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ABSTRACT

Human posture recognition classifies a posture captured by a camera into
pre-defined postures such as stand, sit, lay. One person will do a posture
in front of the camera and the system will recognize what the posture is.
This paper presents the ability to recognize 20 human postures with data
provided by Kinect. The advantage of using skeleton data provided by
Kinect is that the result of posture recognition is invariant to the change of
light condition or noise of the picture. This paper also proposes 4 feature
extraction methods from the data. After that, this data will be trained by
support vector machine (SVM) model. The experiments showed that the
accuracy of human posture recognition is above 98%.

TOM TAT

Nhdn dang tw thé nguoi la phan lop mot tu thé thu dwgc tir camera vdo
mgt trong cdc ti thé da dwoc dinh nghia trude d6 vi du nhu: dimg, ngoi,
nam. Nguwoi mo ta e thé sé dimg trudc camera va hé thong sé nhan dang
twe thé dé la tw thé gi. Trong bdi viét nay, ching téi trinh bay vé kha nang
nhdn dang 20 tw thé nguoi voi dir liéu thu dwoc tir camera Kinect, dir li¢u
thu dwoc tir nhiéu nguwoi voi chiéu cao khdc nhau va géc thu dir liéu khdc
nhau. Loi thé cia viéc sir dung dir liéu khung xwong thu tir camera Kinect
la khéng bi anh huong béi su thay doi ciia dnh sang hay dg nhiéu cia hinh
anh. Nghién cuu ciing sé dwa ra 4 phuong phap trich ddac trung tir dit liéu
khung xwong thu thap dwoc tir camera Kinect. Sau do, bg dir liéu sé dwroc
dem di hudn luyén bang mé hinh mdy hoc véc-to hé so' (SVM). Qua thie
nghiém cho thdy do chinh xac khi nhan dang tu thé nguoi dat hon 98%.

1 GIOI THIEU

Nhéan dang tu thé nguoi la mot dé tai duoc
nhiéu nguoi quan tdm va nghién ctru do c6 thé img
dung vao nhiéu linh vyuc nhu:

— Y té: c6 thé giup cho bénh nhan tap vat ly
tri liéu [1, 2], theo doi bénh nhan tir xa bao cho bac
sT hay y ta khi bénh nhan khi bi ngd, cn gitp d&
hay thay ddi tu thé nam néu bi sai.

— Gidi tri: cac tro choi mang tinh tuong tac.

— Hudng dan tap thé duc hay tap v&: giup cho
nguoi tap co thé biét duge khi ndao minh tap sai tu
thé, chdm diém cho mdi tu thé hay biét dugc sb
lugng carlo tiéu hao khi thuc hién dung mot tu thé.

D3 c6 rat nhiéu nghién ctru vé d& tai nhan dang
tu thé ngudi tuy nhién hau hét st dung cac thong
tin ¢6 dugc tr anh mau dugc chyp bdi camera
thuong [3, 4, 5]. Tro nga1 chinh cua cac phuong
phap giai quyét truyén thong 1a viéc trich xuat dac
trung tor hinh anh thu dugc bdi camera thong
thuong con nhidu kho khin do nhidu, goc chup,
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anh sang, anh huong ciia moi truong. Trong khi do,
Microsoft d4 phat trién thiét bi Kinect, thiét bj nay
ngoai kha nang thu dugc danh mau con co thé cung
cap dir liéu vé do sau va theo doi khung xuong cta
nguoi dung trudc camera.

Hién nay, c6 mdt s6 d& tai nhan dang tu thé
nguoi dya trén dir lidu cung cap tir camera Kinect
nhu: TS. L€ Thi Lan thyc hién 7 thyc nghiém véi 4
cach trich xuét dit lidu tir khung xwong dugc cung
cép boi thiét bi Kinect [6], két qua cta dé tai cho
thay do chinh x4c cao khi nhan dang 4 tu thé ding,
ngdi, nam va cui nguoi. Pé tai “Human gesture
recognition using Kinect camera” [7] cua Orasa
Patsadu, Chakarida Nukoolkit va Bunthit
Watanapa, dé tai ndy dwa ra su so sanh giita 4
phuong phap phan loai 13 mang noron lan truyén
nguoc, SVM, cdy quyét dinh va Bayes tho ngdy
hay “Gesture recognition from Indian classical
dance using Kinect” [8] cua Sripara Saha, Shreya
Ghosh, Amit Konar, Atulya K. Nagar st dung toa
d6 cua 11 khép xuwong & phan than trén dé nhan
dang 5 cur chi khac nhau.

Nhitng dé tai trén déu dat dugc do chinh xac

cao khi st dung dir liéu khung xwong tir camera
Kinect, tuy nhién so luong tu thé cua cac de tai nay
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kha it (3-5 tu thé). Trong bai viét nay, chung t0i s&
trinh bay kha nang nhan dang 20 tu thé khac nhau
v6i dir liéu thu duoc tir camera Kinect.

Phan con lai coa bai viét s& duge trinh bay nhu
sau: phan hai trinh bay cu thé vé cach thu thap dir
liéu, 4 phuong phap trich xuat dic trung va mo
hinh may hoc véc-to hd trg. Két qua va thao luan
s& duoc trinh bay & phan 3 va tiép theo 1a két luan
va hudng phat trién.

2 PHUONG PHAP NGHIEN CUU

2.1 Thu thap dir liéu

B6 dit lidu dugc thu thap tir 5 ngudi véi chiéu
cao tir 1.5 m-1.8 m theo quy trinh sau:

— Mbdi nguoi thu 20 tr thé khac nhau (tham
khao Bang 1).

— Mai tu thé dwoc thu & khoang cach 2.5 m +
02mva33m=0.2m.

— MBJi khoang cach s& c¢6 3 vi tri ding: bén
trai, & gitta va bén phai.

— MBJi tu thé 1dy 3 goc do: ddi dién kinect,
xoay trai 30° va xoay phai 30°.

— MBbi goc d s& duoc thu dir liéu 10 khung
xuong.

Bang 1: Hinh anh tw thé (Tac gia dit tén lai cho phu hop)

TT | Hinh anh tu thé | M3 ta Hinh énh tw thé | Mo ta
L n o= ] Tu thé gio tay trudc mat:
Tu thé dimg: g vién , A 2 o A
, 3 T ung vién ding thang trén
dtng thang trén hai S . U
A . P12 hai chén, hai tay gio vé phia
1 chan, hai tay tha long, 2 . s A
R X o1r trudc vudng goc voi than
mat nhin thang v¢é phia N . A s
. nguoi, mat hudng veé phia
truoc. .
trudc.
Tu thé gio hai tay sang
ngang: ng vién dung Tu the gio hai tay 1én troi:
thang trén hai chan, hai ung vién ding thang trén
3 : 4 S oA . e
tay gio sang ngang tao hai chén, hai tay gio 1én troi,
thanh hinh cht T, mat i mat hudng vé phia trudce.
huéng ve phia trudce.
Tl‘rfh’e glo.t? Y tr’al lén Tu thé gio tay phai 1én troi:
troi: ng vién ding , o 2 A
0 2 . oA ung vién ding thang trén
thang trén hai chan, tay N R
5 oo .. | 6 hai chén, tay phai gio lén
trai gio 1én troi, tay phai - D, <
. 1A < . A troi, tay trai tha 1ong, mat
tha 16ng, mat huéng vé . X o1s .
. . # | hudng vé phia truéce.
phia truéde.
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Tu thé khoanh tay: tmg
vién ding thang trén hai
chan, hai tay khoanh
trude nguc, mit huéng
vé phia trude.

Tu thé chi ngudi: ing vién
chi ngudi, hai tay cham gbi,
mét nhin xudng dét.
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Tu thé ngdi: Gmg vién
ngdi trén ghé, hai tay
dit 1én dui, méit hudng
vé phia trude.

Tu thé co chan trai: tmg
vién dling trén mot chan,
chan trai co 1én cang chan
vudng goc voi dui, chan
phai thang, hai tay tha long,
mit huéng vé phia trude.

13

Tu thé co chan phai:
ung vién ding trén mot
chan, chan phai co 1én
céng chan vudng goc
v6i dui, chan trai thing,
hai tay tha 16ng, mét
huéng vé phia trude.

Tu thé gio tay chit U: tmg
vién dung thing trén 2 chan,
hai tay gio 1én troi khuyu
tay vudng goc, mit hudng
vé phia trudc

15

Tu thé gio tay trai sang
ngang: ng vién dung
thang trén hai chén, tay
trai gio sang ngang, mat
huéng vé phia trude.

Tu thé gio tay phai sang
ngang: ing vién dimg thing
trén hai chan, tay trai gio
sang ngang, mat hudng vé
phia trude.

Tu thé tay 1én trdi va
gio chan trai: ung vién
dtng trén mot chan,
chan phai dung thing,
chan tréi co 1én cing
chan vuong gbc voi dui,
hai tay gio 1én troi hinh
chit V, mét nhin thang.

17
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Tu thé tay bét chéo: tmg
vién dimg thing trén hai
chan, hai tay bét chéo
tao thanh hinh chir X
trude bung, mat hudng
vé phia trudc

Tu thé tay 1én troi va gio
chan phai: rng vién dung
trén mot chan, chan trai
dung thang, chan phai co
1én cang chan vudng goc véi
dui, hai tay gio 1én troi hinh
chir V, mét nhin thang.

Tu thé Jack Feet: g vién
dung 2 chan dang rong, 2
tay chap trude nguc, mat
hudng vé phia trudc

Tu thé Jack Feet co sir
dung tay: ing vién
dtng 2 chan dang rong,
2 tay chép vao nhau va
gio 1én troi, mét hudng
vé phia trudc
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Tu thé khuy gbi va tay gio
trudc mat: ung vién ding
khuy gdi, hai tay gio trudc
mat vudng goc voi than
ngudi, mat huéng vé phia
trude.
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@ Vi tri ldy miu

/__\Thiét bj Kinect

>

3.3m

Hinh 1: 6 vi tri thu dir liéu

2.2 Trich xuit dic trung co thé nguoi véi
camera Kinect

Nhu da gidi thi¢u, camera Kinect cho phép theo
doi khung xwong cia nguoi dung trude camera, cu
thé 1a véi mdi khung hinh camera Kinect thu dugc
20 khop xuong tuong tmg voi 20 toa do (x, y, z).
M&i khép c6 mbi ID khac nhau va c6 gbe v6i ID la
Hip Center.

Trong bai viét nay, chung t6i dé xuét 4 phuong
phap dua trén toa d6 cua 20 khop xwong dé trich
dac trung tu thé nguoi tr dit liéu thu duoc tur
camera Kinect.

— Phuong phdp 1: Phuong phap nay s& su
dung toa do tuyét doi (Absolute Position) vai 3 gia
tri (%, y, z) cua 20 khdp xuwong.

— Phuong phép 2: st dung vi tri twong ddi
(Relative Position). Phuong phap 2 st dung toa do
tuong tu nhu Phuong phdp 1 tuy nhién toa do cua 20
khép xuong duogc doi lai vai goc toa do 1a phan dau.

— Phuong phap 3: sir dung 20 véc-to thé hién
cho goc xoay tuyét doi (Absolute Rotation) moi
goc bao gom 4 gia tri (X, y, z, W).

— Phuong phép 4: trong phuong phap nay 20
véc-to thé hién cho goc xoay tuong ddi bao gom 4
gia tri (x,y, z, w).

Hip Center

Shoulder Center

Shoulder Left Head

Hip Left Hip Right

Knee Right

Shoulder Right m Ankle Right

Hinh 2: 20 khép xwong thu dwge tir camera Kinect

2.3 Nhin dang tw thé

Sau khi da trich dic trung, giai doan ké tiép la
huin luyén mot mo hinh phan 16p c6 kha ning
nhén dang dung tu thé dya trén cac dic trung. Phan
nay s€ trinh bay mo hinh may hoc SVM va tng

dung no6 vao giai doan nhan dang.

Dé don gian ta s& xét bai toan phan 16p nhi
phén st dung md hinh tuyén tinh. Sau d6 s¢ mo
rong lén bai toan phan loai nhiéu 16p. [9]
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Hinh 3: Vi du vé phén 16p nhi phan

Xét bai toan nhu sau, cho bd dit liéu huén luyén T

D = {{xpy)|x € By € f—'l,+‘l}}?=l

V6i moéi véc-to dau vao ;& E* ta c6 mot

nhén 16p x¢ & {-1. +1% tuong ung, dua vao by dir
lidu nhu trén muc tiéu 14 tim mot siéu phing nham
phan loai dugc cac mau co nhan y = 1 va cdc mau
¢6 nhin y = -1 sao cho 1& (margin) tir siéu phing
t6i cac mau duong va mau am gan siéu phang la
cuc dai.

Ham cuia mit siéu phing c6 dang:
Wk, + Weks b Wi+ =10

=swax+b=0H

v6i w 13 véc-to trong sb

b 1a d6 doi

= biéu thi tich v hudng

Néu bo dit liéu kha tach tuyén tinh, ta c6 thé

chon 2 siéu phang d¢ phén tach 2 16p sao cho
khong c6 di€m nao nao giira 2 si€u phang nay.

Ta c6 2 phuong trinh siéu phiang nhu sau:
wax4+ b=1véiy=+1(Hy
wax4+b==1v6iy=-1(H)

Vay céac diém thuoc 16p y =1 vay = -1 ¢o diéu

kién tuwong g la
waxp+ bz 1 voi x; thude lop y = +1
wax £ b= -1 voi x; thude lop y = -1

Két hop 2 diéu kién ta c6 6w = x + 5} 2 1.

Khoang cach giita siéu phang (Hy} va (H:J t6i
) 1a
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bwaxe+b-11 1
bl ~ el

v6i x 1a mot diém thuoe TH,)

ﬂ.l= I:!:=

d, 1a khoang cach tir [H,) dén [H)
d 1a khoang cach tir [H,) dén [H)
vl 13 d6 dai ctia véc-to w

Vay ta c6 khoang cach gitta TH, ) va THz) (1) 1a:
2

lIwl

Vay bai toan ban ddu tro thanh bai toan tim

A= dy +d,=

:ngtglwl v6i didu kién ¥lw =x % 5) = 1 hay c6
thé chuyén sang mot bai toan don gian hon 1a tim
mins bel voi didu kien ylw»x#8) 2 1. Loi
gii cua bai toan nay la cuc ti€u héa ham Lagrange:

1 - i
Eiwm et = =|lwd|= - wearier & xp + B — L
Qo m S| = B eyl <z v 83— 1)

v6i a 14 cac hé sb Lagrange, 0>0.
Sau d6, ta chuyén thanh bai toan ddi ngiu la
cuc dai héa ham W(a):
max Wiad = max{midpL{w, b, &)}
& & e

Tir d6 gidi dé tim dugc cac gi trj t0i wu cho w,
b va a. Ve sau, viéc phan loai mdt mau méi chi la
viéc kiém tra ddu ciia ham w = x 4 b.

Trong trudong hop khong kha tach myén tinh
ta ¢ thé sir dung cac ham nhén (Kernel) d€ chuyén
tr khong gian véc-to it chi€u sang khong gian
nhiéu chicu.

Mot sb ham nhén co ban:

— Linear kernel: Hlx, %) =x.%

— Polynomial kernel: £{x,) = {zv + 1)*

Gaussian Radial basis function kernel:

- 5=y
R{_u. _',l.‘j - T
— Hyperbolic tangent
Efx yl = tarh{a.x. = B)

3 KET QUA VA THAO LUAN

kernel:

Ap dung mé hinh may hoc véc-to hd tro, dir
liu thu duoc tir 5 ngudi co chiéu cao khac nhau
bao gdm 20 tu thé, mdi tu thé thu dwoc 500 miu.
Két qua phan 16p bang SVM véi cac phuong phap
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trich ddc trung khac nhau dugc trinh bay trong
Hinh 3.2. Céc tham s0 cia SVM ham nhén tuyén
tinh, hang s6 ¢ = 1000.

D¢ chinh xac cua cac phuong phap
trich déac trung

100,00% 99.83%  09.81%
99.50%
99.50%
99.00% 08.90%
98.50% I
98.00%
Toadd Toadd Gocxoay Gocxoay

tuyét déi twong d6i tuyét déi twong doi
B PO chinh xac

Hinh 4: D6 thi biéu dién dp chinh xac caa cac
phwong phap trich xuat dic trung

Duya vao két qua trén cho thay phuong phap 1

S6 chuyén dé: Cong nghé Thong tin (2015): 25-31

dat do chinh xac cao nhit 99.83%, ké tiép la
phuong phap 2 v6i 99.81%. Trong khi do, phuong
phap 3 dat d¢ chinh xac thip hon nhung van & muc
chap nhan dugc 13 99.50%.

Tuy nhién, v& mit truc quan cho thiy do chinh
xac cua phu’o*ng phap 1 la khong cao nhung lai dat
két qua kha t6t, vé mat dir liéu phuong phap 1 su
dung toa do cac khop lam dac trung, dac trung nay
c6 gia tri y 1a khong ddi va gié tri z chi co thé xp
xi 2.5 hoac 3.3. Chinh vi vdy, d¢ chinh xac cua
phuong phéap 1 c6 thé khong dang, dé kiém chimg
thém dd chinh xac, chung t6i s& thuc hién thém 3
thue nghiém nhu sau:

— Thuc nghiém 1: Phan loai dit li€u thu tai vi
tri bén trdi bang cach huin luyén bo dit liéu chi c6
vi tri o giita va bén phdi.

— Thuyc nghiém 2: Phan loai dit li€u thu tai vi
tri o giita béng bo dir liéu thu & vi tri bén trai va
bén phdi.

— Thuyc nghiém 3: Phan loai dit li€u thu tai vi
tri bén phdi bang bo dir liéu thu & vi tri bén trdi va
0 gitia.

Bang 1: P§ chinh xac cac phuong phap trich xuét diic trung theo tirng thue nghiém

Toa dj tuyét d6i  Toa dd twong doi Géc xoay tuyét doi Géc xoay twong ddi
TN 1 96.03% 97.88% 87.85% 97.21%
TN 2 98.40% 99.58% 92.35% 98.21%
TN 3 95.70% 98.29% 87.26% 97.13%
Trung binh 96.71% 98.58% 89.16% 97.51%

Dua vao két qua trén cho thdy do chinh xéac cua
phuong phap 1 va 3 khong cao khi loai bo cac vi tri
thu mau. Trong khi d6 phuong phép 2 dat d chinh
xéc trung binh cao nhét 98.58%.

Do d6, phuong phap su dung toa d twong dbi
va goc xoay tuong d6i nén duge st dung dé giai
quyét vin d& ctia bai toan boi s 6n dinh ciing nhu
d6 chinh xac cao cia phuong phap.

4 KET LUAN VA HUONG PHAT TRIEN

Dua vao két qua Qat dugc, mot md hinh nhén
dang tu thé nguoi c6 rat nhiéu trng dung nhu:

— Hudng dan tap tap v, yoga,.. Cac tmg
dung dang nay c6 thé cham di€ém, kiém tra cac
dong tac co tap ding hay khong.

— Nhan dang tu thé ndm cta bénh nhan.

Tuy nhién, trong qué trinh thu mau dir liéu cac
bo phan trén co thé bi che khuit din dén khung
xuong khong dugc chinh xac (cac dlem trén khung
xuong bi suy blen) Dé giai quyét van dé nay c6 thé
sir dung nhiéu thiét bi Kinect dit & cac vi tri khac
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nhau dé thu mau dugc chinh xac hon tir d6 gitip
cho viéc nhan dang dat dugc do chinh xac cao hon.
Day 1a mot phuong an kha thi do thiét bi Kinect c6
chi phi thap.

Dé tai cling tao tién dé dé phat trién tir nhan
dang tu thé sang nhan dang cir chi. Trong twong
lai, cac nghién ciru trén c6 thé sir dung thiét bi
Kinect v2 va c6 kha nang s€ dat dugc do chinh xac
cao hon so voi nghién clru nay.
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