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Pé tai “Hé thong phat hién té ngd qua camera trén thiét bj bién tmg dung k¥ thuat
chit loc tri thirc” tip trung vao viéc phat trién mot hé thdng phat hién té ngd chinh xac
va hiéu qua, phu hop trién khai trén cac thiét bi bién c6 tai nguyén tinh toan han ché.
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tiém nang ung dung cta hé thong trong cac thiét bi giam sat thuc té.
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LOI CAM ON

Trong hanh trinh xay dung dd an tot nghiép “Hé thong phat hién té ngi qua
camera trén thiét bi bién ung dung k¥ thuat chit loc tri thic”, em mudn bay té long
biét on sdu sic dén nhitng ngudi da ddng hanh va hd trg em, khong chi vé mit kién

thirc ma con la nguon dong vién quan trong.

Pau tién, em xin giri 10i cam on chan thanh dén thiy Ninh Khanh Duy, ngudi
d3 dong hanh cung em tai Truong Pai Hoc Bach Khoa Pa Ning, voi su huéng din,

nhan xét va hd tro quy bau cua thay.

Ngoai ra, em ciing mudn bay to 10ng biét on dic biét dén cac thay co trong
Khoa Cong nghé thong tin, nhitng ngudi da chia sé ¥ kién quy bau va hd tro em trong
qua trinh nghién ctru va trién khai dy 4n.

V6i thoi gian va kién thirc ¢6 han, em nhén thirc rang d6 an khong tranh khoi
nhimg thiéu s6t. Mong rang, su dong gop ¥ kién cta cac thay co trong nha trudng va

ban be s€ gitp em rut kinh nghi¢m va hoan thién cong trinh ctia minh.

Em xin chan thanh cam on!

Pham Quang Nhut



CAM DOAN

1. N1 dung trong dd an nay la do em thyc hién dudi sy hudng dan truc tiép cua
TS. Ninh Khanh Duy. Cac két qua trong d6 an déu dugc thuc hién trong qua
trinh t61 dang hoc tap tai Khoa Cong Nghé Thong Tin, truong DPai hoc Bach
Khoa — DPai hoc ba Nﬁng.

2. Cac tham khéao dung trong d6 an déu duoc trich dan rd rang tén tac gia, tén cong

trinh, thoi gian, dia diém cong bd, duoc kém véi dudng dan hop 16.

3. Néu c6 nhitng sao chép khong hop 18, vi pham quy ché dao tao, em xin chiu

hoan toan trach nhiém.

Sinh vién thuc hién
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MO DAU

Tong quan vé dé tai

Té ngd 1a mot trong nhitng nguyén nhan hang dau giy chin thuong nghiém
trong & nguoi cao tudi, khong chi anh huéng dén stc khoe ma con lam giam
chat luong cudc sdng, tham chi co thé dan dén tir vong néu khong duoc phat
hién va xtr 1y kip thoi. Cac hé théng phat hién té nga tir xa hién nay van con
nhiéu han ché, dic biét 1a trong moi trudong thyuc té, noi diéu kién anh sang, goc
quay camera va kha ning tinh toan cta thiét bi khong phai luc nao ciing 1y
tuong. Do d0, viéc nghién ctru va ap dung k¥ thuat chat loc tri thirc (knowledge
distillation) nham ti vu héa mé hinh phat hién té ngi tré nén vo cing quan
trong. Bang cach tao ra mot mo hinh nhe hon nhung van dam bao hiéu suét cao,
hé théng c6 thé hoat dong hiéu qua trén cac thiét bi bién (edge devices), gitp
phat hién té ngd nhanh chong va dang tin cay. Nghién ctru nay khong chi mang
v nghia khoa hoc ma con co tiém nang ung dung rong rai trong thuc té, hd tro
cham soc va bao vé ngudi cao tudi mot cach hiéu qua hon.

Muc dich va y nghia ciia dé tai

2.1. Mucdich

2.2,

3.

° Xay dung va trién khai thanh cong mot mo hinh nhan dién té nga dua
trén dir liéu khung xuong, sir dung ST-GCN két hop v6i KD dé t6i wu hoa
hiéu Suét.
° So sanh hiéu ning va chit luong giita cic phuong phap khac nhau
nham tim ra hudng tdi uu cho tng dung thuc té.
Y nghia va pham vi nghién ciru
° Y nghia: Gitip ngudi ding nhan dién té ngd dé dang hon: Hé thong
hd tro phat hién va canh bao khi nguoi dung gip su cd té nga, dac bi¢t 1a
ngudi cao tudi hodc nguoi ¢6 nguy co cao, gitp giam thiéu chin thuong
nghiém trong.
° Pham vi: D¢ tai tap trung phat hién té ngi tir dir liéu khung xuong
duoc trich xuét tir video, khong st dung anh RGB hay cam bién khac. Dit
liéu thu thap da dang vé goc nhin va d6i tuong, dugc danh gia bang kiém
dinh chéo theo ngudi va goc nhin. M6 hinh hudéng dén trién khai trén thiét bi
bién dé giam sat té ngd trong méi truong thuc té. Thoi gian thuc hién
khoang 2,5 thang.

Phwong phap thuc hién
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a. Thu thap va tién xtr Iy dit lidu
e Str dung céc bo dir liéu chuyén biét vé té ngi
e Trich xuat dir liéu khung xuong tir video bang MediaPipe Pose hoidc OpenPose.
e Chuén hoéa dir liéu béng cach loai b nhiéu, noi suy khung hinh bi méat va cin
chinh dir liéu khung xuong.
e Chia tap du liéu thanh Train, Validation, Test theo hai phuong phép:
o Cross-view: Kiém tra mo hinh trén goc nhin khac véi dit liéu huan luyén.
o Cross-person: Kiém tra mo hinh trén nhitng ngudi khong c6 trong tap
huén luyén.
b. X4y dung md hinh nhan dién té nga
e Str dung mé hinh Spatial-Temporal Graph Convolutional Network (ST-GCN) dé
hoc dic trung chuyén dong tir dit liéu khung xwong.
e Ap dung chit loc tri thirc dé t6i wu héa mo hinh bang cach truyén tai thong tin tir
mot mo hinh 16n (teacher model) sang md hinh nhé hon (student model).
e Thir nghiém céc phuong phap giam s6 lwong tham s ctia mé hinh.
c. Huan luyén va kiém thir
e Huin luyén mo hinh trén tap dir lieu chuén bi sin, sit dung thuat toan tdi wu
AdamW.
e Sir dung Cross-Entropy Loss dé do ludng d6 chinh xac ciia mo hinh.
e Danh gié hi¢u sudt mo hinh duya trén céc chi sb:
o Accuracy, Precision, Recall, F1-score trén cac tap kiém th.
o Do tré va hiéu suit trén thiét bi bién dé dam bao md hinh co thé chay
trong thoi gian thye.
4. Ciu tric cia dd an
Mo dau: trinh bay vé tong quan dé tai, muc dich, ¥ nghia dé tai, phuong phap
nghién ctru, cau tric caa dd 4n tot nghiép.
Chuong 1: trinh bay cac ndi dung co s& Iy thuyét chinh lién quan dén cac giai
phap trién khai trong dd an.
Chuong 2: trinh bay vé viéc co sd 1y thuyét, cic nghién ciru phuong phap trudc
day va diém manh, diém yéu ma phuong phap dé xuit can khic phuc
Chuong 3: M6 ta kién tric hé thong dé xuét, quy trinh thu thap va xir Iy dir
li¢u, cling nhu phuong phap danh gia moé hinh.
Chuong 4: Trinh bay két qua thuc nghiém trén nhiéu bo dit liéu, hiéu qua cua
mo hinh sau khi 4p dung chit loc tri thirc va kha ning trién khai thuc té trén
thiét bi bién.
Két luan va hudng phat trién: Trinh bay vé két qua va hudng phat trién.

Tai liéu tham khao
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CHUONG 1: TONG QUAN PE TAI

Bai toan

Gidi thi¢u bai toan

T¢ ngd la mot hanh dong dot ngét, khong chu y va thuong gy ra hau qua
nghiém trong nhu chan thuong, gdy xuong hodc t6n thuong noi tang — ddc biét
nguy hiém ddi véi nguoi cao tu6i hodc nhimg ngudi c6 van dé vé van dong.
Theo T6 chiic Y té Thé gigi (WHO), té ngi hién dang 1a nguyén nhan giy tir
vong do chin thuong khong chi ¥ dung thir hai trén toan cau, v6i khoang
684.000 ca tir vong mdi nim, trong d6 hon 80% Xdy ra tai cac qudc gia co thu
nhap thip va trung binh [1]. Ngoai ra, udc tinh mo6i nam c6 khoang 37,3 tri¢u
truong hop t¢ ngd nghiém trong can can thiép y té, dan den tong cong hon 38
triéu nam séng diéu chinh theo muc d¢ tan tat (DALY's) bi mat di.

Tai Viét Nam, sb luong ca té ngd c6 xu hudng gia tang theo do tudi. Cu thé,
ty 1¢ té ngé dat dinh 32,7% & nhoém nguoi tir 80 tudi tro 1én, cho thay nguoi cao
tudi, dic biét 1a trén 70 tudi, 12 dbi tugng c6 nguy co cao nhat [2]. Néu khong
duogc phat hién va xir 1y kip thoi, cac bién chimg do té ngd c6 thé kéo dai dén 12
thang, gay anh hudng nghiém trong dén sirc khoe, tinh than va chat luong cudc
song ctia bénh nhan [3].

T¢ nga thuong xay ra mot cach bat ngd trong cac hoat dong sinh hoat hang
ngay, nén rat kho du doan trude. Do d6, bai toan phat hién té ngi tur dong ngay
cang thu hut sy quan tdm manh mé tir cong dong nghién ctru nhd tiém ning tng
dung thyc tién trong cac h¢ thong cham soéc stc khoe thong minh, dic biét 1a
giam sat nguoi cao tudi séng mot minh hodc bénh nhan phuc hdi chirc ning cd
nguy co té nga cao.

Tuy nhién, viéc phét hién té ng tir video van d6i mat voi nhiéu thach thic.
Mot mat, dir liéu vé té nga thuong hlem gap, mang tinh bat ‘thuong va kho tai
hién chinh xac trong diéu kién thyc té, dan den hién tuong mat cin bang dit liéu
trong qua trinh huan luyén. Mat khac, nhu cau trién khai hé thong trén cac thiét
bi bién (edge devices) — von c6 gidi han vé bd nhd va kha niang xir Iy — doi hoi
cac mo hinh phai dugc t8i wu hoa manh mé& vé mit hiéu nang.

Bai toan dit ra 1a phat hién hanh vi té nga tir mot chudi hinh anh dau vao.
Cu thé:

e Diu vao: Mot sequence gdbm N khung hinh lién tiép (thuong 1a 32
frame), dugc trich xuét tir video. SO luong khung hinh N ¢6 thé
diéu chinh linh hoat tily theo thiét 1ap thi nghiém. Sau mdi chudi,
ctra s truot s& di chuyén mot budce (tc 1a dich sang frame tiép
theo) dé tao ra chudi ké tiép nham bao phii toan b video.

e Diu ra: Nhin dau ra ctia mdi chudi 1a mot trong hai 16p: 1: Co xay
ra té nga trong khoang thoi gian tuong img voi sequence. 0: Khong
c6 té nga trong sequence do.

Muc tiéu cua bai toan la xay dung mot mo hinh hoc may c6 kha nang nhan
dién chinh x4c cac hanh vi té ngd tir chudi hinh anh theo thoi gian, dam bao
hiéu suét cao ca vé do chinh xac va toc do suy luan, dac biét 1a khi trién khai
trén thiét bi c6 tai nguyén giéi han nhu thiét bi di dong hodc thiét bi bién.

Tai sao phdi phat hién té nga
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Viéc phat hi¢n t€ nga cé vai trd quan trong trong nhiéu linh vuc, dic biét 1a
cham soc strc khde va dam bdo an toan cho con ngudi. Té ngd 1a mot trong
nhimg nguyén nhan hang dau gdy ra thuong tich nghiém trong, ddc biét & nguoi
cao tudi, nguoi mic bénh huyét ap, tim mach hoic cac rdi loan van dong nhu
Parkinson hay thodi hoa khép. Nhitng ddi tuong ndy thudng c6 nguy co cao bi
té nga khi sinh hoat mdt minh, va néu khong duoc phat hién va hd tro kip thoi,
hau qua c6 thé rit nghiém trong, tham chi din dén tir vong. Do do, viéc xay
dung mot he thong phat hién té nga ty dong va canh bao nhanh chong 1a hét sirc
can thiét nham hd tro giam sat va can thiép kip thoi.

Trong cac hé théng an ninh — an toan, phat hién hanh vi té ngd cling gop
phan canh bao sém nhiing tinh hudng nguy hiém hodc bét thudng tai cac khu
vuc can dugc giam sat ‘nghiém ngét nhu vién dudng ldo, bénh vién hay cac khu
vuc céach ly. Cac hé thong nay thudng két hop cam bién va thi giac may tinh dé
nhén dién hanh vi bat thuong va phat ra canh bao néu c6 ngudi gap su cd.

De giai quyet bai toan nay, nhiéu hé théng phat hién té nga da duoc dé xuit,
bao gom thiét bi deo (wearable) va khong deo (non- wearable) [4, 5, 6]. Cac hé
thong wearable mang lai d6 chinh x4c cao hon nhd duoc gan truc tiép 1én co
thé ngudi dung, tuy nhién lai gdy kho chiu trong qua trinh sir dung lau dai, dan
dén dir liéu thu thap khong 6n dinh va anh huong dén hiéu qua mé hinh [7].
Ngoai ra, giéi han vé thoi luong pin khién cac thiét bi nay kho dap Gng duogc
yéu cau giam sat lién tuc [8, 9].

Trong khi d6, cac hé théng non-wearable nhu cam bién san (vi du Ground
Reaction Force - GRF) [4] hoac giadi phap dua trén thi gidc may tinh [5] dang
dugc ing dung rong rai nho kha nang thu thap thong tin hinh anh phong phu va
khong can tiép xtc vat Iy [10]. Phuong phap nay cho phép giam sat lién tuc va
it xAm l4n, tuy nhién viéc xr Iy video thoi gian thuc lai doi hoi phan cing manh
va kha nang thich Gmg véi nhiéu méi truong khac nhau [11, 12].

Cac nghién ctru cé lién quan

Céac phuong phap phat hién té nga thoi gian thuc hién nay duoc chia thanh
ba nhom chinh: phuong phép dya trén ngudng, hoc may truyén thong va mo
hinh hoc sau nhe (lightweight deep learning). Phuong phap ngudng sir dung cac
quy tic dinh sin dua trén dit liéu RGB, d6 sdu, hodc goc nghiéng co thé va cd
thé dat 6 chinh xac 1én dén 0.97 [13, 14, 15, 16], nhung lai d& nham 1an voi
cac hanh vi nhu nim xudng hodc cti nguodi. Cac mo hinh hoc may nhu SVM va
KNN khi 4p dung 1én cac diém dic trung co thé hoat dong tbt trén khung hinh
tinh nhung khong hiéu qua véi chudi hanh dong lién tuc, dan dén viéc phan loai
sai [17]. Cubi cung, cac phuong phap hoc siu nhu CNN va LSTM cai thién do
chinh xac bang cach hoc cac dic trung khong gian va thoi gian, tuy nhién can
duoc tdi wu dé dam bao hiéu nang thoi gian thyc [18, 19, 20].

Theo cong nghé cim bién

Trong linh vyc nhén dang hoat dong va déc biét la phat hién té ngd, cam
bién dong vai trd then chét. Chung giup theo ddi chuyén dong co thé, moi
truong va cac thong sé lién quan tir xa, thuong st dung cac giao thirc truyén di
liéu khong day nhu Wi-Fi, Bluetooth, cho phép thu thap dir li¢u lién tuc va
khong gdy can tr¢ cho nguoi dung.

Nho sy phét trién nhanh chéng cua cong nghé, cam bién ngay cang nho gon,
tiét kiém nang luong, bén bi va it bi anh hudng bai diéu kién maéi truong. Didu
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nay gitp cac cam bién d& dang duogc tich hop vao céc thiét bi deo nhu dong hd
thong minh, dién thoai, vong tay,... Cac thiét bi nay cho phép theo ddi hoat
dong cua nguoi dung trong thoi gian dai ma khong gy kho chiu, dong thoi
khong bi gioi han boi khong gian ¢6 dinh nhu camera lap trong phong.

Mot s nghién ctu dd chimg minh hiéu qua cta cam bién deo trong nhén
dang hoat dong con nguoi. Vi dy, [21] st dung hai thiét bi Wii Remote deo tai
tay va thit lung dé phan biét 14 hoat dong thudng ngay voi do chinh xac va do
bao phu trén 90%

Trong cac cam bién deo, cam bién quan tinh (IMU) bao gom gia toc ké, con
quay hoi chuyén va tir ké 1a phé bién nhat. Chung thudng dugc tich hop trong
cac thiét bi hang ngay va c6 thé nhan dang céc hoat dong nhu di, chay, ngoi,
nhdy, hodc phat hién tu thé thay ddi bat thuong. Viéc két hop gia toc ké va con
quay hoi chuyén giup ting d6 chinh xac trong viéc phan biét té ngd voi cac hoat
dong thong thuong nhu ngoi xuong nhanh hodc budc huyt cau thang. Mot sb
nghién ctru con két hop cam bién ap suit voi gia toc ké dé ting kha ning phat
hién chinh xac hanh vi té nga [22].

Ngoai ra, cac cam bién nhur:

e Tu ké: xac dinh huéng chuyén dong, hd trg phan biét nguoi ding
dang nam, ngdi hay dung.

e Cam bién dién co (EMG): phat hién hoat dong co bép, giup nhan
dién ngad véi do chinh x4c cao nhung it dugc st dung do kich
thude 16n, kho deo trong thuc té.

e Cam bién rung va cam bién dién tir gan trén san nha: co thé phat
hién ng véi d6 chinh xac cao (1én dén 100% [23]), nhung chi phi
thiét 1ap hé théng cao, kho trién khai dién rong.

e (Cam bién hinh anh (vi du: SenseCam, Kinect): ghi lai hoat dong
ctia nguoi dung, nhung dit ra cac thach thic 16n vé quyén riéng
tu, Iuu trir va xa 1y dit ligu.

Hién nay, nhiéu thiét bi thuong mai da tich hop cam bién dé hd trg chim soc
sttc khoe. Chang han, Apple Watch c6 thé phat hién ngd va ty dong giri canh
bdo, tuy nhién gi4 thanh con cao va phu thudc vao h¢ sinh thai thiét bi Apple.
Mot s6 (g dung nhu Moves két hop dit liu tir gia téc ké va GPS dé theo ddi
hanh vi di chuyén caa nguoi dung.

Tuy nhién, cac thiét bi nay van con nhiéu han ché:

e Da phan chi hd trg theo ddi hoat dong thé chat don gian (budc di,
luong calorie).

e D li¢u thu thap con nhiéu do thay ddi vi tri deo, moi truong, hoac
16i do tir pin.

e Céc hé thong phat hién té nga chuyén biét van chua phd bién tai
Viét Nam.

Do d6, van can tiép tuc nghién ctru nhitng phuong phap phat hién té ngi
hiéu qua hon, t6i wu cho céac thiét bi deo hodc trién khai trén thiét bi bién véi
chi phi thap, tinh kha thi cao trong thuc té.

Theo cong nghé thi gidc mdy tinh

Phat hi¢n té¢ nga (fall detection) 1a mot linh vuc da dugc nghién ctru sau

rong trong nhiéu nim qua, voi nhiéu phuong phap tiép cin khac nhau, trong d6
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cac phuong phap dua trén thi giac may tinh (vision-based) sur dung dit liéu hinh
anh RGB, anh chiéu sau (depth) va hong ngoai (infrared - IR) dong vai trd then
chét. Trong ba loai dit liéu nay, anh RGB vén 14 lwa chon phd bién nhit nho vao
tinh sin c6 rong ri, chi phi thap va kha nang tich hop dé dang vdi céc thiét bi
ghi hinh thong thuong nhu camera giam sat [24].

Nhitng nim gan day, voi su phat trién vuot bac ciia hoc sau (deep learning),
nhiéu nghién ctru da khai thac cac mo hinh hoc sdu dé phan tich dic trung
khong gian - thoi gian (spatio-temporal features) trong chudi hinh anh hoic
video, nham nhan dién chinh x4c cac tinh huéng té nga [25, 26]. Nho do, kha
ning nhan dién hanh vi bat thuong hodc nguy hiém nhu ngd da dat dugc do
chinh xac cao hon, ké ca trong moi truong phuc tap va co nhiéu bién dong.

Bén canh d6, mot hudng tiép can khac dang ngay cang phd bién trong nhan
dang hoat dong con ngudi (Human Action Recognition - HAR) va phat hién té
ngd la phuong phap dua trén bo xuong (skeleton-based). Nhitng phuwong phap
nay co nhiéu vu diém ndi bat nhu kha ning biéu dién dic trung hiéu qua, dé
dién giai (interpretability), va it phu thudc vao bdi canh hinh anh [24]. Ching
thuong st dung cac thuat toan udc luong tu thé co thé ngudi (pose estimation)
nhu OpenPose [27] hoidc AlphaPose [28] dé trich xut cac diém méc trén co thé
tir hinh anh hodc video. Nho dé, hé thdng co thé phan tich ca thong tin khong
gian (vi tri cac khop) va thong tin thoi gian (dién tién ctia chuyén dong).

Trong cac h¢ thé)ng nhan dang hoat dong dua trén by xuong, nhiéu mé hinh
hoc sau da dugc ung dung dé khai thac moi quan hé theo chudi thoi gian hodc
moi quan hé gitra cac khop, nhu Mang bd nh¢ dai ngan han (LSTM) va Mang
no-ron dd thi (GCN) [29, 30]. Nhitng m6 hinh nay cho pheép hé thong hiéu duoc
moi lién két phuc tap trong chuyén dong cua con nguoi theo thoi gian, tir 46
tang cuong kha nang phan biét gitta cadc hoat dong binh thudong va cac hanh vi
nguy hiém nhu té nga.

Pé hd tro kha ning trién khai thuc té, dic biét 1a trén cac thiét bi bién (edge
devices), nhiéu nghién ctru di tip trung vao viéc giam thoi gian xir Iy va do
phuc tap cua md hinh, nham dam bao hiéu suét thoi gian thyc. Vi dy, Ramirez
et al. [17] d& st dung cac mo hinh hoc may truyén thong nhu SVM, KNN,
Random Forest (RF) va Multi-Layer Perceptron (MLP) & tdng phan loai cubi
cung dé giam tai tinh toan. Trong khi d6, Noor et al. [31] dd 4p dung k¥ thuat
Post-Training Quantization dé giam kich thudc va do phirc tap cia mo hinh,
gitip phu hop hon véi thiét bi c6 tai nguyén han ché. Ngoai ra, nghién ctru cua
Chang et al. [32] tip trung t6i wu hdéa mé hinh bing cach giam sb luong tham
s0, nham tang d¢ twong thich v&i phan cimg nhung.

Tuy nhién, phan 16n cac hé théng phat hién té nga hién nay chua khai thac
hi¢u qua cac ky thuat t61 ru hoa hién dai trong qua trinh huin luyén, nham tim
duogc su can bang gilta giam do phuc tap m6 hinh va duy tri d6 chinh xac cao.
Chinh vi vay, nghién ctru ndy dé xuét ing dung phuong phap chat loc tri thirc
(Knowledge Distillation - KD) dé cai thién kha ning phat hién té ngi. Phuong
phap nay cho phép mé hinh nhe hon (student model) hoc lai kién thirc tir mot
mo hinh 16n va manh hon (teacher model), giap duy tri hiéu qua cao trong khi
van dam bao kha nang chay trén cac thiét bi tai nguyén thap.

1.3. Tong quan vé thiét bi bién
L.3.1. Khdi ni¢m vé dién todn bién
Trong bdi canh nhu cau xt 1y dit liéu thoi gian thuc ngdy cang ting, Edge
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Computing (dién toan bién) ndi 1én nhu mot giai phap hiéu qua nhim giam do
tré, tiét kiém bang thong va nang cao kha nang phan hoi cuc bo ciia hé thong.
Thay vi g toan b6 dir liéu 1én dam may dé xu 1y, Edge Computing cho phép
xtr 1y truc tiép tai thiét bi gin ngudn phat sinh dit liéu — con goi la thiét bi bién
(edge device). Piéu nay dic biét quan trong dbi v6i cac hé théng phat hién té
ngi trong moi truong thyc té, noi yéu cau toc do xir Iy nhanh va lién tuc.

Trong h¢ sinh thai dién toan bi€n, cac thiét bi bién nhu camera thong minh,
cam bién chuyen dong, hodc thiét bi IoT gén trén co thé s& thu thip dir liéu va
xir 1y tai chd hodc truyén vé may chu bién (edge server) dé phan tich thém. Mo
hinh nay gitp giam tai cho hé thong ddm may, dong thoi ting tinh biao mat va
do tin cdy, ngay ca khi c6 su cd mang.

Loi ich chinh ctia Edge Computing trong bai todn phat hién té nga:

e Do tré thap: Phat hién va canh bao nhanh khi co té ngd nho xir Iy ngay tai
bién.

e Khong phu thudc hoan toan vao két ndi Internet: Giam thiéu rii ro mat két
nbi gy gian doan hé thong.

e Tiét kiém bang thong va tai nguyén dam may: Dir liéu chi dugc giri lén
dam may khi thyc su can thiét.

e Ting cudng bao mat: Dit liéu nhay cam nhu video giam sat c¢6 thé duoc
xir 1y cuc bd ma khong can gt di xa.

Thiét bi bién trong hoc siu

Hoc sau gan day da dat duoc nhiéu thanh cong vuot trdi trong linh vurc may
hoc, ddc biét trong cac rng dung nhu thi gidc mdy tinh, xtr Iy ngdn ngir ty nhién
va phan tich dir liéu lon. Vi dy, cac phuong phap hoc sau lién tuc vuot troi so
v6i cac phuong phap truyén théng trong cac bai toan nhan dang va phat hién
d6i tuong tai cudc thi ISLVRC tir ndm 2012 [34]. Tuy nhién, d6 chinh xac cao
ctia hoc sdu di kém vdi yéu cau rat 16n vé tinh toan va bd nhd, ca trong giai
doan huin luyén va suy luan.

Viéc huan luyén mot mo hinh hoc sau rat ton kém vé mat tinh toan va dung
luong do phai tinh chinh hang triéu tham sé qua nhiéu giai doan. Trong khi do,
suy luan ciing tiéu tén nhiéu tai nguyén do dau vao thuong c6 do phan giai cao
va yéu cau thuc hién hang triéu phep tinh. Dac trung ndi bat cua hoc sau 1a dat
d6 chinh xac cao nhung dong thoi tiéu ton tai _nguyén 1on.

Mot giai phap pho bién dé dap img yeu cau tinh toan ctia hoc sau 1a st dung
dién toan dam mAay. Tuy nhién, dé st dung duogc tai nguyén ndy, dir liéu tir cac
thiét bi dau cubi nam & bién mang (chéng han nhu smartphone hodc cam bién
10T) can duoc truyén t6i mot trung tim xtr Iy tip trung trén dam may. Cach tiép
can nay phat sinh mot s6 thach thirc:

e Do tré: Nhiéu tmg dung yéu cau suy luén thoi gian thye. Vi dy, cac khung
hinh tir camera trén xe ty hanh can dugc xu ly tire thoi dé phat hién va
tranh vat can, hodc cac img dung trg ly giong noi can phan hdi nhanh
chong. Tuy nhién, viéc truyen dir liéu Ién dam may dé xur ly c6 thé gay
thém do tré hang tram mili-gidy do hang doi va truyén dan, dan dén khong
dap ung duoc yéu cau thoi gian thuc nghiém ngit. Thyc nghiém cho thay
viéc gui mot khung hinh camera 1én dich vu Amazon Web Services dé xur
Iy thi gidc may tinh mat hon 200 ms tinh tir dau dén cudi [35].

e Kha ning mé rong: Viéc gui dir lidu tur thiét bi dau cudi 1én dam may tao
ra van dé vé kha nang mo rong khi sb luong thiét bi ting nhanh. Diéu nay
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c6 thé gy tic nghén mang va str dung khong hiéu qua tai nguyén néu nhu
khong phai tat ca dir liéu déu can dugc xir Iy béi md hinh hoc sau. Piéu
nay dic biét nghiém trong véi cac ngudn dir liéu yéu cau bing thong cao
nhu ludng video.

e Riéng tu: Viéc guri dit liéu 1én ddm may lam day 1én cac lo ngai vé quyén
riéng tu cia nguoi dung, dac biét khi dit li¢u chira thong tin nhay cam nhu
khuon mat hay giong néi. Vi dy, viéc trién khai cac camera va cam bién
tai thanh phd thong minh & New York di gy ra nhiéu lo ngai tir cac to
chtic bao vé quyén riéng tu [36].

Dién toan bién (Edge Computing) duoc xem 1a mot giai phap kha thi dé giai
quyét cac thach thirc néu trén. Trong md hinh nay, cic tai nguyén tinh toan
duoc trién khai gén véi cac thiét bi dau cudi [37]. Vi du, mot nut tinh toan bién
6 thé duoc dat cung voi tram géc di dong, céng [oT hodc tai mdt mang ndi bd
nhu truong dai hoc. Hién nay, cac doanh nghi¢p 16n da bat dau trién khai dién
toan bién — vi du, mot nha cung cép dich vu di dong 16m tai My va mot chudi
ctra hang thic an nhanh qudc gia da trién khai hé thong tinh toan bién riéng
[38], [39].

o D¢ gidi quyét van dé do tré, dién toan bién cho phép xu ly dir liu gan
nguon phat sinh, nho d6 giam thoi gian truyén va hd tro cac dich vu thoi
gian thyec.

e Vi kha nang mé rong, dién toan bién tao nén mot kién triic phan cap gitra
thiét bi dau cudi, nat bién va trung tam dir liéu dam may, tir d6 giam tai
mang trung tdm va ting hiéu qua hé thong.

e Ddi vai riéng tu, viéc xu 1y dir liéu ngay tai thiét bi hoac may chu bién
dang tin cdy gitp tranh viéc truyén tai qua Internet cong cong va giam ruai
ro bi tn cong hay 0 ri dir lidu.

Tuy nhién, d¢ hién thuc hoa hoc sdu trén thiét bj bién, van con nhiéu thich
thire ky thuat can giai quyét. Mot trong nhing thach thire chinh 14 viéc dap ung
y€u cau tai nguyén lon cua hoc sau trén cac thiét bi bién c6 kha nang tinh toan
han ché. Cac thiét bi nay rat da dang, tr may chu bién c6 GPU dén smartphone
v6i bo xir Iy di dong, tham chi 1a cac thiét bi ti gian nhu Raspberry Pi. Thach
thirc thir hai 1a lam thé ndo dé cac thiét bi bién phdi hop v6i nhau va véi dam
may trong dleu kién tai nguyén va mang khong ddng nhat, nham dam bao hi¢u
suat toi wu & cap do tng dung. Cubi cung, du dién toan bién gip cai thién van
dé riéng tu, nhung mot s dir liéu van can trao ddi gilta cac thiét bi hodc vai
dam may, gay ra rui ro bao mat.

Céac nha nghién ctru di dé xuét nhiéu cach tiép can khac nhau dé giai quyét
cac thach thirc nay, tir thiét ké phan clng, klen trac hé théng dén mo hinh 1y
thuyét va phan tich. Muc tiéu cua bai viét gbc 1a khao sat cac nghién ctru nim
tai giao diém gitra hai xu hudng 16n: hoc sau va dién toan bi€n, dic biét tap
trung vao khia canh phan mém va céc thach thuc dic thu trong linh vuc nay.
Mic du da co nhiéu khéo sat chuyén siu riéng biét vé hoc sau [40] va dién toan
bién [41], [42], bai viét nay tp trung vao phan giao nhau gitra hai linh vuc.

Hoc sau trén thiét bi bién co nhleu diém tuong dong nhung ciing c6 su khac
biét v&i cac chu dé nghién ctru truyén théng khéac. So véi dién toan ddm may (vi
du nhu m6 hinh “machine learning as a service”), dién toan bién mang lai lgi
ich vé d6 tré thip va kha ning dinh vi theo khong gian — nhiing loi thé da duoc
tan dung trong nhiéu nghién ctru [43]. Mot sd cong trinh con két hop ca dién
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toan bién va dién toan dam maAy, tao nén cac kién tric lai edge-cloud [44]. So
v6i cac phuong phap hoc méy truyén théng (ngoai hoc sau), hoc sau doi hoi tai
nguyén 16n hon, nhung cAu trac ndi tai ctia hoc sdu c6 thé duoc khai thac dé
giam tai tinh todn [45, 46]. Ngoai ra, di¢n todn bién con cd nhitng thach thuc
dic thu do viéc chia sé tai nguyén tinh toan va truyén thong giita nhiéu thiét bi.

Mot s6 nghién curu toi wu trén thiét bi bién

Nhiéu nghién ctru di tip trung vao viéc giam do tré cia deep learning khi
trién khai trén thiét bi tai nguyén han ché (xem Fig. 1), tr d6 cai thién hiu nang
cho toan h¢ sinh thai edge. Mot huong tiép can pho bién 1a thiét ke mo hinh véi
it tham s6 hon nhim giam b nhd va thoi gian thuc thi ma van gitt duoc do
chinh xac cao, vi du nhu MobileNets [21], SSD [69], YOLO [18] va
SqueezeNet [70], cdc md hinh ndy c6 san trén TensorFlow [24] va Caffe [28].
Mot hudéng khac 14 nén mé hinh, gdbm luong tir hoa tham sé (bién sé thyc thanh
s6 nguyén do dai bit thap dé giam phép toan), cit tia tham sb (loai cac trong sd
it quan trong) [71], [73], va rat gon kién thirc (huan luyén mang nho bat chudc
mang 16n) [75]. DeeploT [34] d& xuat phuong phap pruning cho thiét bi IoT,
Lai va Suda [72] cung cip CMSIS-NN cho ARM Cortex-M, Han et al. [73] két
hop pruning va quantization cho RNN giup ting tdc 10x va 2x, Bhattacharya
va Lane [74] sparsify mang fully connected cho thiét bi deo. Adadeep [77] tu
dong chon ky thuat nén phu hop tai nguyén, DeepMon [78] két hop
quantization va cache ting trung gian trén GPU dé tranh tinh toan lai gitra cac
khung hinh. Vé phan cimg, cac hing di phat trién chip chuyén dung nhu
Google TPU [79], ShiDianNao [80] (nhim dén truy cap bo nho hiéu qua cho
thiét bi nhung), FPGA [82] giup xur Iy nhanh va tlet ki€ém dién hon so voi
CPU/GPU truyén théng. Cac cong cu hd tro di kém gdm Intel OpenVINO [83],
[84], Nvidia EGX [85], Qualcomm Neural Processing SDK [86],
RSTensorFlow [87]. Lane et al. [88] con dé xuét chia nhd DNN va gan cho
CPU/GPU cuyc bd dé tang tdc. Tong quan chi tiét vé ting toc phan cimg da co
trong khao sat ctia Sze et al. [89], do d6 bai bdo nay tap trung vao gidi phép
phan mém.

Bang 1.1: Tong hop cac nghién ctru lién quan dén ting téc mo hinh hoc sau

trén thiét bi bién

Nghién ctru MO hinh hoc séu Ung dung Thiét bi bién Phuong phép t6i

uu

Taylor [72] MobileNet [47] Phan loai hinh anh | NVIDIA Jetson lua chon mo hinh

TX2

DeeploT [73] LeNet5 [74], Nhéan dang van Intel Edison cit tia mo hinh

VGGNet, ban, hinh anh, computing (model pruning)
BiLSTM [75], giong noi platform

7-layer CNN phén loai anh Arm Cortex-M luong tir hda mo
hinh (model
quantization)




H thosg phedn hifn 16 i@ qui Chmcrs

Teén thie by Bedn ieng Spng K7 thadl char e oo e

ESE [58] LSTM [76] nhén dang giong XCKUO060 FPGA | cit tia va luong tir
nodi hdéa mo hinh
Bhattacharya [59] | AlexNet [77], nhéan dang giong Qualcomm lam thua mo hinh
VGGNet [78] no6i, hinh anh Snapdragon (model
400/Nvidia Tegra | sparsification)
K1/ARM Cortex
MO and M3
Adadeep [60] LeNet, AlexNet, phan loai hinh dién thoai’ thong Iva chon mo hinh
and VGGNet anh, am thanh, minh, thiét b1 deo,
hanh vi bang phat trién,
thiét bi nha thong
minh
DeepMon [61] Yolo [49], phat hién d6i Samsung Galaxy | GPU
MatConvNet [79] | tuong S7
RSTensorFlow 24-layer CNN, phén loai hinh anh | Nexus 6 and GPU
[69] LSTM va cu chi tay Nexus 5X
DeepX [70] AlexNet nhén dang giong Qualcomm bg xur ly khong
n6i, hinh anh Snapdragon dong nhat
800/Nvidia Tegra | (heterogeneous
K1 processors)

1.4.
1.4.1.

Tf‘mg quan vé chit lgc tri thire

Gidi thigu vé chiit loc tri thikc

Chat loc tri thirc 12 mot ky thuat tién tién trong linh vuc hoc may, nham muc
tiéu chuyén giao kién thirc tir mot mo hinh 16n da dugc huan luyén tét (dugc
goi 1a mo hinh gido vién) sang mot mo hinh nhé hon, hi¢u qua hon (goi 1a mo
hinh hoc tro). Qua trinh nay ddc biét quan trong trong nhiing truong hop khong
thé trién khai cac mo hinh 16n do gi6i han vé tai nguyén, chang han nhu trén
thiét bi di dong hoac h¢ thong nhung. KD cho phép mé hinh hoc tro dat dugc
hiéu suit gan tuong duong véi mo hinh gido vién, dong thdi giam yéu cau vé
tinh toan va by nhd. Khai niém nay duoc gidi thi€u boi Hinton et al. vao nam
2015 [80], tan dung cac dau ra (output) cia mo hinh gido vién dé huong dan
viéc hudn luyén mé hinh hoc trd. Phuong phap nay da thu hat nhiéu sy quan
tam trong cong dong nghién ctru, dong gdp dang ké vao cac ky thudt nén mo
hinh va suy luan hiéu qua.

Ung dung chinh ctia KD khong chi dimg lai ¢ viéc nén moé hinh. KD con
dugc st dung trong cac tinh huéng dit liéu huén luyén bi han ché hoac tén kém
dé thu thap. Bang cach tdn dung mé hinh gido vién dd huan luyén trudc d6, méd
hinh hoc tro c6 thé hoc hiéu qua tr cac dy doan cua thay, tir d6 cai thién kha
nang tong quat hoa. Ngoai ra, KD rét hitu ich trong viéc chuyén giao kién thuc
chuyén nganh tir m6 hinh duoc huén luyén trén tap dit liéu 16n, da dang sang
md hinh hoc trd duge tinh chinh cho mét tac vu cu thé. Tinh linh hoat nay khién
KD tré thanh mot céng cu manh mé trong nhiéu Gmg dung nhu xur ly ngdn ngir
tu nhién, thi gidc may tinh va hé thdng tu hanh, noi yéu cau mé hinh vira chinh
xac vura hiéu qua.

Trong tam cua kién thirc chat loc 1a do léch Kullback-Leibler (KL
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divergence) — mot thude do thdng ké dung dé dinh lugng sy khac biét giita hai
phan phdi xac suat. Trong bdi canh KD, KL divergence déng vai trd quan trong
trong viéc déng bd hoa phan phdi dau ra ctia mo hinh gido vién va mé hinh hoc
tro. V& mit toan hoc, KL divergence giita hai phan phdi xac suét P (thdy) va Q
(trd) dugce dinh nghia nhu sau:

Du(P1@) = 3P iog (1) (0

Cong thire trén tinh toan do 1éch twong d6i (relative entropy), cung cap mot
chi 80 v€ viéc mot phan ph01 xéc sudt 1éch bao nhiéu so voi phan ph01 ky vong.
Trong thyc té, viéc toi thiéu hoa KL divergence gitip dam bao rang phan phoi
d4u ra ciia md hinh hoc tro tiém can phan phéi cua mo hinh gido vién. Sy déng
bd nay thuong dugce dat duoc bang cach két hop ham mat mat entropy chéo
(cross-entropy loss) — do do chinh xac cua md hinh hoc tro — véi KL divergence
— khuyén khich mé hinh hoc tro mé phong hanh vi ctia mé hinh gi4o vién.

Ham muc tiéu (objective function) cia KD c6 thé dugc biéu dién nhu sau:

'C - ﬁsup(iyia Z;S) + A Edistill(ziTa Zf)(Q)

Trong d6, thanh phan dau tién biéu dién ham mat mat c6 giam sét giira nhan
that va du doan cua mé hinh hoc tro, thanh phén thtr hai 14 mat mat chat loc
gitta ddu ra cia mo hinh gido vién va hoc tro. Siéu tham sd A (lambda) duoc
dung dé can bang muc d6 anh hudng ciia hai thanh phan mat mat nay. Bang
cach diéu chinh hop Iy A, mé hinh hoc tro co thé hoc tdt ca tir nhan thyc té va tir
mo hinh gido vién, tir d6 dat duoc hiéu suit va kha ning khai quat hoa t6t hon.
Cdc nghién ciru lién quan vé chit loc tri thirc

T6i khao sat 13 phuong phap KD tién tién, cung v6i hai phwong phap méi 1a
Relational Representation Distillation (RRD) va Invariant Consistency
Distillation (ICD). Duéi day 1a tom tat cac phuong phap:

e KD (Hinton et al.) [80]: Phuong phap nén tang, sir dung cac “nhén mém”
(soft labels) tir mo hinh gido vién dé huan luyén mé hinh hoc tro bang
cach tbi thiéu héa Kullback-Leibler divergence giita phan phdi dau ra cta
hai mo hinh.

e FitNet [81]: Str dung c4c ting trung gian ctia md hinh gido vién lam tin
hiéu hudéng dan dé hoc trd hoc cac biéu dién dic trung trung gian.

e Paying More Attention to Attention [82]: Truyén ban do chu y (attention
maps) tr mo hinh gido vién sang hoc trd, gitip hoc tro tap trung vao cac
vung dit liéu quan trong giéng nhu thay.

e Similarity-Preserving KD [83]: Duy tri tinh twong dong gitta cac dic
trung (feature similarity) ciia mé hinh gido vién va hoc trd nham bao toan
thong tin quan hé giita cac mau.

e Correlation Congruence for KD [84]: Can chinh ma tran twong quan gitta
cac biéu dién cua thiy va tro dé truyén dat cau tric twong quan gitta cac
dac trung.

e Variational Information Distillation for Knowledge Transfer [85]: Tdi da
hoa thong tin tuong hd (mutual information) giira biéu dién cua thiy va
tro bang suy luan bién phan.

e Relational KD [86]: T4p trung vao viéc truyén tai cdu trac quan hé giira
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cac diém dir liéu (relational knowledge) tir thy sang tro.

Probabilistic Knowledge Transfer for Deep Representation Learning [87]:
Str dung khung xac suat dé truyen kién thirc bang cach khép phéan phdi
x4c sudt cua dic trung giita thay va tro.

Activation Boundaries Formed by Hidden Neurons [88]: Huéng dan mo
hinh hoc trd bat chudc ranh giéi kich hoat (activation boundaries) dugc
hinh thanh béi cic neuron an cia m6 hinh giao vién.

Factor Transfer [89]: Trich xuét cac thanh phan nhan tb (factors) tir biéu
dién cia mo hinh gido vién va truyén chung sang mé hinh tro, giup don
gian héa qua trinh truyén tai.

Flow of Solution Procedure [90]: Cin chinh "qua trinh giai quyét" giira
hai m6 hinh, tirc 14 md hinh trd duoc huin luyén dé di theo 16 trinh suy
luan giéng nhu thay.

Neuron Selectivity Transfer [91]: Truyén mé hinh kich hoat neuron
(neuron selectivity) tir thay sang tro nhim bét chudc co ché kich hoat ra
quyét dinh.

Contrastive Representation Distillation [92]: Két hop hoc twong phan
(contrastive learning) trong chit loc, gitp hoc trod hoc céac biéu dién dic
trung phan biét tt hon.

Output
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Hinh 1.1: M6 hinh Student va Teacher dugc huin luyén riéng biét bang loss

giita output va ground truth. Khong c6 chit loc tri thirc



Hit thibege phedn e 18w qua camers trisn thidl by bién ing Sung k7 thadl chdt e e thine

Output

=
Vs 7 \ Layer Targets
[ Teacher \
\ L /
S
N Distil|ation
Lass

"/Student N
|:| Convad
I:‘MaxPoolzd
Loss:
I:‘ Flatten
D Linear
L v

Hinh 1.2: M6 hinh Student hoc theo output (logits) cua Teacher bang cach
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Hinh 1.3: Student hoc theo dac trung trung gian (intermediate features) cua
Teacher sau budc pooling thong qua cosine loss
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Hinh 1.4: M6 hinh Student mo phdng feature maps cua Teacher ¢ 16p
convolution st dung MSE loss

So sanh thyc nghiém trén tdp CIFAR-100 cho thdy cac phuwong phap RRD
va ICD consistently outperform cic phuong phép truyén thong nhu FitNet, AT,
SP trong hau hét cac cip mo hinh gido vién-tro; khi két hop véi phuwong phap
KD goc (RRD+KD, ICD+KD), hi¢u suit con ting manh hon, vuot qua ca cac
phuong phap tién tién nhu CRD+KD; dang chii ¥, trong mét sb truong hop, mo
hinh hoc tro huin luyén bang RRD+KD hodc ICD+KD con vuot qua ca mo
hinh gido vién, cho thdy kha ning tong quat hoa vuot troi; so voi CRD — mot
trong nhitng phuong phap manh nhét hién nay — ca RRD va ICD van dat do
chinh xac twong duong hodc cao hon, chirng minh tinh hiéu qua ctua cac nguyén
ly tinh nhat quan quan hé (relational consistency) va tinh bat bién (invariance
consistency) trong KD.
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Teacher wrn-40-2  wrn-40-2  resnet56  resnet110  resnetl10  resnet32x4  vggl3
Student wrn-16-2 wrn-40-1 resnet20 resnet20 resnet32 resnet8x4 vgg8

Teacher 7561 7561 72,34 74.31 74.31 79.42 74.64
Student 73.26 71.98 69.06 69.06 71.14 72.50 70.36
KD 7492 73.54 70.66 70.67 73.08 73.33 72.98
FitNet 73.58 7224 69.21 68.99 71.06 73.50 71.02
AT 74.08 7277 70.55 70.22 7231 73.44 71.43
SP 73.83 7243 69.67 70.04 7269 72.94 72.68
CcC 73.56 72.21 60.63 60.48 7148 7297 70.71
VID 74.11 73.30 70.38 70.16 7261 73.09 71.23
RKD 7335 7222 69.61 69.25 71.82 71.90 71.48
PKT 74.54 7345 70.34 70.25 7261 73.64 72.88
AB 72.50 7238 69.47 69.53 70.98 73.97 70.94
FT 73.25 71.59 69.84 70.22 T2.37 72.86 70.58
FSP 72.91 N/A 69.95 70.11 71.89 72.62 70.23
NST 73.68 72.24 69.60 69.53 71.96 73.30 71.53
CRD 75.48 7414 71.16 7146 7348 5551, 73.94
CRD+KD 75.64 7438 71.63 71.56 73.75 75.46 74.29
ICD 7492 73.69 71.18 71.00 73.11 74.23 72.98
ICD+KD 76.06 7476 71.81 71.57 7362 74.99 73.83
RRD 75.01 {7255 70.71 70.72 73.10 74.21 73.99
RRD+KD 7566 73.77 b i 71.62 7348 74.86 74.32

Hinh 1.5: So sanh cac phuong phap chit loc tri thirc trén cting mét kién tric

mo hinh
Teacher vggl3 ResNet50 ResNet50 resnet32x4 resnet32x4 wrn-40-2
Student  MobileNetV2 = MobileNetv2 vgg8 ShuffleNetv1  ShuffleNetv2 = ShuffleNetVv1
Teacher 74.64 79.34 79.34 79.42 79.42 75.61
Student 64.60 64.60 70.36 70.50 71.82 70.50
KD 67.37 67.35 73.81 74.07 74.45 74.83
FitNet 64.14 63.16 70.69 73.59 73.54 73.73
AT 59.40 58.58 71.84 L1173 7273 73.32
SP 66.30 68.08 73.34 73.48 74.56 74.52
e 64.86 65.43 70.25 71.14 71.29 71.38
VID 65.56 67.57 70.30 73.38 73.40 73.61
RKD 64.52 64.43 71.50 72.28 FIEZN 7221
PKT 67.13 66.52 73.01 74.10 74.69 73.89
AB 66.06 67.20 70.65 £3.55 7431 73.34
FT 61.78 60.99 70.29 71.75 72.50 72.03
NST 58.16 64.96 71.28 74.12 74.68 74.89
CRD 69.73 69.11 74.30 75.11 75.65 76.05
CRD+KD 69.94 69.54 74.58 75.12 76.05 76.27
ICD 68.22 67.39 73.85 74.07 75.23 74.98
ICD+KD 69.37 69.28 73.88 75.27 76.53 76.39
RRD 67.93 68.84 74.01 74.11 74.64 74.98
RRD+KD 69.93 69.13 74.26 74.78 75.78 76.31

Hinh 1.6: So sanh cac phwong phap chit loc tri thirc trén cac kién triic mo
hinh khac nhau
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Dir li€u té nga

Bang 1.2 so sanh nam bo dir lidu té ngd phd bién dua trén tinh cong khai, da
dang bbi canh, sd lwong nguoi tham gia, sd 16p va sb video. Tat ca déu duogc
cong khai. GMDCSA24 va FallVision c6 d6 da dang cao voi nhiéu 16p va
video. FallVision c6 s6 video 16n nhit (6,864), trong khi CAUCAFall co it bbi
canh nhat. UPFall va URFall can bang vé so 16p va khung canh.

CAUCAFall [93]: Puogc ghi hinh trong méi truong gia dinh thuc té voi diéu
kién anh sang va goc nhin thay doi; khéng da dang vé khung canh nhung c6 sy
da dang vé ngudi; gom 10 16p (5 fall, 5 ADL), tong 160 video; phu hop vai
nghién cru mé phong diéu kién doi song that. | GMDCSA24 [94]: Da dang
nhat vé s 16p (32) va co nhiéu khung canh, nhiéu ngudi tham gia; tuy sb video
khong qué nhiéu (162), nhung rat phu hop dé hudn luyén va danh gid mé hinh
da phén l6p. | FallVision [95]: C6 s6 lugng video lon nhat (6,864) nhung chi
gbm 4 16p; da dang vé khung canh va nguoi; ly tuong dé huan luyén mo hinh
deep learning yéu cau dir liéu 16n. | URFall [96]: Gom 2 16p véi 100 video; co
nhiéu ngudi va khung canh; thuong dung nhu bo dir liéu benchmark co ban dé
danh gia phuong phap méi. | UPFall [97]: Can bang tdt giita sd 16p (11), so
video (1,007), ngudi va bdi canh; phu hop cho ca m6 hinh hoc may truyén
thong va hién dai; thich hop dé phan biét nhiéu loai hanh vi té nga va hoat dong
thuong ngay.

Bang 1.2: So sanh cac bo data duoc st dung trong bai toan nhan dién té nga

Bo dit liéu | Pugc dang | Nhiéu khung canh | Nhiéu Nguoi | S6 S6
cong khai | (Cross-background | (Cross-person) | 16p | video
(Public
dataset)
CaucaFall Co Khong Co 10 160
[93]
GMDCS Co Co Co 32 162
A24 [94]
FallVision Co Co Co 4 6,864
[95]
URFall Co Co Co 2 100
[96]
UPFall Co Co Co 11 1,007
[97]




He thoeg phean lifn 16 i@ qua Chmces rén thiét by Badn ieng ung K§ ot chian e oot

q

Hinh 1.7: Minh hoa b dir liéu CaucaFall

Subject 1

Subject 2

Subject 3

Subject 4

L.mpd 2.mp4 19.mp4

f T

Hinh 1.9: Minh hoa b dir liéu FallVision Hinh 1.10: Minh hoa b6 dit liéu URFall
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Hinh 1.11: Minh hoa bd dir liéu UPFall

CHUONG 2: CO S(jf LY THUYET & CAC NGHIEN
CUU LIEN QUAN

Bai toan nhan dién hanh dong (Human Action Recognition - HAR)

Nhéan dang hoat dong cia con ngudi (HAR — Human Activity Recognition)
dé cap dén qué trinh nhan dién va phan loai c6 h¢ théng cac hoat dong duogc
thuc hién boi con ngudi dya trén dir lidu thu thap tir nhiéu loai cam bién khéc
nhau [98]. Pay 1a mot linh vuc nghién ctru lién nganh giao thoa gitra khoa hoc
may tinh, k¥ thuat va khoa hoc dir li¢u nham giai ma cac mau tin hiéu trong dit
liéu cam bién va lién hé chung vé6i nhitng chuyén dong hodc hanh vi cy thé cia
con ngudi. TAm quan trong cua HAR ngdy cang duoc thé hién rd nét trong bdi
canh cac thiét bj deo, cam bién di dong va méi trudng Internet van vat (IoT)
phat trién manh mé. Viéc nhan dang chinh x4c hoat dong ciia con ngudi khong
chi nang cao trai nghiém nguoi dung va kha nang ty dong hoa, ma con hd trg
trong nhiéu Gmg dung doi hoi hiéu biét vé hanh vi con nguoi.

HAR c6 nhiéu ung dung da dang, bao gom theo ddi sirc khoe, nha thong
minh, gidm sat an ninh, phan tich thé thao va twong tic ngudi-may. Vi duy,
trong linh vuc cham soc strc khoe, HAR c¢6 thé hd tro theo ddi tir xa ngudi cao
tudi hodc bénh nhan mic bénh man tinh, gitp can thiép kip thoi va giam tai
nhdp vién. Tuong tu, trong cac ngodi nha thong minh, viéc nhan dang cac hoat
dong thuong ngay gitp tiét kiém ning luong, ting su thoai mai va cai thién an
toan. Trong linh vuc thé thao, HAR hd tro van dong vién hoan thién k¥ thuat va
tu thé, cung cép phan hoi theo thoi gian thyc. Ngoai ra, trong giam st an ninh,
cac hanh vi bat thudng co the dugc phat hién kip thoi, dam bao phan img nhanh
chéng. Téom lai, HAR c6 tiém ning mang tinh chuyén ddi trén nhiéu linh vuyc,
g6p phan xay dung mot méi trudng phan hoi tét va trie quan hon [99].

Mot vi du vé HAR 14 viée sir dung cac thiét bi deo nhu dong ho théng minh
hodc thiét bi theo ddi strc khoe dé giam sat va phan loai hoat dong nguoi dung,
nhu dugc minh hoa trong Hinh 2.1 Cac thlet bi nay thuong tich hop nhiéu loai
cam bién, pho bién nhat 1a cam bién gia téc (accelerometer) va con quay hodi
chuyén (gyroscope), lan lugt do gia toc tuyén tinh va vén tdc goc. Dir liéu cam
bién thoé duogc thu thap theo cac khoang thoi gian dinh trude, tao thanh mot tap
dir liéu chudi thoi gian [100-103]. Vi dy, cam bién gia tdc tao ra dir li¢u ba truc
tuong tmg voi gia toc theo cac truc x, y va z. Trude khi trich xuat ddc trung,
thuong tién hanh mot sb budc tién xur 1y. Trong cac ing dung HAR tiéu chuan,
vi€c lya chon dac trung dau vao va chuan hoa dix liéu 1a yéu t then chét quyét
dinh hiéu suét ciia thuat todn hoc may [104]. Dit liéu chudi thoi gian tho thuong
nhidu va c6 thé chira nhitng dao dong khong lién quan, vi vay can duoc loc,
thuong bang bo loc thong thip dé loai boé nhidu tan sd cao [105]. Sau d6, dong
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dir li¢u lién tuc dugc phan doan thanh cac ctra ) chéng lap nhau, mdi cira 6
dai dién cho mot khoang thoi gian nhat dinh (vi du: 2,56 gidy v6i 50% chong
lap). Ky thuat phan doan nay gilp trich xuat cac dac trung cuc bd phan anh rd
rang mo hinh hoat dong. Vi moi cua s0, nhiéu dic trung duoc tinh toan. Cac
dic trung mién thoi gian nhu gia tri trung binh, phuong sai, do léch chuan va
trong quan gitra cac tryc la pho bién. Cac thuét toan truyén thong nhu may
vector hd trg (SVM), cdy quyét dinh, rimg ngiu nhién va k-lang giéng gin
(k-NN) d3 duoc 4p dung rong rdi. Tuy nhién, voi sy phat trién cua hoc sau, cac
phuong phap nhu mang no-ron tich chap (CNN) va mang no-ron hoi tiép
(RNN) ciing trd nén nodi bat nhd kha niang mé hinh héa méi quan hé thoi gian
phuc tap. Sau khi huan luyén, mé hinh c6 thé phan loai dit liéu dau vao thanh
cac 10p hoat dong da dinh san nhu di b, chay, ngéi hoac dung. Do chi tiét va
chinh xac cua viéc phan loai phu thudc vao chét lugng dir 1i€u, dac trung dugc
trich xuét va hiéu qua cua thuat toan dugc lya chon. Tom lai, HAR sir dung
thiét bi deo bao gdbm mot quy trinh c6 hé théng tir thu thap dit liéu cam bién tho
dén phén loai hoat dong, dua trén cac phuong phap va thuit toan tinh toan tién
tien.

Raw Data - m .
M Data Preprocessin Machine Learning
Collection = : Algorithms Inference

_ g @ Segmentation ®
ok © ) - ) .
Bl *li th @ B Oqo

-

Hinh 2.1. Quy trinh tong quat ctia cac tic vu nhan dang hoat dong con
nguoi. [109]

Trong mot khao sat dugc thuc hién boi [105] vé HAR duya trén thi giac may
tinh, cac tac gia da chi ra nhitng phat hién tir cac khao sat lién quan dén chu dé
HAR. Cu thé, thong ké cac khao sat lién quan tir nam 2010 dén 2019 cho thiy
phan 16n cac khao sat tap trung mo ta chi tiét mot s6 khia canh cy thé cia HAR
[105-109], thay vi cung cip cai nhin tong quan rong hon vé chu dé nay. Toi cho
rang dé ngudi doc ndm duoc xu hudng gan day trong linh vuc nay, can nhiéu
cong trinh hon mo ta pho rong cac phuong phap va thlet 1ap dugc st dung trong
ting nhanh cua HAR. Bai bao nay lap day khoang trong trong thu muyc tai liéu
bang cach cung cap cai nhin téng quan vé nhiéu phuong phap HAR, sir dung
nhiéu loai cam bién va phuong thirc khac nhau, giup ngudi doc xac dinh duoc
nhiing 16 hong con lai trong nghién ciru.

Vi pham vi img dung rong 16n cua HAR khi két hop céac k¥ thuat hoc may,
t61 da t6 chirc khao sat theo hudng phan biét rd rang giira cac phuong phap dua
trén cam blen va cac phuong phap duya trén thi giac. Mot dong gop noi bat khac
ctia bai viét 13 viéc st dung cac mo hinh ngon ngir 16n (LLM) dé trich xuét tir
khoa lién quan va tra 1oi cau hoi, tir d6 hd tro viée sip xép va loc co so dir licu
bai bao mot cach hi¢u qua.

Bai toan wéc hrong tu thé co thé ngudi (Human Pose Estimation - HPE)
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Uéc luong tu thé con nguoi (Human Pose Estimation - HPE) 1a mét chu dé
da dugc nghién ciru rong rii trong linh vuc thi gidc may tinh. N6 lién quan dén
viéc wdc luong ciu hinh cia cic bo phan co thé nguoi tir dit liéu dau vao dugc
thu nhan tir cdc cam bién, ddc biét 1a tir hinh anh va video. HPE cung cip thong
tin hinh hoc va chuyén dong cua co thé ngudi, va da duoc ing dung vao nhleu
linh vyc khac nhau nhu twong tac ngudi-may, phan tich chuyén dong, thuc té
tang cudng (AR), thuc té a0 (VR), y té, v.v.

Vé6i sy phat trién nhanh chong cua cac giai phap hoc sau trong nhitng nim
gin day, cac phuong phap nay da ching minh kha ning vuot troi so véi cac
phuong phap thi gidc may tinh truyén théng trong nhiéu tac vu nhu phéan loai
anh [110], phan doan ngit nghia [111] va phat hién ddi tuong [112]. Nhirng tién
bo dang ké va hiéu suét an tuong da dat dugc khi ap dung hoc sau vao cac bai
toan HPE. Tuy nhién, van con nhiéu thach thirc can vuot qua nhu hién tuong
che khuat (occlusion), thiéu dir liéu huin luyén va su mo ho vé do6 sau (depth
ambiguity).

Doi véi HPE 2D tir hinh anh va video v6i nhan tu thé 2D, viéc thuc hién 1a
kha dé dang va cac md hinh hoc sau da dat hiéu suét rat cao trong udc lugng tu
thé cua mot nguoi don 16. Gan day, su chu ¥ chuyén hudng sang cac bai toan
kho hon nhu HPE da ngudi trong nhitg bdi canh phirc tap véi mirc do che
khut cao.

Nguoc lai, vo1 HPE 3D, viéc thu thap nhan tu thé 3D chinh x4c kho khin
hon nhiéu so v6i nhin 2D. Cac hé théng ghi lai chuyén dong (motion capture
systems) c6 thé thu thap nhan 3D trong moi trudng phong lab c6 kiém soat; tuy
nhién, chung c6 nhitng han ché khi ap dung trong moi trudng thuc té
(in-the-wild). Dbi v6i HPE 3D tur hinh anh RGB don (monocular), thach thic
chinh nim ¢ sy mo hdé vé do siu. Trong cac thiét lap nhleu gbéc nhin
(multi-view), viéc lién két giita cac goc nhin 1a van dé cbt 16i can duoc giai
quyét.

Mot s6 nghién ciru d3 st dung cac loai cam bién nhu cam bién do sau (depth
sensors), don vi do luong quén tinh (IMUs), va th1et bi tan s6 vo tuyen (RE),
nhung cic phuong phap nay thuong khong hiéu qua vé chi phi va yéu cau phan
cing chuyén dung.

Trudc toc do phat trlen nhanh chong trong nghién ciru HPE, bai bao nay cb
ging theo ddi nhiing tién bd gan ddy va tong két cac thanh tyu dat duoc, nham
cung cip mot cai nhin rd rang vé hién trang nghién ctru trong linh vuc wdc
luong tu thé con nguoi dya trén hoc sau, ca ¢ khia canh 2D va 3D.

2.3. Chiit lgc tri thirc trong HAR

KD di déng vai tro then chdt trong viée nén mé hinh va suy ludn hiéu qua
[80]. Phuong phap ndy cho phép chit loc tri thire tir mot mé hinh gido vién
(teacher) phirc tap, hiéu suét cao sang mot mo hinh hoc sinh (student) nho gon
va hiéu qua hon, trong khi van gitt duoc mirc do hiéu suit.

Theo thoi gian, nhiéu céi tién di duoc dé xuat dé hoan thién KD, tap trung
vao cac yéu td nhu ham mat mat, rat trich dic trung (feature-based distillation),
chit loc tri thirc theo quan hé (relational knowledge transfer), va hoc dbi khang
(adversarial learning). Khung KD nén tang do Hinton va cong su dé xuét sir
dung cac “muc tiéu mém” (soft targets) dugc sinh ra tir mo hinh giao vién, giip
m6 hinh hoc sinh hoc duoc cac biéu dién hiéu qua hon. Phuong phap nay toi
thiéu hoa d6 1éch Kullback-Leibler (KL divergence) gitta phan phdi dau ra cua
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gido vién va hoc sinh [81, 82, 83].

Bén canh viéc chat loc tri thic truc tiép, cac phuong phap KD co6 cAu trac va
quan hé (relational and structural KD) di dugc phat trién dé nim bét cac phu
thudc phirc tap hon giita cac diém dir liéu [87, 88, 89]. Cung voi su phat trién
nhanh chéng cua hoc sdu, cac chién lugc sang tao da dugce dé xuat nham nang
cao hiéu qua cua KD [87, 88].

Mot sb nghién ctru di 4p dung KD trong nhin dang hanh dong. Thoker va
Gall [113] dé xuat KD xuyén phuong thirc (cross-modal distillation) dé chuyén
tri thue gitra cac loai dir liéu khac nhau. Vu va cong su [114] gioi thi¢u KD tu
hoc (self-knowledge distillation), cho phép md hinh cai thi¢én chinh n6 ma
khong can mang gido vién. Garcia va cong sy [115] 4p dung KD theo phuong
thirc véi cac mang da dong (multiple stream networks) dé t6i wu hoa hiéu suat.
Stroud va cong su [117] phat trién D3D — mot mang 3D duoc rat trich tri thic
cho nhan dang hanh dong tir video. Liu va cong su [117] tap trung vao KD theo
ting phan co thé (part-level distillation) nham nang cao kha nang nhén dang
hanh dong tir dit liéu khung xuong (skeleton) chat luong thap.

Tuy nhién, qua nghién ctru cta t6i, téi nhan thiy rang du cac phuong phap
KD da dugc ap dung rong rai trong nhan dang hanh dong, nhung van chua cé
nghién ctru tuong ty nao danh riéng cho céc bai toan con nhu phat hi¢n nga (fall
detection). Do do, toi dé xuit ap dung KD mot cach cu thé cho cac tap dir liéu
phat hién nga [95, 96, 97, 98, 99].

24. Bai toan Nhan dién té ngi (Fall Detection - FD) bang cong nghé CV

Phét hién ngi (fall detection) da duoc nghién ctru rong rdi, chu yéu thong
qua cac phuong phap dua trén thi giac may tinh st dung dir liéu RGB, d6 sau
(depth) va hdng ngoai (IR). Trong s6 do, dir liéu RGB 1a loai dugc st dung phé
bién nhat nho tinh sdn c6 va chi phi thap [24]. Cac phuong phap gan day tan
dung mo hinh hoc sau dé phan tich dic trung khong gian—thdi gian nham phéan
loai nga mot cach chinh xac [25, 26].

Cac phuong phap dua trén khung xuong (skeleton-based methods) da ndi 1én
nhu mot hudng tiép can cha dao trong nhan dang hoat dong con nguodi (HAR)
va phat hién ngd nhd vao nhitng vu diém vén co, nhu kha ning biéu dién dic
trung hiéu qua va dé dién giai [24]. Cac phuong phap nay thuong sir dung cac
k¥ thuat udc lugng tu thé co thé ngudi (pose estimation) nhu OpenPose [27] va
AlphaPose [28], cho phép trich xudt cic dic trung khong gian va thoi gian tir
hinh anh hoac video.

Trong nhan dang hoat dong, cdc m6 hinh nhu LSTM va GCN da dugc ap
dung dé nam bat cac phu thudc tuan tu (sequential dependencies) va quan hé do
thi (graph-based dependencies) trong dir liéu khung xuwong, ttr d6 cai thién hiéu
suét trong cac bai toan nhan dang hoat dong dong va phurc tap [29, 30].

Nhiéu nghién ctru di duogc thuc hién dé giam thoi gian xir Iy (runtime) cia
cac mo hinh phat hién ngd, tir d6 cho phép trién khai thoi gian thuc trén céac
thiét bi bién (edge devices). Vi dy, Ramirez et al. [17] st dung cac md hinh hoc
may co ban nhu SVM, KNN, RF va MLP & 16p phan loai, trong khi Noor et al.
[31] ap dung ky thuat luong hoa hau huan luyén (Post-Training Quantization)
dé giam do phirc tap cua mo hinh, hd tro viée trién khai trén thiét bi bién.
Chang et al. [32] t6i wu h6a mé hinh bang cach giam sb lugng tham sé dé ting
tinh twong thich voi phan cimg bién.
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Tuy nhién, cac hé théng phat hién ngd hién nay van chwa ap dung nhitng k¥
thuat t6i wu hoa huin luyén hién dai nham can béng gitra viéc giam do phuc tap
mo hinh va giir lai d6 chinh xac. Xuat phat tir khoang trong nay, t6i dé xudt ap
dung KD dé cai thién cac mo hinh phat hién nga.
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d using knee
Human skeleton detection X2,Y2.57
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Hinh 2.2. Quy trinh phat hién té nga don gidn dya trén khung xuong
nguoi. [17]

Mo hinh YOLO

Con nguoi thong qua vo nao thi gidc — mot vung chinh cua vé nao chiu trach
nhiém xtr 1y thong tin thi giac [118] — c6 kha ning quan sat, nhan biét [119] va
phan biét giira cac ddi tugng gan nhu tic thi [120]. Viéc nghién ctru cach hoat
dong bén trong cua vo nao thi giac va b ndo néi chung da mé duong cho sy ra
ddi cua cac mang no-ron nhan tao (ANNs) [121] cung véi vo sb kién trac tinh
toan thudc linh vuc hoc sau.

Trong thap ky vira qua, nhd nhiing tién bo nhanh chéng va mang tinh cach
mang trong linh vuc hoc sau [122], cac nha nghién ctru da tap trung vao viéc
mo phong hiéu qua hé thong thi gidc ctia con ngudi trén may tinh, tirc 1 giup
may tinh c6 thé phat hién cac d6i tuong quan tdm trong anh tinh va video [123]
—mot linh vuc dugc goi 1a thi gidc may tinh (Computer Vision - CV) [124].

CV hién 12 mét linh vuc nghién ciru pho bién dbi véi cac nha nghién ctru va
thyc hanh hoc sau trong thap ky nay. CV bao gdm cac phén nganh nhu phan
loai anh [125], phat hién dbi tugng [126], va phan doan dbi tuong [127]. Ca ba
linh vuc nay déu chia sé mot kién trac chung la sor dung mang no-ron tich chap
(CNNGs) [128]. CNNs duge coi 1a tiéu chuan méc dinh khi lam viéc voi dit lidu
hinh anh. So v6i cac phuong phap xu 1y anh truyén théng va phat hién thu
cong, CNN su dung nhiéu 16p tich chap két hgp voi cac cau trac gop (pooling)
nham khai thac cic dic trung ngir nghia sdu 4n trong ting diém anh cua hinh
anh [129].

Tri tué nhan tao (AI) d tim thy co hoi tung dung trong nhiéu nganh coéng
nghiép, tir nang luong tai tao [130,131], an ninh, y té [132] dén gido duc. Tuy
nhién, mot linh vuc co tiém nang 16n dé ty dong hoa bang CV la nganh san
xuat. Kiém tra chit luong (Quality Inspection - QI) 1a mét phan khong thé thleu
trong bat ky quy trinh san xuat nao nham dam bao tinh toan ven va su tin cdy vé
chat luong san pham ddi voi khach hang [133]. Nganh san xut ¢ pham vi 16n
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cho ty dong héa, tuy nhién, khi kiém tra bé mit san pham [134], cac khuyét tat
c6 thé ¢ hinh thai phirc tap [135], khién viéc kiém tra bang con ngudi tro thanh
mét nhiém vu khé khan véi nhiéu han ché nhu thién kién, mét moi, chi phi va
thoi gian chét [136].

Nhitng han ché nay tao diéu kién cho cac giai phap dua trén CV cung cap
kha ning kiém tra chat lugng tw dong cé thé tich hop vao cac quy trinh kiém tra
khuyét tat bé mat hién tai, tir d6 ting hiéu suat va loai bo cac nut that c¢d chai
clia cac phuong phap kiém tra truyén thong [137].

Tuy nhién, dé thanh cong, cac kién tric CV phai tudn theo mot bd yéu cau
trién khai nghiém ngit, co thé khéc nhau gitra cac linh vyc san Xuét [138].
Trong phan 16n cac Gmg dung, yéu cau khong chi la xac dinh sy ton tai cua
khuyet tat ma con phat hién nhiéu khuyet tat cung voi vi tri cu thé cua timg
khuyét tat [139]. Do d6, phat hién dbi twong (object detection) dugc wa chudng
hon so v&i phan loai anh vi phan loai chi dua ra két luan c6 hay khong ddi
trong ma khong cung cip thong tin vi tri. Cac kién tric trong linh vuc phat hién
dbi tugng dugc chia thanh hai loai: b phat hién mdt giai doan (single-stage) va
hai giai doan (two-stage) [140].

B§ phat hién hai giai doan chia qua trinh phat hién thanh hai budec: trich
xudt/dé xudt dic trung, sau d6 1a hdi quy va phan loai dé dua ra dau ra [141].
Mic du diéu nay cé thé mang lai d§ chinh xac cao, nhung di kéem véi d6 1a chi
phi tinh toan 16n, khién né khong hiéu qua cho trién khai thoi gian thyc trén cac
thiét bi bién c6 giéi han. Nguoc lai, cac bo phat hién mot giai doan két hop hai
budc nay lai thanh mot, cho phép phan loai va hoi quy trong mot luot duy nhét,
tir 6 giam dang ké yéu ciu tinh toan va phu hop hon cho céc tng dung san
xuat thuc té [142].

Mic du nhiéu bo phat hi¢én mdt giai doan da duoc gidi thiéu, chéng han nhu
bo phat hién mot lan duy nhét (Single Shot Detector - SSD) [143], D-SSD
[144], va RetinaNet [145], dong kién tric YOLO (You Only Look Once) [146]
dang ngay cang pho bién nho kha nang dap tng t6t yéu cdu trong cong nghiép
nhu d6 chinh xac, nhe va d& trién khai trén thiét bi bién. Ntra sau cia thap ky
qua chimng kién su ra doi ctia nhiéu bién thé YOLO, véi phién ban méi nhat 1a
YOLO-v8 ra mét ndm 2022.

CNN c6 thé dugc phan loai 13 mang no-ron truyén thiang dya trén tich chap
dé phuc vu muc dich phan loai [145]. Lop dau vao dugc ndi tiép bai nhidu 16p
tich chap dé tao ra tap cac ban do dac trung ¢ kich thudc nho hon. Nhiing ban
dd dac trung nay sau do dugc xu ly va chuyén thanh vector dac trung mot
chiéu, 1am dau vao cho cac 16p. két n6i ddy du. Qua trinh trich xuat va xur ly dac
trung nay dong vai tr6 then chét dbi v6i do chinh xé4c ciia toan bd mang, do d6
viéc xép chdng nhiéu 16p tich chap va gdp duoc thuc hién nhim thu dugc céc
déc trung giau thong tin hon.

Céc kién triic pho bién trong trich xuat dic trung bao gom: AlexNet [146],
VGGNet [147], GoogleNet [148], va ResNet [149]. AlexNet dugc gioi thi¢u
nam 2012, bao gdm nam lop tich chap, ba 16p gop, va ba lop két ndi day du,
chu yéu dung cho phan loai anh. VGGNet tap trung vao nang cao hiéu ning
bang cach ting chiéu sdu bén trong mang, giéi thiéu cic bién thé nhu
VGG-16/19. GoogleNet gidi thiéu khai niém xép chdng cic module ‘inception’,
trong khi ResNet dua ra khai niém két ndi tat (skip-connections) dé giir lai
thong tin tlr cac 16p trude do va truyén sang cac 16p sau.
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Muc tiéu cia mdt bd phat hién ddi tuong la suy ra li¢u dbi tuong quan tam
c6 t6n tai trong anh hay trong khung hinh video hay khong. Néu cé, bo phat
hién sé& tra vé 16p twong g va vi tri, tirc 1a kich thudc toa do cua doi tuong.
Phét hién ddi trong duoc chia thanh hai loai: phuong phép hai giai doan va mot
giai doan nhu minh hoa trong Hinh 2.3. Phuong phap hai giai doan bt dau
bang viéc dé xuat nhiéu ving kha thi, sau do tién hanh du doan trén cac vung
nay trong giai doan thir hai. Vi du vé cac bo phat hién hai giai doan bao gom
cac bién thé ndi tiéng cua R-CNN [150], nhu Fast R-CNN [151] va Faster
R-CNN [152], ¢6 d6 chinh x4c cao nhung hiéu suét tinh toan thap.

Nguoc lai, phuong phap mot giai doan bién nhiém vy thanh mot bai toan hoi
quy, loai bo giai doan chon vung Ung vién. Do do, qua trinh chon va du doan
vung tng vién dugc thuc hién trong mot luot duy nhat. Cac kién trac thudc
nhom nay it doi hoi tai nguyén tinh toan hon, tao ra tc do khung hinh trén gidy
(FPS) cao hon, nhung thuong c6 d¢ chinh xac kém hon so vdi cac bd phat hién
hai giai doan.
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Hinh 2.3. M6 hinh don gian ctia bai toan phat hién vat thé [153
2.6. Mo hinh ST-GCN

Dt li¢u khung xuong da dugc su dung rong rai trong nhén dién hanh dong
con ngudi trong nhimg nim gan ddy nho kha ning biéu dién cau trac tu thé
khong phu thudc vao goc nhin. So voi dit li¢u video RGB, dit li¢u khung xuong
con nguodi dudi dang dd thi 1a mot biéu dién nho gon va bén virng hon cho
chuyén dong cua con ngudi. Viéc biéu dién dir liéu khung xuong dudi dang do
thi giup no it nhay cam hon voi thay d6i goc nhin, hién twong che khuét, nhidu
hau canh, su da dang vé tu thé giita cac 16p, diéu kién anh sang va trang phuc.
Dir liéu khung xwong c6 thé dugc thu thap théng qua cac thiét bi camera (nhu
Kinect va cam bién chuyén dong) hoic cac thuit toan udc luong tu thé con
nguoi [154]-[156].

Céc cong trinh ban dau trong linh vuc nay dugc truyén cam hing tur cac ky
thuat xir Iy anh, nham mo hinh hoéa hinh dang va su phu thudc vé chuyén dong
cua cac khop khung xuong bang cach str dung cac dac trung thu cong. Mot so
nghién ctru trude day dé xudt sir dung cac dic trung nhu Histogram of Oriented
Optical Flow (HOF) [157], Histogram of Oriented Gradient (HOG) [158],
Speeded Up Robust Feature (SURF) [159] va Scale-Invariant Feature
Transform (SIFT) [160] dé trich xudt cac mdi quan hé c6 tinh phan biét. Tuy
nhién, cac dic trung nay khong co kha ning trich xuat cac phu thudc khong
gian-thoi gian dé bao quat dic trung chuyén dong va quy dao. Phuong phap
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Improved Dense Trajectory (IDT) [161] c6 kha nang tich hop cac quy dao
chuyén dong mdt cach hi¢u qua, nhung van chua du kha nang mo hinh hoa cac
phu thudc thoi gian manh mé.

Du c6 thé mé hinh hoa cac phu thudc c6 tinh phan biét, cac dac trung thu
cong lai nhay cam voi si€u tham s6 va yéu cau cach tiép can tinh té trong qua
trinh mo hinh héa. Cac nghién ctru gan day sir dung cac k¥ thuat hoc sau dé tu
dong hoa viéc tao dac trung va trich xuét dic trung khong gian-thoi gian tu
chudi video. Mang Neural hdi tiép (Recurrent Neural Networks - RNN) dat
hiéu suat tot hon trong mé hinh héa dic trung thoi gian [162]-[164], nhung vén
di khong hi¢u qua trong viéc md hinh hdéa cac phu thudc dai han. Mang
Long-Short Term Memory (LSTM) két hop véi thong tin khong gian-thoi gian
da md hinh héa hi€u qud bai todn nhan dién hanh dong nho kha nang xir 1y céc
phu thudc dai han [165]-[167].

Cac nghién cutu [168], [169] st dung mang Convolutional Neural Network
(CNN) co ban va mang tich chip 3 chiéu (3D-CNN hay C3D) cho phan loai
hanh dong. Ky thuat hoc ting cuong sau (Deep Reinforcement Learning) két
hop v&i mang chat loc khung hinh chinh (keyframe distillation network) ciing
da cho thay hiéu suat t6t hon trén cac bo dir liéu chuan [170].

Phan 16n cic nghién ciru trién vong trong linh vuc ndy tap trung vao cac
mang GCN duya trén khung xuong. Cac phuong phap GCN duogc dé xuat trong
[171]-[173] st dung dd thi dir liéu dya trén khung xuong va cac phép toan tich
chap do thi d& mé hinh hoa dic trung khong gian-thoi gian. Sijie Yan va cong
su [18] 1a nguoi dau tién dé xuat viéc sir dung khung xwong con ngudi dé xay
dung d6 thi va 4p dung tich chap d6 thi dé hoc dic trung cho nhan dién hanh
dong con nguoi.

Mang tich chap d6 thi (GCN) ap dung cac phép tich chap 1én dir liéu dang dd
thi, thay vi dit liéu anh nhu trong cac mang CNN cb dién [174]. Nhiéu nha
nghién ctru dd st dung GCN trong hang loat tng dung nhd vao két qua ndi bat
ctia chung trén dir liéu dd thi. Co hai loai GCN: dang pho (spectral) va dang
khong gian (spatial). GCN ph6 chuyén d6i d6 thi sang mlen phd va ap dung
bién dbi Fourier do thi, trong khi GCN khong gian trich xuat théng tin tir cac
nut lan can. Phuong phap dugc dé xuét trong nghién ctru nay st dung GCN
pho.

Nhéan dién hanh dong con nguoi dua trén khung xuong da dugc nghién ctu
rong rdi bang cach sir dung cac mang GCN. Phan 16n cac cong trinh nghién ciru
nbi bat gan day tp trung vao mang ST-GCN dé khai thac chuyén dong va su
phu thuoc theo thdi gian trong mot chudi video.

M6 hinh ST-GCN truyén théng bao gdbm mot tap hop cac khbi ST-GCN ap
dung tich chip do thi khong gian va thoi gian mot cach xen k& trén d6 thi khung
xuong [175]. Cubi cung, cac 16p két ndi day du (fully connected) két hop voi
bd phan loai SoftMax dugc st dung dé du doan nhan hanh dong.

Zheng Wangiang va Punan Jing d& xuit mang tich chap dd thi khong
gian-thoi gian dya trén khung xuong (ST-GCN) [176]. Dir li¢u khung xuong
dugc trich xuét tir video bang thuat toan wdc luong tu thé con ngudi OpenPose
va chuyén thanh d6 thi khung xuwong. ST-GCN sir dung dd thi tinh c¢6 dinh véi
so d6 phan ving ba thanh phan dé trich xuét dic trung khong gian va thoi gian
phuc vu phan loai hanh dong.

Yang va cong su st dung phuong phap hoc dua trén dit liéu dé tao do thi
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khung xuong dong cung véi ba so dd phan ving. Cac dic trung khong gian
dugc khai thac thong qua ma tran ké dya trén co ché attention cho mdi khung
hinh khung xuong. Trong khi do, cac déc trung thoi gian dugc trich XUt tir
thong tin ngir nghia vé van téc. Mang dugc trién khai dudi dang mang GCN
tong quat dua trén attention (AG-GCN) [177].

Shi Lei va cong su dé xuit moét mang méi mang tén mang GCN hai dong
thich tng dya trén khung xuong (2S-AGCN) cho bai toan nhan di¢n hanh dong
con ngudi tir video [178]. Mang xtr Iy dong thoi thong tin bac nhat va bac hai.
Thong tin bac nhét dai dién cho vi tri khép, con thong tin bac hai dai dién cho
chiéu dai va hudng cua cac xuong trong by khung con nguoi. Phuong phap nay
dat duoc su cai thién dang ké ve hi¢u suit trén céac tap dir liéu chuan.

Sijie Yan va cong sy dé xuit mot mang ST-GCN méi cho bai toan phan loai
hanh dong con ngudi bang cach hoc dic trung khong gian va thoi gian tir dir
liu [179]. M6 hinh nay dat dugc cai thién dang ké trén hai tap dit liéu quy mé
16n.

Cheng K va cong su dé xuat mang GCN dich chuyén (Shift-GCN) méi cho
phén loai hanh dong con nguoi voi kién triic tiét kiém tai nguyén tinh toan. Cac
phép toan dich chuyén dd thi nhe cing vdi cac phép tich chap diém giup toan
bd mang trd nén nhe va st dung it tai nguyén tinh todn. Ngoai ra, phép dich
chuyén d6 thi giup cic trudng tiép nhan thich ting trong qua trinh tich chap
khong gian va thoi gian.

Huang Z va cong su dé xuit mang GCN khong gian- -tho1 gian kiéu Inception
(Inception ST-GCN). Phuong phap nay cai thién hi¢u suat bang cach trich Xuat
va tong hop thong tin vé ti 1& va phép bién doi tir cac duong dan va cip do khac
nhau.

Tat ca cac phuong phap duoc dé cap & trén déu sir dung db thi khung xuong
dua trén ciu tric xuong ty nhién clia con nguoi. Ngoai ra, mot so d6 phan ving
ba phan dugc st dung dé chuyen dd thi c6 do dai bién doi thanh tensor ¢6 kich
thude cb dinh.
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Skeleton Data Extended Graph ST-GCN Network Action Class Scores

Hinh 2.4. Tong quan hé thong cho bai toan nhan dang hanh dong ciia
con nguoi dua trén bo xuong st dung ST-GCN
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CHUONG 3: GIAI PHAP DE XUAT

Nghién ctru nay tap trung vao viéc cai thién phat hién té nga va nhan di¢n
hoat dong b::ing cach tan dung KD cho nhan dién hanh dong dua trén khung
xuong. Gia thuyét chinh dugc dua ra 1a: mé hinh hoc sinh c6 thé dat hiéu suét
tuong dwong véi mo hinh gido vién, trong khi giam dang ké do phirc tap tinh
todn, tor do6 gitp cac tng dung thoi gian thuc kha thi hon. Quy trinh lam viéc
duogc phat trién cho nghién ctru nay dwoc minh hoa trong Hinh 3.1. Trong do,
giai phap cot 18i 1a két hop cac ham mat mat (loss functions) dugc dé xut
riéng 1é trong cac nghién ctru trude [80, 81] thanh mot chién luwoc hudn luyén
théng nhit. Muyc tiéu cua viéc két hop nay 1a tin dung diém manh cua timg
ham loss dé truyén dat thong tin tri thirc tir mé hinh gi4o vién sang mo hinh hoc
sinh mot cach hiéu qua hon, déng thoi van dam bao mé hinh hoc sinh duy tri
hiéu suit cao véi chi phi tinh toan thap.

Tong quan kién triic hé thong

Teacher
ST-GCN x 9
5 -
" RGBFrame /" sSkeleton /,,‘
Sequences Sequences h j -

Lyse L rr

i Student

ST-GCN x 3

[ Batch Norm

. Spatial Graph AN N N
[of luti
onvolution
B Rewu >
[l Dpropout \

. Temporal Graph
Convolution

. Fully Connected

Hinh 3.1. Tong quan quy trinh mé hinh nhéan dién té ngi dé xuat
V61 mot ch}15i khung xuong du’o’g biéu diép dudi dang, dd }hi G = (V7 E ),
trong do6 V bi€u thi cac khop co thé va E bicu thi cac két noi cua by xuong,
ST-GCN dugc st dung dé trich xuét cac dac trung khong gian - thoi gian tir
chuoi nay. Phép toan cot 161 cua ST-GCN duogc dinh nghia nhu sau:

HYY = o | Y NZANCHOW, | (3)
k

Trong do, Ak 1ama tran ké da dugc chuin hoa, md hoa mdi lién két gifra cac
khép xwong; H @ 11a ma tran dic trung tai ting [; Wkla ma tran trong sd hoc
duoc;va ola ham kich hoat phi tuyén.
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Dé chuyén tri thirc tir m6 hinh ST-GCN gido vién sang mo hinh ST-GCN
hoc sinh, phuong phap KD dugc ap dung. Qua trinh nay két hop gitra ham mat
mat phéan loai va ham mat mat truyén tri thirc.

Lk, = T° ZPT(%) log pT(yi) (4)

ps(Yi)

Trong do, pr(¥Yi)va Ps(¥i) 1an luot 13 x4c sudt dau ra cia mo hinh gido
vién va hoc sinh, da duoc lam mém béi mot tham so nhiét do 7':

exp(z;/T)
Zj exp(z;/T)

Trong d6 Zi 1a dau ra logit cho 16p 7. Him mat mat cross-entropy tiéu chuan
v6i nhin thue duoc ky hiéu 1a Lok

Pé khuyén khich mé hinh hoc sinh khong chi sao chép cac du doan cudi
cing ma con cin chinh céc biéu dién bén trong ctia né véi mo hinh gido vién,
t6i gidi thiéu mot ham mat mat dic trung & mitc khdp (joint-level features loss)
dia trén sai sé binh phuong trung binh (Mean Squared Error - MSE). Goi

p(y;) =

()

fr(z) va fs(®) 13n luot 1 cac dic trung ¢ miuc khép duoce trich xuat boi
mang gido vién va mang hoc sinh tai mot 16p trung gian dugc chon. Ham mat
mat dac trung duoc dinh nghia nhu sau:

Dusse =~ 3 Iile) = Fs(@) 30

Trong 46 N 1a kich thudc batch, va chuin L2 binh phuong twong tmg voi sai
sd binh phuong trung binh (MSE) gitra cac ddc trung ciia mo hinh gido vién va
moO hinh hoc sinh.

Ba ham mat mat — cross-entropy (mat mat phan loai), distillation (mat mat
chit loc tri thirc) va feature (mat mat dic trung) — duoc két hop thanh mot ham
muyc tiéu duy nhét:

L = CMLKL + BLMSE + (1 —  — B)LCE(7)

trong d6 o cAn bang gilta mat mat cross-entropy cd gidm sat va mat mat
chit loc tri thire KD loss, con B kiém soat mirc do bat chudce dac trung ¢ cép do
bén trong.

Bﬁng cach tbi thiéu hoa ham muc tiéu nay, mo hinh hoc sinh ST-GCN khong
chi hoc cach tai tao phan phdi dau ra di 1am mém cta mo hinh gido vién ma
con can chinh cac biéu dién bén trong cta minh, tir d6 dan dén qué trinh chat
loc tri thure hi¢u qua va 6n dinh hon, déng thoi van duy tri duge mot mo hinh
gon nhe.

Thu thap va xir ly dir li€u
bé trich xuat dac trung khung xuong mot cach hi€u qua trén cac thiét bi


https://www.codecogs.com/eqnedit.php?latex=L_%7BKL%7D%20%3D%20T%5E2%20%5Csum_i%20p_T(y_i)%20%5Clog%20%5Cfrac%7Bp_T(y_i)%7D%7Bp_S(y_i)%7D(4)#0
https://www.codecogs.com/eqnedit.php?latex=p_T(y_i)#0
https://www.codecogs.com/eqnedit.php?latex=p_S(y_i)#0
https://www.codecogs.com/eqnedit.php?latex=T#0
https://www.codecogs.com/eqnedit.php?latex=p(y_i)%20%3D%20%5Cfrac%7B%5Cexp(z_i%20%2F%20T)%7D%7B%5Csum_j%20%5Cexp(z_j%20%2F%20T)%7D%20(5)#0
https://www.codecogs.com/eqnedit.php?latex=z_i#0
https://www.codecogs.com/eqnedit.php?latex=i#0
https://www.codecogs.com/eqnedit.php?latex=L_%7BCE%7D#0
https://www.codecogs.com/eqnedit.php?latex=f_T(x)#0
https://www.codecogs.com/eqnedit.php?latex=f_S(x)#0
https://www.codecogs.com/eqnedit.php?latex=L_%7B%5Ctext%7BMSE%7D%7D%20%3D%20%5Cfrac%7B1%7D%7BN%7D%20%5Csum_%7Bi%3D1%7D%5E%7BN%7D%20%5Cleft%5C%7C%20f_T(x_i)%20-%20f_S(x_i)%20%5Cright%5C%7C_2%5E2%20(6)#0
https://www.codecogs.com/eqnedit.php?latex=N#0
https://www.codecogs.com/eqnedit.php?latex=L%20%3D%20%5Calpha%20L_%7BKL%7D%20%2B%20%5Cbeta%20L_%7B%5Ctext%7BMSE%7D%7D%20%2B%20(1%20-%20%5Calpha%20-%20%5Cbeta)%20L_%7BCE%7D%20(7)#0
https://www.codecogs.com/eqnedit.php?latex=%5Calpha#0
https://www.codecogs.com/eqnedit.php?latex=%5Cbeta#0

HE thoeg phean hifn 16 i@ qua chmees wén thict by bén Eng dung KT thadl chan e th i

bién, t61 st dung YOLOVI11 [153] Pose, mot mo hinh phat hién diém khép nhe
nhung chinh xac, dugc t6i wu hoa cho xir Iy thoi gian thyc. V&i mot khung hinh
video dau vao, YOLOv11 [153] Pose phat hién cic khdp cta con ngudi va xut
ra mot tap hop cac diém dic trung 2D:

K = {(zi,yi,c) | i € {1,...,N}}(8)

trong do (4, Yi)bibu thi toa do6 pixel ctia diém khép thir i, Ci 1a diém tin
cdy (confidence score), va /N 1a téng s6 diém khop dugc phat hién. Dé dam bao
tinh 6n dinh va nhit quan trén nhiéu d6 phan giai va géc nhin camera khac
nhau, t6i 4p dung hai k¥ thuat chuan héa: Chuan hoa Min-Max va Chuan hoa
theo chiéu dai co thé.

Chuan héa Min-Max dua cac diém khép vao mot khoang gid tri tir 0 dén 1
nham loai bo su phu thudc vao do phan giai tuyét dbi cua hinh anh. Véi toa do
diém khép nho nhét va 16n nhat 1an luot 14 Tmins Lmazs Ymin, Ymaz, mdi diém
khop duoc chuan hoéa nhu sau:

Ti— T o
:i'z — (3 xmln ’ QZ — yZ ymln (9)
Tmax — Lmin Ymax — Ymin

Phép bién doi nay dam bao rang tat ca cac diém khdp déu duogc biéu dién
theo mot ty 18 c6 dinh, gitp mo hinh tong quat hoa t6t hon trén cac d6i tugng va
thiét 1ap mdy anh khac nhau. Vi ty 1€ co thé ngudi nhin chung 1a twong déi
d6ng nhat giita cac ca nhan, t6i tiép tuc chuan hoa cac diém khép dua trén chiéu
dai co thé.

T6i dinh nghia chiéu dai co thé L 1a khoang cach Euclid gitra ¢cd Kneck va
trung diém cta hai khép hong Khip:

L — ||Kneck - Khip”Q (10)

Sau do, moi diém khdp s€ dugc chuan hoa twong doi theo chiéu dai co thé
nay nhu sau:

~ Zi — Thip ~ Yi — Ynip
z; Ui 7 (11)

Phuong phap nay gitp bu dip cho sy khac biét vé khoang cach dén camera
va cho phép cic dic trung trich xut tré nén it phu thudc vao su thay doi vé ti
1€. Bang cach tich hop cac k¥ thuat chuan hoa nay, cac diém khép dugc trich
xuét tr& thanh nhimg dic trung manh mé, khong phu thudc vao do phan giai,
phit hop cho viéc nhan dang hanh dong dua trén khung xwong trén céc thiét bi
bién c6 tai nguyén han ché.

Panh gia

Dé danh gid hiéu suit cia moé hinh, t6i st dung phuong phéap
cross-validation, diéu chinh chién lugc phan chia dya trén dic diém cua bo di
liu. Cu thé, t6i ap dung phuong phap cross-validation Leave-One-Subject-Out
(LOSO) nham dam bao kha ning tong quat hoa do1 véi cac ca nhan chua ting
thdy trong qua trinh huin luyén. Thay vi chia ngiu nhién, t6i lap lai qué trinh
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huén luyén va kiém tra bang cach sir dung dit liéu cia mot ngudi tham gia 1am
tép kiém tra, trong khi dir liéu cua tat ca nhtrng ngudi con lai duoc dung dé
huén luyén. Goi S 1a tap hop tat ca cac dbi tuong (subject), va Si 1a dir lidu
tvong mg voi d6i tuong i. Vi mdi lan lap, tap huan luyén va tap kiém tra
duoc xac dinh nhu sau:

Strain =95 \ Sia Stest = 82(12>

Diéu nay dam bao rang mé hinh duoc danh gia dua trén kha nang tong quat
hoa ddi véi nhimg ca nhan hoan toan chua ting xuat hién trong qua trinh huin
luyén. Chi sb hiéu suit cudi cung dugc tinh bang trung binh cua tt ca cac vong
lap.

Pé dinh lugng hiéu suat, toi sir dung chi sb Fl-score, 1a trung binh diéu hoa
gitra d§ chinh xac (precision) va d§ bao phu (recall), dugc dinh nghia nhu sau:

Precision x Recall
Fl1=2 13
x Precision + Recall( )

Vi precision va recall 1a:

Precision = ———— l = ———(14
recision ,  Reca N( )

Tai day, TP (s6 duong tinh that), F P(s6 duong tinh gia) va F'N (s6 4m
tinh gia) duoc tinh dua trén dy doan ciia mo hinh. Chi s Fl-score cung cép
mot thudc do do chinh xac can bé'mg, ddc biét hiru ich ddi vai cac tap dir ligu
mat can bang, noi d6 chinh xac (precision) va d6 bao phu (recall) c6 thé khac
biét dang ke.
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CHUONG 4: KET QUA THUC NGHIEM

B0 dir liéu

To6i danh gia phuong phép cuia minh bang cach sir dung nhiéu bo dir lidu
cong khai khac nhau, bao gém CaucaFall, GMDCSA-24, FallVision, URFall va
UPFall, von khac nhau vé kich thudc miu, moi truong va sy da dang cua dbi
tuong. Pé dam bao tinh nhat quan va so sanh cong bang, t6i chuan hoa tat ca
cac bo dir ligu bang cach gop cac hanh dong lién quan dén ngi vao mét 16p duy
nhét 1a Fall, va tit ca cic hoat dong con lai vao 16p Non-Fall. Viéc phan loai nhi
phan nay cho phép danh gia hiéu sut mot cach thong nhét trén cic bo dir lidu
khac nhau, bat chép su khac biét trong cach chu thich.

Béang 4.1: Dit li€u dugc dung trong nghién ctru

Bo dir liéu S6 méu S6 dbi Cross-Validation
tuong
CaucaFall [93] 100 10 Cross-Person
GMDCSA-24 162 4 Cross-Person
[94]

FallVision [95] 6,864 4 Cross-Person
URFall [96] 100 30 Cross-Background
UPFall [97] 1,007 17 Cross-Person

Chi tiét trién khai

Trong céc thi nghiém, t6i st dung mot md hinh sinh vién (student) gom 3
16p ST-GCN va hai mé hinh gido vién (teacher): mot ST-GCN 4 16p (v6i sb
kénh lan luot 13 64, 128, 256, 512) va mét ST-GCN 9 16p (véi cac kénh 1a
64x4, 128x3, 256x3). M6 hinh sinh vién gom 3 khéi STGC (s6 kénh 14 8, 16,
32). Tat ca cac mo hinh duoc huan luyén trong 60 epoch sir dung bd t6i wu
Adam (v6i learning rate = 0.001, weight decay = 107), va bo diéu chinh
learning rate theo nhiéu budc (giam & cac mdc 30, 40 va 50 epoch voi hé sO
decay = 0.1).Qua trinh huan luyén sir dung ham mat mat cross-entropy co trong
sd, va hiéu suat mé hinh duoc danh gia bang Fl-score. Péi véi distillation, toi
st dung nhiét 40 T=4, véi trong s6 cho ham mAt mat soft target 1a 0.7 va trong
sO cho cross-entropy 1a 0.3. M6 hinh sinh vién hoc tir c4 hai mé hinh gido vién
thong qua KD. Viéc huan luyén va danh gid mé hinh dugc thyc hién trén hé
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théng c6 hd trg GPU.

Béang 4.2: Danh sach cac mo hinh sur dung trong nghién ctru

M5 hinh Chi tiét cac 16p S6 tham s6 | Thai gian chay (ms)
Sinh vién (3 16p) (8, 16, 32) 17,203 4.003
Gido vién (4 16p) | (64, 128,256,512) | 3,662,286 9.655
Gi4o vién (9 16p) (64x4, 128x3, 3,031,584 7.885
256x3)

Két qua trién khai

Bang 4.3 cho théy mo hinh sinh vién sau khi ap dung KD déu cai thién ro rét
vé hiéu suat. Cu thé, diém F1 trung binh ting dang ké, véi muc ting dién hinh
nhu trén URFall ( +0.0703) va CaucaFall (+0.0656). Trong khi do, gia tri loss
c6 xu hudng giam trén hau hét cac tap dir liu, dang chu y la FallVision
(-0.1530) va GMDCSA-24 (-0.0827). Piéu nay khing dinh tinh hiéu qua cua
KD trong viéc nang cao hiéu suat moé hinh nhe ma khong can ting so luong
tham sb.

Bén canh cac chi sb chinh xac, toi cling so sanh hi¢u suit suy luan
(inference) ctia md hinh sinh vién v&i cac mé hinh co sé khac. Bang 4.4 hién thi
thoi gian suy luan trung binh trén mdi mau va s6 khung hinh trén gidy (FPS)
tuong tmg dat duoc trén cing mot phan cing. Nhu dugc trinh bay, mo hinh
sinh vién nhe cua toi dat toc d suy luan nhanh hon dang ké, khién n6 phu hop
hon cho cac tmg dung thoi gian thyuc, dac biét 1a trong cdc moi trudng nhung
hoic han ché tai nguyén.

Béng 4.3. So sanh hi€u suat gitra mo hinh sinh vién va m6 hinh gido vién trén cac tap dix

liéu khac nhau

B0 dit li€u Mo hinh sinh | M6 hinh gido | M6 hinh gido vién | M6 hinh sinh vién | Mo hinh sinh vién
vién vién duwgc ap dung KD
Loss F1 Loss F1 Loss F1
CaucaFall 3-layer 4-layer 0.1267 0.9687 0.3553 0.8398 0.3674 0.9054
[93] (8,16, 32) (64, 128, 256,
512)
GMDCSA-24 3-layer 9-layer 0.2254 0.9302 0.3894 0.8600 0.3067 0.9069
[94] (8,16, 32) (64x4, 1283,
256x3)
FallVision 3-layer 4-layer 0.3545 0.8802 0.5604 0.8008 0.4074 0.8339
[95] (8,16, 32) (64, 128, 256,
512)
URFall [96] 3-layer 4-layer 0.1323 1.0000 0.3018 0.7868 0.3115 0.8571
(8,16,32) (64, 128, 256,
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512)

UPFall [97] 3-layer 9-layer 02828 | 0.9288 | 0.2735 | 0.9155 | 02167 | 0.9265
(8,16,32) | (64x4, 128x3,
256x3)

Bang 4.4. So sanh s6 khung hinh mdi gidy (FPS) giita cic phuong phap t6i wu mo hinh
khéc nhau.

M5 hinh FPS

LSTM [21] 4.15

RNN [21] 3.90

MLP [21] 4.45

3D-CNN [22] 2.15

Lightweight OpenPose + 10.0

RNN-LSTM [23]

Distilled ST-GCN (Buoc 4.20

dé xuat)

Loss over Epochs F1-Score over Epochs
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Hinh 4.1. D6 thi ham mét mat ctia mo hinh sinh vién khi chua ap dung
KD
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Hinh 4.3. Két qua ma trin nham lan
Trién khai trén thiét bi bién
Pé trién khai hé thong phat hién t¢ ngd nguoi theo thoi gian thyc trén cac
nén tang bién (edge), toi trién khai hé thong trén thiét bi NVIDIA Jetson Nano,
mot thiét bi tiéu thy dién ning thap, st dung kién trac ARM, duoc trang bi
GPU Maxwell 128 161 va RAM 4GB (xem Hinh 4.1). Do bi gi6i han vé tai
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nguyén, ca hai mé hinh YOLOv11 Pose va ST-GCN déu dugc chuyén ddi sang
dinh dang ONNX dé twong thich véi cac cong cu suy luan dugc tdi wu hoéa nhu
TensorRT. M6 hinh ST-GCN sau d6 duoc luong tir hoa xuéng do chinh xac
8-bit, gitip giam murc sir dung bd nhd va ting toc do tinh toan ma van giir duoc
d6 chinh xic. Hé thdng duoc hién thuyc biang ngdén ngit Python, sit dung
OpenCV dé xur 1y video va ONNX Runtime dé thyc thi mé hinh. Cac diém
khop (keypoint) dugc thu thap trong cira s truot 32 khung hinh, va s& duge
dua vao mo hinh ST-GCN khi bo dém duoc 1ap day.

Hinh 4.4. Thiét bj bién — Bo Kit Phat Trién NVIDIA Jetson Nano BO1 —
dugc st dung trong nghién ctru.

Mic du da thue hién cac tdi vu hoa, hiéu suit thoi gian thyc van con han
ché. Viéc suy luan bang YOLO mat khoang 0.2 gidy cho mdi khung hinh, ngay
ca khi da ting tbc bing ONNX. Do d6, hé théng phu hop nhét cho cac tng
dung co6 tbe do khung hinh thép hoac kich hoat theo su kién, chéng han nhu
phat hién nga hodc phéan loai ctr chi, noi vi¢c boé qua mot ) khung hinh 1a chép
nhan duoc. Cau hinh nay cho théy cach cac pipeline hoc sau cho phat hién nga
dua trén tu thé co thé dugc diéu chinh dé chay hiéu qua trén cac thiét bi bién,
cho pheép xay dung cac hé thong luén hoat dong, bao vé quyén riéng tu ma
khong can phu thudc vao xir 1y trén nén tang dam may.
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Hinh 4.5. Chi tiét vé trién khai hé thong trén thiét bi bién



HE thoeg phean hifn 16 i@ qua chmees wén thict by bén Eng dung KT thadl chan e th i

1.

KET LUAN VA HUONG PHAT TRIEN

KET QUA PAT PUQC
Trong thoi gian tim hiéu, nghién ciru co s 1y thuyét va trién khai ung dung

cong nghé, Db an ciing di dat duoc nhing két qua sau:

Pong gop moéi cho cong déng hoc thuat: La nghién ctu dau tién ap dung
phuong phap KD cho tac vu phat hién t€ ngd dya trén khung xuong, mé ra
huéng nghién ctru moi két hop gitta nén mé hinh va nhan dang hanh vi trén
thiét bi bién.

Xay dung hé thdng phat hién té ngd nhe va hiéu qua cao: D& xuat mo hinh
3-layer ST-GCN véi chi 17,203 tham 56, duoc huin luyén thong qua KD tir cac
mo hinh ST-GCN phtic tap hon (4-layer va 9-layer), gitip giam 200 lan s luong
tham s so voi mé hinh gido vién nhung van giit dugce do chinh xéc cao.

Hi¢u qua KD ro rét: Két qua thuyc nghiém trén 5 b dir li€u cong khai
(CaucaFall, GMDCSA-24, FallVision, URFall, va UPFall) cho théy mo hinh
hoc tro sau khi 4p dung KD cai thién F1-score dén 7% so voi mé hinh hoc tro
ban dau va thu hep dang ké khoang cach v6i mé hinh gido vién.

Kha nang trién khai thuc t& cao: M6 hinh hoc tro dat toc do xir 1y trung binh 4.2
FPS trén thiét bi NVIDIA Jetson Nano, ching minh tinh kha thi trong trién khai
thoi gian thyc trén cac thiét bi bién co tai nguyén han ché.

Téi uu hoa day du cho thiét bi bién: Hé thong duge chuyén do6i sang dinh dang
ONNX va luong tir hoa 8-bit, str dung ONNX Runtime va TensorRT dé ting tdc
suy luan, ddm béo tiéu chi hiéu qua, gon nhe va dé trién khai.

Dénh gia toan dién va chuan hoa dit liéu: St dung k¥ thuat cross-validation theo
ngudi (LOSO) va tién xtr Iy khung xuong bang chuin héa Min-Max va theo
chiéu dai co thé, dam bao mé hinh hoc dugc dai dién 6n dinh va kha nang téng
quat tdt trén dir liéu thue.

. KIEN NGHI VA HUONG PHAT TRIEN

Kién nghi:

Xay dung va cap nhat bo dir li¢u té nga thuc té: P& xuét cac vién dudng lao,
bénh vién va trung tdm chim séc ngudi cao tudi phdi hop xay dung va chia sé
bo dir li€u video té nga trong moi trudng sinh hoat ty nhién nham cai thién tinh
dai dién va tinh ung dung thuc tién cho cac mé hinh Al

Khuyén khich ma ngudn mé va chia sé mé hinh: Dé nghi cic nhom nghién ctru
trong nudc mé rong hop tac, chia sé mo hinh, pipeline xir Iy va dir liéu da tién
xur 1y (dang khung xuong) dé day manh tién d6 nghién ctru phat hién té nga trén
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thiét bi bién.

e Phat trién co ché danh gia chuin hoa: Can c6 bd tiéu chuan danh gia chung
(theo Fl-score, FPS, hiéu suét thiét bi) cho cac hé thong phat hién té nga dé
dam bdo tinh khach quan va kha nang so sanh gitra cdc moé hinh trong nghién
ctru va trién khai thue té.

Hudng phat trién:

e Tich hop véi hé thong nha thong minh va camera giam sat: M rong hé thong
phat hién té ngd dé c6 thé tich hop truc tiép vao cac hé théng giam sat an ninh,
camera thong minh tai gia dinh hodc bénh vién, hd trg canh bao khén cép trong
thoi gian thuec.

e Phat trién kién tric mo6 hinh manh hon nhung van nhe: Tiép tuc nghién ctru cac
kién traic ST-GCN cii tién (nhu 2s-AGCN, Shift-GCN) két hop véi ky thuat
KD dé giit duge do chinh xac cao trong khi van phii hop véi thiét bi bién.

e Cai tién pipeline phat hién nhiéu d6i twong: Nang cap hé thong dé xir 1y phat
hién té ngd cho nhiéu ngudi cung luc, dic biét trong cac moi truong dong dac
nhu vién dudng 1o, 16p hoc, trung tim y té.

e Trién khai hoc truc tuyén va hoc lién tuc (online & continual learning): Ap
dung phuong phép hoc lién tuc d& mé hinh c6 thé cap nhat dan dan tir dir liéu
moi trong thyc té ma khong can huén luyén lai tir dau, gitp mo hinh thich nghi
v6i su thay doi vé khung canh, goc quay va hanh vi nguoi dung
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