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TOM TAT: Trong bai bdo nay, ching t6i dé xuat mét phuong phdp nhan dang ngdn ngar ddu higu tiéng Viér (danh cho nguoi khiém
thinh) si: dung cam bién Kinect va may hoc vécto hé tro. Dix ligu thu duoc tir cam bién Kinect duoc trich ddic trung va sir dung dé
hudn luyén b nhan dang ding mé hinh may hoc vécto hé tro. Ching téi dé xudt 6 phuong phdp biéu dién ddic trung cua Cac tir
trong ngdn ngi dau higu dua trén s két hop gidta 3 phirong phdp biéu dién quy dao ban tay va 2 phirong phdp biéu dién hinh dang
cua ban tay véi ddc trung GIST va HOG. Cdc thuc nghiém diroc thuc hién trén tap diz ligu gém 50 tir thugc 6 chii dé khac nhau, véi
téng cgng la 2,400 mau diF lidu. Két qua cho thay hé théng nhan dang dat két qua 99.46%.

Tir khéa: Ngwoi khiém thinh, Ngon ngé ddu higu, Nhan dang ngdn ngi: ddu hiéu, camera Kinect, GIST, HOG.

I. GIOI THIEU

Hb tro nguoi Kkhuyét tat 1a Vén dé duoc xa hoi rat quan tim va Cong nghé thong tin 1a mot trong nhirng linh vuce
tién phong, gbp phan giup viéc tiép can thong tin, cing nhu giao t1ep gilra nguoi khuyét tat voi cong dong duogc thuan
loi hon. Thong qua cac chinh sach cu thé, Nha nudc ta da va dang rat nd luc dé giup ngudi khuyét tat d& dang hoa nhap
véi cong dong Thong tu 28 cta B§ Thong tin va Truyen thong cé hiéu lyc tir ngay 02/11/2009 “Quy dinh viéc ap dung
céc tiéu chudn, cong nghé hd tro ngudi khuyét tat tiép can, s dung cong nghé thong tin va truyén thong” [2].

V6i 78,5 triéu dan, Viét Nam c6 6,7 triéu ngudi 1a nguoi khuyét tat (chlem khoang 7,8% dan s0), trong do6 s6
lwong ngudi khiém thinh khoang 3 triéu nguoi [5]. Dé giao tiép voi cong dong, ngudi khiém thinh sir dung ngon ngir
ctr chi. Tuy nhién viéc giao tiép rat kho khan vi phan 16n nhimg nguoi binh thuong khong hiéu dugc ngdn ngi dau
hiéu. V&i muc dich hd trg cho ngudi khiém thinh, rit nhiéu nghién ciru lién quan dén nhan dang ngdn ngir ddu hiéu da
dugc dé xuat. Nhan dang ty dong ngdn ngir dau hiéu 1 budc cbt 15i khi phat trién hé thong tuong tac nguoi- may danh
cho ngudi khiém thinh. Hé thong nhan dang ngon ngir dau hiéu cho phép ngudi khiém thinh diéu khién may tinh bang
ngdn ngit ddu hiéu va thuan lgi hon khi giao tiép voi cong dong.

Trong bai b4o nay, ching t6i sir dung dir liéu thu duge tir cam bién Kinect va md hinh may hoc vécto hd tro dé
phuc vu cho viéc nhan dang ngdn ngit dau hi¢u. Chiing t6i dé xuat 6 phuong phap bi€u dién déc trung cua cac tir trong
ngon nglr dau hi¢u. Dya vao két qua thyc nghiém, chiing t6i lya chon phuong phép cd d6 chinh xac nhan dang cao nhat.

II. CAC NGHIEN CUU LIEN QUAN

Dé giai quyét bai toan nhan dang ngdn ngit cr chi, phuong phap phd bién va ra doi sém nhat 14 s dung thiét bi
thu anh hai chidu két hop véi giai thuat xir Iy anh. Nam 1994, Davis J. va Shah M. xay dung hé thong nhan dang cac tu
thé ban tay co ban va dat d6 chinh xac 94% [8] dua vao mé hinh phan 16p FSM (Finite State Machine). Nam 2010,
Steinberg 1., London T. M., Castro D. D. xdy dung hé thong “Hand gesture recognition in images and video” c6 do
chinh xac nhan dang 1a 97,8% [12] dua vao m6 hinh phan 16p SVM (Support Vector Machine). Tai Viét Nam, ndm
2015, nhom tac gia Dwong Khac Huong, Nguyén Pang Binh Truong sir dung mo hinh Markov 4n dé xay dyung hé
théng ‘nhan dang ngdn ngir cir chi thong qua quy dao chuyén dong lién tuc cua ddi twong” véi d6 chinh xac 98.4% [3].
Dic diém chung cta cac hé thong nhan dang dya vao phuong phap nay la chi dat do chinh xdc cao khi hinh anh duoc
thu nhan trong didu kién anh sang tdt. Do chinh x4c nhan dang cua phuong phap nay rat thap khi anh duoc thu trong
diéu kién thiéu sang hodc mau da tiép mau v6i mau 4o va mau nén.

Phuong phép cho d6 chinh x4c cao nhét khi giai quyét bai toan nay 1 sir dung ging tay cam bién. Nam 2014,
Gowri. D, Vidhubala. D xay dung hé thong “Sign language recognition for deaf and dumb people” va tu thiét ké bo
ging tay cam bién dé nhan dang 26 chir ci tiéng Anh trong ngon ngit ASL (American Sign Language) véi do chinh
xdc nhén dang 1a 99% [9]. Tuy nhién Vi gla thanh dat do ctia loai thiét bi nay nén khi nghién ctru chu dé nhan dang ctr
chi can sir dung ging tay cam bién, da s6 cac nhom nghién ctru déu sir dung gang tay cam bién tu tao.

Nam 2009, sy ra doi cta thiét bj Microsoft Kinect m¢ ra mot hu6ng nghién cru moi dé giai quyét bai toan nhan
dang ngdn ngi ctr chi. V6i gid thanh vira phai, kha nang tmg dung loai thiét bi nay vao cac nghién ciru 1a kha thi va do
d6 cac nghién ciru vé viée tmg dung cam bién thu anh ba chidu dé nhan dang ngdn ngir cir chi ting nhanh chong vé s6
lwong. Nam 2014, Murata T., Shin J. xdy dung hé thong “Hand gesture and character recognition based on Kinect
sensor” thyc hi€n nhan dang chir s6 va cac chit cai tiéng Anh dya vao cam bién Kinect, két qua nhan dang dugc hién
thi trén thiét bi Palm’s Grafiti véi d6 chinh xac 96,9% [11]. Nam 2015, Cao D., Ming C. L., Zhaozheng Y. xay dung hé
thong “American Sign Language alphabet recognition using Microsoft Kinect” nhan dang 26 chit cai trong ngon ngi
ASL va dat d6 chinh xac 92% [6]. Tai Viét Nam, ngay 19/03/2013, Ban chu nhiém Chuong trinh KC.01/11-15 phéi
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hop véi Van phong cac Chuong trinh trong diém cip Nha nudc t6 chirc nghiém thu cip nha nudc dé tai KH&CN tiém
nang “Nghién ciru phat trién k¥ thuat nhan dang ctr dong ctia ban tay nguoi theo thoi gian thuc” (Ma s6: KC.01.TNO8)
do TS. Tran Nguyén Ngoc - Hoc vién K thuat Quan sy lam chu nhiém dé tai v6i do chinh xac ciia hé théng nhan dang
1a 90.04% [1]. Nam 2015, Pham Nguyén Khang, Huynh Nhat Minh, V& Tri Thiic, Pham Thé Phi xay dung hé thong
“Nhan dang ngon ngit ddu hiéu v6i cam bién Kinect va dic trung GIST” véi d¢ chinh xac nhéan dang la 90% [4]. Nhin
chung, phuong phap sir dung cam bién Kinect dé nhan dang ngon ngir cir chi d& dang tiép can hon so v6i phuong phap
sir dung gang tay cam bién. Bén canh d6, dua vao kha ning thu nhan anh hong ngoai va kha nang tach nén dugc hd tro
san cua cam bién Kinect, hé thong nhan dang dat do chinh xac cao khi thu anh trong bong tbi, khi mau da tring véi
mau quan 40 va mau nén.

Nhin chung, chu d¢ nhén dang ngdén ngit ctr chi da dugc nghién ctru nhiéu. Tuy nhién, viéc ng dung cam bien
Kinect d¢ nhan dang ngén ngit ctr chi va dac biét 1a “nhan dang ngén ngilt ¢t chi tiéng Viét” thi chua nhiéu doi voi ca
trong va ngoai nudc.

III. PE XUAT PHUONG PHAP BIEU DIEN NGON NGU CU CHI

Khi str dung ngon ngit ctr chi, dé dién ta mot tur thi can sir dung mét tay hodc ca hai tay va doi khi can két hop
v6i biéu cam cua khuon mat. Khudn miat cia mdi ngudi da sd 1a khac nhau, nén viée tong quat hoa khudén mit nguoi va
trich dic trung s& lam ting do phic tap cua bai toan. Vi vay, chiing t6i dé xuat khong thuc hién trich dic trung khuon
mit, ma chi tap trung vao hai viéc Ia biéu dién quy dao chuyén dong hai tay va biéu dién dic trung tu thé hai ban tay.

A. Biéu dién quy dao chuyén dpng ciia hai tay

Quy dao chuyen ddng cua hai ban tay dugc thé hién thong qua mot sé dic trung nhu: hinh dang cua quy dao,
huong di chuyén, van toc di chuyen clia ban tay va vi tri ctia ban tay so véi dau cua nguoi dung. Dya vao dir liéu anh
ba chiéu thu dugc tir cam bién Kinect va kha ning dung khung xwong dwoc hd tro sin, tu thé cua nguoi dung dugc xac
dinh bao gdm vi tri ciia tay tréi, tay phai, dau, vai cho mdi khung hinh. Vi tri cac khép xuong s& dugc biéu dién lai theo
vi tri dau cua ngudi dung. Viée b1eu dién khung xuong theo vi tri tuong aoi, giup vi tri cac khép xuong khong phu
thudc vao gbe toa do. Tuy nhién, sb lwong khung hinh ding dé b1eu dién cho mdi tir 1a khac nhau. Vi vdy, can dé xuét
phuong phap biéu dién sao cho dic trung khong phu thude vao s6 luong khung hinh cua mét tir [4]. Dé sb hoa quy dao
chuyén dong ciia ban tay, quy dao chuyén dong ciia ban tay duoc mé ta bang n diém P=(py, Py, ..., Pn). Ung v&i mdi tir
khéc nhau, n c¢6 thé rat 16n va khac nhau. Do d6, dé dic trung cta quy dao khong 1& thudc vao n, quy dao dugc chia
thanh thanh k doan [4].

Gia su chon k = 15, mdi doan 15}{ mot diém dai dién, sau d6 tinh cac dic trung, 3 phuong phéap biéu dién quy
dao chuyén dong cua ban tay dugc dé xuat nhu sau:

B. Phwong phdp 1 (PP1)

Trong phuong phap 1, céc ddc trung cua quy dao
chuyén dong cua ban tay can luu trir bao gom:

(1) Bo dai cac vécto d;

(2) Goc gitta cac vécto d;

. (3) Ty 1€ gitra d6 dai vécto dys; va khoang cach
dau-vai.

Clxci Yei zc) di

(4) Goc gitra vécto dy,y VA vécto dau-vai.
Véi phuong phap nay, khi k = 15 thi vécto dac
trung thu dugc co:

Hinh 1. Phuong phap 1 - trich dic trung quy dao ban tay kK+tk-1+(k-1)*3+1+1+3=76chicu.

C. Phuwong phdap 2 (PP2)

Trong phuong phap 2, cac dac trung cua quy
dao chuyén dong ciia ban tay can luu trit bao gom:
(1) B9 dai céac vécto v;
(2) Goc gitra cac vécto V;
(3) Ty 1¢ gilra d¢ dai vécto v va khoang cach
dau-vai.
(4) Goc giita vécto vy va vécto dau-vai.
Véi phuong phap nay, khi k = 15 thi vécto
dac trung thu dugc co téng cong: .
Hinh 2. Phuong phép 2 - trich dac trung quy dao ban tay k-=1+k-2+(k-2)*3 +1+1+3=71I chicu.

D(O; 0; 0)
8,
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D. Phwong phdp 3 (PP3)

Phuong phép nay gidng nhu phwong phap 2, huéng cua céc vector vi.g so v6i vécto Vi duge luu lai thay vi luu
goc gitra cac vecto. Hudng cua vécto s€ tuy thudc vao phan khong gian ma vécto thue vé. Khong gian Oxyz thanh
duoc chia thanh 27 phan.

Béng 1. Phuong phép 3 - khéng gian Oxyz duoc chia ra thanh 27 phan

7 auin e
(10) ! (11) (12) (13) (14) (15) (16) (17) (18)
P! . | |:
i e
(19) ‘ (20) (21) (22) (23) (24) (25) (26) (27)

Vi phuong phap nay, khi k = 15 thi vécto dic trung thu duge c6: k—1+k—2+k—2+1+ 1+ 1 =43 chiéu.
E. Biéu dién dic trung tw thé ciia hai ban tay

Trong ngdn ngit ctr chi, khi biéu dién mot tir thi tu thé ban tay ¢ thoi diém bat dau, ¢ giira va két thuc 1a c6 kha
nang phan biét cao nhat. Do d6, dac trung tu thé ban tay s€ dugc trich ¢ ba thoi diém 12 thoi diém dau, thoi diém gitta
va thoi diém cudi chudi chuyén dong ciia ban tay dé mo ta mot tir [4]. Ching t6i s& so sanh do chinh x4c ctia cac md
hinh phén 16p khi 1an luot sir dung mot trong hai phuong phap rat trich dic trung anh GIST va HOG.

F. Tach chon hinh dnh ban tay

Thiét bi Microsoft Kinect cung cip nhidu kénh dit liéu nhu: mau (Color), hdng ngoai (Infrared), do séu
(Depth), khung xuong (Body), nhan dang nguoi dung (Bodylndex). Két qua khao sat cho thay thiét bi ho tro rat tot
cho nghién ctru:

e Hinh anh thu duoc dua} vao kénh h@)ng ngoai khong bi 1¢ thudc vao ngudn sang, anh thu duoc c6 chit luong tdt
khi thu hinh trong di€u kién du sang (ban ngay, c6 den,...) va trong diéu kién anh sang yéu (trong bong
toi,...).

* Dir liéu do sdu va dir liéu khung xuong gitp phan tach cac bd phén trén co thé ra khoi nén anh dé dang. Viéc
tach anh ban tay ra khoi nén anh khong gap kho khan khi mau nén giong voi mau da, mau quan o.

Tu céc nhan dinh trén, anh hai ban tay dugc tich dya vao ba kénh dir li¢u cua thiét bi Kinect 1a: dit liéu khung
xuong, do sau va hong ngoai.

G. Biéu dién dic trung tw thé ban tay dwa vio dic trung inh GIST

Anh mtrc xam cua ban tay nhén dugc dya vao qué trinh phan tach va sau dé lan luot thuc hién cac budc sau dé
trich dac trung GIST cua anh:

Budc 1. Ap dung phép bién d6i Fourier trén anh nay.

Budce 2. Ap dung 20 b6 loc Gabor 1én anh Kkét qua & budc 1;. tTrong d6, bo loc Gabor dugc tao ra ¢ 3 thang
(scales) va 8 hudng, thang 1 va thang 2 str dung 8 bo loc va thang 3 st dung 4 b loc.

Budc 3. Thuc hién bién dbi Fourier nguoc két qua nhan ¢ budc 2.
Budc 4. Chia anh két qua & budc 3 thanh 4 * 4 = 16 6 bang nhau va tién hanh trich dac trung.
Sau khi thuc hién cac bude nhu trén, vécto dac trung anh nhan duoc cod téng cong (8 +8+4) * 16 =320 chiéu.

Vé6i mdi ban tay, dic trung tu thé ban tay dwoc trich ¢ ba thoi diém: dau, gitta va cudi chudi chuyén dong cia
| ban tay. Do d6, vécto biéu dién dac trung mét ban tay c6 tong cong 3 * 320 = 960 chiéu.
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H. Biéu dién diic trung tw thé ban tay dwa vao dic trung anh HOG
Pé trich dac trung HOG anh mirc xam cua ban tay, can thuce hién 1an luot cac bude sau:
Budc 1. Tinh cudng do sang va hudng bién thién tai mdi diém anh.
~ Bu6c 2. Vi dnh dau vao chi chira duy nhat anh ban tay nén chi ¢6 4moét khoi va khdi ndy ciing 1a toan b anh. |
Khoi dugc chia ra thanh 4 * 4 =16 6 bang nhau.
Budc 3. Tinh vécto ddc trung cho khéi:
e Signed-HOG dugc sur dung, chia khong gian hudng thanh 18 hudng (bins). sSau d6, thuc hién tinh todn va |
gom nhom déc trung tai moi 0.

e Thyc hién ghép cac vécto dac trung ¢ tung 6 dé nhan dugc vécto dac trung cua khéi.

Budc 4. Vi anh chi c6 mot khdi nén dic trung khdi ciing 1a ddc trung ctia toan bo anh.

Sau khi thyc hién cac budc nhu trén, vécto dac trung anh nhan dugc cod téng cong 4 *4 * 18 =288 chiéu.

Vé6i mdi ban tay, dic trung tu thé ban tay dugc trich & ba thoi diém: dau, giita va cudi chudi chuyén dong cua
ban tay. Do d6, vécto biéu dién dic trung mot ban tay ¢ tong cong 3 * 288 = 864 chiéu. |
|. Biéu dién ddc trung ciia mét tiv trong ngon ngi civ chi

Dé tao ra vecto ddc trung ciia mot tur trong ngdn ngir ctr chi, thue hién ghep cac vecto dac trung thé hién quy
dao ban tay, tu the ban tay. Thir tu ghép cac vécto lan lugt nhu sau:

1. Vécto biéu dién dic trung quy dao chuyén dong ciia ban tay trai.

2. Vécto bicu dien déc trung tu thé ban tay trai.

3. Vécto bicu dien dic trung quy dao chuyén ddng cia ban tay phai.

4. Vécto bicu dién dac trung tu the ban tay phai.

Két hop giira ba phuong phap trich ddc trung quy dao ban tay va hai phuong phap trich dac trung tu thé ban tay,
co tong cong 6 phuong phap biéu dién dic trung ciia mot tir trong ngdn ngir chi. Voi moi phuong phap, vécto déc trung
¢6 s6 chiéu 1a khac nhau. Cu thé vai k = 15, d6 dai vécto dic trung dugc xay dung & mdi phuong phap 1a:

1. GIST1: két hop gitra PP1 va sir dung déc trung anh GIST. Vécto dic trung co: (76 + 960) * 2 = 2,072 chiéu.

2. GIST2: két hop gitra PP2 va sir dung ddc trung anh GIST. Vécto dic trung co: (71 + 960) * 2 = 2,062 chieu.

3. GIST3: két hop gitra PP3 va sir dung dac trung anh GIST. Vécto dac trung cd: (43 + 960) * 2 =2,006 chicu.

4. HOGI: ket hgp gitra PP1 va st dung dac trung anh HOG. Vécto dac trung co: (76 + 864) * 2 = 1,880 chicu.

5. HOG2: két hop gitra PP2 va sir dung dac trung anh HOG. Vécto dac trung co: (71 + 864) * 2 = 1,870 chiéu.

6. HOG3: két hop giita PP3 va st dung dac trung anh HOG. Vécto déc trung co: (43 + 864) * 2 = 1,814 chiéu.

IV. QUY TRINH THU'C NGHIEM

A. Xéy dung kho phim méu E |
Chung t6i ty tim hiéu va Iya chon 50 tir trong ngon - d;
ngit cir chi tiéng Viét _thude 6 chu dé phd bién, sau dé tién tp huan Iy én
hanh quay phim 14y mau. Chung t6i xay dung tng dung quay I
phim @€ luu trit dit liéu thu nhan tur thiét bi Microsoft Kinect R = W
va chi luu lai c4c thong hitu dung: khung xuong, hong ngoai, u — M f dva. s
do sau, toa do cac khép xuong thu(f)c ban tay, vai, déu Vé} Mcroset Xaydmg, X3 q;ngw . ;L.;]ah ﬁosn\m Lira chonk
xuong chau. Sau d6, thuc hién loai bé nén anh va chi giir lai kho phimmau  tap dif ligu mau '
anh hai ban tay.
A~ A ~ Fon X _____[
B. Xdy dung tdp dir liéu mau :irj’
Chung t6i khao sat tu’ng phim mau (chu'a 10 mau mo | Xay ﬂiﬁ__g .
tap diF lieu kiemthir
ta mot tir) va giit lai 6 miu tot nhat. Vi mbi miu, dudng
chuyén dong cua hai tay dugc phan tich, dac trung anh hai Hinh 3. Quy trinh thuc nghiém

ban tay va luu lai cac vécto ddc trung cho céc trudng hop:

e Cic tham s6 k khac nhau khi trich dédc trung: thiét bi Mirosoft Kinect cung cép dit lidu véi toe do 30 khung
hinh mdi gidy. Tuy nhién, tc do ra ddu ciia m&i ngudi 1a khac nhau. Do d6, céc tap dit lidu mau dugc tao ra
ung voi cac tham s6 k khac nhau, dé khdo sat sy anh hudng cua tham s6 k dén d6 chinh xac cua cac mod hinh.
Céc tham sb k dwoc chon dé khao sat bao gom: 5, 10, 15, 20, 25 va 30.
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e Céc phuong phap trich ddc trung khac nhau: & mdi truong hop cta gia tri k, can xay dung 6 tap dir liéu miu
ung véi 6 phuong phép trich dac trung: GIST1, GIST2, GIST3, HOG1, HOG2 va HOG3.

C. Xay dung tgp dir ligu hudn luyén va tap kiém thiv

Do chinh x4c cua md hinh dugc danh gla theo phuong phap hold-out, nén tap dir liéu mau dugc chia thanh hai
tap doc 1ap, tap huén luyén chiém /5 dit liéu va Y/ dit liéu con lai danh cho tap kiém thir.

D. Khdo sdt va lwa chon ham nhan SVM
Chung toi str dung thu vién LibSVMsharp [13] dé hudn luyén mé hinh va khao sat 4 ham nhan:

e LINEAR: tuong tng v6i ham nhan Linear K(u,v) =ul xv+c
e POLY: tuong Grng véi ham nhan Polynomial :K(u,v) = (gamma = u” * v + coef0)4egree
¢ RBF: tuong ung v4i ham nhan Gaussian :K(u,v) = e~gammaslu-v|?

e SIGMOID: twong trng vi ham nhan Hyperbolic tangent : K(u, v) = tanhhg(gamma = u” * v + coef0)

bé danh gia mirc d6 hiéu qua cia mdi loai ham nhan khi xay dung md hinh, d6 chinh xac cia mé hinh dugc
khao sat khi thay doi gia tri cac tham so cua tung loai ham nhan. Két thic giai doan nay, dua vao két qua khao sat

A e

chiing t6i xac dinh duge ham nhan va bo tham s “t6i uu”
E. Khdo sdt va lwa chon tham sé k

V6i mdi tham s6 k, mé hinh tng véi cac bd dir liéu cua mdi 6 phuong phap trich dic trung duge xdy dung dua
vao ham nhan “t&i wu”. Pdi véi timg phuong phép trich dic trung, d6 chinh xac cia mé hinh tng véi timg tham sé k
duogc so sanh. Tu do, xac dinh dugc sy anh hudng cua tham s6 k d6i @6 chinh x4c cta cac mo hinh. Két thic giai doan
nay, chiing t6i xac dinh dugc tham s6 k “tot nhat”. Nhu vdy, c6 6 mo hinh “tdt nhat” ing v6i 6 phuong phap trich
dac trung.

V.KET QUA THUC NGHIEM
A. Xay dung kho phim méu
B. Danh sdch tir ldy méu

Céc tir dugc 1dy mau thuge 6 chu dé phé bién:

(1) Am thyc: banh mi, banh tét, bun, kem, keo, 1au, xi.

2) Do vat: cai can, cay but, cay kem, cay kéo, cay nhip, chiéc chiéu, con diéu, cai ghé.

(3) Thoi gian: hom nay, hdm qua, ngay, ngay kia.

(4) Thirc an: trai bap, trai bau, trai bi dao, trai cam, trai chanh, trai dira, cy mia, trai mudp, trai nho, trai siu riéng.
(5) Tin hoc: am thanh, ban phim, chudt, 1ap trinh, 1énh, man hinh, mét khéu, virus.

(6) Tir vung chung: bénh vién, cdy, con nudi, dong ¥, em bé, bong hoa, hoc sinh, mang thai, sinh nhat, thay gido.

C. Quy woc khi liy méiu

Dit liéu mau duoc thu & 6 vi tri, mdi lan léy m?u} mot tr va  sau d6 léy d6 chinh xac ctia mo6 hinh dua vao
thuc hién 1dp lai 10 lan tir nay 6 moi vi tri. Cac mau chuyén dong ciia  gia tri trung binh d¢ chinh xac cta 10 mo6
moi tr & moi vi tri dugc luu lai thanh mot tdp tin KCD (Kinect hinh da huan luyén.

Custom Data), do d6 c6 6 phim cho mdi tir.
Microsoft Kinect

D. Xdy dung tap dir liéu thuc nghiém

Khi thu dir li€u tir cam bién Kinect va trich dac trung, mot ) !.
mau bi nhiéu nén anh ban tay bi nhoe. Vi viy, chung t6i lya chon giit 4
lai cac miu c6 anh ban tay ro net. Nham thuan lgi cho Vlec xay dung I 15m
tap huan luyén va tap kiém thir, chung toi gitra lai 6 méu ddi voi mbi :
phim mau. Dé dam bao sao cho cac 16p déu dugc phan bd vao ca @ @ —@
trong tap huan luyén lan tap kiérp thir, & moi phim 4 mau ngau nhién / : \
dl{qc trich ra va dua vao tdp huan luyén, 2 mau con lai dua vao tap / | 40.5m \
kiém thir. )/ | \
Dé d6 chinh x4c cua md hinh dugce danh gia t6t hon, véi mdi -0.5m ‘ +0.5m
tap dir liéu mau can tién hanh sinh 10 bd dit liéu hudn luyén va kiém - -

thir. 10 mé hinh phan 16p duoc huén luyén dyua vao 10 bo dit liéu nay, Hinh 4. Cic vi tri khi quay phim 1y miu

Vi mbi tham s6 k, ¢6 6 * 10 = 60 bo dit lidu;. ¥Vi vy, 6 6 * 60 = 360 bd di liéu (6 tham s6 k bao gom 5, 10,
15, 20, 25 va 30). Trong nghién ctru nay, dir ligu mau dugc lay tir 2 nguoi, doi voi moi tir mau dwoc thu & 6 vi tri va
can lay mau tong cong 50 tir nén:
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e S mau cia mdi 16p thude tap hudn luyén 14 2 * 6 * 4 = 48 mau.

e S6 mau cia mdi 16p thude tap kiém thir 14 2 * 6 * 2 = 24 miu.

e SO mau cia mdi tap hudn luyén 1a 48 * 50 = 2,400 mau.

e SO mau cia mdi tap kiém thir 1a 24 * 50 = 1,200 mau.

Céc mau dugc xay dung theo cau tric quy udc ctia SVM;. dDo d6, mdi mau ctia tap hudn luyén va tap kiém thir |
bao gdm mot nhin va theo sau 1a vécto ddc trung ctia mot tir trong ngdn ngir cir chi. S6 chiéu clia vécto dic trung tiy
thudc vao timg phuong phap trich ddc trung. Két thuc giai doan nay, ching tdi c6 dugc cac bo dir liéu huan luyén va
kiém thir (g véi timg tham s6 k, va tmg v&i 6 phuong phép trich dic trung.

E. Ddnh gida mé hinh nhdn dang

F. Khdo sdt va xdc dinh ham nhin SVM “t6i wu”

Dé khao sat do chinh xac ctia mo hinh khi thay di gia tri cac tham sb cua timg loai ham nhén, can thuc hién 2 |

budc:
Bang 2. Céc gia tri khao sat ciia cac tham s ciia cac loai ham nhan SVM
Ham nhan | Tham sé va céc gia tri khao sat
LINEAR C=0.2505,1,2,4,8,16,32,64,128
RBF C=1;Gamma=0.25,0.5,1, 2, 4, 8, 16, 32, 64, 128
POLY C=1; Degree =1, 2,3; Gamma=0.25,0.5, 1, 2, 4, 8, 16, 32, 64, 128; Coef0 = 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64, 128
SIGMOID | C=1;Gamma=0.25,05,1, 2, 4, 8, 16, 32, 64, 128; Coef0 =0.25, 0.5, 1, 2, 4, 8, 16, 32, 64, 128

Buéc 1. Khao sat cac ham nhan trén bo dit lieu huan
luyén va kiém thir ung véi tham sé k = 15; cua
phuong phap trich dic trung GIST1. V&i moi
ham nhan thuc hién so sanh va chon lai mot td
hop tham s6 cua ham nhan gitip mo hinh c6 do
chinh x4c cao nhit. Két thac budc nay, nhan
dugc c6 4 ham nhan di kém véi cac bo tham sé

“tdt nhat”.

e Tap dit liéu hun luyén va kiém thu: viéc hun
luyén md hinh duge dua vao 10 bé dit liéu huén
luyén va kiém thir Gmg v6i tham s6 k = 15 cta
phuong phép trich dic trung GIST1. Mdi tap
huén luyén chita 2,400 miu va mdi tap kiém thir
chtra 1,200 mau. S6 chidu ciia vécto dic trung 1a
2,072 chiéu.

e Két qua khao sat ham nhan POLY

KHAO SAT B0 CHINH XAC CUA MO HINH KHI SU DUNG
HAM NHAN SVM - POLY VOl DEGREE = 2

D8 chinh x4c ciia mé hinh
w
b4

=== Coef:0.250

Coef:0.500
==e==Coef:1.000
== Coef:2.000
e Coef:4.000

98.275

Gamma:0.250
88.60001
93.00001
95.29167
97.03334

98.275

99.02499 99.30834 99.41667 99.40833
Py n —
.
Gamma:0.500 Gamma:1.000 Gamma:2.000 Gamma:4.000
95.7 98.40834 99.28335 99.40833
96.68333 98.63331 99.30834 99.4
97.64166 98.89165 99.30833 99.4
98.50001 99.14166 99.35832 59.40833
99.02459 99.30834 99.41667 59.40833

Gi4 tri clla tham s& Gamma

95 chinh xédc cia md hinh

e Két qua khao sat ham nhan LINEAR
KHAO SAT PO CHINH XAC CUA MO HINH
KHI SU DUNG HAM NHAN SVM - LINEAR

=3
n
~
o
&£

96.78334

1€:0.500)
{€:1.000}

98.91666

{€:2.000)

{C:4.000

99.4

99.4

99.4

{c:8.000}

Gid trj cia tham s& C

99.25835 99.34999

{€:16.000]
{c:32.000}

{C:64.000}

Hinh 5. Két qua khdo sat ham nhin SVM — LINEAR

KHAO SAT B0 CHINH XAC cUA MO HINH KHI SU DUNG
HAM NHAN SVM - POLY VOl DEGREE = 3

100

97

94

91

88

82

D4 chinh xac clia mé hinh

82
79

===C(oef:0.250

Coef:0.500
==e=Coef:1.000
==o=Coef:2.000
e Coef:4.000

{C:128.000)

99.33333 99.42459 99.41666 99.41667 99.41667
Py 2 2 2
Gamma:0.250 Gamma:0.500 Gamma:1.000 Gamma:2.000 Gamma:4.000

79.25833 95.85833 98.975 99.38332 99.39166

93.5 97.56668 95.18165 99.38332 99.39166
97.10001 98.75 95.30833 99.40834 99.38166
98.84999 99.27501 99.41667 99.41667 99.40834
99.33333 99.42499 99.41666 99.41667 99.41667

Gid tri clla tham s8 Gamma

Hinh 6. Két qua khao sat ham nhan SVM — POLY véi tham s§ Degree = 2 va Degree = 3
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e Két qua khao sat ham nhan RBF e  Két qua khao sat ham nhan SIGMOID

KHAO SAT PO CHINH XAC cUA MO HINH KHI SU’ DUNG
HAM NHAN SVM - SIGMOID
KHAO SAT DO CHINH XAC cUA MO HINH
KHI S DUNG HAM NHAN SVM - RBF I i

79.69168

£
X 0870333 99.02499 99.08332 98.42501 £
100 0443334 9660833 98.09999 £ 80
PR E 70
o 2 60
€ 80 &
£ 2 50 36.60834
o 70 £
E 56.94166 R
g %0 — g
g s0
b 0
=
£w 10
b
5 0
S 20 Gamma:0.250 Gamma:0.500 Gamma:1.000 Gamma:2.000 Gamma:4.000
0 731667 == Coel:0.250 85.58333 92.07499 92.13334 79.69168 36.60834
=8=C0e0.500  78.54166 87.86667 87.30001 73.525 26.70833
0 o ° o o ° o = 2 s = —@=Coef:1.000 5110834 66.41666 64.29166 41.28334 2.1667
& 7 g 8 8 8 g 8 8 g .
d ) ] o - ] @ s b F: = Coef:2.000 2.1667 2.1667 2.1667 2.1667 2.1667
g E g £ E g P i P = =@ Coef:4.000 2.1667 2.1667 2.1667 2.1667 2.1667
]
£ E E £ E £ E E £ £
H & 5 H H 3 E E £
@ [t} ] <} ] [¢] 3 = & E L .
Gl b et tham 56 Gamma 3 Gid trj ctia tham 6 Gamma
I3 3 A 2 2 r B A
‘ X 2 2 SRR A _
Hinh 7. Két qua khao sat ham nhan SVM — RBF Hinh 8. Két qua khao sat ham nhan SVM — SIGMOID

e Tong hop: két thiic qua trinh khao sat, xac dinh duoc 4 ham nhéan “t5t nhat” kém theo bo tham sb “tSt nhat” 1a:
o Ham nhan LINEAR {C: 32}, d6 chinh x4c ctia mé hinh xay dung dua vao ham nhén 1a 99.4%.

o Ham nhan POLY {Gamma:0.5; Coef0:4; Degree:3}, d0 chinh xac ctia mo hinh xdy dyng dya vao ham
nhan la 99.43%.

o Ham nhan RBF {Gamma: 8}, d6 chinh xac ctia md hinh xay dung dwa vao ham nhan 14 99.08%.

o Ham nhan SIGMOID {Gamma:1; Coef0:0.25}, d6 chinh x4c ctia mé hinh xay dyng dwa vao ham nhan 1a
92.13%.

Budc 2. Khao sat 4 him nhan nay 1én b dit liéu huan luyén va kiém thir ing voi tham s6 k = 10 va k = 15 ciia 6
phuong phép trich dac trung. Sau d6, so sanh va chon ra mgt ham nhan giup cac mo hinh dat d¢ chinh xac cao nhat.

o Két qua khao sat 4 ham nhan trén b dir liéu khi k=10 vak = 15.

. P P PN
DO CHINH XAC cUA 6 MO HINH PO CHINH XAC CUA 6 MO HINH
. . ; 5 - P
(YNG VO 4 HAM NHAN KHI THAM SO K = 10 NG VO1 4 HAM NHAN KHI THAM SO K = 15
% o @
82 g% 8g 98 : B 2o I 2 58 83 8% By B
gz & 38 32 z 2 3 = 8 2 ® 28 < o
$F 838 28 5% 8., & £ 2., <5 23 38 %£§ 8 o3 2 g
g3 88 g8 98 28 88 SE 5 2s aa gg g3 ag gg Sa =3
100 &g o8& 100 §g &8
%0 90
£ = £ =0
5 70 z
2 s S - g 7
= 60 3 2 5 5 ~ 0 <
2 50 s E 2 3 E Q k- & ﬁ § 8 5
ke & I 2 I = B g %0 e 2 5 g g =
g ” b = o % 0 3 = P p ] 8
™ = S o b o = a @
£ 20 9 bl & b 2 g =
- & g £ 30 35 3
i 3 i
g 20 - = ] 20 ] 5
10 l . ©
o ; L |
(CL-IENZES:G} © Pm.; s00: @ “B_FB 000) @ S‘Gmg"?)m_ LINEAR POLY RBF SIGMOID
4 amma:. ot amma:8. amma:1.U; 1€:32.000} {Gamma:0.500; {Gamma:8.000} {Gamma:1.000;
Coef:4.000; Coef0.250}
Coef:4.000; Coef:0.250}
Degree:3,000)

Degree:3.000}

BGIST1 ®mGISTZ BGIST3 HOG1 mHOG2 mHOG3 HGISTL M GIST2 mGIST2 mHOGL MHOG2 mHOG3

Hinh 9. Két qua khao sat 4 ham nhan “t6t nhit”khi k=10 va k = 15

2 IO R A . N D0 CHINH XAC CUA CAC HAM NHAN "TOT NHAT"
o Tong hop: dé tim ra ham nhan “t6i wu”, can ©
99.318755 99.3281275

so sanh d¢ chinh xac trung binh clia cac md 205 99.00103875

hinh tmg véi timg ham nhan “t5t nhat”. Vi 5 o

dd chinh xé4c ctia cac mé hinh mg voi hai 2 oes VG K10
phuong phép trich dac trung GIST3 va g ooss — VG- K15
HOG3 qué thép nén chlng t6i chi trinh bay £ oo
két qua théng ké do chinh xac ciia cac mod " s =

hinh frng Vél Cé'c phucng pha"p triCh dac e LINEAR POLY RBF SIGMOID

trung GIST1, GIST2, HOG1 va HOG2. (320000 {Gammeo a0 (Gammamood) - {Gammart oo

, . ) . i . N Degree:3.000}

Két thuc hai budc khao sat, dua vao dir ) )
liéu thuc nghiém, ham nhan POLY {Gamma:0.5;  Hinh 10. So sanh do chinh xac cua 4 ham nhan “t6t nhat”
Coef0:4; Degree:3} 1a ham nhan “toi wu”.
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G. Khdo sdt va xdc dinh tham séo k “toi wu”

Dbi voi mdi tham sb k, ching t6i dwa vao ham nhan “t5i wu” POLY {Gamma:0.5; Coef0:4; Degree:3} dé xay
dung 6 mo hinh phén 16p. Sau khi ¢6 d¢ chinh xac cua cac m6 hinh ng v6i cac t6 hop cua 6 tham s6 k va 6 phuong
phép trich déc trung, khao sat va xac dinh tham so k “to6i vu” cling nhu phuong phap trich dac trung “tot nhat”.

e Két qua khao sat: trong 6 phuong phap trich dic trung, c6 4 phuong phap cho do chinh xdc cao bao gém
GISTI1, GIST2, HOGI va HOGZ2; riéng 2 phuong phap GIST3 va HOG3 ¢6 d6 chinh xdc thap. Do do, chiing
t6i chi v& biéu do6 cho c&c phuong phéap trich dac trung bao gom GIST1, GIST2, HOG1, HOG2.

SU ANH HU'ONG CUA 0O CHINH XAC CUA CAC MO HINH TUONG (NG VOI

THAM Sﬁ K {GISTI'. GIST2, HOGY, | HQGZ) CAC PHUONG PHAP GIST1, GIST2, HOG1, HOG2
BEN DO CHINH XAC cUA CAC MO HINH

99.45832

2
2 8
g3
g3
23
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&

99.41666

wn
2
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g

99.44999
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99,42499
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99.29168

99.4
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99.27499

99.35835

99.21667

I 5031668

99.3
99.25

D8 chinh xéc clia md hinh

99.2
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99.35835
5 [ s9.05833
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99,27499
B3 chinh xdc clia mé hinh
@ © © @ ©
B o 8 o 8 o 8 o 8
w o P oy By D
AR VI R O I ]
I so.11667
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|

GIST1 GIsT2 HOG1 HOG2

Hinh 11. Két qua khao sat tham s6 k dbi véi GIST1, GIST2, Hinh 12. Két qua khao sat do chinh xac cua GIST1, GIST2,
HOG1 va HOG2 HOG1 va HOG2

e Tong hop: quan sit ba biéy dd 6.9, biéu d6 6.10 két qua cho thdy, véi tham s6 k = 10 thi do chinh xé4c cua cac
md hinh dat gia tri cao nhat. Bén canh d6, dya vao biéu d6 6.11 cho thdy trong 6 phuong phap trich déc trung
thi GIST1 1a phuong phap c6 d6 chinh xac cao nhat.

Sau qua trinh khao sat, cdc md hinh dat do chinh xéac cao nhét khi str dung phuong phap trich dic trung GIST1
v6i tham s0 k = 10. BJ chinh xac cua cac mo hinh phan 16p duogc xay dung dua vao phuong phap GIST1 khi tham so6
k =10 12 99.46%.

VI. KET LUAN VA HUONG PHAT TRIEN

Chung t6i da trinh bay 6 phuong phéap biéu dién ddc trung cua cic tir trong ngdn ngit cir chi tiéng Viét, tir 6
xdy dung cac mo hinh nhan dang dwa vao giai thuat SVM. Két qua thuc nghiém cho thy phwong phap GIST1 vdi
tham s6 k bang 10 két hop v6i ham nhan SVM LINEAR {C:32} 1a mé hinh phan 16p hiéu qua nhat. P9 chinh xéac ctia
mo hinh nhan dang dua vao phuong phap nay dat 99.46% trén bo dir licu kiém thir v6i toc do nhan dang mdi tir 1a
434ms. Két qua nhan dang dugc trinh bay duéi dang vin ban va dic biét, @6 chinh xac cia tng dung van dugc dam
bao khi nhan dang trong diéu kién thiéu anh sang.

Vi két qua kha quan dat dugc, chung t6i s& tién hanh khao sat véi tap tir vung 16n hon va bao quéat hon & cac
linh vuc khac nhau. pé nang cao d6 chinh xac khi nhan dang, chung t6i s€ tién hanh khao sat thém cac tham sb cua cac
ham nhan SVM sau d6 lya chon ra ham nhan cting nhu md hinh phén 16p ¢6 d6 chinh xac cao hon. Ngoai ra, ching toi
s& cai tién hé thong nhan dang dé phat 4m cac tir nhan dang duoc.
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SIGN LANGUAGE RECOGNITION USING KINECT SENSOR
Vo Hong Khanh, Pham Nguyen Khang

ABSTRACT: In this paper, we propose a solution for recognizing VSL (Vietnamese Sign Language) based on Microsoft Kinect and
SVM (Support Vector Machines). The training data set and test data set will be generated from video that recored by Microsoft
Kinect. We present 6 methods that describe sign language features based on 3 ways to describe hands motion path and 2 descriptors
for image features GIST descriptor [10] and HOG descriptor [7]. We built data set with 2,400 samples based on 50 words of
Vietnamese sign language that divided into 6 topics. 99.46% is the accuracy of the recognition system.



