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LOI CAM POAN
To6i cam két rang cong trinh nghién ciru nay 1a san pham tri tué cia toi. Cac
s6 liéu va cac két qua néu trong dé an tot nghiép 1a trung thue va chua timg xuat

hién trong bt ky tai liéu khoa hoc nao cua tac gia khéc.

Ha No6i, thang 12 nam 2025

Tac gia dé an

Nguyén Quang Huy
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LOI CAM ON

Dau tién, em xin gt 10i cam on t6i cac thdy co gido thudc Khoa Cong nghé
Thong tin 1 va va Khoa Pao tao Sau dai hoc — PTIT. Sudt chiang duong hoc tap, ren
luyén va lam viéc tai Hoc vién, em da nhan duoc khong chi nhirng kién thirc chuyén
nganh vitng chic ma con 1a cac bai hoc gia tri vé tu duy, cach 1am viéc va tinh than
nghién ctru khoa hoc. Day chinh 1a diém tya viing chic gitp em thuc hién tt dé an
nay.

Em xin giri 101 tri 4n dic biét t6i thiy TS. Nguyén Duy Phwong, ngudi thdy da
tan tdm dan dat em trong sudt thoi gian thuc hién dé an. Nhitng dinh huéng chuyén
mon, gop ¥ chi tiét ciing sy hd tro tin tAm cua thiy da gitp em timg budc cai thién
dé tai, ciing nhu rén luyén dugce phuong phap nghién ctru va viét dé 4n nghiém tuc va
khoa hoc hon.

Ngoai ra, minh xin cdm on cac dong nghiép clng tham gia tu van, dong gop va
cac ban sinh vién hé tro thu thap, xay dung dir liéu cho dé tai. Déng tho1, con xin bay
t6 10ng biét on dén gia dinh d ludn khich 1& con vuot qua moi thir thach va hoan
thién cong trinh nay. D¢ an nay khong chi 1a minh chiimg cho thanh qua hoc tip ma
con 13 tinh cam, su quan tAm va gitp strc quy bau ma em may mén nhan duoc tir moi

nguoi.

Ha No¢i, thang 12 nam 2025

Tac gia de an

Nguyén Quang Huy
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MO DPAU
1. Ly do chon dé tai

Yoga, voi nhimg loi ich vuot troi vé& thé chat va tinh than [1] [2], dang ghi
nhan muc do phé bién tang manh trén toan thé gioi, nhét 14 mo hinh tap luyén tai nha
thu hit nhiéu ngudi ding hon trude. Su bung nd cla cic nén tang truc tuyén, ing
dung di dong va video huéng dan da tao diéu kién thuén loi cho viéc tiép can by mon
nay ma khong can dén phong tap truyén théng. Tuy nhién, cung vdi sy tién loi do,
mot van dé 16n da nay sinh: thiéu di su huéng dan va phan hoi tryc tiép tir nguoi day.
Nguoi tap tai nha, nhat 1a mai bat dau tap Yoga, ho thuong khong dé dang xac dinh
lidu tu thé minh dang thuc hién di dung chuan hay chua. Tu thé sai kéo dai vira lam
suy yéu két qua tap luyén, vira 4&m tham mang theo rui ro ton thuong co thé. Nguoi
dung van phai tu minh d6i chiéu véi hinh anh mau, hodc ghi lai video va xem lai sau,
mot quy trinh tén thoi gian va khong mang lai hiéu qua tirc thi. Tir thuc trang trén, dé
tai “Ung dung mo hinh trich xuit khung xuong va hoc may trong nhan dién tu thé
Yoga thoi gian thuc” dugc lya chon véi muc tiéu nghién cuu, téng hop va thuc
nghiém dé tim ra giai phap hiéu qua, phi hop cho cac ing dung nhan dién tu thé dang
yoga. Pay 1a mot chu dé giao thoa giita strc khoe cong ddng va cong nghé thong tin,
cho thay tiém ning dong gop ca trong phuong dién hoc thuét 13n tng dung.

Vé mat khoa hoc, dé tai gop y nghia trong thi gidc may tinh va hoc may. N6
khong chi 14 viéc (mg dung don thuan céc cong nghé hién c6 ma con di siu vao viéc
phan tich, danh gia va so sanh hiéu suit cta cac t6 hop phuwong phap khac nhau trong
mot bai toan cu thé 13 nhan dién tu thé nguoi trong diéu kién thuc té. Két qué nghién
ctru c6 thé 1am bé phong cho nhitng hudng nghién ciru chuyén biét vé sau trong huin
luyén thé thao théng minh, cham séc stc khoe tir xa. V& tinh cap thiét, trong bbi canh
linh vyc trong doi séng déu chiu anh huong tir cong nghé, dua Al vao phuc vu muc
tiéu nang cap chat luong tap luyén thé thao tai nha khong nhirng gitp ngudi dan nang
cao stc khoe ma con tao diéu kién hinh thanh mot 161 séng lanh manh, chu dong. Mot
hé thdng nhan dién tu thé yoga hiéu qua, c6 kha ning hoat dong muot ma trén cc

thiét bi phé bién (webcam, camera dién thoai), s€ 1a cong cu déc luc hd tro hang tri¢u



ngudi yéu thich yoga trén toan thé giéi. Cubi cung, vé tinh kha thi, dé tai c6 tinh kha
thi cao nhd vao sy phat trién manh mé cia cong nghé trich xuat khung xuong véi do
chinh x4c va téc do xir 1y cao, cung cac thu vién hoc may dé sir dung. Bén canh do,
bo dit liéu 12 anh d& dang thu thap va danh gia. Hé thong c6 thé trién khai trén may
tinh c4 nhan ding webcam thong thudng, giup tiét kiém chi phi va ting tinh tng dung.
Pham vi nghién ctru duoc giéi han hop 1y, tip trung vao nhan dién tu thé co ban cho
mot nguoi, ddm bao hoan thanh trong thoi gian ciia mot luan van thac si.
2. Tong quan vé van dé nghién ciru

Trong nhiing nim gan day, nhidu nghién ciru da tiép can bai toan phan loai tu
thé Yoga bang mo hinh hoc sau (Deep Learning — DL) tryc tiép trén anh RGB [3],
tiéu biéu nhu ResNet [4]. Tuy nhitng mé hinh nay dat hiéu qua tot trén cac bo dit lidu
quy md 16n, chiing van ton tai nhugc diém: dé bi anh hudng boi nhiéu tir phong nén,
diéu kién anh sadng va trang phuc nguoi tap, trong khi lai chua khai thac dugc cac dac
trung hinh hoc cot 161 ciia tu thé, ngudi dung khong thé biét minh tap dung sai nhu
thé ndo. Dé khic phuc, cac nghién ciru sau d6 chuyén sang hudng skeleton-based, st
dung cac mo hinh HPE nhu YOLOPose [5], Movenet [6], BlazePose [7] dé trich xuét
toa 46 khop, sau d6 tinh toan cac dic trung hinh hoc (khoang cach, goc) dé phan loai,
tir d6 loai bo phan 16n thong tin nén gdy nhiéu, giam yéu cau xt 1y hinh anh phuc tap
va giit lai cAu trac tu thé thiét yéu. Tuy nhién, cac tu thé Yoga c6 mirc d6 bién thién
16n do sy khac biét vé thé trang va do linh hoat gitta ngudi tap, khién phuong phap
dua vao tinh toan dic trung thi cong dé bi giam do chinh xac khi gap tu thé phuc tap
hoic dir liéu khong hoan chinh. Gan day, hudng két hop trich xuat khung xuong véi
cac thuat toan ML nhu KNN [8], SVM [9], Random Forest [10]... dd dugc dé xuat
nhu mét giai phap hiéu qua. Cac mé hinh nay hoc truc tiép tir dit liéu khung xwong,
tan dung uu diém nhe, nhanh, va kha nang trién khai tdt trén cac thiét bi han ché tai
nguyén. Ngoai ra, do chi sir dung cac toa d6 khdp 1am dau vao, chung khong bi anh
huong boi yéu td nén anh, tir d6 ting tinh 6n dinh trong phén loai tu thé Yoga. Diu
vay, khong it van dé van chua dugc xir Iy hoan toan. Nhiing van dé con ton tai bao

gdm: (1) thiéu bo dir lidu dic thu cho ngudi méi bat dau, dic biét tai Viét Nam; (2)



thiéu so sanh toan dién giira cac mo hinh HPE (BlazePose, YOLOPose, RTMPose....)
va thuat toan hoc may dé tim ra t6 hop t6t nhat; (3) Chwa c6 phan tich, danh gid toan
dién cia mo hinh vé tdc d6 nhan dién trong moi truong thuc té.

3. Muc dich nghién ctru

Dé 4an huéng dén xiy dung va danh gia hé théng nhan dién tu thé yoga thoi
gian thuc, str dung sy két hop giita cac mo hinh trich xuat khung xuong va thuét toan
hoc may.

Vé mit 1y luan: Dé an khao sat nén tang 1y thuyét ciia phuong phép trich xuét
khung xwong HPE tir anh/video, bao gdm cac md hinh ndi bat nhu YoloPose,
RTMPose, RTMOPose [11] ... Bong thoi, tim hiéu cac thuat toan hoc méy kinh dién
(KNN, SVM, Decision Tree [12], Random Forest, XGBoost [13], LightGBM [14])
dugc dung pho bién cho bai toan phan loai tu thé dua trén dit liéu khung xuong. Pong
thoi dé an ciing phan tich dic trung khung xwong, nghién ctru tién xir Iy dit liéu khung
xuong (chuan hoa vi tri, ty 1&) va phuong phap trich xuét cac dic trung hinh hoc cé y
nghia (goc khdp, khoang céach, ty 18) dé tdi wu hoéa kha nang phan loai tu thé. Cubi
cung danh gid dinh luong hi¢u suét béng viéc xac dinh céc ti€u chi do luong hi¢u suét
quan trong cho h¢ théng nhan dién thoi gian thuc (vi du: P96 chinh xac, do triéu hoi,
diém F1, téc do khung hinh - FPS, d¢ tré phan hdi - latency) va xdy dung phuong
phap danh gia khach quan cac t6 hop moé hinh HPE va thuat toan hoc mdy.

Vé mat thuc tién: Dé an xay dung bo dit liéu yoga da dang YogaSinglePose-
PTIT, thu thap va xay dung mot bo dir liéu tu thé yoga co ban, chat lugng cao, c6 chi
thich day du, phu hop vé6i diéu kién luyén tip co ban tai nha dé phuc vu giai doan
huén luyén cung danh gid mé hinh. Ngoai ra, phat trién hé théng nhan dién thoi gian
thuc, trién khai mot hé thong nhan dién tu thé yoga cho mot nguoi dung, c6 kha ning
xu ly video tryuc tiép tr webcam, trich xudt khung xuong, xtr 1y dit liéu, phan loai tu
thé va hién thi két qua phan hoi theo thdi gian thyre. Va tién hanh so sanh va lya chon
to hop t61 wu mo hinh HPE va thuét toan ML khéc nhau trén bo dir liéu da xay dung.
Tir d6, dé xuat to hop t6i wu nhat, can bang giira d6 chuan xac, hiéu nang va tinh kha

thi van hanh trén thiét bi phan cimg pho thong.



4. Pbi twong va pham vi nghién ciru

Dbi tugng: Cong trinh tap chung tim hiéu moét sé mo hinh ude lugng tu thé
nguoi HPE nhu MediaPipe Pose, YoloPose, RTMPose,.. va cac thuat toan ML duoc
mg dung trong bai toan nhan dién tu thé yoga. Bén canh dé dé an tap trung va dbi
tuong nghién ctru xay dung bé dit lidu 1a cac sinh vién PTIT cac tu thé yoga co ban,
bao gdm 12 tu thé phit hop cho ngudi méi tap, dic biét nham dén sinh vién va ngudi
di 1am c6 théi quen ngdi l4u.

Pham vi nghién ctru : Cong trinh chi xét dén va gi61 han & viéc nhan dang 12
tu thé Yoga co ban (bao g@)m: ngon nui 1, chd Up mat, tAm van, tam giac, cai cay,
chién binh I, chién binh II, cti ngudi vé phia trude, cdy cau, em bé, ngon nui 2(leo
nuai) va tim van thap) duoc thuc hién boi nguoi méi tap, chu yéu 14 sinh vién va ngudi
lam vi¢c van phong. Dir li¢u dugc thu thap tir khoang 10 nguoi tham gia (c6 cd nam
va nit), quay trong cic diéu kién anh sang, phong nén va thiét bi khac nhau nham
phan dnh méi trudng thuc té da dang. Nghién ciru dugc thuc thi trong khong gian tai
dé ghi hinh.

5. Phwong phap nghién ctru

Nghién ciru 1y thuyét: Dé 4n tién hanh khao sat va tong hop tai liéu khoa hoc
tir cic 4n ban qubc té chat luong cao dudi dang tir hdi nghi va tap chi nghién ctru lién
quan dén uéc luong dang nguoi (HPE), cic thuit toan hoc may truyén théng
(Machine Learning) cho bai toan phan loai, cling nhu cac nghién ctru vé nhan dién tu
thé yoga.

Nghién ctru thyc nghiém: Dé an trién khai mot chudi cac thi nghiém chinh 1a
xay dyng va tién xur 1y bd dir li€u, thuc nghi€ém cac mo hinh udc luong tu thé nguoi
(HPE), thuc nghiém két hop voi cac thuat toan hoc may (ML), va danh gia tong thé
hé thong thoi gian thyc.



CHUONG 1: TONG QUAN VE NHAN DIEN TU THE YOGA
1.1. Khai quat vé nhan dién tw thé nguoi

Nhan dién tu thé ngudi (Human Pose Recognition — HPR) thudc nhom chu dé
quan trong trong thi giac may tinh (CV) va tuong tdc ngudi-may (Human—Computer
Interaction — HCI). Muc tiéu ctia bai toan nay 13 phan tich tir hinh anh hodc video dé
xac dinh tu thé tir d6 c6 thé biét dugce chuyén dong va hanh dong ma con ngudi dang
thyc hién. Khéc véi bai toan udc lugng tu thé nguoil (Human Pose Estimation — HPE),
vbn chi xoay quanh viéc phat hién cung dinh vi cac diém khép (keypoints) trén co
thé, HPR 12 bai toan rong hon hudng dén viéc phan loai va nhan dang tu thé/hanh
dong tong thé cta co thé nguoi.

Nho sy phat trién ciia hoc may va hoc sau cung voi thuat toan xu 1y hinh dnh
hién dai, HPR d3 dat duoc nhiéu tién bo dang ké trong trong vai nam trd lai day. Cac
hé thong nhan dién tu thé ngay nay c6 thé nhan biét chinh xac cac tu thé don gian
nhu dung, ngdi, gio tay, cii ngudi, cho dén cic chudi dong tac phtic tap hon nhu
nhay, chay, hoic thé thao, giam sat noi chung. Nho d6, cong nghé HPR trg thanh nén
tang cho nhiéu tmg dung thuc tién. Trong nhan dang hoat dong HAR [15], hé thong
c6 thé xac dinh cac hanh dong cu thé cua con nguoi, mang lai gia tri cao cho céc linh
vuc nhu giam sat an ninh [16], phan tich thé thao hodc hd trg cham soc sire khoe.
DPong thoi trong twong tac ngudi-may, cong nghé nay gitip nang cao tinh tu nhién
clia giao tiép gilta ngudi va thiét bi, tng dung trong moi trudng ao, trd choi hodc hé
thng diéu khién tir xa [17]. Ngoai ra, trong phan tich y hoc, viéc nhan dién va theo
doi tu thé, dang di hodc chuyén dong ciia bénh nhan gitip hd tro chan doan va phuc
hoi chirc ning,... Dau vay, linh vuc ndy ciing cé nhiéu tré ngai, chang han nhu hién
tuong che khuét khién cac bd phan co thé bi 4n khoi tam nhin, sy thay doi vé trang
phuc, anh sang, géc nhin hodc phong nén lam giam do chinh xéc, va yéu cau xir ly
thoi gian thyc trong cac tng dung twong tac doi hoi hiu suét tinh toan cao [18].

Nhin chung, nho su tién bd nhanh chong cua hoc sau va thi gidc may tinh,
cong nghé nhan dién tu thé ngudi dang ngay cang hoan thién, mé ra nhiéu trién vong

trong doi séng, y té, gido duc, thé thao va cac hé thong thong minh tuong lai. Tuy



nhién, linh vue ndy van can dugc dao sau thém vé mit nghién ctru, nhim ting cudng
dd chuén xac, do 6n dinh va kha nang ung bién trong cac moi truong thuc té - noi ma
tiém ning loi ich thuc té va viéc ap dung cua cong nghé nay 1a vo cung 1on.

1.2. Bai toan nhén dién tw thé yoga

Yoga, mot phuong phap rén luyén cb xua két ndi can bang giira thé chét va
tinh than, viéc cai thién sy déo dai, sttc manh cbt 13i, can béng cho dén viéc giam
thiéu cing thing va nang cao sy minh man [19]. Trong bdi canh cudc sdng hién dai,
dic biét sau cac su kién x4 hoi co bién dong 16n tir COVID-19 va sy trdi day cua Al,
xu huéng tap luyén tai nha da trd nén phd bién manh mé. Hinh thic nay dic biét thu
hut hoc sinh, sinh vién 1an ngudi lam dan vin phong — nhitng ngudi hay gip phai tinh
trang mot chd qua 1au trong ngay va tim kiém cac cach dé rén luyén linh hoat, tiét
kiém duoc thoi gian.

Sy bung nd ctia nhu cu iy da thiic day su ra mét cua rat nhiéu ung dung va
nén tang tap luyén tryc tuyén. Tuy nhién, viéc ty tap luyén ma thiéu di su giam sat,
hd trg cta huan luyén vién tiém an nhiéu rui ro, dic biét khi nguoi tap thuc hién sai
tu thé. Cac 161 nho trong dong tac c6 thé 1am giam hiéu qua bai tdp hodc tham chi dan
dén chan thuong nhu cing co hay ton thuong khdp, khién nguoi tip mat di loi ich
vbn c6 cua yoga. Trudce thuc té nay, cong nghé thi gidc may tinh 3 mé ra hudng di
huéng di sang gid — phat trién cac hé thong nhan dién va danh gia tu thé yoga tu
dong [20] [21]. Chung c6 kha ning phén tich dang co thé ngudi tir video hodc hinh
anh, sau d6 cung cap phan hdi tirc thoi giup nguoi dung diéu chinh dong tac chinh
xéac hon. DU vay, viéc xay dung mot hé théng nhu vay sé& phai xir Iy khong it tré ngai
vé k¥ thuat phirc tap, tir sy da dang vé hinh thé va ty 1& co thé ctia nguoi tap, cho dén
cac yéu té mdi trudng nhu géc quay camera, diéu kién anh sang. Yéu cau cdt 16i va
kho khin nhat chinh 13 phai dat duoc su cAn bang tbi wu gitra d chinh x4c (accuracy)
trong nhan dang va toc d6 xir 1y (speed/latency) dé dam bao trai nghiém nguoi dung
lién mach.

Bai toan nhan dién tu thé yoga 1a mot truong hop dic thu cia nhan dién tu thé

ngudi HPR, trong d6 muc tiéu 1a x4c dinh chinh xac tu thé ma nguoi tap dang thuc



hién dua trén dir liéu hinh anh. So véi céc bai todn nhan dang hanh dong thong
thuong, nhan dién tu thé yoga doi héi mirc do chinh xac cao hon, vi nhiéu tu thé c6
hinh dang twong tu nhau nhung khac biét tinh té & cac goc khdp, hudng tay chin hoic
d6 nghiéng va can bang ctia co thé. Bai toan nay c6 tiém ning 16n trong thyc té, nhat
trong cac linh vyc nhu huén luyén thé chét, danh gia ky thuat rén luyén thé chét, theo
ddi stre khoe va phuc hoi chite nang. Nho sy phat trién ctia cic mé hinh méi nhe va
cong cu ude lugng tu thé theo thoi gian thuc, viéc trién khai hé théng nhan dién tu
thé yoga trén thiét bi di dong hodc thiét bi deo thong minh trd nén kha thi hon, gop
phan hd tro ngudi dung luyén tap ding tu thé ma khong can sy hudng dan tryc tiép
tir huan luyén vién.
1.3. Cac phwong phap va mé hinh nhén dién tw thé nguoi

Nhan dién tu thé ngudi HPR duoc phét trién dua trén nhiéu phuong phap va
mo hinh khac nhau, tuy theo loai dit li¢u dau vao va muc d6 phtic tap cua bai toan.
Céc hudng tiép can va mo hinh trong HPR duoc phat trién da dang, nhung nhin chung
c6 thé phan loai thanh ba nhém chinh:

(1)  Phuong phap dua trén anh RGB: Phuong phap dua trén hinh &nh RGB
12 hudng tiép can pho bién va co ban nhat trong nhan dién tu thé nguoi. O cach tiép
can nay, h¢ théng st dung anh hoac chudi khung hinh RGB lam dau vao, sau d6 hoc
dic trung truc tiép tir dit liéu thi gidc dé phan loai tu thé hodc hanh dong tuong tng.
Vé ban chit, bai toan nhan dién tu thé trong truong hop nay co thé duoc coi nhu mot
bai toan phan loai anh thong thuong, trong d6 mdi tu thé ciia con ngudi dugc xem
nhu mot 16p (class) riéng biét. Cac phuwong phap cb dién dya trén dic trung thi cong
(nhu HOG, SIFT) két hop véi cac bd phan loai (SVM, k-NN, Random Forest) ting
duogc st dung nhiéu. Song, ching van bi rang budc manh boi diéu kién chiéu sang,
goc nhin va nén anh, nén hiéu qua bi suy giam trong mdi trudng thyc té.Su xudt hién
ctia hoc sau (Deep Learning) d4 thay d6i hoan toan huéng tiép can nay. Cac mé hinh
CNN va bién thé nhu 3D-CNN, Vision Transformer (ViT) [22] ,cO thé tu dong hoc
dic trung tir dir liéu anh tho, khong can budce trich xut thi cong nén nhan dang tu

thé va hanh dong vé1 do chinh x4c cao hon.



(2)  Phuong phép dua trén dit li¢u khung xuong (Skeleton-based): Cac
phuong phap nay biéu dién con ngudi thong qua tap hop cac diém khop (keypoints)
trich xuét tir hinh anh hoic video, gitp mé hinh tip trung vao cdu trac hinh hoc va
quan h¢ vi tri-thoi gian cia cac bd phan co thé. Qua trinh nhan di¢én tu thé nguoi
thudng gom ba giai doan chinh:

(1) Phat hién diém khép (Keypoint Detection) nham xac dinh vi tri
cac khép chu chdt nhu vai, dau géi, khuyu, hoac cd tay;
(i)  Trich xuat dic trung (Feature Extraction) dé hoc cac dic trung
khong gian tir tip diém khép, phan anh cau trac va chuyén dong co thé; va
(iii)  Phan loai tu thé (Pose Classification) sir dung cac thuét toan dua
trén hinh hoc, m6 hinh hoc may hodc hoc sau dé xac dinh tu thé téng thé cla
con nguoi.
Ba budc nay tao thanh chudi xir 1y chinh, gitip hé thong chuyén doi dit liéu hinh anh
tho thanh thong tin ¢ ¥ nghia vé hanh vi va trang thai cia con ngudi.

(3) M0 hinh lai: M6 hinh lai (hybrid models) két hop dong thoi nhiéu
ngudn dit lidu — vi du anh RGB, dir liéu do sau (depth), biéu dién khung xwong
(skeleton) va dir liéu cam bién (IMU, thiét bi deo) — nham tan dung wu diém cua
ting kiéu biéu dién. Viéc tich hop da phuong thic gitip mé hinh vira ndm bt duogc
thong tin ngir canh va ngoai canh tir anh RGB, vira bao toan cau trac hinh hoc va
dong hoc cua co thé tir skeleton hodc dit liéu cam bién, tir d6 ntang cuong do chinh
xéac va kha niang khai quat trong cac tinh hudng thuc té phirc tap. Cudi cing, mic du
mo hinh lai dem lai nhiéu loi ich vé do chinh x4c va tinh bén vitng khi tmg dung trong
thuc té, ching cling dat ra thach thuc vé dff)ng bo dir li¢u, muc do phire tap khi tich
hop va chi phi tinh toan.

1.4. Nghién ciru lién quan dén nhin dién tu thé yoga

Mot sd cac nghién ciru cii trude ddy da thiét ké hé thong hd tro thé duc hodc
yoga dua trén phan tich anh hodc video ma khong st dung dir liu skeleton. Cong
trinh [23] d3 khai thac mot mo hinh nhan dién tu thé Yoga (asana) dua trén tap dir

lidu gdm 6 tu thé khac nhau duogc thu thap boi 15 tinh nguyén vién. M6 hinh dé xuat



tmg dung kién trac két hop giita mang CNN va LSTM, duoc goi 1a Long-Term
Recurrent Convolutional Network (LRCN). Trong d6, CNN dam nhan viéc trich xuét
dic trung khong gian tir tirng khung hinh, con LSTM chiu trach nhiém phan tich méi
lién hé theo chudi thoi gian giira cac khung hinh lién tiép. Két qua thuc nghiém chi
ra rang mo hinh dat chinh xac & muc 81% cac tu thé Yoga. Hay trong nghién ciru
[24] , YoNet — mdt mo hinh hoc sdu mdi — dugce cac tac gia gidi thiéu nham nhén
dién nam tu thé yoga khac nhau ngay ca khi dir liéu huén luyén twong d6i han ché.
Mo hinh nay duoc danh gia va so sanh hiéu ning véi cac kién tric phan loai anh tién
tién nhu ResNet, InceptionNet, InceptionResNet va Xception. Cac két qua thu dugc
cho théy rfmg YoNet dat hiéu suit vuot troi hon so véi cac mo hinh trén dat d6 chinh
xac hon 94% . Nhom tac gia trong nghién ctru [25] di dé xuat mot mo hinh CNN két
hop v&i phép bién d6i Wavelet cho bai toan phén loai tu thé yoga. Anh dau vao dugc
phan ra thanh bon dai con wavelet dé sau d6 mdi dai con duoc dua vao mot mang
CNN riéng biét, va cac két qua dau ra duoc gop lai (fusion) dé xac dinh tu thé cudi
cung. Nghién ctru tan dung bo dir liéu yoga gom nam tu thé c6 san cong khai va thuc
nghiém di cho thdy moé hinh dugc phat trién tot hon cidc mé hinh CNN tiéu chuan,
dat 46 chinh xac & mutc 90% trén tap huan luyén va dat 80% trén tap kiém thtr. Tong
quan lai c6 thé thdy cac phuong phap nay thuong khai thac CNN va bién thé cua né
hoic két hop voi mot sé cach xtr 1y anh di kém dé trich xuat dic trung thi gidc trén
anh tré nén tot hon. Dau vay, viéc hoc cac dac trung truc tiép ttr anh khién mo hinh
c¢6 thé nhay cam véi cac yéu td nhu nhiu nén, diéu kién anh sang thay doi, trang
phuc cua nguoi tap va goc nhin cua camera, nén do chinh xac dat dugc nhin chung
chua that sy cao. Bén canh do6, viéc st dung thuan tay CNN thuong chua du dé phan
tich chi tiét tu thé, dan dén kha nang danh gia chit lugng dong tac con han ché. Quan
trong hon 1a thiéu kha ning phan tich chi tiét tu thé cu thé ctia nguoi dung, khién cho
viéc danh gia chéit lugng va mirc d¢ chinh x4c cua tirng dong tac tré nén khé khan va
kho gidi thich.

Dé khic phuc nhirng diém chua t6i wu ctia cac phwong phap hoc tric tiép tir

anh, nhiéu dé tai dd chuyén hudng tap trung vao sir dung mé hinh HPE dé trich xuat
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biéu dién trung gian dudi dang bo khung xuong, sau d6 tng dung toan hoc hoic cac
mo hinh hoc may truyén thong dé phan loai tu thé dya trén cau triic hinh hoc nay. Cu
thé, nghién ctru [26] da thuc hién phan loai chudi tu thé Chao Mt Troi bﬁng bdn md
hinh hoc may khac nhau, trong d6 dic trung dau vao dugc trich xuit tir cac goc khop
thong qua thuit todn udc luong tu thé thoi gian thue. Két qua cho thdy 1a mé hinh
KNN c¢6 su chinh xac cao nhét, 1én t6i 96%. Trong khi d6, nghién ctru [27] lai gidi
thiéu mot phat hién va danh gia tu thé dua trén PoseNet cua Google, c6 kha ning tao
anh khung xuong ngudi tp va so sanh véi tap huan luyén nham dua ra dy doan, qua
d6 hd tro ngudi dung duy tri tu thé chinh xac va ning cao hiéu qua luyén tip ma
khong can huan luyén vién tryc tiép. Nghién ctru khac [21] tap trung phat trién mot
hé thong phat hién va hiéu chinh tu thé yoga theo thoi gian thuc sit dung MediaPipe
dé trich xuét cac diém khép co thé (pose landmarks), sau d6 dua dit liéu vao mot bd
phan loai dugc huan luyén theo huéng hoc c6 giam sat nham nhan dang tu thé. Nguon
dir liéu liéu huan luyén duogc lay tir Mendeley Yoga Dataset, tap trung vao bon tu thé
co ban gdm Anantasana, Bhujangasana, Tadasana va Vajrasana. Két qua ghi nhan do
chinh x4c vuot troi ciia mé hinh & tdp huin luyén va kiém dinh déu trén 90% véi sb
lugng tham s6 nhd, thé hién tinh hiéu qua, gon nhe va kha nang irng dung cao trong
viéc nhan dién va hiéu chinh tu thé yoga theo thoi gian thuc. Nghién ctru [28] tap
trung vao phan loai tu thé yoga bang cach két hop YOLOVS va MediaPipe dé phat
hién cac diém khop (keypoints) trén co thé ngudi tap. Qua trinh phan loai dugc thuc
hién voi nhiéu mé hinh hoc may co s& va mé hinh hoc t6 hop (ensemble learning)
trén mot bo dir lidu tiy chinh gdm nhiéu tu thé yoga khac nhau. Két qua cho thay
MediaPipe cho d§ chinh xdc cao hon YOLOVS (dac bi¢t 1a LightGBM sir dung
keypoints tir MediaPipe dat do chinh x4c cao nhat), khang dinh sy can thiét cia viéc
phat hién sém keypoints chinh x4c trong nang cao hiéu sudt phan loai. Nghién ctru
[29] x4y dung mot bo dir lidu 16n gdm hon 5.500 hinh anh cta 10 tu thé yoga, sir
dung thuat toan tf-pose estimation dé trich xuat khung xurong va goc khép co thé theo
thoi gian thuc. Nhitng dic trung nay dong vai trd 1am dau vao cho nhiéu mé hinh ML

nham phan loai tu thé. Qua thuc nghiém, m6 hinh Random Forest dat do chinh xac
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99,04% ciing da cho hé 16 trién vong ctia phuong phéap trong nhan dang va phat hién
tu thé yoga. Nghién ctru [30] c6 pham vi tong quat hon khi két hop nhiéu thuat toan
wdc lugng tu thé nhu MediaPipe, PoseNet va OpenPose dé trich xuat cac diém khop
co thé (keypoints) tir anh hodc video, qua d6 xay dung mé hinh khung xwong 2 chiéu
2D va 3 chiéu 3D phuc vu nhan dang tu thé yoga. Nhom tac gia xem xét nim tu thé
dic trung gom Downdog, Goddess, Plank, Tree va Warrior II, dong thoi ap dung
nhiéu bo phan loai ML nhu SVM, Random Forest, KNN;... dé so sanh hiéu quéa nhan
dang. B dir liéu duoc chia theo nhiéu ty 1€ khac nhau trong huan luyén—kiém thur
nham danh gia d6 tin cdy ciia mé hinh. Két qua cho thdy SVM va KNN dat d6 chinh
xé4c cao 6n dinh, trong khi Random Forest dat dén 100% & mot sb tu thé, chirng minh
kha nang két hop linh hoat giira wdc luong tu thé va hoc may trong bai toan phat hién
va phan loai tu thé yoga. Mic du vay, mot han ché chung trong cac nghién ciru cil
trudc la phﬁn 16n chi 1am vao mot hodc mot vai to hop cu thé gitra cac mo hinh udc
lugng dang nguo1 (HPE) va thuat toan hoc may (ML). Do do, van con sy thiéu hut
dang ké cac nghién ciru so sanh chéo c6 pham vi day du va dugc trién khai theo
phuong phép tiép can co hé théng, khién viéc lya chon td hop tdi wu cho tirng muc
tiéu tng dung cu thé tré nén kho khin. Bé 4n nay hudng dén viéc khic phuc han ché
d6 thong qua phan tich dinh lugng va so sanh c6 hé thong hiéu sudt caa nhiéu to hop
khac nhau gitra cac phuong phép trich xuat khung xuwong va thuat toan hoc may —
tir cach tiép can co dién dén cac mo hinh tién tién. Bén canh d6, dé 4n ciing danh gia
su can ddi giira chat luong két qua va téc do xur 1y, nham dé xuét giai phap phu hop
cho céc giai phap yoga thong minh hoat dong trong méi truong thyc té.
1.5. Két luan chwong 1

Chuong 1 d trinh bay téng quan vé linh vire nhan dién tu thé yoga, 1am rd céc
khai niém cin ban vé nhdn dién tu thé ngudi dén nhitng dic thu riéng cta bai toan
trong yoga. Cac phuong phap va moé hinh, k¥ thuat phd bién tir trudc dén nhitng nim
gan day da duoc gidi thidu trong viéce trich xuit va phan loai tu thé, ca ddi véi bai
toan phan loai ding nguoi noi chung 1an bai toan nhan dién va phan loai dang yoga

cu thé. Qua thyc tién, nhiéu cac cong trinh hién nay chi tap trung vao mot s6 tO hop
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nhét dinh gitta moO hinh trich xuét dic trung va thuat toan hoc may, chua c6 mot
nghién ctru tong quat, so sanh toan dién dé xac dinh to hop t6i wu cho bai toan nhan
dién tu thé yoga.

Trén co s& d6, chuong 2 s& tap trung phan tich chi tiét cac k¥ thudt gan véi bai
toan ndy. Dong thoi, chuwong s& dé xuat mot pipeline nghién ciru cu thé, gidi thiéu chi
tiét hon vé& cac mé hinh HPE va cac thuat toan ML duoc st dung, phuc vu cho vi¢c

benchmark va x4c dinh t6 hop phuong phap t6i wu cho cac budce nghién ciru ké tiép.
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CHUONG 2: NGHIEN CUU PE XUAT HE THONG

NHAN DIEN TU THE YOGA THOI GIAN THU'C
2.1. M6 hinh dé xuit cho bai toan

Kién triic dé xuét cho bai toan nhan dién tu thé Yoga theo thoi gian thuc dugc
xay dung dya trén chudi cac bude xtr 1y tir dit 1iéu dau vao 13 video dén dau ra 1a nhin
tu thé du doan. Pipeline ctua h¢ théng dugc khai quat trong Hinh 2.1, md ta toan bd
quy trinh xt 1y dit liéu tir thu nhan hinh anh dén phan loai tu thé. Hé théng gom bén
mo-dun chinh, m&i mo-dun thuc thi mot chirc ning riéng biét nhung lién két chat véi

nhau dé qua trinh nhan dang dién ra chinh xac va thoi gian thuc.

1:Trich xuét khung hinh tir video

[ Piu vao: Video tir webcam ]

Khung hinh (Anh) ]

2: M6 hinh HPE

3:Chuén hoa dit lidu toa do khung xuong

‘ Dir liéu diic trung da chuén héa

‘ Toa d§ khung xwong anh ]

4:M6 hinh ML phan loai

5: Phan hoi va hién thi két qua

‘ Nhan tu thé dy dodn ’ ‘ Khung hinh (Két qua hién thi) ]

Hinh 2.1: Pipeline ciia gidi phap dé xuit cho bai toan nhén dién tw thé Yoga.

Dau tién, dit liéu dau vao 1a chudi khung hinh thu duoc tir webcam (Budc 1).
Céc khung hinh nay duoc dua vao mo dun trich xuat khung xwong, sir dung mé hinh
wéc luong tu thé ngudi (HPE) dé phat hién cac diém khép (keypoints) trén co thé
ngudi. Tiép theo, dit liéu khung xwong dugc chuan hoa va xir 1y trong mé dun xtr Iy
va trich xuit dic trung nham can béng toa do va trich xuat cac dic trung hinh hoc
quan trong (nhu goc, khoang cach, ty 18) phan anh rd rang tu thé ctua nguoi tip. Cac
dic trung dau ra sau d6 dugce dua vao moé dun phan loai tu thé, noi mot sé mé hinh
hoc may (ML) duoc huan luyén dé du doan nhan tu thé Yoga twong tng. Cudi clng,
két qua nhan dang duoc chuyén dén mo dun phan hdi va hién thi, noi hé théng truc

quan hoa tu thé trén giao dién nguoi dung, hién thi nhén tu thé nhan dang dugc va
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cung cip phan hdi cho ngudi tp. Nho su két hop ciia cic mo-dun trén, hé théng c6
thé nhan dién va phan loai tu thé Yoga mot cach 6n dinh trong thoi gian thyec.

2.2. M6 dun trich xuat khung xwong

2.2.1. Cac mo hinh duwgc ap dung

Nhin chung, cac hudng tiép cn trong bai toan Human Pose Estimation [31]
c6 thé duoc chia nhom dya trén bon tiéu chi chinh.

(1)  Chiéu dit liéu: Phan biét giita u6c luong tu thé trong khong gian hai chiéu va
ba chiéu. Trong khi 2D pose estimation nghién ctru trong viéc xac dinh vi tri cac khop
trén mat phang anh, 3D pose estimation hudng téi viéc tai tao ciu tric khong gian
cua co thé, mang lai mo6 hinh hinh hoc chinh xac hon nhung can dir liéu huén luyén
quy md 16n va ha tang tinh toAn manh mé.

(2)  Dai twong xur 1Iy: Gom hai hudng chinh 1a don nhén (single-person) va da nhan
(multi-person). Bai toan don nhan gia dinh chi c6 mot nguoi trong khung hinh, trong
khi bai todn da nhan 1a phat hién toa d6 diém khép cho ting ngudi nén dan dén do
phtic tap cao hon déng ké.

(3)  Céu trac md hinh: Gom ba huéng tiép can phd bién 1a top-down, bottom- up
va one-stage. Cach top-down thudng phat hién nguoi trude roi méi wée luong tu thé
tung ca thé; nguoc lai, bottom-up xac dinh toan bd cac diém khép trong anh trudce
khi nhoém chiing lai thanh ting céa thé; con one-stage ¢ gang két hop ca hai budc
trong mot mo hinh duy nhét, huéng dén t6i wu hiéu ning thoi gian thuc.

(4)  Dir liéu dau vao: Chap nhan anh tinh don 1é (image-based) hodc chudi video
(video-based). Trong khi anh tinh chi phan anh thong tin khong gian tai mot thoi
diém, dit liéu video cho phép khai thac thém thong tin vé chuyén dong va sy lién tuc
theo thot gian, gitp cai thién do 6n dinh cta dy doan.

Hé thong nghién ctru ndy duoc xdy dyng vu tién hudng t6i tng dung cac méd
hinh u6c lwong tu thé 2D dé phan tich tu thé cia mot ngudi/ nhiéu ngudi qua hinh
anh, nham dap tng yéu cau nhin dang tu thé Yoga theo thdi gian thyc trong tng dung
ca nhan, dac biét trong cac moi truong tap luyén tai nha. Cac mo hinh HPE dugc st

dung trong dé an nay duoc thé hién qua Hinh 2.2.
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HRNet [32] 1a mot kién trac mang dugc dé xuét cho bai toan ude luong tu thé
nguoi, vol muc tieu hoe dugc cac biéu dién c6 do phan giai cao va dang tin cay. Thay
vi st dung kién tric thong thuong theo hudng tir cao xudng thip rdi khoi phuc lai d6
phan giai nhu cic mé hinh trude ddy, HRNet duy tri truc tiép biéu dién d6 phan giai
cao trong sudt qua trinh xir 1y. CAu triic cia HRNet bit dau véi mot nhanh c6 d6 phan
giai cao, sau d6 dan bd sung cac nhanh c6 d6 phan giai thip hon va két ndi song song
cac nhanh nay. Giira cac nhanh dién ra qua trinh hop nhét da ti 1& 1ap di lap lai, cho
phép cac biéu dién ¢ nhiéu muc do phan giai khac nhau trao d6i va bo sung thong tin
cho nhau. Nho d6, HRNet c¢6 kha ning biéu dién dic trung khong gian phong phu va
chinh xé4c hon, gitp du doan ban d6 nhiét ctia cac diém khdp (keypoints) dat do chinh
xac cao. Mang da ching minh hiéu qua vugt troi trén cac bd dir ligu chuan nhu
COCO, MPII, va PoseTrack, khang dinh wu thé trong viéc duy tri do phan giai cao
va khai thac thong tin da ti 1€ mdt cach hiéu qua.

BlazePose [7] 1a mdt mé hinh duoc Google Research phat trién, hudng t6i muc
tiéu nhe, nhanh va chinh xac, dic biét toi vu cho thiét bi di dong. M6 hinh dugc xay
dung dua trén kién trac mang CNN gon nhe, cho phép du doan 33 diém khép
(keypoints) trén co thé ngudi, bao gém ca cac khép chinh nhu dau, vai, tay, chan va
cot song. Diém noi bat cua BlazePose nam & thiét ké két hop gitra hai thanh phan
chinh: B phét hién (detector) ding dé x4c dinh ving chira co thé ngudi trong khung
hinh, va B9 theo ddi tu thé (pose tracker) dung dé du doan chinh xac toa d6 cac diém
khép, dong thoi cap nhat vung ¢ sy hién dién cua ngudi va tinh chinh ving quan
tam & khung hinh hién tai. Kién trac nay khong chi giup giam tai tinh toan ma con
dam bao hi¢u nang thoi gian thuc, dat hon 30 khung hinh/gidy trén thiét bi Pixel 2,
phtt hop cho céc tng dung sir dung duoc ngay trén thiét bi (on-device) ma khong can
dén may chu. BlazePose duoc str dung phd quét trong cac linh vuc nhu theo dbi bai
tap thé hinh (fitness tracking), phan tich dong tac yoga, nhan dang ngon ngit ky hi¢u
va thuc té tang cuong (AR). Bén canh do, véi ciu trac 33 diém khép nhét quan véi

cac mod hinh BlazeFace va BlazePalm, BlazePose con c6 thé md rong lam nén tang
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cho cac m6 hinh nhan dang khuon mat va ban tay, hudng téi hé théng nhan dién
chuyén dong toan than 3D.

MoveNet [6] 1a m6 hinh phat hién tu thé ngudi (pose detection) méi duoc
Google gidi thiéu ciing API phat hién tu thé trong TensorFlow.js, noi bat véi téc do
siéu nhanh va do chinh xac cao khi nhan dién 17 diém khép (keypoints) trén co thé
ngudi. M6 hinh c6 hai phién ban: Lightning — t&i wvu hoa cho tng dung yéu cau do tré
cuc thép, va Thunder — huéng dén do chinh xac cao hon, déu dat téc d6 hon 30 FPS
trén hau hét cac thiét bi hién dai, rat hop cho céac tng dung thé thao, thé hinh va strc
khoe thoi gian thue. Vé kién trac, MoveNet sir dung phuong phap udc luong tir dudi
lén (bottom-up estimation) voi MobileNetV2 két hop Feature Pyramid Network
(FPN) lam bd trich xuat dic trung, cung bén dau du doan (prediction heads) dé xac
dinh tdm ngudi, ban do diém khop va tinh chinh vi tri sub-pixel. Thiét ké nay gitp
mo hinh duy tri d6 phan gidi cao, phat hién chuan xac ngay ca khi di chuyén nhanh
hodc tu thé phuc tap. Trong ung dung thuc té, MoveNet d3 duoc IncludeHealth —
cong ty cong nghé strc khde — trién khai trong hé théng tap luyén va diéu tri vat 1y tri
liéu tur xa, chirng minh kha nang can béng gifra tde do va do chinh x4c, mé ra tiém
ning 16n cho cac tng dung cham soc strc khoe va theo ddi chuyén dong nguoi dung
trong thot gian thuc.

YOLOX [5] 1a thé hé md hinh phat hién ddi twong hiéu niang cao dugc xay
dung dua trén chudi mé hinh YOLO, trong d6 nhém tac gia da thyc hién nhiéu cai
tién thuc tién quan trong. M6 hinh nay chuyén ddi cau trac truyén théng cia YOLO
sang co ché anchor-free (khong sir dung neo) va tich hop céc ki thuat phat hién hién
dai nhu dau tach biét (decoupled head) va chién lugc gan nhin tién tién SimOTA,
gitip nang cao dang ké do chinh xac va tdc do xir Iy. Nho nhirng cai tién nay, YOLOX
dat duoc két qua vuot troi (state- of-the-art) trén nhiéu quy mé mé hinh khac nhau
dac biét YOLOX-L con dat giai Nhit tai cudc thi Streaming Perception Challenge,
ching minh hiu qua thyc té ciia m6 hinh. YOLOX dong thoi cung cép cac phién ban
trién khai tuong thich vd1 ONNX, TensorRT, NCNN va OpenVINO, phuc vu hiéu

qua cho ca muc dich nghién ctru va ung dung thuc té.
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ViTPose [33] 1a mot kién triic udc tinh tu thé nguoi dua hoan toan trén bo bién
d6i thi giac (ViT), thé hién cach tiép can don gian nhung hiéu qua vuot troi cho cac
nhiém vu thi gidc. Khac v6i nhiéu phuong phap trude day thuong tich hop cac thanh
phan chuyén biét cho nhan dang hinh hoc hay dic trung khong gian, ViTPose khong
dua trén kién thirc mién cu thé trong thiét ké ma st dung kién trac transformer thuan
tay, khong phan cap lam xwong sdng dé trich xuat dic trung hinh anh cho timg dbi
tuong nguoi. Phia trén do, mot bd gidi ma nhe dugc s dung dé du doan cac diém
khép (keypoints) tu thé. Kién tric ndy c¢é tinh mé rong rat cao, c6 do linh hoat cao
trong viéc lua chon co ché cha ¥, d0 phan giai dau vao, chién lugc tién huin luyén va
tinh chinh, gitip thich ing véi nhiéu loai nhiém vy udc tinh tu thé khac nhau. Céc két
qua thu duoc trén MS COCO Keypoint Detection cho thay ViTPose co ban da vuot
qua nhiéu phuong phap tién tién hién hanh, trong khi phién ban 16n nhét ciia mé hinh
— ViTPose véi backbone VITAE-G — dat 80.9 AP trén tap COCO test-dev, thiét
1ap mot chuan hiéu suit méi mé ra hudng di méi trong khai thac tiém ning ctia cac
bd bién d6i thi giac thuan tay cho nhiéu nhiém vu thi gidc may tinh khéc.

RTMPose [34] ap dung phuong phép top-down, trong d6 st dung bo phat hién
dé xac dinh hop gidi han trude khi ude tinh tu thé timg ngudi. Du ting bi xem la
cham do phu thudc vao budc phat hién, phuong phap nay nay tré nén manh mé hon
nho nhitng dot pha trong nhitng bd phat hi¢n thoi gian thyc. M6 hinh dp dung
CSPNeXt lam xuong sdng (backbone), dat dugc diém can bang tét gitra d6 chuan xac
va muc hi¢u qua trién khai. Phan dau ra duoc thiét ké dua trén thuat toan SimCC, xit
ly viéc duy doan diém mdc dudi dang bai toan phan loai, giup giam chi phi tinh toan
hon so vo1 phuong phap dua trén heatmap. Ngoai ra, framework con tich hgp cac
chién luge huan luyén t6i uu va cac k¥ thuat suy luan nhu phét hién bo qua khung
hinh, két hop loai bo tu thé trang 1ap (Pose NMS) va loc 1am min nham ting do 6n
dinh va tinh thoi gian thyc.

RTMO [11] 14 mot framework wdc tinh tu thé da ngudi mot giai doan thoi gian
thuc, duoc thiét ké nham can béng hiéu qua gitra tdc d6 va do chinh xac. Khong giéng

v6i kiéu top-down hai giai doan thudng cham khi s lwong ngudi taing, RTMO tich
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hop phén loai toa d6 thong qua ban do nhiét 1-D kép (dual 1-D heatmaps) truc tiép
trong kién tric YOLO, gitp duy tri tdc d6 cao ma van dat d6 chinh x4c canh tranh.
Framework st dung bo phan loai toa d6 dong (dynamic coordinate classifier) két hop
v6i ham mat mat chuyén biét dé giai quyét viéc khong twong thich giita phan loai toa
dd va cac mo hinh dy doan day dac (dense prediction models). RTMO ciing khai thac
thung toa do (coordinate bins) dé dinh vi diém mdc chinh xac cho cac truong hop cd
kich thudc va d6 phirc tap khac nhau, dong thoi mang lai mot phwong phép wée tinh
tu thé da ngudi (MPPE) tich hop lién mach, t6i uu hoa ca téc do va hiéu suat.

2.2.2. Nhan dién va xiwr ly keypoints

Trong cic mo hinh uéc lugng tu thé, sd luong va loai keypoints ma mo hinh
tra vé phu thudc vao dataset ma mé hinh dugc huén luyén. Cac mo hinh c6 thé tra vé
s6 luong keypoint khic nhau, tuy nhién, dé thuan tién cho viéc xir 1y va so sanh, két
qua thudng duoc quy vé chuan keypoint COCO, von dugc str dung rong rai trong
nhiéu bai toan nhan dién tu thé. Viéc nay giup tich hop dit liéu tir nhiéu mé hinh khac
nhau, théng nhat pipeline xtr Iy va dé dang trién khai cac thuat toan phan tich chuyén
dong hoac nhéan dién hanh vi.

Keypoints chuan COCO bao gém 17 diém chinh cta co thé nguoi, dai dién
cho cac vi tri nhu miii, mét, tai, vai, khuyu tay, cd tay, hong, géi va mét ca chan. Khi
sir dung cac md hinh nhu MoveNet, dit lidu tra vé thuong & dang méang [s6 nguoi, 17,
3], trong d6 17 1a s6 keypoint theo chudn COCO, mdi diém gdm toa do (x, y) va gia
tri do tin cay (confidence). Skeleton COCO ciing dinh nghia cac két ndi gitta cac
keypoints dé tao thanh khung xuong, phuc vu cho vi¢c hién thj hodc phan tich chuyén
dong. Nguoc lai, cac md hinh nhu BlazePose ciia MediaPipe cung cip 33 keypoints
chi tiét hon, bao gém ca cac chi tiét nho trén tay, chan, mat va cac ngdn tay. Dir li¢u
tra vé cho mdi diém gém toa do (x, y, z) va do tin cdy. Viéc nay gitp khai théac chi
tiét hon trong cac g dung can d¢ chinh xac cao hoic phan tich chuyén dong chi tiét.
“Danh sach cac diém khép chuan theo COCO (17 diém) va cac diém khép cia
BlazePose (33 diém) bang tiéng Viét dwoc mo ta trong Hinh 2.3.
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$6 Vi tri $6 Keypoint S0 Keypoint
0 Mii 0 mii 17 ngon Ut trai
1 Mattrai 1 mat trai trong 18 ngén Ut phai
2 Métphai 2 me’?t trai 19 ngoén tré trai
3 Taiphai 3 mat trdi ngoai 20 ngon tré phai
4 Taitrdi 4 mét phaitrong 21 ngon céi tréi
5 Vaiphai 5 matphai 22 ngon cai phai
6 Vaitrai 6 mat phai ngoai 23 héng trai
7 Khuyu tay phai 7 ftaitrdi 24 m:)ng phai
8 Khuyu tay trai 8 ta'| phai 25 g:)i trai
9 Cotay phai 9 goc miéng trai 26 go: phai
10 Cb tay trai 10 gbc miéng phai 27 rnft ca chan trai
11 Hong phai 11 vaitréi 28 mat ca chan phai
12 Hong trai 12 vai phai 29 got chan trai
13 Goi phai 13 khuyu tay tréi 30 g6t chan phai
14 Goi trai 14 kr:uvutay phai 31 mut chan frai
15 Mé'n 4 phai 15 o8 tay tra[ 32 mit chan phai
16 Mat ca trai 16 co tay phai
Mo ta 17 keypoints —
A 2 A S
tap dir licu COCO Mo ta 33 keypoints — mo hinh BlazePose

Hinh 2.3: Danh sach cac diém khép ciia COCO dataset (17 diém) va BlazePose (33
diém) bang tiéng Viét

Viéc quy chuan keypoints vé chuan COCO gitip d& dang so sanh va két hop
dir liéu tir nhiéu mo hinh, trong khi cac bo keypoints mé rong nhu BlazePose van ¢
thé dugc str dung khi can chi tiét cao hon. Piéu nay rat hitu ich cho céac pipeline nhan
dién tu thé, theo ddi chuyén dong, trong nghién ctru thé thao va theo ddi stc khoe.
Trong qué trinh udc lugng dit liéu keypoint, cic mo hinh uéc luong tu thé ngudi
(HPE) c6 thé tra vé nhitng diém véi d6 tin cdy thap do nhiéu nguyén nhan, bao gdm
chat luong hinh anh kém, goc nhin kho hodc céac tu thé phirc tap. Pé dam bao tinh
nhat quan va cong bang khi so sanh hiéu ning gitra cac mo hinh, dé an 4p dung mot
ngudng trung binh 0.3 cho diém tin cdy cua cac khép xuong (keypoint confidence
score). Cu thé, v6i mdi anh, khi nhan duoc két qua ctia md hinh HPE cho anh ta s&
tinh gia trj trung binh cua téng hop cac diém tin cdy trong vector keypoint. Néu diém
trung binh nay thap hon 0.3, toan bd vector dic trung cta cac keypoint trong anh d6
s& duoc gan bang 0, coi nhur mo hinh khong phat hién duogc tu thé ngudi trong anh.
Tiép can nay khong nhitng gitip loai bo cac két qua khong dang tin cidy ma con dam
bao rang tat ca cac mé hinh HPE dugc xem xét theo cung mét thude do trude khi dua

vao mod dun ti€p theo.
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2.3. M dun xir Iy va trich xuét diic trung

Dé tap trung vao tu thé va cdu truc twong ddi, thay vi bi anh hudéng béi chiéu
cao hay vj tri ctia ngudi trong khung hinh, dé an 4p dung mot phuong phap chuan héa
dua trén vi tri trung tdm hong. Cu thé, toa do cua hong trai va hong phai dugc st dung
dé xac dinh tim hong (hip center), trong khi vai tréi va vai phai duoc dung dé tinh
tam vai (shoulder center) va udc lugng kich thudce than (torso size). Khoang cach 16n
nhat giira cac diém khop va tam hong, két hop véi mot he so ty 18 2.5 tir kich thude
than, dugc chon lam thang do chuin hoa. Mbi diém khép sau d6 dugce dich chuyén
sao cho tdm hong tro thanh gbc toa do va dugc chia cho thang do nay dé dam bao
kich thuéc co thé ndm trong mot pham vi chuan. Qua trinh chuan hoéa nay giup dir
liéu khung xuong trd nén bét bién voi vi tri, ty 1 co thé va khoang cach t6i camera,
tir 6 nang cao do on dinh va thich nghi tot voi anh Yoga la bat thuong. Viéc két hop
chuan héa toa do voi danh gia do tin cdy cua cac keypoint dam bao rang cac vector
dac trung dau ra déu c6 chat luong cao, loai bo cac dir liéu nhiéu, déng thoi duy tri
tiéu chuan thdng nhat cho cic budc phan tich tiép theo. Dudi day 1a cic bude minh
hoa quy trinh chuan hoa cac keypoints:

« Budc 1: Nhén dir liéu dau vao: Danh sach keypoints [N x 3] gém toa do (x,

y) va do tin cay confidence.

« Budc 2: Xac dinh tdm hong: Liy toa do hong trai va hong phai, sau d6 tinh

trung diém — hip center.

* Budc 3: Xac dinh tdm vai va kich thudc than: Léy toa d§ vai trai va vai phai,

tinh trung diém — shoulder center; Torso size = khoang cach tir shoulder center

dén hip center.

« Budc 4: Xac dinh thang do chudn héa: Tinh khoang cach 16n nhat tir

tat ca keypoints ti hip center; scale = max(torso sizex2.5, khoang cach 16n

nhit)
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« Budc 5: Chuan hoa ting keypoint: V&i mdi keypoint (x, y, confidence), dich
chuyén (x — hip center.x, y — hip center.y), chia cho scale, giit nguyén
confidence, va thém vao normalized keypoints.
« Budc 6: Xuét dit liéu ddu ra: Danh sach normalized keypoints da chuan hoa,
c6 thé tién hanh cho budc ké tiép 13 nhan dién tu thé.

2.4. M dun phén loai tu thé

Mo dun phan loai tu thé 13 giai doan khong thé thiéu chiu trach nhiém chuyén
ddi cac vector dic trung trich xuét tir hinh anh hodc video thanh nhan tu thé cu thé.
Céc vector dic trung nay tong hop thong tin vé vi tri cac diém khép, hinh dang co
thé va cac mdi quan hé khong gian gitta cac khop, tir d6 giip moé dun phan loai c6 thé
nhan dién tu thé mot cach chinh xac va 6n dinh. Trong nghién ctru, nhiéu mé hinh
ML truyén théng va hién dai da duoc van dung nhdm so sanh hiéu nang va kha nang
thich trng cta tirng mo hinh trén cung bo dit li¢u vector dic trung. Tuy nhién, cac mo
hinh qué nang hodc qué hién dai khong duoc sir dung trong hé thong nay, bai chung
st dung tai nguyén tinh toan ctuia chiing 16n nén thoi gian suy luén lau hon, lam gidm
kha ning trién khai trén cic tng dung nén tang di dong hodc méi trudng truc tuyén.
Viéc tmg dung cac mo hinh ML phu hop khong chi gitp dio tao nhanh va dé trién
khai, ma con mang lai tde do suy luan cao, rat Iy tudng vo1 ing dung nhan dién tu
thé Yoga theo thoi gian thuc. Pong thoi, viéc dbi chiéu hiéu ning giita nhitng mo
hinh con gitip phan tich uvu nhuogc diém, tir d6 lya chon mo hinh can béng gitta do
chuan x4c, téc d6 va tinh md rong cua hé thong.

Viéc danh gia dugc thi nghiém trén cidc md hinh ML cha yéu 1 ¢6 giam
sat, cu thé bao gém:

K-Nearest Neighbors [8] 1a mot thuat toan hoc may don gian dua trén khoang
cach gitta cac diém dir liéu. Mdi mau méi dugc quyét dinh dwa trén nhén cia K diém
lan can nhat vé mit khoang cach trong tip huan luyén (thuong 1a Euclidean,
Minkowski hodc Manhattan). KNN khong yéu cau huin luyén cau ky, khong can gia
dinh gi vé phan phbi dir liéu, tuy nhién véi bo dit liéu 16n, toc d6 giam va nhay cam

v61 nhiéu nén chi hgp cho céc bai toan tir nho dén trung binh, hodc lam baseline dé
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so sanh vo1 cac mo hinh phtre tap hon, chir it khi dugc chon lam giai phap chinh cho
hé théng 16m hoac yéu cau tdc dd cuc cao.

Decision Tree [12] 1a mdt mo hinh phan loai dua trén cAu trac cay, st dung
céc cau hoi diéu kién dé chia dir lidu theo nhin. ID3 va cac phién ban cai tién nhu
C4.5, CART la thuit toan dién hinh dé c6 thé tao ra cay quyét dinh. M6 hinh d& hiéu,
tryc quan va giai thich duoc quyét dinh didu ma nhiéu mo hinh nhu CNN khong 1am
dugc. Tuy nhién, cdy don 1é dé bi overfitting va tong quat kém trén dir 1iéu méi nén
thudng can phai giéi han do sau ciy, ap dung cit tia (pruning).

Support Vector Machine [9] 1a mdt thuat toaAn manh mé, tdi wu hoa bién phan
tach gitra cac 16p dit li€u. SVM vuot trdi voi dir 1i€u co6 ranh gidi phan loai 16 rang va
c6 thé mé rong sang khong gian chiéu cao bang kernel. N6 ndi bat khi c6 thé téng
quat hoa tét ngay ca véi tap dir liéu nhé. Tuy nhién, SVM c6 thé cham khi xur 1y tap
dir liéu 16n va yéu cau lya chon ham kernel phut hop.

Multi-Layer Perceptron [35] 1a mdt thuat toan hoc sau thugc ho mang no-ron
truyén thang c6 thé hoc cac méi quan hé phi tuyén gitra cac dic trung. Khac voi nhing
mo hinh tuyén tinh, MLP ¢6 ciu trac gdm ba 16p: 16p dau vao nhan keypoints tir mo
hinh HPE, mét hodc nhiéu 16p an voi cac ham kich hoat nhu ReLU, sigmoid, hay
tanh ... gitp tao ra biéu dién phirc tap hon, va cudi cung 1a 16p dau ra dua ra xac suat
thudc vé ting 16p hanh dong. MLP sir dung ham kich hoat phi tuyén va duoc huén
luyén bang thuat toan backpropagation c6 thé giai quyét cac bai toan phan loai phirc
tap va thich hop véi dit liéu khong tuyén tinh tuy nhién, MLP lai yéu cau tinh toan
cao hon.

Random Forest [10] 1a mot k¥ thuat hoc tap to hop (hay con goi 13 ensemble
learning) gdm mot bd cac ciy quyét dinh, trong d6 tig cay dugc xay dung trén mot
tap con dir li¢u va tap con dic trung khac nhau. bé phan loai mot mau méi, no két
hop két qua (bang cach lay da s6 phiéu) tir tat ca cac cay, gitp kiém soat hién tugng
overfitting va ting cuong do chuan xac. RF ciing cung cap danh gia ciia cac dic trung

cuc ky hitu ich dé phan tich xem keypoint ndo déng gdp nhiéu nhat vao viéc nhan
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dién dang Yoga. Tuy nhién, s6 luong cdy 16n ¢ thé lam ting chi phi tinh toan va khé
dién giai.

Gaussian Naive Bayes [36] 1a mdt thuat todn hoc c6 giam sat dua trén gia dinh
cta ly thuyét Bayes, rang ting dic trung doc 1ap nhau va tuan thai phan phdi chuan.
Mo hinh don gian, siéu nhanh va hiéu qua vé6i dit liéu c6 phan phdi gan chuan.
GaussianNB thich hop cho cac bai toan phan loai thoi gian thyec. Piém han ché 1a
hi¢u ndng giam néu cac dic trung co mdi quan hé manh véi nhau.

XGBoost [13] 12 mdt thudt toan boosting manh mé, thong qua viéc sir dung
tap hop cay quyét dinh dé ting cudng do chuin xac du doan. N6 tdi vu hoa hiéu nang
va kha nang tong quat hoa, dong thoi hd tro dit liéu 16n va phan tan. XGBoost ciing
tich hop co ché diéu chinh trong sd, giam overfitting va ting tc tinh toan dé tré thanh
mot trong sO cc thuat toan ua chudng trong cac cudc thi hoc may nhung yéu cau
nhiéu tai nguyén va can tinh chinh siéu tham so.

LightGBM [14] 1a mot phién ban cai tién ctia gradient boosting, toi uu cho tbc
d6 huin luyén va hiéu qua mé rong trén dit liéu 1on. LightGBM sur dung chién luoc
phat trién cay dua trén 13 (leaf-wise) véi mirc do ton that t6i da dé giam bo nhé giup
tang téc d6 huan luyén. LightGBM dic biét hidu qua cao khi ma di lidu c6 s6 lugng
dic trung 16n va tap dir liéu khéng 10.

2.5. M dun phan hoi va hién thi

M6 dun phan hdi va hién thj dam bao c6 thé quan sat két qua nhan dién tu thé
mot cach truc quan, béng cach hién thi cac nhan tu thé va diém khép 1€n giao dién
nguoi dung, gitp ngudi tap diéu chinh tu thé kip thoi va chudn xac. Trong qua trinh
hién thi, hinh anh duoc resize vé kich thude ban dau dé dam béao ty 1€ cac diém khép
dung véi thuc té, sau d6 vé cac diém khép vai do chinh xéac cao va ndi cac khop theo
ciu tric xuong (skeleton) bang cac dudng ndi. Nhin tu thé duoc hién thi truc tiép
trén hinh anh béng vin ban, gitip ta dé dang nhan biét tu thé hién tai. Cach tiép can
nay khong chi tao thong tin phan hdi truc quan ma con duy tri hiéu sut thoi gian
thuc, pht hop voi cac tng dung luyén tdp Yoga hodc thé thao trén cac thiét bi di dong

hodc 1a tng dung web.
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M6 dun phan hdi va hién thi thuc hién cac budce tinh toan tuan ty nhu

« Budc 1: Chuan bi hinh anh va vector diém khép. Nhan dau vao 13 hinh anh
gbc va danh sach cac diém khép (landmarks) dugc mé hinh wéc lwong tu thé tra
vé. Kiém tra tinh hop 1€ cua dir liéu: néu hinh anh hodc landmarks tréng, tra vé
None.

« Budc 2: Resize hinh anh vé kich thudc ban dau. LAy chiéu cao h va chiéu rong
w cta hinh anh. Nhan toa d6 chuan hoa ciia mdi diém khép voi w va h dé dua
vé toa do pixel thuc té trén anh.

« Budc 3: V& cac diém khop. Duyét qua ting diém khop va vé hinh tron tai vi
tri (x, y) tinh dugc, dam bao sir dung d6 chinh xac float va lam tron dé ting do
chinh xé4c hién thi.

« Budc 4: V& xuong (skeleton). Duyét qua danh sach cac cip diém khép dugc
két ndi va v& duong thang ndi tir diém dau dén diém cudi, tao thanh khung xuwong
clia co thé.

« Budc 5: Hién thi nhan tu thé. Néu két qua phén loai hop 18, 1dy nhin tuong
ung tir danh sach 16p va vé nhan 1€n hinh anh tai vi tri ¢ dinh (vi du: goc trén
bén trai).

« Bu6c 6: Tra vé hinh anh d hién thi. Hinh anh cubi cing cé diy du cac diém
khép, duong nbi skeleton va nhin tu thé. Co thé dua hinh anh nay 1én giao dién

ngudi ding dé cung cip phan hoi truc quan va thoi gian thyc.

2.6. Két luan chwong 2

Chuong 2 da trinh bay chi tiét nghién ctru va dé xuat hé théng nhan dién tu thé

Yoga thoi gian thuc, duoc thiét ké theo kién trac mo6 dun. M6 dun trich xuét khung

xuong thuc hién viéc udc lugng cac diém khép (keypoints) chinh xéc, 1a co sé cho

cac bude xtr Iy tiép theo. M6 dun xur Iy va trich xuat dic trung chuyén d6i cac diém

khép thanh vector dac trung dugc chuan hoa, phuc vu dau vao cua viéc phan loai tu

thé. M6 dun phén loai tu thé ap dung cac mé hinh ML lya chon nhitng mé hinh cin
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bang muot ma giira toc d6 va do chuan xac, Iy tudng véi cac tng dung thoi gian thyec.
Cubi cung, mo dun phan hdi va hién thi dam bao truc quan hoa két qua bang cach vé
skeleton va hién thi nhén tu thé 1én hinh anh, giup ngudi c6 thé xem va tu diéu chinh
tu thé kip thoi va chinh x4c.

Tir nhitng nghién ctru Iy thuyét va thiét ké mé dun trong Chuong 2, Chuong 3
s& trién khai chi tiét vé céc thuc nghi¢m va danh gid hé théng nhén dién tu thé Yoga
thot gian thuc, bao gém bo dit liéu sur dung, cu hinh mai truong thyc nghiém, va két

qua thu duogc.
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CHUONG 3: THU'C NGHIEM VA DANH GIA

3.1. B§ dir liéu thuc nghiém

D¢ 4n da khao sat mot s6 bo dir liéu tir cac nghién ctru trude [3] [24] [37] [38],
dua trén co s cac tiéu chi nhu thiét bi ghi hinh sir dung, s6 luong tu thé va nguoi
tham gia, téng s6 mau, su da dang trong cach thyc hién tu thé, cling nhu cac diéu kién
moi trudng nhu anh sang, khong gian va trang phuc. Nham dép tng nhu cau thuc té
cho viéc nhan dién tu thé Yoga tai nha, dé 4n da thiét ké mot bo dit liéu mai véi 12
tu thé co ban, pht hop v6i ngudi méi tap, dic biét hudng téi sinh vién va nhiing
nguoi di 1am thuong xuyén ngdi lau. Céc tu thé bao gdm: Cai cdy, Ché up mait, Chién
binh 1, Chién binh 2, Cui ngudi vé phia trude, Em bé, Ngon nui 1, Ngon nti 2 (Leo
nui), Tam van, TAm van thap, Tam giac va Cay cau. Bo dit liéu dugc xay dung tir 10
tinh nguyén vién, bao gdbm 5 nam va 5 nit. Mdi ngudi tham gia thyc hién day du 12
tu thé Yoga khac nhau trong qua trinh ghi hinh. Cac tu thé duoc thyc hanh dudi nhiéu
tinh hudng khac nhau, st dung céc thiét b quay khac nhau, két hop véi cac canh nén
va mic d6 nhiéu da dang, nham dam bao tinh phong phti va d6 khé cho viéc huan
luyén va danh gid mo hinh, chi tiét tao dang cta 12 nhan dugc minh hoa trong Hinh
3.1.

Pé thu thap dir liéu cho timg tu thé, dé an tién hanh quay video riéng biét,
mdi video ghi lai mdt nguoi thyc hién mot tu thé cu thé. Camera dugc dat cach nguoi
tap khoang 4—5 mét nham dam bao chat lwong hinh anh, véi chuan HD (720p), toc
d6 hién thi 30 khung hinh/gidy, va mdi video c6 do dai trén 10 gidy. Mdi nhan tu thé
gdém 10 video, trong d6 2 video duoc quay theo chiéu ngang va 8 video theo chiéu
doc. Trong budc tién xir 1y, cac khung hinh duoc trich xut tir video, cit thanh hinh
vudng dé loai bo cac yéu tb thira va duy tri ty 16 phu hop. Tiép do, cac anh duge chuan
hoéa vé kich thudc 640 x 640 x 3 pixel, ddm bao tinh nhat quan va tuong thich voi
cac mo hinh HPE. Dé ting d6 phong pht cua dir liéu, dé an ap dung cac k¥ thuat ting
cudng nhu 14t ngang, xoay nhe tir -10° dén 10°, dich chuyén va thuc hién céc bién
dang nhe dé tai hién su linh hoat cta co thé, mo phong cac diéu kién tap luyén khac

nhau. Sau qua trinh ndy, bd dit liéu cudi cing gdm 13.928 anh . Bang 3.1 trinh bay
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chi tiét s6 luong anh cua timg tu thé Yoga.

Céi cay Cho p mat Chién binh 1 Chién binh 2

Cui nguoi ve
phia trude

,,l

- Ngon nui
Leo nui1 g¢

)

Tam van Tam van thap Tam giac Cay cau
- .

i

Hinh 3.1: Minh hoa 12 tw thé Yoga trong b dir liéu

Bang 3.1: S6 lwong anh cho tirng tu thé Yoga

Tu thé Yoga S0 lwong [Tw thé Yoga S6 lwong
Cai cy 1125 Cay cau 1160
Cho Gp mat 1170 Ci ngudi vé phia trude 1140
Chién binh 1 (1140 Chién binh 2 1170
Em bé 1170 Leo nui 1165
Ngon nui 1215 Tam giac 1145
Tam van 1140 Tam van thap 1188
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3.2. Cai dat thuc nghiém
3.2.1. Méi trwong phén cieng va phin mém

Toan bo thyc nghiém dugc trién khai trén mot hé thong véi phan cling gdom
CPU Intel Core i5-13400F thé hé tht 13, 10 nhan, 16 luéng, xung nhip co ban 2,50
GHz va b nhé RAM DDR4 dung luong 32 GB.

Céc thi nghiém duoc trién khai sir dung méi trudng 40 Anaconda, cho phép
quan 1y cac goi thu vién va phién ban Python mot cach dé dang, linh hoat, dong thoi
dam bao moi truong co 1ap, tranh xung dot gitra cac thu vién. Bang 3.2 tong hop cac
thu vién chinh va chirc nang cua chiing:

Bang 3.2: Cac goi thu vién dugc sir dung trong qua trinh thwe nghiém

Thuw vién

Y nghia / Chirc ning

matplotlib

Thu vién v& dd thi co ban, truc quan hoa két qua,

biéu do.

mediapipe [39]

Thu vién nhe, hd tro trich xuat keypoints co thé

nguoi dung mo hinh BlazePose.

mmcv Thu vién hd trg co so ha ting, bao gdom xir 1y anh,
tensor operations, logging, cAu hinh mé hinh.

mmdet Thu vién phat hién d6i tuong (object detection).

mmengine Engine c6t 16i cia OpenMMLab, cung cap

framework huan luyén, logging va checkpoint.

mmpose [40]

Thu vién OpenMMLab hd tro nhiéu mé hinh HPE
c6 thé chay CPU/GPU.

mmpretrain Bo6 mo hinh tién hudn luyén tir OpenMMLab, hd
tro cac mo hinh nhu ViTPose.
numpy Thao tac ma tran va tinh toan s6 hoc hiéu qua.

opencv-python

Thu vién xtr Iy anh/video, hd tro doc, ghi, resize,

hién thj va thao tac anh.

openmim

Cong cu quan ly cac goéi cua OpenMMLab, dung
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dé cai dit mmengine, mmcv, mmpose, mmdet.

pandas Quan ly dir li¢u dang bang (DataFrame), doc/ghi
CSV, tién xir 1y dit liéu.
scikit-learn Bo cong cu ML da dang, hd tro KNN, SVM,

Decision Tree, Random Forest, train/test split, metrics.

tensorflow Framework hoc sau pho bién, dung dé tai mo hinh

Movenet.

tensorflow hub  [Kho mo hinh d3 huin luyén sin trén TensorFlow,

hd tro tai va st dung nhanh mo hinh Movenet.

torch Framework hoc sau (PyTorch), dugc yéu cau dé
chay MMPose.
torchvision Bo cong cu di kem PyTorch phuc vu cho xu ly

hinh anh va moé hinh hoc sau.

3.2.2. Thiét lap mé hinh HPE

Trong nghién ctru ndy, tdm mo hinh wdc luong tu thé nguoi (Human Pose
Estimation — HPE) duoc lya chon dé tién hanh so sanh hiéu ning, tip trung vao céac
yéu to quan trong nhu tde do suy luan, do chinh xac nhan dang khéop, va kha nang
trién khai trong moi trudong thuc té. Tt ca cac mo hinh déu dugc lua chon & phién
ban nhe nhat, nhim dam bao tinh kha thi khi ap dung cho cac hé théng nhan dién
tu thé Yoga thoi gian thuc
Céc mo hinh tr thu vién Mediapipe:
«  BlazePose33 (MediaPipe): Phién ban nhe v6i 33 diém khép, duoc tdi vu
hoa cho thiét bi khong c6 GPU, c6 kha ning chay truc tiép trén CPU hoic
webcam thoi gian thyc.
. BlazePosel7 (MediaPipe): Van str dung mo hinh BlazePose33 nhung rut
gon két qua dau ra xir 1y chi con 17 diém khép theo chuan COCO.

Cac mo hinh tir thu vién TensorFlow:

. MoveNetTF2: Ban single-pose-lightning, stt dung TensorFlow 2, tdi uu
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cho d6 chinh xéac va tée do.
. MoveNetTFLite: Ban single-pose-lightning da dugc lugng tir hoa sang
float16, gitp giam kich thuéc moé hinh va ting tdc trén thiét bi di dong.
Céc mo hinh tién tién tir thu vién MMPose[40]:
«  YOLOXPose[5]: Sir dung cdu hinh yoloxpose tiny 4xb64-300e_coco-
416, phién ban YOLOXPose-tiny, huén luyén 300 epoch trén tip MS COCO,
batch size 4 x 64, anh dau vao 416 x 416, t6i wu cho téc d6 thoi gian thyc.
«  RTMOJ11]: Str dung cau hinh rtmo-s_8xb32-600e_coco-640x640, phién
ban RTMO-small, batch size 8 x 32, huin luyén 600 epoch, dau vao 640 x 640,
két hop phat hién va udc lugng tu thé trong mot mang duy nhat.
< HRNet[32]: St dung ciu hinh td-hm_hrnet-w32_fp16-8xb64-210e_coco-
256x1 phién ban HRNet-W32, huan luyén 210 epoch trén tap COCO, kich
thudc dau vao 256 x 192, batch size 8 x 64, sir dung FP16 dé tang tc tinh toan.
«  ViTPose[33]: St dung cdu hinh td-hm ViTPose-small 8xb64-
210e_coco-256x1 phién ban ViTPose-small, batch size 8 x 64, huan luyén 210
epoch, dau vao 256 x 192, tin dung Transformer dé hoc dac trung khop.
«  RTMPose[34]: Str dung cau hinh rtmpose-t 8xb256-420e_coco-256x192,
phién ban RTMPose-tiny, batch size 8 x 256, huén luyén 420 epoch, kich thudc
dau vao 256 x 192, thiét ké gon nhe va nhanh.
3.2.3. Thiét 1ap dao tao md hinh ML
Trong qué trinh ddo tao md hinh ML, 3.000 mau dugc tach riéng 1am tap kiém
thir (test set), mau con lai duoc dung cho huén luyén va xac thyc moé hinh. Viéc chia
dit liéu duoc thyuc hién theo chién lugc stratified sampling nham dam bao ti 18 phan
b6 nhin giita cac tap dir liéu duge gilt nguyén nhu trong toan bo tap gbc, dong thoi
c¢6 dinh hat gidng ngau nhién 1a 42 d¢é dam dé dang ning tai 1ap két qua. Dé danh gia
hiéu qua cua cac dic trung khung xuong (pose features) dugc trich xuét tir nhitng mo
hinh udc luong tu thé ngudi (HPE), tim thuit toan hoc may khac nhau dugc trién
khai tr thu vién scikit-learn [41] (Decision Tree [12], GaussianNB [36], KNN [8],
LightGBM [14], MLPClassifier [35], Random Forest [10], SVM [9], va XGBoost
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[13]). Quy trinh t&i wu duoc cau hinh véi 10 vong lip tim kiém va danh gia chéo 5

1an (5-fold cross-validation), trong d6 chi s6 Accuracy dugc xem nhu 13 thang do cho

danh gia chinh va 13 ham muc tiéu dé tai huin luyén mé hinh tét nhit. Toan bo cong

doan huin luyén va dénh gia duogc thuc thi song song trén CPU/GPU véi cai dit

khéng gian tim kiém céc siéu tham sb trinh nay chi tiét trong Bang 3.3. Sau khi tbi

ru, mo hinh t6t nhit (best estimator) duoc dung dé danh gia hiéu ning téng thé trén

tap kiém thtr doc 1ap.

Bang 3.3: Khong gian tim kiém siéu tham s6 cho cic md hinh ML

Mo hinh

Khéng gian siéu tham sb

KNN

S6 lang giéng (n_neighbors) € [3, 19]; trong s6 (weights) €
{uniform, distance}; khoang cach (metric) € {euclidean,

manhattan}

SVM

Hang s diéu chinh C € [1074, 10°] ( log-uniform); kiéu hat nhan
(kernel) € {linear, rbf, poly};y € [1075, 10] (log-uniform)

DT

Do sau t6i da (max_depth) € [2, 50]; s6 mau tach nit toi thicu
(min_samples_split) € [2, 20]; s6 mau 14 t6i thiéu

(min_samples_leaf) € [1, 10]; ti€u chi (criterion) € {gini, entropy}

RF

S6 cay (n_estimators) € [100, 500]; do siu tdi da (max_depth) € [3,
20]; s6 mu tach nut tdi thiéu (min_samples_split) € [2, 20]; s6 dic
trung t6i da (max_features) € {sqrt, log2, None}; tiéu chi (criterion)

€ {gini, entropy}

XGBoost

S6 cay (n_estimators) € [100, 1000]; tbc do hoc (learning_rate) €
[0.005, 0.3] (log-uniform); d6 sau t6i da (max_depth) € [3, 15]; ti 1¢
mau con (subsample) € [0.5, 1.0]; ti 1& dic trung theo cay
(colsample_bytree) € [0.5, 1.0]; trong s6 t6i thiéu nut con

(min_child_weight) € [1, 10]

LightGBM

S6 cay (n_estimators) € [100, 1000]; tbc do hoc (learning_rate) €
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[0.005, 0.3] (log-uniform); d6 sau tbi da (max_depth) € [-1, 15] (-1
= khong gi6i han); s6 14 (num_leaves) € [15, 255]; ti 16 miu con
(subsample) € [0.5, 1.0]; ti I¢ dac trung (feature fraction) € [0.5,

1.0]

GaussianNB Do tron bién (var_smoothing) € [10°, 10-] (log-uniform)

Kich thudc 16p 4n (hidden_layer sizes) € {50, 100, 150, 200, 300};

ham kich hoat (activation) € {relu, tanh, logistic}; thuat toan t5i wu

(solver) € {adam, sgd}; hé sd a € [10°%, 0.1] (log-uniform); té¢c do
hoc khoi tao (learning_rate init) € [1074, 0.1] (log-uniform); s6

MLPClassifier vong lap tdi da (max_iter) € [200, 500]

3.2.4. Tiéu chi danh gia hiéu ning

Dua trén cu hinh thyc nghiém, dé an nay danh gia hiéu ndng cua cac mo hinh
udc lugng tu thé ngudi (HPE) thong qua hai chi s6 chinh:
Ty 1¢ phat hién (Detection Rate): Thé hién mirc 46 ma mo6 hinh c6 thé nhan dang
dugc cac anh c6 diém tin cdy tong hop

_ SO anh c6 scorej > 1T
Detection Rate = N (1)

Trong do:

e scorej: diém tin cay cua anh thu i;

* 7: ngudng tin cdy (confidence threshold);

* N: tong s6 anh trong bo dit liéu.
Trong dé an nay, gid tri ngudng duoc dat 1a ¢ =0.3.
Thoi gian suy luin trung binh (Inference Time): Thoi gian suy luan thé hién toc
do6 xir 1y cia mo hinh trén ting anh. Gia st tong thoi gian moé hinh can dé xir 1y toan
bo N anh 1a T, thi thoi gian suy ludn trung binh duoc tinh bang tong thoi gian chia

cho s6 luong anh:

T
Inference Time = N (2)
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* T : tong thoi gian (gidy hodc mili-gidy) ma mé hinh can dé dy doan cac
diém khép (keypoints) cho toan b tap anh;
* N: tong s anh trong bo dit liéu.
Sau khi d4nh gi4 hiéu nang HPE, mdi mé hinh HPE duoc két hop véi tirng mo
hinh hoc méay (ML) dé tao thanh cac t6 hop HPE-ML. Hiéu ning cta cac to hop nay

duoc danh gia dya trén:

Accuracy:
Accuracy = e+ I (3)
TP + TN + FP + FN
Precision (DP9 chinh xac) va Recall (D6 nhay / Do thu hoi):
Precision = TPTfFP 4) Recall = TPT-‘I—PFN (5)

F1-score 13 trung binh diéu hoa giita Precision va Recall:

F1 = 2 Precision . Recall 6
~ " Precision + Recall (6)

Trong do:
TP va TN lan luot thé hién s6 mau duong va am dugc mo hinh dy doan
chinh x4c.
* FP va FN lan luot thé hién s6 mAu 4m bj m6 hinh dy doan nham thanh
duong va s6 mau duong duoc du doan nham thanh am.
Viéc két hop bon chi s6 nham phan anh hiéu qua nhan dang cia mé hinh, nhat 1a
trong céac dit liéu ¢ sy mét can bang giira cac 16p.
3.3. Két qua va danh gia thuc nghiém
3.3.1. Hiéu suit wéc lwong tw thé nguoi
Bang 3.4 trinh bay két qua phan tich hiéu ning cta chin mé hinh udc lugng tu
thé nguoi (HPE) trén cung tap dit liéu thir nghiém. C6 thé thay, hau hét cic mo hinh
déu dat ty 1& phat hién cao trén 97%, cho thiy kha ning nhan dién tu thé 6n dinh trong
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nhiéu di€u kién khac nhau.

Bing 3.4: So sanh két qua thyc nghiém ciia cac mé hinh HPE

M6 hinh HPE Detection Rate (%) Inference Time (ms)

BLAZEPOSE 33 97.83 36.34
BLAZEPOSE 17 97.83 32.15
MOVENET TFLITE 97.49 10.56
MOVENET TF2 97.41 80.36
RTMO 99.99 268.28
RTMPOSE 75.53 54.07
HRNET 99.98 389.03
VITPOSE 99.84 189.27

YOLOXPOSE 99.94 131.58

Trong nhom cac mé hinh ¢6 do chinh xac vuot trgi, RTMO va HRNet dat ty
1é phat hién 99.99% va 99.98% gan nhu tuyét d6i, phan anh ning lyc biéu dién dic
trung manh mé cta cac mé hinh c6 kién trac sau. Tuy nhién, thoi gian suy luan cua
hai mé hinh nay kha 16n (268.28 ms va 389.03 ms), khién chung kém phu hop cho
hé thong thoi gian thuc. ViTPose va YOLOXPose ciing dat do chinh xéac rat cao
(99.84% va 99.94%), song thoi gian suy ludn van con tuong ddi cao (189.27 ms va
131.58 ms), cho thiy chi phi tinh toan dang ké do st dung cac khéi Transformer va
backbone phurc tap.

Hai bién thé BlazePose 33 va BlazePose 17 dat d6 chinh xac 97.83% véi
thoi gian suy luan lan luot 12 36.34 ms va 32.15 ms, thé hién sy cin béng kha tbt gitra
hiéu ning va téc d6, phu hop véi cac img dung trén thiét bi di dong hoidc hé théng co
tai nguyén han ché. Nguoc lai, RTMPose c6 két qua thap nhat trong nhom véi ty 1¢
phat hién chi dat 75.53%, tham chi thoi gian suy luan trung binh 1a 54.07 ms — cao
hon BlazePose. Diéu nay phan 4nh mé hinh nay chua dat duoc hiéu qua ky vong xtr
1y bai toan theo diing yéu cau va dic trung dit lidu.

Véi MoveNet TF2 cho thay kha niang chdp nhin dugc chi 80.36 ms, trong
khi van dat do chinh xac 97.41%. DPang chu y, MoveNet TFLite, phién ban luong tir
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hoa, cho két qua tot hon mot chut vé ty 1& phat hién (97.49%) nhung tét hon rt nhiéu
vé tde do woc lugng tu thé (chi 10.56 ms), cho thay tinh ning toi vu héa vuot troi khi
trién khai trén céac thiét bi bién. Nho su két hop giira toc d6 xtr 1y nhanh, do chuan
xac On dinh va dung lugng mo hinh nho, MoveNet TFLite dugc xem Ia lya chon phu
hop nhét cho cac ing dung yéu cau phan hoi thoi gian thuc hodc hoat dong trén phan
cting gidi han, dong thoi van dam bao chit lwong nhan dién tu thé & muc cao.

Toéng thé, cac phat hién cho thdy MoveNet TF2 1a phuong an wu viét nhat cho
cac nén tang thoi gian thyc do c6 thé can bang tét giita toc do va do chuan xac, trong
khi RTMO, HRNet va ViTPose pht hop hon cho cac hé thong yéu cau do chinh xac

cuc cao nhung khong bi gidi han vé tai nguyén tinh todn.

3.3.2. So sanh hiéu suit két hop HPE va thuit toan hoc may

Bi€u dé nhiét Accuraccy

BLAZEPOSE_17 97.83 97.73 97.67 97.93

BLAZEPOSE_33 h 97.90 97.83 97.70 97.90 o5

HRNET SRR 9.7( 99.60 99.67 99.53 99.73
MOVENET_TF2 97.47 . 98.67 8. 98.67 . . - 90
MOVENET_TFLITE 97.97 . 98.90 . 98.87

-85
RTMO 98.70 99.87

RTMPOSE -

M& hinh U'dc lugng Tu thé (HPE)

80

VITPOSE

YOLOXPOSE 75

DECISIONTREE
GAUSSIANNB -

LIGHTGBM

XGBOOST

MLPCLASSIFIER
RANDOMFOREST

Mé& hinh Hoc may (ML)

Hinh 3.2: Két qua d9 chinh xac (Accuracy) ciia cac t6 hgp mé hinh HPE va ML
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Biéu d6 nhiét F1-score

BLAZEPOSE_17

BLAZEPOSE_33

HRNET

MOVENET_TF2

MOVENET_TFLITE

RTMO

RTMPOSE -

M& hinh U'dc lugng Tu thé (HPE)

VITPOSE

YOLOXPOSE

DECISIONTREE
GAUSSIANNB -
KNN
LIGHTGBM
XGBOOST

MLPCLASSIFIER
RANDOMFOREST

Mé& hinh Hoc may (ML)

Hinh 3.3: Két qua diém F1-Score ciia cic t6 hop mé hinh HPE va ML

Hinh 3.2 va 3.3 minh hoa hai biéu d6 nhiét thé hién két qua trung binh cua cac
mo hinh HPE khi két hop voi cac mo hinh ML khac nhau, dugc danh gia qua hai chi
s6 chinh 13 Accuracy va Fl-score. Nhin chung, cc biéu d6 cho thdy xu hudng tuong
déng, phéan anh tinh on dinh cua hé théng khi danh gia theo ca do chinh xac 1an do
can bang giita precision va recall. Trudc hét, c6 thé nhan thiy rang RTMO, HRNet,
va VitPose 1a nhitng m6 hinh HPE dat hi¢u suit ndi bat nhat. Cac mo hinh nay déu
dat Accuracy va Fl-score trén 98-99% voi hau hét cac bd phan loai, dac biét khi két
hop v6i KNN hay 1a SVM két qua gan dat muc tdi da. Piéu nay chimg t6 rang nhimng
mo hinh HPE hién dai c6 kha ning trich xuét dic trung tu thé nguoi mot cach giau
thong tin va on dinh, giup cho cac mé hinh ML phia sau dé dang phan loai chinh xac
hon. Nguogc lai, RTMPose thé hién hiéu suit théip nhét trong ca hai thude do, chi dat
80—83%, nghiém trong nhat khi két hop voi GaussianNB chi dat tir 72-73%. Két qua
nay cho thiy dic trung tu thé duoc trich xuat ttr RTMPose c6 thé chua du 6n dinh
hoic khong pht hop v6i nhitng mé hinh phén loai tuyén tinh, khién cho do chinh xac
téng thé bi suy giam. Nhom mé hinh trung binh nhu BlazePose 17, BlazePose 33,

95

90

85

80

75
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va YOLOXPose ciing dat két qua kha tét (dao dong 95-98%), nhung véan thap hon
dang ké so v&i nhom RTMO va HRNet. Su cai thién nhe tir BlazePose 17 1én
BlazePose 33 cho thiy viéc ting sé lwong keypoints c6 thé gitp mé hinh nhan dién
tu thé chi tiét hon va cai thién két qua phan loai.
Téng thé, cac két qua cho thay:
e (Céc mo hinh HPE hi¢n dai (nhu RTMO, HRNet, ViTPose) mang lai hi¢u suét
vugt troi va on dinh nhat.
e Cac thuat todn ML (nhu RandomForest, SVM, XGBoost) c6 kha nang khai
thac dic trung tt hon so v&i cac phuwong phap nhu GaussianNB hay
DecisionTree.
e Do sai khac gitta cac mo hinh HPE 16n hon nhiéu so véi giita cac md hinh ML,
cho théiy hiéu sudt téng thé phu thudc vao chat lugng mo6 hinh udc lugng tu
thé hon 1a mo hinh hoc may duogc sir dung (xem thém tai Bang Phu luc PL.1).
Trong dé 4n nay, MoveNetTFLite chinh thirc dugc chon lam mo hinh HPE
chinh nho su can béng vugt troi gitra d¢ chinh xac, tdc d6 va kich thudce. Diéu quan
trong 1a két hgp MoveNetTFLite vdi mé hinh ML nao phit hop nhét dé trién khai.
C6 thé thdy, khi két hop voi 8 md hinh ML thi tat ca déu dat F1-score trén 96.5%,
trong d6 6/8 mo hinh dat > 98.87% va cao nhat 1a t6 hop MoveNet TFLite + SVM
v6i Fl-score 98.98%. V& diém accuracy, t hop ndy ciing dan dau ¢ mirc cao
98.97%. bac biét, khi quan sat bang két qua chi tiét Bang PL.1, sai sb gitra cac fold
trong cross-validation ctia F1-score luén dudi 1%, ching to day 1a sy két hop on
dinh, it nhiéu va phu hop hoan hao cho ca cong doan thir nghiém 1an ing dung thuc
té. Vi vay, dé an quyét dinh lya chon chinh thuc t6 hop MoveNetTFLite két hop véi
SVM lam giai phap cudi cing dé thuc thi thyc té.
3.3.3. Panh gia hiéu suit thoi gian thue

Hinh 3.4 va 3.5 minh hoa két qua nhan dién tu thé Yoga thoi gian thyc trén
hai thiét bi khac nhau. Cy thé, Hinh 3.4 thé hién két qua trén may ban Gigabyte s
hiru bo xir Iy CPU Intel Core i5-13400F (RAM 32 GB), trong khi Hinh 3.5 cho thiy
két qua trén laptop Acer Swift SF314-512, dung bo xir 1y Intel Core i7-1260P (12
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nhan, 16 ludng, xung nhip co ban 2.1 GHz), RAM 16 GB Két qua chi ra hé théng vin
duy tri mirc chinh xac t6t va toc do xtr 1y 6n dinh trong cac phan cting khac nhau. Két
qua cho thiy MoveNet TFLite khi duoc trién khai két hop vé6i bo phan loai SVM
trong nhan dién tu thé Yoga, hé théng dat téc d6 xir 1y trung binh 30-31 FPS trén cac
cAu hinh phan ctimg thir nghiém. Hiéu suit nay chirng minh kha ning xir 1y thoi gian

thuc muot ma, déng thoi van duy tri d6 chinh xac nhan dién cao, nho sy két hop hiéu

qua giita mo hinh trich xuat dic trung gon nhe va bd phan loai ¢ d6 tong quat tot.

Ngon nui 1
FPS: 29.99

Ngonpaui 2,
RS 52.53,

Hinh 3.4: Két qua nhén dién va phan loai tw thé Yoga thoi gian thyc trén may cay
Gigabyte (32 GB RAM) str dung MoveNet TFLite va SVM.

Quan sét chi tiét hon trong cac hinh minh hoa, c6 thé nhan thay rang hé thong
van duy tri kha nang phan loai chinh xac ngay ca khi mot s6 diém khép (keypoint) bi
thiéu hodc khong dugc phat hién day du, nguoi dung thuc hién tu thé hoi léch huéng
s0 v&i vi tri tryc dién, hodc khoang cach gitta ngudi tap va camera thay doi dang ké
(tir rat gan dén kha xa). Diéu nay cho thiy tinh 6n dinh, kha ning thich tng va chiu
16i t6t ctia mo hinh trong cac diéu kién nhan dang khong 1y tudng, gitp dam bao hiéu
qua nhan dién tu thé ngay ca trong méi truong luyén tap thuc té da dang. Bén canh
do6, cac diém khép va nhan tu thé duoc hién thi rd nét, sinh dong, thuan tién ngudi

tap dé quan sat, ddi chiéu va diéu chinh dong tac trong khi luyén tap. Nho vay, hé
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théng khong chi hd trg nhan dién tu thé ty dong ma con déng vai trd cong cu phan

hdi truc quan hiéu qua trong cac ing dung huin luyén Yoga tuong tac thoi gian thuec.

Hinh 3.5: Két qua nhén dién va phan loai tu thé Yoga thoi gian thuc trén laptop
Acer (16 GB RAM) sir dung MoveNet TFLite va SVM.
3.4. Két luin chwong 3

Trong pham vi chwong 3, toan bd qua trinh thyc nghiém va két qua danh gia
hiéu ndng ctia h¢ théng nhan dién tu thé Yoga dugc phan tich, bao gém cac mo hinh
HPE va ML duoc ap dung trong giai doan phan loai. Trudc hét, bo dir liéu va méi
truong thuc nghiém di dugc thiét 1ap nham gitr ving khach quan va kha nang tai lap.

Cac mé hinh HPE duoc trién khai va danh gia dya trén hai tiéu chi chinh: ty 1 phat
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hién (Detection Rate) va thoi gian suy luan trung binh (Inference Time). Két qua cho
thdy mdi mé hinh c6 diac trung va wu thé riéng: HRNet va RTMO dat d6 chinh xac
cao nhat nhung tiéu ton thoi gian suy luan 16n, trong khi MoveNetTFLite thé hién tdc
do vuot trdi (12.61 ms) cung do chinh xac cao (97.49%). Khi két hop cdc md hinh
HPE vdi cac bd phan loai hoc may, két qua thuc nghiém chimg minh riang hiéu suat
tong thé phu thudc ddng thoi vao ca hai thanh phan. Trong d6, cip md hinh
MoveNetTFLite-SVM dat hi€u ndng cao va 6n dinh vé6i do chinh xac 98.97%, diém
F1 dat 98.98%, va toc do xir 1y trung binh 30-31 FPS trén phan ctng thuc nghiém,
du kha nang phuc vu cac tac vu can toc do xur 1y tirc thi.

Tong két lai, cac két qua cta chuong 3 da chung to tinh kha thi va cach tiép
can két hop mo hinh HPE nhe véi bo phén loai hoc may 13 hiéu qua. Két qua nay 1a
co s& cho viéc xdy dung, trién khai va danh gia hé thong nhan dang tu thé Yoga thoi

gian thue trong thuc té.
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KET LUAN

Bai toan nhan dién tu thé Yoga la mot van dé giau tinh tng dung trong bdi
canh tap luyén va theo ddi sirc khoe ngay tai nha dang dan tré nén xu hudng. Viéc
xay dung hé thong c6 thé nhan biét va danh gia chuan xac tu thé nguoi tap khong chi
hd trg phong tranh chin thwong ma con goép phan ting cudng hiéu qua luyén tap,
ddng thoi tao nén nhiéu tiém ning trén cac nén tang stc khoe thong minh va huin
luyén cé nhan hoa.

Pé an di tién hanh danh gia toan dién nhiéu mo hinh trich xuit khung xuong
(HPE) két hop véi cac thuat toan ML nham tim duoc giai phap t6i wu cho nhan dién
tu thé Yoga theo thoi gian thue. Qua thuc nghiém trén tap dir liéu YogaSinglePose-
PTIT, duoc thu thap trong mdi trudng sinh hoat thuc té, cho thay t6 hop MoveNet
TFLite va SVM dat hiéu suit 4n tuong ca vé do chinh xac 1an tdc do xir 1y, théa man
t6t cac tiéu chuan khat khe cua hé thong thoi gian thuc. Thanh qua nay chimg minh
rang nghién ctru dé xuat hoan toan co thé duoc tmg dung vao cac hé thong giam sat
tu thé luyén tap thong minh, hd tro ngudi ding tu tip Yoga tai nha.

Céc budc phat trién tiép theo s& hudng dén viéc mé rong kha ning nhan dién
da nguoi dung, cai thién do 6n dinh trong cac bdi canh khac nhau, déng thoi tich hop
co ché phan hoi thong minh cho phép ngudi tap nhan hudng din chinh sira tu thé truc
tiép. Pac biét, nhém hudng t6i viéc ap dung cac ky thuat Explainable Al nham giup
hé thong khong chi dua ra két qua nhan dang, ma con c6 tinh ning giai thich dé
hiéu,truc quan cac ving khung xwong hodc tu thé khién mo hinh dua ra quyét dinh
d6. Diéu nay s& tang tinh minh bach, gitp nguoi dung hiéu rd hon vé 1y do hé théng
danh gid mot tu thé 1a “ding” hay “chua chuan”, qua d6 nang cao do tin cay va trai
nghiém st dung. Cudi cing, viéc dong géi mo hinh van hanh trén céc thiét bi bién
(edge devices) hodc ung dung web/app di dong s& duge xem xét, nham tdi wu hiéu
ning va mé rong kha ning ap dung thyuc té cho cac thiét bi cAu hinh thap, hudng t6i
mot hé théng nhén dién tu thé Yoga thong minh, nhe, nhanh va than thién v6i nguoi

dung.
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Tén bai bao: Panh gia hiéu suit két hop mé hinh trich xuit khung xuwong va
hoc may trong nhan dién tu thé Yoga thoi gian thyc.

Tac gia: Nguyén Quang Huy, Nguyén Tuan Phat, Dinh Hoang Anh, Triéu
Ngoc Tam, Nguyén Duy Phuong.

Héi nghi: Hoi thao Qudc gia 1an the XXVIII — VNICT 2025: Mot sb van dé
chon loc ctia Cong nghé thong tin va Truyén thong, Ninh Binh, 2025.

Ngay t6 chire hdi nghi: 15-16/11/2025.
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Tém tit: Sy gia ting nhanh chong cua viée tap luyén Yoga tai nha kéo theo
su quan tAm ngay cang cao d6i véi cac hé thdng co kha niang phat hién va phan loai
tu thé kip thoi dé tranh chan thuong va cai thién hidu qua luyén tap. Viéc phat trién
céc hé thong nay dat ra thach thirc 16n khi chiing khong nhiing can dat d6 chinh xac
nhan dién cao ma con phai van hanh trong bdi canh thoi gian thuc trén céc thiét bi
gidi han vé phan ctig. Nghién ciru ndy tién hanh so sanh ¢ hé thong giira két hop 8
mo hinh wdc luong tu thé ngudi (HPE) va 8 thuat toan hoc may (ML) khac nhau trong
bai toan nhan dién tu thé Yoga, nham tim ra to hop t8i wu nhat xét trén ca do chinh
xac va hiéu qua tinh toan. Két qua thuc nghi€ém chi ra cac két qua déu dat duogc do
chinh x4c tt. Trong d6 MoveNetTFLite két hop SVM dat do chinh xac 98.96% va
duy tri tbc d xir 1y trung binh 30-31 FPS, dam bao can bang nhat vé hiéu suit phan
loai va dap ung yéu cau phan hoi ngay 1ap tirc. Tir d6 két qua nghién ciru mang lai
dinh hudng kha thi cho cac hé théng nhan dién tu thé Yoga thoi gian thuc co thé trién
khai trén nén tang di dong va nhiing.

Tir khéa: Nhan dién tu thé Yoga, udc luong tu thé ngudi, hoc may, hé thong

thoi gian thuc.
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PHU LUC

Dé thé hién day du két qua danh gia hiéu suét cia to hop HPE+ML, dé 4n tién
hanh do ludng cac chi sé quan trong bao gdbm CV F1-Score trén tap xac thuc,
Accuracy, Precision, Recall va F1-Score trén tip kiém tra. Cac két qua chi tiét dugc
trinh bay trong Bang PL.1 cho thiy m6 hinh dat 46 6n dinh tdt trong qua trinh cross-
validation va giit dugc hiéu ning nhat quan trén dit liéu kiém thtr. Bang duoc t6 mau
trong két qua, trong d6 xanh 14 ¢dm va xanh nhat lan luot biéu thi két qua t6t nhat va
t6t nhi, con d6 dam va do6 nhat biéu thi két qua té nhit va té nhi. Nhitng chi s nay
cung cap cin ctr dé nhan dinh chat lugng tong thé cia mo hinh va kha ning khai quat
hoéa trong bdi canh bai toan dit ra.

Bang PL.0.1: Phu luc tong hop két qua Cross-Validation va Test clia mé hinh

HPE+ML
HPE ML cV_ Test | Test | Test Test
flscore acc | pre | recall | flscore
97.56 £
BLAZEPOSE 33 KNN 0.32 98.1 [98.33 | 98.11 | 98.16
97.88 +
BLAZEPOSE 33 SVM 0.41 979 | 98.2 | 9791 | 97.96
95.87 +
BLAZEPOSE 33 DECISIONTREE 0.35 95.63 | 96.05 | 95.64 | 95.72
97.86 +
BLAZEPOSE 33 | RANDOMFOREST 0.25 97.7 198.02 | 97.71 | 97.76
97.81
BLAZEPOSE 33 XGBOOST 0.14 97.9 198.18 | 9791 | 97.96
97.88 £
BLAZEPOSE 33 LIGHTGBM 0.21 97.9 | 98.2 | 9791 | 97.97
90.61 +
BLAZEPOSE 33 GAUSSIANNB 0.83 90.13 1 90.81 | 90.16 | 90.21
97.78 £
BLAZEPOSE 33 MLPCLASSIFIER 0.42 97.83 198.14 | 97.84 | 979
97.75 £
BLAZEPOSE 17 KNN 0.27 98.23 1 98.48 | 98.24 | 98.29
97.82
BLAZEPOSE 17 SVM 0.30 97.93 198.26 | 97.94 | 98.01
9551+
BLAZEPOSE 17 DECISIONTREE 0.23 95.23 1 95.65 | 95.24 | 95.31
97.76 £
BLAZEPOSE 17 | RANDOMFOREST 0.28 97.67 1 97.98 | 97.68 | 97.73
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97.76 £

BLAZEPOSE 17 XGBOOST 0.22 97.8 [ 98.09 | 97.81 | 97.86
97.85+

BLAZEPOSE 17 LIGHTGBM 0.20 97.83 | 98.15 | 97.84 97.9
88.03 +

BLAZEPOSE 17 GAUSSIANNB 0.67 86.83 | 88.93 | 86.83 | 86.97
97.63 +

BLAZEPOSE 17 MLPCLASSIFIER 0.22 97.73 | 98.06 | 97.74 97.8
98.80 +

MOVENET TFLITE KNN 0.22 98.73 | 98.81 | 98.74 | 98.75
98.86 +

MOVENET TFLITE SVM 0.19 98.97 1 99.03 | 98.98 | 98.98
97.39 +

MOVENET TFLITE | DECISIONTREE 0.53 97.97 1 98.01 | 97.98 | 97.97
98.82 +

MOVENET TFLITE | RANDOMFOREST 0.16 98.87 | 98.94 | 98.88 | 98.88
98.77

MOVENET TFLITE XGBOOST 0.15 98.9 | 98.98 | 98.91 | 98.91
98.85 +

MOVENET TFLITE LIGHTGBM 0.18 98.9 [98.97 | 98.91 | 98.91
96.48 +

MOVENET TFLITE GAUSSIANNB 0.44 96.5 | 96.69 | 96.51 | 96.53
98.78 £

MOVENET TFLITE | MLPCLASSIFIER 0.19 98.93 | 99 98.94 | 98.95
98.72 £

MOVENET TF2 KNN 0.19 98.73 | 98.83 | 98.74 | 98.75
98.80 +

MOVENET TF2 SVM 0.22 98.73 | 98.82 | 98.74 | 98.75
97.21 +

MOVENET TF2 DECISIONTREE 0.39 97.47 | 97.54| 97.47 | 97.47
98.75

MOVENET TF2 RANDOMFOREST 0.15 98.67 | 98.77 | 98.68 | 98.68
98.71 £

MOVENET TF2 XGBOOST 0.16 98.73 | 98.84 | 98.75 | 98.75
98.77 £

MOVENET TF2 LIGHTGBM 0.16 98.67 | 98.76 | 98.68 | 98.68
96.45 +

MOVENET TF2 GAUSSIANNB 0.34 96.17 | 96.4 | 96.18 96.2
98.72 +

MOVENET TF2 MLPCLASSIFIER 0.16 98.7 | 98.78 | 98.71 | 98.71
99.67 £

RTMO KNN 0.13 999 | 999 | 99.9 99.9
99.85 +
RTMO SVM 0.09
98.58 +

RTMO DECISIONTREE 0.18 98.7 | 98.72 | 98.7 98.7
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99.71 £

RTMO RANDOMFOREST 0.06 99.77 1 99.77 | 99.77 | 99.77
99.67 £

RTMO XGBOOST 0.04 99.7 199.71 | 99.7 99.7
99.80 +

RTMO LIGHTGBM 0.07 99.87 | 99.87 | 99.87 | 99.87
96.84 +

RTMO GAUSSIANNB 0.09 96.57 | 96.61 | 96.59 | 96.57
99.68 +

RTMO MLPCLASSIFIER 0.12 99.7 199.71 | 99.7 99.7
83.18

RTMPOSE KNN 2.07 81.73 193.52 | 81.74 | 83.16
84.53 £+

RTMPOSE SVM 0.72 81.93 1 93.57 | 81.94 | 83.36
82.35+

RTMPOSE DECISIONTREE 0.76 80.6 | 91.33 | 80.61 81.9
84.43 +

RTMPOSE RANDOMFOREST 0.62 82 [93.75| 82.01 | 83.47
84.54 +

RTMPOSE XGBOOST 0.71 82.13 194.01 | 82.14 | 83.62
84.69 +

RTMPOSE LIGHTGBM 0.61 82.43 194.33 | 82.44 | 83.97

RTMPOSE GAUSSIANNB 0.37
84.36 +

RTMPOSE MLPCLASSIFIER 0.62 81.9 | 93.58 | 81.91 | 83.35
99.72 +

HRNET KNN 0.10 99.7 199.72 | 99.69 99.7
99.70 £

HRNET SVM 0.08 99.73 1 99.75| 99.73 | 99.74
97.51

HRNET DECISIONTREE 0.40 97.3 19733 | 97.27 | 97.29
99.54 +

HRNET RANDOMFOREST 0.10 99.53 1 99.55| 99.53 | 99.54
99.68 +

HRNET XGBOOST 0.13 99.5 | 99.51 | 99.5 99.5
99.78 +

HRNET LIGHTGBM 0.09 99.6 |99.61 | 99.6 99.6
97.04 +

HRNET GAUSSIANNB 0.39 96.7 | 96.85 | 96.69 | 96.74
99.61 +

HRNET MLPCLASSIFIER 0.10 99.67 | 99.68 | 99.67 | 99.67
99.54 +

VITPOSE KNN 0.18 99.3 {9931 | 99.3 99.3
99.55 +

VITPOSE SVM 0.17 99.27 1 99.28 | 99.26 | 99.27
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96.38 +

VITPOSE DECISIONTREE 0.10 96.7 | 96.7 | 96.68 | 96.69
99.31 +

VITPOSE RANDOMFOREST 0.24 99.23 199.25| 99.23 | 99.24
9941 +

VITPOSE XGBOOST 0.10 9943 19945 99.43 | 99.43
99.64 +

VITPOSE LIGHTGBM 0.09 99.5 [99.52 | 99.5 99.51
93.56 +

VITPOSE GAUSSIANNB 0.45 93.53 19395 93.52 | 93.63
99.28 +

VITPOSE MLPCLASSIFIER 0.27 99.3 [99.31 | 99.3 99.3
98.73

YOLOXPOSE KNN 0.21 98.53 | 98.57 | 98.53 | 98.54
98.58 +

YOLOXPOSE SVM 0.24 98.87 | 98.88 | 98.86 | 98.87
96.12 +

YOLOXPOSE DECISIONTREE 0.44 96.8 | 96.84 | 96.79 96.8
98.90 +

YOLOXPOSE RANDOMFOREST 0.25 98.53 | 98.56 | 98.53 | 98.54
98.87 £

YOLOXPOSE XGBOOST 0.29 98.57 | 98.59 | 98.57 | 98.57
99.05 £

YOLOXPOSE LIGHTGBM 0.23 98.83 | 98.85 | 98.83 | 98.84
89.13 +

YOLOXPOSE GAUSSIANNB 0.64 88.83 | 89.41 | 88.84 88.8
98.50 £

YOLOXPOSE MLPCLASSIFIER 0.32 98.13 | 98.16 | 98.13 | 98.14




BAN CAM DOAN

Tbi cam doan d3 thuc hién viée kiém tra mirc do tuong déng ndi dung dé an
qua phan mém Turnitin mot cach trung thuc va dat két qua mirc do twong dong 18%
toan bo noi dung dé an. Ban dé an kiém tra qua phan mém 1 ban ctng dé an da ndp
dé bao vé trudc hoi dong. Néu sai t6i xin chiu cac hinh thire ky luat theo quy dinh

hién hanh cua Hoc vién.

Ha Noi, ngay 28 thang 01 nam 2026

Nguwoi lam don

Nguyén Quang Huy



KET QUA KIEM TRA TRUNG LAP TAI LIEU

ﬂ tUrnitin  Trang 274 - Téng quan vk tinh tmdn ven 10 bl ndp irrookd:o1-345T0 15581

18% Tinh tuong déng ndi chung
Téng cding clia 18 ch cac kit qud trimg khirp, bao gbm ci cc ngulin tring 13p, cha mdi ¢

B3 loc khéi Bio cdo

® My lye tham khie
* VEn ban duge trich dan

» K qud tring khip nid (it hon B o)

Ngudn hang dau

15% @B Ngubn Intemet
5% M Anban
6% 2 BAtdp Suge ndp (bAI cla hoe sinh)

ﬂ turnitin Trang 274 = Tng quan i tinh toan ven 10balngp trroakd:o1-3467019591

XAC NHAN CUA Ha Néi, ngay 28 thing 01 ndam 2026

NGUOI HUONG DAN KHOA HQC Nguoi lam don

TS. Nguyén Duy Phuong Nguyén Quang Huy






