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Té6m t&t. Bai bao trinh bay mot s6 két qua nhan dang cit chi clia ban tay ngudi theo thai gian thye
st dung thong tin thu dudgc tit cdm bién Kinect cia hang Microsoft. Mot s6 két qua chinh ctia huéng
nghién cttu duge trinh bay nhu: k§ thuat tach viing ban tay, nhan dang tu thé ciia ban tay, dé xuat
thuat toan hiéu chinh két qua nhan dang tit chudi cac tu thé. Két qua nhan dang cho do chinh xac
kha quan (trén 93%) tao tién dé cho cac ttng dung tuong tac ngudi may theo thoi gian thue.

Twu khéa. Kinect, HLAC, nhan dang, ct chi ban tay.

Abstract. This paper presents a novel hand gesture recognition method using Microsoft’s Kinect
in real-time. Our system includes detecting and recognizing hand gestures via combining shape,
local auto-correlation information and multi-class support vector machine (SVM). Our evaluation
shows that the system recognizes one-handed gestures with more than 93% accuracy in real-time.
The efficiency of system execution is very satisfactory, and we are encouraged to develop a natural
human-machine interaction in the near future.
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1. MO DAU

Cung v6i tién bo clia cong nghé hién nay, giao tiép gitta con ngusi v6i may tinh dang trd
nén ty nhién, dong thoi gan hon véi giao tiép giita con ngudi va con ngudsi. Mot trong cac
phuong phap giao tiép tu nhién gitta nguoi véi ngudi la dua trén ngon ngit co thé, cu thé
la ¢t chi cia tay. Xu huéng cho phép may tinh nhan dang cit chi ban tay ngusi theo thoi
gian thic da xuét hién trén mot sé san pham thuong mai nhu tivi thong minh Samsung, cAm
bién Kinect cho may choi game Xbox360 ctia Microsoft, DepthSense ctia SoftKinect, camera
Creative Interactive Gesture ctia Intel, tivi tich hgp nhan dang khuon méat va ban tay cta
hang Omron, hay thiét bi ctia Leap Motion.

Theo khéo sat trong nghién cttu [1], da phan cac nghién citu trude day vé tuong tac nguoi
- méy stt dung céc giai thuat xit 1y 4nh déu tap trung khai thac chuyén dong ctia co thé hoac
toan bo phan tay ngusi dé nhan dang. Céac nghién citu phan tich chi tiét cdu tric va cit chi
ctia duy nhat ban tay [2, 3, 9, 12] dé trién khai thanh cdc san pham ting dung thyc té gan day
dang c6 xu huéng phat trién manh. Vi vay, bai bao trinh bay cac két qua nghién citu vé nhan
dang cit chi clia ban tay ngudi véi trong tam khai thac dac diém chi tiét ctia ban tay. Bai bao
duge bd cyc nhu sau: Muc 2 gidi thieu vé phuong thitc khai thac thong tin tit cdm bién Kinect
ctia hang Microsoft phuc vu cho bai todn nhan dang cit chi ban tay. Muc 3 dé xuat gidi phap
phat hién chinh xac viing ban tay. Muc 4 trinh bay thuat toan nhan dang vé6i cac noi dung ve
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trich chon dic trung, nhan dang ctt chi. Muc 5 phan tich va so sanh cac két qua thic nghiem
véi cac cong bo trén thé gidi gan day.

2. LUA CHON THIET BI THU NHAN THONG TIN BAN TAY

V6i bai toan nhan dang cit chi ciia ban tay ngudi, trude day, cac nghién ctu st dung cac
thiét bi cdm bién khac nhau nhu camera thong thuong, cdm bién hong ngoai, laser hay gang
tay chuyén dung (xem Hinh 1).

Hinh 1. Minh hoa vé& cdm bién t& hop va ging tay chuyén dung

St dung ging tay chuyén dung hodc cam bién t6 hop cé thé cho phép xac dinh dén vi tr
clia titng ngén tay, tuy nhién khi st dung sén pham nhan dang ngusi dimg khong thé sit dung
ban tay tran ti do dé tuong tac. Vi thé, cdc dang cAm bién loai nay duge chii trong phét trién
cho cac ting dung chi doi hoi do chinh xac cao, nhung khong yéu cau kha nang tién ich cho
ngudi dung.

V6i cac camera thong thuong (vi du camera tich hgp sdn v6i may tinh xach tay) do chinh
xac thuong bi anh hudng bdi cac diéu kién khach quan nhu 4nh sang, 4nh nén phia sau ban
tay, toc do chuyén dong ctia ban tay..., vi thé, chi giéi han trong pham vi cac ting dung yéu
cau s6 lugng ctt chi ¢6 han va cac tu thé don gian (chti yéu la cac cit chi clia ¢ ban tay va céc
chuyén dong don gian lén xudng, sang trai, sang phéi...).

Hinh 2. Smart Tivi, Camera Creative va Leap motion Controller

V6i mot s6 loai camera hong ngoai khdc méi xuat hién trén thi truong cong nghé trong
nita cudi nam 2012 nhu camera Creative ctia Intel hay cdm bién Leap motion chuyén dung
cho nhan dang cit chi clia ban tay tran vdi do chinh xac cao thi lai yéu cau khodng cach tuong
tac kha nho (khoang 150mm dén 900mm t6i thiét bi)(xem Hinh 2).

T nhing phan tich da néu, v6i muc tiéu huéng t6i cac ing dung ¢6 tinh tién ich va dam
bao kha nang tuong tac tu do clia ban tay ngudi, ta sit dung cdm bién Kinect dé thu nhan tin
hiéu v6i nhiéu thong tin hon camera thong thuong nhung han ché hon so vé6i gang tay chuyen
dung va cadm bién to hop laser+ hdong ngoai, mat khac, cho phép khoang céch tuong tac len
dén 1500mm — 2000mm dé gidi quyét bai toan nhan dang cit chi ciia ban tay ngusi. Trong
truong hop nay, cac thuat toan xit Iy 4nh va nhan dang dé xuat sé phai tap trung gidi quyét
b6 sung phan thong tin chi tiét cau tric ciia ddi tugng, tit d6 huéng téi muc tiéu nhan dang
v6i do tin cay gan tuong duong véi cac thiét bi chuyén dung gin kém véi tay ngudi.

Cam bién Kinect thuc chat 13 mot hé thong cac camera thuong va hong ngoai, ngoai ra
dugce tich hop sin mot s6 thuat toan nhan dang do hang Microsoft phét trién cho phép sit
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dung 3 ludng thong tin co ban vé déi tugng 1 nguoi ding trude camera gom: anh mau thong
thuong (RGB image); anh thong tin chiéu sau (Depth image) cho phép udc lugng khoang céch
tlt cac ving trén anh doi tugng tdi thiét bi Kinect; khung xuong mo hinh bam theo 20 khép
co ban trén co thé ngusi (Skeleton Tracking).

‘Dbn phét hieg ngool Comera RGB (Cém bidn hbog ngosi

(a) (b

)

Hinh 3. Cam bién kinect (a) vad khung xuong mo hinh (b)

Khi st dung ludng thong tin Skeleton Tracking c6 thé cho phép xac dinh gan ding vi tri
tam ban tay, tuy nhién viéc khoanh viing chinh xac dé biét dugc cau tric ban tay thi can
b6 sung thém cac thao tac xi Iy anh phit hgp. Do vay, trong noi dung tiép theo bai bao dé
xuat giai thuat nhan dang cit chi ctia ban tay sit dung cac luong thong tin vé Depth image va
Skeleton Tracking ctia cam bién Kinect.

3. THUAT TOAN PHAT HIEN VUNG BAN TAY

Cac thuat toan phat hién vuing ban tay truée day dwa trén thong tin hinh &nh thuong st
dung mot s6 ky thuat xt Iy &nh nhu: phan viing mau da dya trén cac ngudng mau sic [4];
phat hién dya trén dic trung chénh léch mitc xam Haar-like [5]; khdo sat phan bo mic xam
HOG (Histogram of Oriented Gradients) [6]. Tuy nhién, nhu da néu trong Muc 2, cdm bién
Kinect cho phép xéac dinh vi tri gan ding tam ban tay, vi vay dé phat hién ving ban tay,
trong nghién cttu nay dé xuat tién hanh phan ving dnh chiéu sau Depth image xung quanh
tam ban tay dé xac dinh ving déi tuong theo cac budc sau:

Bude 1. Xac dinh tho ving ban tay, st dung danh gia vé tuong quan khoang céch
hand I, = (dist(z,y,x0,y0) < p) A (|depthly, — depthly, 4| < 0), (1)

trong do, xo,yo 1& toa do tam ban tay dudc tra vé bdi luong thong tin tit cAm bién Kinect;

x,y 1 toa do mot diém bat ky thuoc viing ban tay;

hand I, xac dinh trang thai diém &nh c6 toa do (z,y) trén anh c6 thude ving ban tay
hay khong;

dist(z,y, 20, y0) = \/(z — x0)2 + (y — y0)?;

depthl,, la gia tri tai diém anh c6 toa do (z,y) trén &nh Depth image, cho phép xac dinh
khodng cach t6i cam bién;

p, 0 1a cac ngudng xac dinh theo cau hinh thiét bi cdm bién va cau tric sinh hoc ctia khung
xuong (thu duge tir luong Skeleton Tracking).

Cu thé trong nghién cttu nay Iya chon p = 0.8h,; # = 150 (danh cho thiét bi Kinect
Xbox360), gia tri h, dac trung cho ban kinh ving ban tay duge xéc dinh thong qua céc gia
tri vé do rong clia vai ngudi dgpoider va gid tri chiéu sau tai tam ban tay depthly, ,, trén anh
Depth image va diém giita hai vai depthlsnoider center ma ludng Skeleton Tracking cung cap



NHAN DANG CU CHI CUA BAN TAY NGUOI THEO THOI GIAN THUC 235

nhu sau
. depthjsholder_center-dsholder

" depthl,

0,90

Budc 2. Thye hién tien xit Iy 4nh viing ban tay thong qua mot bo loc trung vi, tiép dé phat
hién dudng bao (coutour) clia viing ban tay, loai b6 cac ving c¢6 dién tich nhé va dinh dang
lai viing ban tay. Trong budc nay, nghién ctu dé xuat sit dung cic thao tac phat hien duong
bao va ving lién két c6 sin trong bo thu vién ma ngudon mé do hang Intel khéi xuéng phét

trien OpenCV [14].
¥ ¥

Hinh 4. X1t Iy phat hién viing ban tay

4. THUAT TOAN NHAN DANG CU CHI

D@ tién hanh nhan cit chi ctia ban tay, truée hét can tién hanh trich chon dic trung ving
thu duge ¢ phan phat hien déi tugng. Céc nghién ciu truée day cho thay, c6 thé st dung
cac k¥ thuat phan tich hinh dang d6i tugng nhu: st dung cac dang moment [10], st dung
bo loc Gabor va trich chon PCA (Principal Component Analysis), LDA (Linear Discriminant
Analysis) [11] hogc st dung don thuan cac k§ thuat trich chon dic trung dya trén phan bo
mitc xam [12]... tuy nhién, qua khéo sat cho thay néu chi sit dung céc dic trung vé dudng bao
thi co ban chi nhan duge mot s6 cit chi ¢6 hinh dang tuwong dbi tuong minh. Khi kich thuée
ban tay thu dugce nho, cac ké tay sé kho phan biét, lic nay can bo sung thém mot s6 diic trung
dang thoéng ké. Vi vay, trong nghién citu nay sit dung ky thuat xap xi da giac cho viing duong
bao v& tim bao 16i nhé nhat chita viing ban tay, tiép do trich chon cac dic trung theo da giac,
sau d6 st dung mot dang dic trung thong ke dya trén mic do tir tuong quan vé cuong do
sang vi c6 kha nang bat bién v6i mot s6 phép bién déi hinh hoc nhu xoay, tinh tién, co gian.

Trude hét, dé phan biét cac ngén tay, ta tién hanh phan tich do sau céc ké tay, dong thoi
loai bo céc ké khong phut hgp vé do sau (xem Hinh 5). Trong d6, cac thao tac vé xap xi da
giac va tim bao 16i duge nhom tac gia sit dung thuat toan Douglas—Peucker tich hop sin trong
bo thu vién OpenCV.

Viing ban tay sau khi duge chuan héa kich thuée thi cac dic trung hinh dang cho ban tay
duge xac dinh gom cac thanh phan sau: fi s6 lugng ké tay; fo do sau trung binh ctia cac ké
tay; fs dién tich vuing ban tay, fy gia tri ciia tam ban tay; fs khoang cach trung binh gitia hai
ké tay lien tiép; fg khodng cich xa nhat gitta hai ké tay; f;7 s6 dinh bao 16i; fg do dai canh 16n
nhat clia bao 16i, fg do dai canh nhé nhat clia bao 106i; fig ty lé giita chiéu rong va chiéu cao
cua hinh ch nhat chtta viing ban tay.

Tiép do6, dé cai thien chat lugng nhan dang, dac biet dé cé thé nhan dang tot khi ban tay
xuat hién & cac huéng xoay khac nhau, ta bo sung thém dic trung mitc do ty tuong quan
HLAC (Higher Order Local Autocorrelation), theo cac nghién ctu [7, 8] HLAC cing c6 kha
ning bat bién véi cac phép co dan va xoay ddi tugng, hon nita con cho phép c¢6 thé mé rong
hon nita s6 lugng cit chi c6 thé nhan dang.
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Hinh 5. Trich chon déc trung hinh dang ban tay thong qua cac ké tay

Cong thic xac dinh do tu tuong quan HLAC bac n duge xac dinh nhu sau [7]
F"(a1,a2,...,a,) = /I(T)I(T‘ +aq)...I(r + ay)dr, (2)

trong do,

n la bac tu tuong quan;

r 1a toa do clia diém anh;

a 1a do dich chuyén theo cac huéng;

I(.) 1a cudng do sang tai cc diém anh.

Luu ¥ réng, thay vi tinh toan truc tiép dua trén cuong do sang tai cac diém anh ta tién
hanh tinh toadn duya trén anh ban tay sau khi da phat hién bién. Khi d6 qua trinh tinh tich
cudng do sang chuyén thanh phép AND logic duya trén trang thai diém anh c6 phai la bien
hay khong. Dé khéi lugng tinh todn khong qué 16n sé chi tinh dén do tu tuong quan bac 3,
v6i clia 86 3x3 di trén toan bo anh.

Dé huan luyén cho nhan dang tu thé tinh ctia ban tay c6 thé st dung cong cu SVM
(Support Vector Machine) v6i ham hat nhan co ban Gaussian RBF (két qui nhan dang chi
tiét duge trinh bay ¢ Muc 5). Két thiic giai doan nay mdi tu thé clia ban tay c6 thé xac dinh
béi ham phan loai tur 45 déc trung

SVM
h"=" G(f1, f2; - 10, f11, s fa5)- (3)
Do trong thuc té tuong tac, thiét bi Kinect c¢6 thé cung cap thong tin hinh anh véi téc do cao
(khoang 30hinh/giay) nén dé tang do tin cay clia két qua nhan dang, can thuc hién viéc so
sanh trén nhiéu khung hinh lién tiép, tiép dé si dung cac danh gia xéc suat dé xac dinh ci
chi tay phit hgp nhat.

Xét tap hgp N khung hinh lién tiép, gia st khi ap dung k¥ thuat hoc may (3) sé cho ra
N két qua so sanh: (K71, Ko, ..., Ky); trong d6 K; 1a két qua thu duge tit khung hinh tht i,
1a mot trong cac ctt chi tay trong tap hop cac cit chi tay ctia bo hinh anh da huan luyén. Khi
d6, néu bo hinh dnh huan luyen c6 M cit chi tay, gom C = (Cy,Cy, ..., Cyy), thi K; € C.

Viéc dé xuat chon ctt chi C; thuoce C' la phu hop nhat, trong s6 tap hop moi cit chi da biét,
la ctt chi théa man téng S; = P(Cj, K1) + P(Cj, Ka) + ... + P(Cj, Kn) c6 gia tri 16n nhit,
tic la

N
Cj = argmazc,cc Z P(C;, Ky), (4)

t=1
v6i P(Cj, K;) 1a xac sudt két qua so sanh 01 khung hinh cho ra két luan K; khi ngudi ding
thuc hién ctt chi Cj, va tat cd M x M gia tri gan dang cta P(C}, K;) da duge xac dinh qua
thue nghiém va luu trit sén. Bang céac gia tri (xem Béng 3) nay duge xay dung thong qua
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chinh qué trinh danh gia mic do “nham lan” khi nhan dang mot cit chi ctia ban tay, tic 1a
thong qua viéc stt dung khai niém ma tran nhap nhing (Confusion Matrix [13]) ma cac nghién
cttu vé nhan dang trude day thuong chi dung dé khao sat tinh hiéu qua ctia thuat toan.

[a] ] Te] |2
1 2 11 1| | 1| | 1 3
5.1 . No.3 Nod l L - o
.. . s igl M1 T 0
2|1 1|2 2 1 2 2
Ne.8 Nod  No.dD Nodl — Ned2  Nodl  Nodd
2 1 1 1 1 1
1 1|11 1] REIENEIRE 1
1 1 1 | 1
Nels  Nels — Nol7 Noi8 Mol No.X — Neo.Zl
1 1 1 (11 1
1 1(1 1|1 1 1 1(1 1(1
1 101 l1] 1|
No.lZ No2d NoM No.25  No26  No2?7  Nols
. a = - =T T 1 :
1 11 1 [1 ]2 1| | 11 1
1 T T [ (1]
Ne23  No3D  Nedl No.3Z  MNo33  No34  Neds

|1 |® PO =Eixy) s Hxy +1) = I(x+ Ly —1)
[1

1y
1] |® AP0 =Dxs) s ilx+ 1y - 1)

Hinh 6. Cach trich chon dac trung HLAC theo bac 3

5. KET QUA THUC NGHIEM VA DINH HUGNG PHAT TRIEN
Qua trinh thie nghiém duge tién hanh theo cac giai doan nhu sau:

Giai dogn 1. Chuan bi bo dit lieu huan luyen céc cit chi ctia ban tay theo céc tu thé tu nhien
(SHO1)1a céc anh vung ban tay da duge cét rieng (xem Bang 1); Tién hanh danh gia két qua
nhan dang 6 cit chi nay theo cac tiéu chi: dac trung ROC (Receiver Operating Characteristic),
chi s6 AUC(Area Under Curve), khéo sat kha ning nhan dang diang ctia thuat toan nhan dang
st dung gidi phap hoc may (3).

Giai doan I1. Stt dung két qua thu duge 6 giai doan I, tién hanh lam thic nghiém trude thiét
bi Kinect thic va xay dung bang xac suat nham lan.

Giai doan 1II. Stt dung két qua hiéu chinh & giai doan II véi viéc sit dung N = 8 khung hinh
lien tiép dé danh gia lai két qua nhan dang thic té v6i cting diéu kién thitc nghiem dé tao tap
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mau SHO1. Két qua nhan dang ctia giai doan I duge phan anh trong Bang 2, ngoai ra, két qua

Bdng 1. Thong tin vé di lieu huan luyen SHO1
STT | Danganhmé | Dinhdanh | So rong anh trong | So lwgng anh trong

tacu chi ctr chi tap huan luyén tap kiém thi
1 F 1‘ 0 500 200
2 1 1 500 200
3 1 2 500 200
4 | ¥ 3 500 200
5 NE | 4 500 200
6 N7 3 500 200

>4
R

phan tich dya trén do thi ROC (xem Hinh 7) va chi s6 AUC trung binh dat trén 0.94.

Bdng 2. Két qua nhan dang cit chi ctia ban tay trén tap SHO1

Ci chi Cit chi doan nhan T¥ 1& nhin
thye té 0 1 2 3 4 5 dang diing
0 191 9 0 0 0 0 95,50%

1 0 199 | 1 0 0 0 99,50%

2 0 0 199 1 0 0 99.50%

3 0 0 13 175 0 0 93.09%

4 0 0 0 4 194 2 97,00%

S 0 0 3 7 47 143 | 71.50%

Ngoai ra két qua phan tich dya trén do thi ROC (Receiver Operating Characteristic) va
chi s6 AUC (Area Under Curve) trung binh trén 0.94.

ctrchi 0 crchi 1 ctrchi2

S0 e o AU LT EOE 2ura s (SUE £ GG ST tira £(AUCw GGTE

Tae Fost hefus

YT aT)
Fala Foaiha Fak

Hinh 7. D6 thi ROC va chi s6 AUC véi titng két qua nhan dang

Két qué giai doan II trong Bang 3 phan anh két qua nhan dang ding cho méi cit chi khi
thao tac nhanh tryc tiép trude thiét bi khi giai phap hoc may (3) dat xap xi 86%.

Két qua nhan dang sau khi sit dung hiéu chinh xac suét (4) dya tréen Bang 3 ctia giai doan
IIT cho thay do chinh xac duge cai thien dat trung binh 93% khi tuong téc triyc tiép véi thiét
bi, danh gia dya trén 50 lan nhan dang lien tiép mdi cit chi (xem Bang 4). Bén canh do, két
qua so sanh cho thay do chinh x4c khi tuong tac tryc tiép theo thoi gian thiyc clia thuat toan
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Bdng 3. Xac suat nham 1an P(C;, K;) gitta cac ctt chi

Cir chi Cit chi dosn nhin $6 mau
thee té | 0 1 2 3 4 S thwre nghiém
0 0.9311 | 0.0654 | 0.0032 | 0.0004 | 0.0000 | 0.0000 | 2800
1 0.1021 0.8857 0.0100 0.0021 0.0000 0.0000 | 2800
2 0.0279 | 0.0732 | 0.8546 | 0.0443 | 0.0000 | 0.0000 | 2800
3 0.0946 | 0.0021 | 0.0707 | 0.8107 | 0.0218 | 0.0000 | 2800
4 0.0068 | 0.0143 | 0.0046 | 0.1307 | 0.8350 | 0.0086 | 2800
H 0.0018 | 0.0000 | 0.0000 | 0.0168 | 0.1125 | 0.8689 | 2800

da dé xuat tuong duong véi két qua nhan dang trén tap anh tinh dugce chuan bi trong phong
thi nghiém ma nghién ciu [10] thit nghiém.

Bdng 4. Két qua nhan dang khi tuong tac tryc tiép

cu Ctr chi doan nhan S0 Tuot Ty e phat | 1Y 1¢ nhén Ty Ié nhén
. khoanh R, dang ding . o
chi . hién ding = = | dangdung voi
diang . .~ | theo tirong ST .
thue | 0 1 2 3 4 5 LS ving ban ...~ | anh tinh cong
t ving ban ta Bethdi | s yong [10]
tay ¥ gian thue =
0 48 1 1 0 0 0 49 98% 96% 93,30
1 1 47 2 0 0 0 49 98% 94% 20%
2 3 3 44 0 0 0 48 96% 88% 20%
3 0 0 1 44 4 1 49 98% 88% 93,3%
4 0 0 0 2 46 2 50 100% 92% 926,7%
5 0 0 1 1 1 47 49 98% 9407 96,7%

Ngoai ra, khi so sanh vé do chinh xac clia giai doan phat hién viing ban tay thi viec sit
dung day du cac luong thong tin ctia Kinect ma bai bao dé xuat cho phép dat két qua vugt
troi (98%) so vdi chi stt dung thong tin vé chiéu sau (90,2%) nhu trong [12].

Két qua théng ké trén may tinh xach tay véi bo vi xtt 1y Intel core i3 CPU 1.7Hz cho thay:
thoi gian nhan dang trung binh cho mdi cit chi xap xi 85mili giay, tuong duong 12hinh/giay
cho phép dap ting cac yéu cau xit Iy theo thoi gian thyc.

Nhu vay, bai bao da trinh bay cac két qua nghién citu vé qua trinh phat hién va nhan dang
ctt chi ctia ban tay ngusi theo thoi gian thuc véi mot s déng gép chinh lien quan dén cach
thic trich chon dic trung, giai phap cai thién do chinh xéc cia ky thuat hoc may trong bai
toan nhan dang ctt chi ban tay. Trong céc nghién ctiu tiép theo, chiing toi sé tién hanh xay
dung mo hinh nhan dang cit chi khi két hgp thém cac yéu t6 vé qui dao chuyén dong va gia
toc, vi tri tuong doi gitta hai ban tay, cling nhut giai phap tich hop két qua nhan dang vé6i diéu
khién may tinh thong qua co ché gia lap cac thiét bi ngoai vi.
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