua céac tac dong vat li gitra cac ca nhan trong mdt nhém nhé dua trén chudi khung hinh tir video
giam sat. C-ViDNet st dung phuong phép tién xir 1i diu vao ctia mo hinh PoseC3D (Duan et
al., 2022) - 3D heatmap volumes, lam dir liu dau vao cho cac mo hinh phat hién bao lyc theo
chudi khung hinh. Phuong phap nay gitip mé hinh hoc duoc sy thay d6i khong gian va thoi gian
thong qua viée sap xép tuan ty cac tu thé clia con nguoi, ciing nhur gitip giam bot dic trung dau
vao bang cach loai bo phong nén va chi tip trung vao su bién ddi ctia tur thé.

e Xdy dung Limb Pseudo Heatmap

Pau tién ching t6i tién hanh xdy dung cac Limb Pseudo Heatmap (ban d nhiét mé
phong chi) dé biéu dién truc quan vi tri va pham vi anh hudng cia mot doan chi cu thé (nhu
cang tay, dui, cang chan) trong mot khung hinh anh. Quy trinh nay gdm ba budc chinh: Phat
hién nguoi (Human Detection), Udc luong tu thé (Pose Estimation) va Chuyén ddi sang 3D
Heatmaps Volume (Khdi ban do nhiét 3D).
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Hinh 1. Minh hoa chi tiét cho 17 Limb Pseudo Heatmap

Dé phat hién nguoi trong ting khung hinh, mé hinh YOLOX duoc sir dung. Sau khi
hoan thanh buéc Human Detection, mdi nguoi xudt hién trong khung hinh s& duoc khoanh
ving bang mot bounding box (hdp gidi han). Cac bounding box nay sé& 1a dau vao cho mo
hinh HRNet, m6 hinh c6 kha ning dy doan chinh x4c cac diém chinh (keypoints) trong khong
gian cho nhiéu ngudi cing lac. Sau do, thong tin cac keypoints tir mdi khung hinh dugc
chuyén thanh cac Heatmap 2D theo chi — goi 1a Limb Pseudo Heatmaps, c6 kich thudc
H X W, trong &6 H va W 1a chiéu dai va chiéu rong twong ung ctia mdi Limb Pseudo
Heatmap. Trong trudng hop c6 hai ngudi tro 18n, cac chi twong tmg s& duoc biéu dién trén
cing mot Limb Pseudo Heatmap. Vi du, néu trong mot khung hinh c¢6 hai ngudi bt tay nhau,
thi s& c6 mot Limb Pseudo Heatmap I; duy nhat biéu dién canh tay cta ca hai nguoi.

Vé&i moi khung hinh, ¢6 k(xy vy ci) keypoints, trong d6 x; yy lan luot toa d6 x, y

trong khong gian 2D cila khung hinh va ¢, 14 d6 tin cay (confidence score) cho biét mirc do
chinh xc cta viéc phat hién keypoint nay. Dau tién, véi mdi khung hinh, ching t6i tao K
Limb Pseudo Heatmap L € [0]¥***Wv6i K 1a sb luong limb (chi), Gia trj ciia Limb Pseudo
Heatmap L s€ duogc cap nhat theo cong thuc (1):

. 2
D((i,j),seg[ak,bk])
Lkij = e 2X02

trong do, k € [0,K],i € [0,H], j € [0, W], limb th{ k twong ting véi khung xuong dugc tao
boi hai keypoint ay, by, véi D 13 ham tinh khoang cach tir diém (i,j) dén duong ndi

Xxmin (cak,cbk) (1)

seg|lay, by] (hay seg[(xak,yak), (X, Vb, )]) va o (mic dinh la 0.6) dugc str dung dé kiém
soat phan phéi gia tri cua cac diém quanh keypoint (phan phéi chuén). Cayr Cpy, 12 d0 tin cly
cua hai keypoint ay, by.

Céc Limb Pseudo Heatmap s& duoc diéu chinh kich thudc cho phu hop va sap xép
chong 1én nhau theo thoi gian T. Qué trinh nay tao ra cic 3D Heatmap Volume cho timg
limb k. Pau ra cudi ciing s& co kich thude tong 1a T x K X W x H. Hinh 1 minh hoa chi tiét
cho 17 Limb Pseudo Heatmap.

o Two-Stream Network

C-ViDNet gom hai luéng dugc 1ay cam himg tir nghién ctru (Islam et al., 2021) dé phat

hién bao lyc trong hoc dudong thong qua dir li€u video. DPéi vai luéng dau tién, 17 3D
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Heatmap Volume c6 sb chiéu 1a K X T x W x H v6i K = 17 s& chuyén ddi thanh mot 3D
Heatmap H duy nhat ¢6 sb chiéu 1a T x W x H dugc tinh toan theo cong thic (2):

Hy; = max(Ly;, L%, ..., L; )
trong do6, Hy;; 1a pixel thu (i, j) ctia heatmap thtr t va Lk, ; la pixel thtr (i, j) cua heatmap thir
t cua Limb Pseudo Heatmap thur k trong 3D Heatmap Volume véit € [0,T], k € [1,K],i €
[0, W] vaj € [0, H]. Pdi voi ludng ndy, myc tiéu khong phai giam anh hudng cac dic trung
ctia anh nén, thay vao d6 ludng nay s& tip trung vao viéc hoc tap cac dic trung vé khong
gian nhu tu thé, vi tri cia ngudi. Hinh 2 minh hoa chi tiét vé 3D Heatmap H.

. . o . .

Canhtaytréntrai  Canbh tay trén phai Pui phai 3D Heatmap H

Hinh 2. Minh hoa cho 3D Heatmap H

Ludng thtr hai s& tap trung vao sy thay ddi giira cdc heatmap lién ké trong H nhim
trich xuét duoc nhitng thong tin vé thoi gian nhu chuyén dong, cac thay ddi vé tu thé nguoi
dugc goi 1a Differences Heatmap dugc biéu dién nhu trong cong thirc (3):

Hq, = Hi41 — H; 3)
trong d6, Hi 1a heatmap thtr i tir 3D Heatmap H dau vao va Hg, 1a Differences Heatmap biéu
dién su khac nhau giita hai heatmap thtr i va i + 1, néu H c6 t heatmap thi sé ¢c6 t — 1 sy
khac nhau nhu thé. Hinh 3 minh hoa chi tiét vé Differences Heatmap Hy,.

Kich thudc mdi Limb Pseudo Heatmap 1a 224 x 224. Tuy nhién, dé két hop thém dic
trung vé mau sic nham muc dich ting cudng cac dic trung vé sy thay doi gitra cac heatmap,
cac Limb Pseudo Heatmap duoc ap dung colormap viridis (ban do mau viridis) va c6 sb
chiéu 12 224 x 224 x 3. Colormap nay st dung cic mau xanh 14 cdy va xanh duong dé biéu
dién di liéu thdp va cac mau vang va cam dé biéu dién céc gia tri dir liéu cao hon trong ban
dd nhiét (heatmap).

Hinh 3. Minh hoa cho Differences Heatmap Hg,.

Mang huin luyén truéc MobileNet-v2 sé& trich xuat hinh déc trung tir dit liéu dau vao
ctia mdi ludng. MobileNet-V2 sir dung cac 16p depthwise separable convolutions (phép tich
chap tach theo chiéu siu) thay vi tich chap thong thuong, giup giam sé lugng tham sé va
tang hiéu qua tinh toan. Sau do, cac dic trung tir mdi ludng s& duoc dua qua mot 16p
ConvLSTM véi 64 filter (b0 loc), kich thudce daura7 x 7 x 64. Tiép tuc qua mot 16p Max-
Pooling v&i window size (2,2) dé giam kich thudc dic trung khong gian ma khong mat nhiéu
thong tin quan trong.
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Hinh 4. Kién triic mé hinh C-ViDNet
Dic trung (feature) dugc trich xuét tir hai ludng s& dugc téng hop & 16p Concat bang
cach ndi (concatenate) hai dic trung dau ra cta hai ludng dé tao ra dic trung cudi ciing (nhur
trong cong thur 4).

Frusea = Concat(Fy, Faifr) ‘ ‘ 4)
trong do, Fy,, Fyirr lan lugt 1a ddc trung tir ludng heatmap va ludng sy khac nhau ctia heatmap
tuong ung. Fryseq la dac trung dau ra cua 16p Concat, chtra 1an luot cac dic trung cia F,,
Fgifr va c6 kich thuée bang tong kich thudc cua Fy, va Fy; £r- Vi€c nay giup tao nén mot by
dic trung hop nhat phong phti va manh mé& hon so v&i viée chi xem xét riéng 1¢ timg yéu t0.
Nho d6, mé hinh khong chi don thudn biét vé tu thé hay chuyén dong, ma con c6 thé hiéu
dugc cach ching twong tac va anh hudng 1an nhau. Cac dic trung nay dugc chuyén tiép vao
phan phan loai (classifier), bao gdm céac Fully Connected Layer (L6p két ndi ddy du - FC)
str dung ham kich hoat LeakyReLU (v6i hé s6 a = 0.1) gitip ting tinh phi tuyén tinh cho
mang va giam nguy co cac neuron khong hoat dong. Bé giam nguy co qua khép (overfitting),
mdi 16p duoc ap dung Dropout véi ti 1¢ 0.3. Lép cudi cuing 1a mot 16p FC v6i ham kich hoat
Sigmoid, dwa ra xac suit du doan video dau vao cé chira ndi dung bao luc hay khong. Ham
mat mat Cross-entropy duoc sir dung trong sudt qua trinh hudn luyén mé hinh. Cross-
Entropy khong chi do luong mirc do chinh xac ctia dy doan ma con khuyén khich mé hinh
cai thién cac dy doan sai mot cach manh mé va hiéu qua. Piéu nay tao ra mot hiéu suat huan
luyén rét tot, dic biét trong cac trudng hop bai toan phan loai phirc tap nhu nhan dién bao
luc trong video. Chi tiét vé kién trac mé hinh C-ViDNet dugc minh hoa trong Hinh 4.

e B¢ dir liéu
Dé huén luyén va danh gi4 hiéu suét ciia C-ViDNet, chung t61 str dung bdn bo dit lidu
diém chuan duoc sir dung rong rii trong cic nghién ctru phat hién bao luc, gdbm Hockey
Fight (Bermejo Nievas et al., 2011), Violence in Movie (VM) (Bermejo Nievas et al., 2011),
Real life violence situations (RLVS) (Soliman et al., 2019), Automatic violence detection
(AVD) (Bianculli et al., 2020). Chi tiét vé& cac bo dit liéu duoc trinh bay nhu trong Bang 1.
Dé viéc so sanh vai cac nghién ctru trude d6 dugc cong bang va khach quan, ching t6i khong
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ap dung thém bat ki bude xir 1i dit liéu nao nhu lam sach, loc hay can béng lai ti 1€ gitra cac
16p. Budc tién xir 1i duoc gidi han ¢ viéc chudn hoa kich thuéc khung hinh dé dam bao tinh
ddng nhat cua dir liéu dau vao cho mé hinh.

Bing 1. Thong ké so lwong video ciia cdc bg dir liéu

B0 dir liéu Tap huén luyén Tap xac thuc Tap kiém thir Téng
HF 700 200 100 1000
VM 140 40 20 200

RLVS 1400 400 200 2000
AVD 245 70 35 350

Dé xéc dinh kich thudc dau vao cho mé hinh vi s lugng heatmap trong mdi 3D Heatmap
khong ddng déu, can sir dung mot phuong phap 1dy mau T heatmap. Do d6, chung t6i ap dung
phuong phap Uniform Sampling dé ting kha ning nim bt thong tin vé toan b video. Chién
lwoc Uniform Sampling t6 ra hiéu qua hon trong viéce duy tri thong tin chuyén dong toan cuc ctia
video, thong qua thuc nghiém cho thiy phwong phap nay mang lai loi thé dang ké trong nhiém
vu nhan dang hanh dong dua trén dit liéu khung xuong (Duan et al., 2022). Dé 1dy mau mot T
heatmap tir 3D Heatmap, phuong phap Uniform Sampling chia 3D Heatmap thanh T doan c6
d6 dai bang nhau va iy mau ngu nhién mot heatmap tir mdi doan. Nhu vay, v6i phuong phap
nay, mdi 3D Heatmap H s& trich 32 heatmap dé huén luyén va kiém thir. Hinh 5 minh hoa cho
ki thuat 14t mau Uniform Sampling duoc st dung trong nghién ciru nay.

3D Heatmap (N Heatmap) Uniform Sampling T Heatmap

Hinh 5. Minh hoa cho ki thudt ldy mau Uniform Sampling
o Cai dat thuc nghiém

Nghién ctru ndy st dung ngon ngir 1ap trinh Python 3.7.12 cung thu vién hd tro
TensorFlow. Chi tiét vé thiét bi huin luyén va thuc nghiém duoc trinh bay trong Bang 2.
Puoc truyén cam himg tir cic nghién ctru co so trude ddy (Kumar et al., 2023; Li et al.,
2019; Huszar et al., 2023), ching toi tién hanh huin luyén mé hinh trong 50 epochs (ki
nguyén) véi learning rate (ti 1¢ hoc) 1a 0.0001 batch size (kich thudce 16) 1a 16 st dung
optimizer (t6i wu hoa) 1a Adam. Trong sudt qua trinh hudn luyén, mé hinh c6 hiéu suét tét
nhat dugc luu lai dé tién hanh kiém tra do chinh x4c trén tap dit liéu kiém thur.

Bdng 2. T hiét bi hudn luyén va thuc nghiém

Thiét bj huén luyén Thiét bj thiwe nghiém
Moi trudong Kaggle Google Colab
Processor Intel(R) Xeon(R) CPU @ 2.00GHz Intel(R) Xeon(R) CPU @ 2.00GHz
Memory 13GB RAM 13GB RAM
VGA Tesla P100 16GB Tesla T4 15GB
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e Phwong phap danh gida

Hiéu suét ctia mo hinh duoc danh gia qua hai d6 do 13 Accuracy va F1 Score. Cac s6
liéu nay duoc tinh toan bang cac cong thire (6), (8), trong d6 TP (True Positive) biéu thi cho
s6 luong truong hop bao luc, phat hién ding boi mé hinh, FP (False Positive) biéu thi cho
s6 luong truong hop binh thudng (khong phai bao luc) bi mé hinh phan loai nham thanh
truong hop bao luc, TN (True Negative) biéu thi cho sé lugng trudng hop binh thudng, phan
loai dung bai mé hinh, FN (False Negative) biéu thi cho sé luong truong hop bao lyc mé
hinh khong phat hién.

TP + TN

= 5
Accuracy = 4o P T FN+ TN )
TP
. . — 6
Precision —TP TP (6)
TP
- 7
Recall TP FN (7)
2 X Precision X Recall
F1 — Score = (8)

] Precision + Recall
3. Ket qua va thio luan
Mo hinh C-ViDNet dugc hudn luyén trén cac bo dit liéu Hockey Fight (HF), Violence
in Movies (M), Real Life Violence Situations (RLS), Violence Detection (AVD). Két qua
thue nghiém duoc trinh bay nhu trong Bang 3 va truc quan trong Hinh 6. Dé cung cip goc
nhin chi tiét hon vé hiéu suit ciia cAc mo hinh, chung t61 tién hanh so sanh hiéu suit cia méo
hinh duoc dé xuit véi cac nghién ctu khac trén cung bd dir liéu. Cac so sanh vé d6 chinh
xéac (Accuracy) dugc trinh bay trong cac Bang 4, 5, 6, 7 va so sanh vé s6 luong tham s cua
cac mo hinh duogc truc quan trong Hinh 7.
Bing 3. Két qua kiém thir ciia C-ViDNet trén cdc bg diF liéu

Bo dir liéu Accuracy F1-score Tham s6
HF 95.50% 90.78%
VM 97.50% 86.67%
RLVS 95.25% 81.43% 853.889
AVD 92.85% 94.81

Bing 4. So sanh két qua kiém thir ciia C-ViDNet véi cdc mé hinh trén tdp test ciia bg HF

Nghién ciru Accuracy Tham s
(Halder & Chatterjee, 2020) 99.27% 1.8M
(Huszar et al., 2023) 97.50% 2.98M
(Lietal., 2019) 98.30% 7.4M
C-ViDNet 95.50% 853.889

Maic du C-ViDNet khong dat dugc do chinh xéac cao nhét so véi céac nghién ctru trude
d6, mé hinh lai n6i bat nho s6 luong tham s it, mang dén mot sy danh ddi hop i gitta hi¢u
suét va hiéu qua tinh toan. V&i chi 853.889 tham s6, mo hinh nho gon hon rat nhiéu so voi
(Li et al., 2019) (7.4 triéu tham s6), (Huszar et al., 2023) (2.98 triéu tham sé) va (Halder &
Chatterjee, 2020) (1.8 triéu tham s6). Piéu nay dic biét quan trong trong cac hé thong thuc
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té, noi tai nguyén phan ctig thuong bi gidi han, nhu cac thiét bi nhung hoic cac ing dung
thoi gian thyc. Viéc giam s6 lugng tham sd khong chi gifip tiét kiém niang lwong ma con
giam thoi gian xir 1i, tir 46 nang cao kha ning trién khai trén dién rong.

Du c¢6 d6 chinh xac thap hon, nhu trén tap dit liéu HF (95.50%) so voi (Halder &
Chatterjee, 2020) (99.27%), C-ViDNet van duy tri duoc hiéu suit phan loai & muc cao. Diéu
nay cho théy rﬁng, mic du ¢ su danh d6i vé do chinh xac, mé hinh van dam bao kha nang
hoat dong hidu qua trong cac ing dung khong yéu cau d6 chinh xac tuyét d6i. Dac biét, trén
cac tap dir licu nhu VM va AVD, C-ViDNet dat do chinh xéc 1an luot 14 97.50% va 92.85%,
cho thiy mé hinh van ¢6 tinh tmg dung cao trong nhiéu tinh hudng thyc té. C-ViDNet d4 dat
duoc Fl-score 4n tuong trén cac b dir li€u, voi 90.78% trén HF, 86.67% trén MV, va
81.43% trén RLVS. Két qua nay 1am ndi bat hiéu qua phén loai chinh xac ctia mo hinh mic
du khong str dung mét kién trac phirc tap.

00 |

95.50 95.25 9481
50.78 =

81.43

ACEuracy
Fl-Scone

o4 _ —_— !
HF (Bermejo Nievas et al, 2011) VM (Bermejo Nievas et al, 2011]  RLVS (Soliman et al., 2019} AVD (Bianculli et al., 2020)
B4 i i

Hinh 6. Két qua kiém thir ciia mé hinh C-ViDNet trén cdc bg dir liéu

7,400,000

2,980,000

2 1,800,000

1 853,889

0
(Halder & Chatterjee, 2020) (Huszar et al., 2023) (Ui et al., 2019) C-ViDNet
Nghién ciu

Hinh 7. S6 lwong tham s6 ciia cdc mé hinh
Bing 5. So sanh két qua kiém thir ciia C-ViDNet véi cdc mé hinh trén bp VM

Nghién ciru Accuracy Tham sb
(Halder & Chatterjee, 2020) 100% 1.8M
(Huszar et al., 2023) 97.50% 2.98M
(Lietal., 2019) 100% 7.4M

C-ViDNet 97.50% 853.889
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Su danh ddi giita 6 chinh xac va sb lugng tham sb nay 1a mot hudng di hop li trong
thiét ké mo hinh, dic biét khi xét dén cac bai toan thuc t&. Vi sb lugng tham sb thap,
C-ViDNet phu hgp v6i cac ing dung can tinh toan nhanh, hiéu qua va tiét kiém tai nguyén,
chang han nhu cac hé thong giam sat an ninh thoi gian thyec.

Bing 6. So sanh két qua kiém thir ciia C-ViDNet véi cdc mé hinh trén bé RLVS

Nghién ctru Accuracy Tham s
(Huszar et al., 2023) 96.70% 2.98M
(Abdali, 2021) 96.25% -
C-ViDNet 95.25% 853.889

Bing 7. So sanh két qua kiém thir ciia C-ViDNet véi cdc mé hinh trén bo AVD

Nghién ciru Accuracy Tham s
(Siddique et al., 2022) 88.89% -
(Haque et al., 2022) 90.00% 371.009
C-ViDNet 92.85% 853.889

Hinh 9. M{t s6 tinh huéng mé hinh C-ViDNet bi nham lan

Dé c6 goc nhin thyc té hon, ching t6i cling tién hanh kiém tra hiéu qua du doan cta
md hinh trén mot s6 mau dit lidu (Hinh 8, 9) dugc chung toi tu thu thap tur thuc té va tir bo
dir liéu AIRTLab (Sernani et al., 2021). Dt mo hinh da c6 thé phat hién duoc hau hét cac
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tinh huéng bao luc, tuy nhién van con ton tai mot sd han ché. Chéng han nhu khong phat
hién duoc bao lyc trong céc tinh huéng bi che khuét, nhdm 1an gitra hanh vi bao lyc véi cac
hanh dong gan giii thAn mat, hay du doan 13 khong bao lyuc trong cac tinh hudng sir dung vii
khi (gay) khi ma khoang cach giira nhitng nguoi trong canh cach xa nhau.

Ngoai ra, dii C-ViDNet c6 s6 lugng tham sb huén luyén it hon dang ké so v6i cac nghién
ctru trude ddy, nhung do qua trinh xt 1i va trich xuét dic trung phirc tap khién mo hinh gip
han ché 16n & kha nang phat hién bao lyc hoc duong theo thoi gian thuc (real-time). Hon
nira, mo hinh hién tai chi tap trung khai thac cac ddc trung hinh 4nh ma bo qua cac phuong
thae khac, do d6 co thé bo qua mot ) truong hop bao luc tiém an. Viéc mé rong mo hinh
theo hudng da phuong thirc, tich hop thém tin hiéu 4m thanh, 1a mot hudng di tiém ning ma
chung t6i duy kién trién khai trong cac nghién ctru tiép theo.

4.  Két luin va kién nghi

Trong nghién ctru ndy, mot hudng tiép can hiéu qua sir dung biéu dién khung xwong
dué6i dang heatmap di dugc dé xuit. M6 hinh C-ViDNet ctia ching t6i da giam thiéu mot sb
cac dic trung khong can thiét nhu nén, trang phuc va kich thudc khung hinh. Céach tiép can
nay di gitip giam do phuc tap ctia mo hinh so véi cac phuwong phap khac dya trén chudi
khung hinh video. Mac du mé hinh da dat dugc kha ndng nhan dién ph?ln 16n cac tinh huéng
bao lyc, nhung van ton tai mot s6 han ché dang cha y. Cu thé, C-ViDNet gap kho khin trong
viéc phét hién bao luc khi cac hanh dong bi che khuat, d& nham 14n giita hanh vi bao lyc va
cac cir chi than mat, hodc du doan sai 1a khong c6 bao luc trong cac tinh hudng st dung vii
khi (nhu gay) khi khoang cach giira cac ddi tugng trong canh qué xa nhau. Trong tuong lai,
chung t6i s& tiép tuc thir nghiém cac phuwong phép cai tién nhu nang cao chat luong khung
xuong, mé rong huan luyén trén nhiéu goc nhin khac nhau va ting cudng dic trung cia bbi
canh xung quanh.

% Tuyén b6 vé quyén lgi: Céc téc gid xéc nhan hoan toan khéng cé xung dot vé quyén loi.

% Loi cam on: Nghién clru nay duoc tai tro bdi Nguén ngén sach khoa hoc va céng nghé
Truong Pai hoc S pham Thanh phé H6 Chi Minh trong dé tai ma sé CS.2024.19.
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ABSTRACT

School violence is a complex and concerning issue within the education systems of many countries
worldwide, including Vietnam. Although various automatic violence detection models based on artificial
intelligence have been developed, practical implementation remains challenging due to high complexity
and computational costs. To address these limitations, our study proposes the development of a C-ViDNet
(Campus Violence Detection Network) model for automatic school violence detection with a small
number of parameters, aimed at enhancing detection capabilities and rapid response to violent incidents
in educational environments. First, YOLOX is used to identify individuals appearing in the frame. Next,
the poses of these individuals are extracted using HRNet and converted into 3D Heatmap Volumes,
helping to reduce noise and eliminate unnecessary background elements. Then, a dual-stream
architecture is implemented to learn features from the 3D Heatmap Volumes. One stream focuses on the
spatial features of the poses, while the other monitors changes in human poses across frames. The results
from C-ViDNet demonstrate the potential for developing automatic school violence detection models.
This approach minimizes dependence on manual monitoring and enables timely responses to violent
incidents, contributing to safer educational environments.

Keywords: behavior recognition; computer vision; image processing; school violence;
violence; YOLO

813


https://doi.org/10.1109/IPAS56160.2022.00016
https://doi.org/10.1109/ICICIS46948.2019.9014714
https://www.unicef.org/protection/violence-against-children-in-school
https://www.emro.who.int/health-topics/violence/index.html
https://www.emro.who.int/health-topics/violence/index.html

	 Xây dựng Limb Pseudo Heatmap
	 Two-Stream Network
	 Bộ dữ liệu
	 Cài đặt thực nghiệm
	 Phương pháp đánh giá

