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Trong linh virc nghién cttu vé thi gidc mdy tinh, nhan dién hanh dong nguoi tie die
liéu hinh anh, video 1a mét thach thitc dwgc nhiéu nha nghién cttu quan tam trong
thoi gian gan day. Trong d6, giai phap st dung di liéu khung xuong lam di liéu
dau vao d€ huan luyén cho cdc m6 hinh hoc may la mot giai phap duoc danh gia c6
nhiéu tiém ndng. Trong nghién cttu nay, ching t6i khao sat tong quan vé bai toan
nhan dang hanh dong ngwoi va gidi thiéu giai phap stt dung dit liéu khung xwong
cho bai todn nay. Bén canh d¢, chung t6i cling khao sat chi tiét hon cac hudng tiép
can dé€ xay dung md hinh rat trich di liéu khung xwong cting véi nhitng mo hinh
tiéu biéu trong ting hudng ti€p can. Diéu nay mang lai cai nhin toan dién hon vé
bai toan nhan dién hanh ddng ngwoi va lam rd dwgc tdm quan trong cua viéc chon

lwa giai phap rut trich di liéu khung xwong phu hop trong ting treong hop cu thé.

Tt khoa: Dit liéu khung xuwong, hoc sau, nhan dang hanh dong, thi giac may tinh.

1. GIOI THIEU

Trong cudc séng hang ngay, con nguoi khong chi twong tac véi moi treong xung
quanh ma con két ndi véi nhau thong qua viéc thuc hién nhiéu hanh dong da dang khac
nhau. Néu mdy tinh hodc robot c6 kha nang nhin nhan va hiéu biét nhu con nguoi vé
nhitng hanh dong nay, d6 sé la mot co hoi d€ phat trién mot loat nhitng hudng ting dung
tiém nang dang ké. Trong bai toan nhan dién hanh ddng ngwoi, hanh dong ctia con
nguoi dugc phan chia thanh 4 nhém chinh dua trén bo phan co thé tham gia vao hanh
dong: Gesture, Action, Interactions va Group activities [1]. Qud trinh nhan dién hanh
dong nguoi (Human Action Recognition - HAR) la qua trinh st dung hinh anh va video
thu thap tir nhiéu nguon dé xac dinh va phan loai cac hanh dong ma con nguoi da thuc
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hién. HAR c¢6 ting dung réng rai trong nhiéu linh vic nhw giao tiép nguoi-may, giam
sat an ninh, chdm séc nguoi cao tudi tir xa, cac hé thong nha thong minh, v.v... [2,3].

Hién nay, cac thuat toan tién tién duoc dé xuat dé giai quyét bai toan nhan dién
hanh dong nguoi van gap phai nhitng khé khan nhu: sy da dang vé ngit nghia ctia hanh
dong, anh hudng ctia béi canh va goc quay, dit liéu dau vao khong day du, sw 1on xon
cua canh nén phia sau, han ché vé tir vung hanh dong, v.v... Dit liéu vé khung xwong
véi tinh chat don gian, gon nhe, duoc biéu dién dua trén cdc khép quan trong ctia co thé
con nguoi, ¢ thé gitup tranh duoc cac van dé vé anh sang cling nhu sy thay doi cua canh
nén phia sau. Hanh ddng ctia con nguoi c6 thé dugce nhan dién thong qua viéc phan tich
quy dao di chuyén chung ctuia cac khop noi theo thoi gian, qua d6 nhém tac gia trong
nghién cttu [4] cling da xay dung ly thuyét vé dit liéu khung xwong véi s6 diém khop
xuwong duoc dé xuat ban dau 1a 12 diém.

Trong nghién cttu nay, chiang t6i thuc hién phan tich va danh gia ky ludong vé
cac phuong phap va mo hinh lién quan dén viéc rat trich di liéu khung xwong cho bai
toan nhan dang hanh ddng cua con ngwoi. Noi dung bao gom:

e Cac phuong phap ti€p can trong bai toan nhan dang hanh dong ctia con nguoi.

e Gidi thiéu cdc mo hinh rat trich dit liéu khung xuong duwoc ap dung cho bai toan
nhan dang hanh dong con ngudi, bang cach st dung hai phwong phép chinh la
Top-down va Bottom-up. Dong thoi, chiing t6i cling trinh bay vé cac thang do va
bd dit liéu tiéu biéu phd bién duoc dung trong cac thuc nghiém lién quan.

2. NHAN DANG HANH PONG NGUOI VOI DU LIEU KHUNG XUONG

Trong bai toan nhan dién hanh dong, nhom tac gia phan loai 3 hudng tiép can
khac nhau, bao gom: stt dung cac thuat toan thi giac may tinh; st dung d@ liéu khung
xuong dwgc ghi nhan tir cac thiét bi cam bién; str dung dit liéu khung xuong dwoc trich
xuat tit hinh anh, video, v.v... Hudng ti€p can tht nhat trong bai toan nhan dién hanh
dong nguoi tap trung vao viéc st dung cac thuat toan thi giac mdy tinh, chuyén bai toan
nhan dién hanh dong nguoi vé dang bai toan phan 16p tir moét anh tinh. Cach tiép can
nay c6 nhugc diém ro rét khi xw ly di liéu video, noi sy bién ddi cua hanh dong con
nguoi duoc danh gia mat thiét qua thoi gian.

Mot s6 nghién cttu theo hudng tiép can nay da duoc dé xuat nham giai quyét
van dé trén nhu: nghién cttu cua Poppe ndm 2010 [5], cac phwong phap dé mo hinh héa
cac 16p hanh dong va xt ly chuyén dong phtic tap ctia Turaga [6], phuong phap Khoi
leong - Khong gian - Thoi gian ctua Zhu [7], cac phuwong phédp st dung Deep Learning
ctia Herath [8], phan loai bang cach két hop mo td BoW va mo hinh phan loai riéng biét
[9], gia tang tdc d0 xtt ly trong nhan dién d6i twong voi mo hinh cdu tric phan tang nhi
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phéan [10], cai thién kha nang du doan hanh dong thong qua viéc két hop hai 16p phan
loai ctia tac gia Van — Dung Hoang [11], trich xudt dac trung c6 thé mo rong (SPE) voi
cau trac di liéu d€'luvu trik thong tin vé luéng quang hoc va dai mau caa d6i tuwong [12],
bd mo6 ta MOMP [13], mo hinh ghi nhan gia chéo CMPL [14], v.v.... Ngoai ra, phuong
phap Vision Transformers [15] dang thu hut sy cht y trong giai quyét van dé thi giac
may tinh. Mot nghién cttu nam 2016 [16] gidi thiéu m6 hinh Future Transformers c6 thé
nhan dang va du doan hanh dong ttr dit liéu video c6 thoi gian dai.

Trong hudng ti€p can thit hai, nhitng nghién cttu vé nhan dang hanh dong nguoi
véi dit liéu khung xuong duoc ghi nhan tryce tiép tir cac thi€t bi cam bién thuong duoc
thuc hién trén nhitng bo dir liéu c¢6 day du video, hinh anh cung véi dir liéu khung
xuwong - ground truth thuyee t€ twong tng. Bang 1 mo ta tong quan vé mot s6 bo dir liéu
pho bién cho bai toan nhan dién hanh dong nguoi

Bang 1. Thong tin tong quan mot sd bd dix liéu vé nhan dién hanh dong nguoi.

T Tén b dit licu SO lwong hinh S6 16p hanh Dinh dang d@
anh/video dong liéu

1 MPII (17) 24984 410 S

2 UTD - MAH (18) 861 27 RGB, D, S

3 MSR - Action3D (19) 557 20 D,S

4 UT - Kinect (20) 200 10 RGB, D, S

5 Berkeley MHAD (21) 660 11 RGB, D, S, Acc
6 MSRAction Pair (22) 360 12 RGB, D, S

7 NTU + RGB + D (23) 56880 60 RGB, D, S

8 CMDFALL (24) 1963 20 RGB, D, S, Acc
9 NTU + RGB + D 120 (25) 114480 120 RGB, D, S
10 UAV-Human (26) 67428 155 RGB, D, S

*S: Skeleton data, RGB: Red green blue, D: Depth, Acc: Acceleration

Trong mét s6 tinh hudng dac thu, viéc yéu cau déi twgng can duoc nhan dién
phan loai hanh dong phai deo cac thiét bi cam bién trén nguoi d€ ghi nhan dit liéu khung
xuwong la bat kha thi, vi du trong cac bai toan vé camera giam sat an ninh, truy vét toi
pham, tai nhan dién nguoi véi dac trung la tu thé nguoi, v.v... thi cach tiép can th 3 lai
duoc nhiéu nha nghién cttu quan tam, cu thé duoc trinh bay trong Hinh 1.
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M6 hinh trich xuét dix
liéu khung xwong

Run, walk, boxing, Mb6 hinh nhan
jump, v.v... dang hanh dong

Hinh 1. Nhan dién hanh dong nguoi véi dit liéu khung xwong
trich xudt ttr hinh anh/video.

Dt liéu khung xwong trich xudt duwgc tir hinh anh hodc video sé duoc stt dung
lam d liéu dau vao dé€ huan luyén boi cac mo hinh khac nhau, két qua dau ra sé 1a tén
goi hanh dong ctia cac déi twong trong cac video hodc hinh anh ghi nhan dwgc. Cac mo
hinh, giai phap duoc xay dung theo hudng ti€p can nay sé thuong duwoc thyee hién trén
céc tap dit liéu 6 Bang 1 nham dé so sénh do chinh xac gifta dit liéu khung xwong rut
trich duwoc tir giai phap cua tac gia va dir liéu khung xwong thuc t€ ghi nhan tir thiét bi
cam bién. Néu nhu ¢ cach tiép can thit 2, hiéu qua cua giai phap dwoc danh gia don gian
thong qua do chinh xac cia mo hinh nhan dang hanh dong thi véi cach tiép can thi 3,
hiéu qua cua giai phap dé xuét ra dugc tinh theo cong thirc sau:

D=d1*d2*d3 (1)

Trong d6 D la do chinh xdc cua giai phap, d; la ty 1€ trich xudt duoc di liéu
khung xwong tir dit liéu hinh anh, video; d, l1a d chinh xac cta dit liéu khung xwong
trich xudt duoc khi so véi dir liéu khung xwong thuc t€ - ground truth; d; la d6 chinh xac
khi st dung dit liéu khung xuong rut trich duwoc dé€ huan luyén trong mot mo hinh nhan
dang hanh dong cu thé. D€ danh gia do chinh xac d,, nhiéu thang do da dwoc cac nha
nghién ctru dé xuat nhu PCK, OKS, PDJ, mAP, v.v...
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3. CAC MO HINH TIEU BI£U TRICH XUAT DU LIEU KHUNG XUONG
3.1 Cac phuwong phap rat trich dit liéu khung xwong

Trong linh vuc wdc luong tu thé nguoi va rat trich dit liéu khung xwong, c6 hai
phuong phap tiép can chinh duoc st dung: Top-down va Bottom-up. Phuong phéap Top-
down phat hién toan bo co thé ngwoi cta ting d6i twong, sau dé phan chia thanh cac
phan nho hon nhu dau, vai, ¢6, ¢6 tay va tit d6 nhan dién khung xwong cta ting doi
twong. Nguwoc lai, phwong phap Bottom-up tap trung vao viéc nhan dang ting diém
chinh (keypoint) trén co thé cta tat ca cac doi twong ma khong quan tam dén cau tric
co thé tuong ting. Cac diém chinh nay sau d6 dugc két hop lai véi nhau dé tao ra di liéu
khung xwong tong thé. Ca hai phwong phép nay déu déng gop vao su phat trién cta
linh vyc wdc luong tw thé va déu c6 uwu diém va han ché riéng. Su lya chon gitra Top-
down va Bottom-up thuong phu thudc vao yéu cau cu thé ctia ting dung va dac tinh cua
dit liéu dang duwoc xtt Iy. Trong khuén khd nghién ctru nay, véi mobi hudng tiép can,
nhom tac gia gidi thiéu ba mo hinh tiéu biéu dai dién cho hudng tiép can do.

3.2 Phwong phap Top-down: m6 hinh Hourglass, m6 hinh HRNet va mo6 hinh VITPose

M6 hinh Hourglass la mot kién triic mang neural network duoc thiét ké déc biét
cho wdc luong tu thé nguoi [27]. Kién truc nay duoc goi la "Hourglass" do né bao gom
nhiéu mo-dun, mdi mé-dun cd ciu tric twong tw nhw dong hd cat véi cac 16p
upsampling va downsampling. Mi mo-dun trong Hourglass thuee hién nhiém vu chinh
la dau vao upsampling va downsampling. Lép upsampling gitip tang kich thudc dau
vao, trong khi 16p downsampling gitip giam kich thudc dau vao. D€ nang cao qua trinh
hoc, mdi md-dun so sanh du dodn cuia heatmap véi vi tri thuc té.

Down - Up - Down - Up - Down - Up-
sampling sampling sampling sampling sampling sampling
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R A Y e

Hinh 2. M6 hinh Hourglass

M6 hinh HRNet (High-Resolution Network) la mot kién tric mang neural
network duoc thiét ké dé giai quyét van dé giam do phéan giai trong qua trinh xtr ly
thong tin [28]. Khac véi Hourglass, HRNet khong giam dd phan giai tir cao xudng thap
va sau d6 ting tro lai, ma thay vao d6, md hinh nay cd gang duy tri d6 phan giai cao
sudt qua trinh huan luyén, dong thoi mo rong thém thong tin cua dir liéu dau vao véi
cac do phan giai thdp hon. Hinh 3 trinh bay cu thé kién tric cia md hinh HRNet.
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Hinh 3. M6 hinh HRNet

Vi sy xuét hién cta kién truc Vision Transformers va su phd bién ngay cang
tang cuia kién trdc nay trong linh viee thi giac may tinh, khong lau sau d6 cac nha nghién
ctu dé xudt mo hinh "Transformer cho Estimation Pose" hay con dwgc goi la VITPose
[29]. C4u trtc ctia md hinh nay bao gom mot tap hop cac TransformerBlocks, (mdi khéi
la su két hgp ctia Layer Normalization, Multi Headed Self Attention, va Feed Forward
Network), va mét mo-dun giai ma. Sau khi trich xuét déc trung trong bd ma hoa, méot
bd giai ma kha don gian dwoc stt dung. B giai ma nay bao gom 2 16p: Deconvolution
Layer, ti€p theo la Batch Normalization va Relu, va mot 16p du dodn tuyén tinh. Hinh 4
mo ta chi tiét vé cdu truc ctia md hinh VITPose.
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Hinh 4. M6 hinh VITPose

3.3 Phuwong phap Bottom-up: M6 hinh UniPose, m6 hinh Openpose va mé hinh Omni-
Pose

UniPose la mdt mo hinh dac biét trong linh viec bai toan trich xuat di liéu khung
xwong. Mo hinh nay dé xudt st dung mot kién triic mai goi la "Waterfall Atrous Spatial
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Pooling” [30]. UniPose khéng dwa nhiéu vao viéc xw ly s6 liéu thong ké hodc cac tw thé
khép duoc xac dinh trude d6 dé biét vi tri ctia cac phan khdp moi. Thay vao do, UniPose
két hop ca viéc phan doan ngtt canh va xac dinh vi tri khdp trong mot luot duy nhat.
Kién trtc UniPose dugc mo ta cu thé & Hinh 5.

Input

Hx Wx3 (H/8) x (W/8) x 256 Hx Wx K HxWxd

Hinh 5. M6 hinh UniPose

M6 hinh OpenPose dén 1a mot trong nhiing mo hinh theo phwong phép Bottom-
up pho bién nhat [31]. M6 hinh nay hoat ddng dya trén hai nhanh chinh cta cac 16p tich
chap. Nhanh dau tién tao ra 18 ban do6 tin cay (PCMs — Part Confidence Maps), mdi ban
d6 dai dién cho mot phan cu thé caa khung xwong ddi twong. Nhanh thit hai tao ra 38
ban do6 lién két gitra cac bd phan co thé (PAFs — Part Affinity Fields), biéu thi mic do
lién két gitra cac phan khac nhau cua co thé. Hinh 6 thé hién cac két qua trich xuat dix
liéu khung xwong ttrt mo hinh Openpose.

T

,,,,,,

a) b) 0) d)

Hinh 6. K&t qua trich xuat dit liéu khung xwong tir md hinh Openpose véi a) Anh dau vao b)
Part Confidence Maps, c) Part Affinity Fields, d) Skeleton data

Omnipose hién nay dugc xem la mot trong nhitng mo hinh hiéu suat cao nhat
trong phuong phap bottom-up, véi cdu tric don gian va kha nang dé dang mo rong. Tt
d@ liéu dau vao, mo6 hinh st dung hai 16p tich chap 3x3, tiép theo la mdt khoi
ResnetBottleneck. Sau d6, mo hinh tich hop ba khoi HRNet, mdi khoi kem theo cai tién
modul héa heatmap Gaussian, nhu dwoc dé xudt trong bai bao [32]. Mot diém ddc biét
ndi bat khac cia m6 hinh Omnipose la mo-dun Waterfall Atrous Spatial Pyramid
(WASPv2) da dugc cai tién tir moédun WASP ctia md hinh UniPose. Cau truc cua mo

hinh Omnipose dugc thé hién qua Hinh 7.
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Hinh 7. M6 hinh OmniPose

4. TONG KET

Trong nghién cttu nay, chiing t6i da trinh bay nhitng khai niém co ban vé di liéu
khung xuwong, cach van dung vao cdc mo hinh nhéan dién hanh dong, cling nhu da gidi
thiéu mot loat cac mo hinh trich xuét dit liéu khung xwong dai dién cho ca hai phuong
phap tiép can chinh: Top-down va Bottom-up. Cac m6 hinh ma ching t6i da trinh bay
déu c6 vu diém va han ché riéng, va su lya chon gitra ching c6 thé phu thudc vao muc
tiéu va yéu cau cu thé cua ting dung. Néu muc tiéu 1a wdc lwgng tu thé nguoi trong cac
tinh hudng tu nhién va doi hdi do chinh xac cao, phwong phap Top-down c6 thé la sy
lya chon t6t. Nguoc lai, néu ting dung dat yéu cau cao vé tinh linh hoat va kha nang xu
ly su che khuét, phuwong phap Bottom-up c6 thé la sy lwa chon phu hop.

Bén canh d6, chiing t6i cling dé xudt nhiing hudng phat trién cu thé nhu sau: tao
ra mot mo hinh hop nhét gitta hai phuwong phap Top-down va Bottom-up nham dem lai
kha nang wdc lugng tw thé nguoi chinh xac cao trong nhiéu tinh huéng phtic tap; ap
dung cdng nghé Edge Computing dé€ phat trién moé hinh nhe ¢ thé chay trén cac thiét
bi dau cudi va nang cao kha nang tmg dung trong thoi gian thyc; khai thac va tich hop
d@ liéu tir nhiéu nguon va dinh dang khac nhau dé€ md hinh cé thé hiéu va xt ly t6t hon
cac tw th€ hanh dong da dang; nang cao tinh bao mat va riéng tw khi x ly thong tin nhay
cam lién quan dén hinh anh ctia con nguoi, v.v...
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ABSTRACT

In the realm of computer vision research, the detection of human actions from image
and video data has emerged as a prominent challenge, capturing the interest of
numerous researchers in recent time. One particularly promising solution involves
the utilization of skeleton data as the primary input for machine learning models. In
this research, we conduct a comprehensive survey on the issue of human action
recognition and introduce approaches leveraging skeleton data to address this
challenge. Furthermore, we conduct an in-depth examination of various approaches
to construct models for skeleton data extraction, highlighting exemplary models
representative of each distinct approach. This detailed analysis not only contributes
to a more nuanced understanding of the human action recognition problem but also
emphasizes the critical importance of carefully selecting an appropriate skeleton
data extraction solution tailored to specific use cases. Our study also provides
valuable insights for researchers and practitioners navigating the complexities of
human action recognition, shedding light on the diverse landscape of skeleton data

utilization in this domain.

Keywords: Skeletal data, deep learning, action recognition, computer vision.
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