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TOM TAT
Ngén ngi¥ ky hiéu la ngdn ngl¥ chinh dwoc st dung trong cdng ddng ngwdi khiém thinh dé thay thé cho
ngdn ngl néi truyén théng. Ngoai ra, ngén ng® ky hiéu con dwoc sir dung trong viéc twong tac gitba ngudi va
may. Trong bai bdo nay, ching toi d& xuit mét giai phap nhan dang ngdén ngl ky hiéu swa trén phu’cyng phap
phan tich thanh phan chinh va mang neuron nhan tao. Dau tién ban tay dwoc phat hién, sau dé mét sé bwéc tién
x& ly dwoc thue hién d& nang cao chat lwgng anh, tiép dén chung t6i tinh toan mét khéng gian mai dé biéu dién
anh sao cho s chiéu nhd hon khdng gian ban ddu ma dac trwng cla anh van dwoc gity lai tdi da, cudi cling
mang neuron nhan tao duwoc dung dé huén luyén va nhan dang anh bang cach anh xa anh dau vao vao trong
khong gian tim dwoc. Gidi phap nay cé chi phi tinh toan thap va co thé thuc thi viéc nhan dang theo thoi gian
thwe. Két qua thr nghiém cho thdy d6 dn dinh va chinh xac cao.
Tir khéa: ngdn ngir ky hiéu; civ chi; mau da; phan tich thanh phan chinh; tri riéng; vector riéng
ABSTRACT

Sign language is used in the deaf community to replace the traditional spoken language. In addition, sign
language is also used in the interaction between people and machines. In this paper, we propose a solution to
recognize sign language using the principal component analysis method and artificial neural network. At first, the
hand is detected, then some preprocessing steps are taken to improve the image quality, then we determine a
new space to represent the hand image with fewer dimensions than the original space and characteristics of the
image are kept, and the artificial neural network is used for training and testing with the mapped input image. This
solution has low computational cost, and can execute in real-time. The proposed approach has been tested with
high accuracy and stability.

Key words: sign language; gesture; skin color; PCA; eigenvalue; eigenvector

hudng tiép can méi trong linh vyc may hoc co
thé khai quat nhimg ctr chi tay dang tinh bang
phuong phép phan tich thanh phan chinh két

1. Pit van dé
Ngoén ngli ky hiéu la mdt trong nhiing

phwong phép giao tiép dwoc sir dung boi nhiing
ngudi khiém thinh. Ngbn ngit nay st dung cir
chi dugc thuc hién bing cach cir dong ban tay
Kkét hop v6i nét mat hay diéu bo cua co thé.

Linh vuc nghién ciru vé& nhan dang ngon
ngit ctr chi dang dugc ddy manh dé gitp nguoi
khiém thinh d& dang hoa nhap cong dong. Hau
hét cac nha nghién clru st dung thiét bi chuyén
dung nhu ging tay, cam bién hodc nhan dang
dua trén ki thudt xtr Iy anh thong qua camera va
may tinh. Cac giai phap xir Iy anh thuong dua
trén hai phuong phap chinh: tdp ludt va may
hoc.

Trong bai bio nay ching t6i dé xuat mot
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hop vdi mang neuron nhén tao.
2. Cac nghién ctru lién quan

Mot s6 dé tai da dé xuat phuong phap
nhan dang ctr chi bang cach str dung may anh va
cac k¥ thuat xtr ly anh. Muc ti€u chung cua céac
nghién ctru nay la dé gitp nguoi khuyét tat giao
tiép voi nhau, thay thé ngén ngir truyén thong
bang ngon ngit ctr chi. Mot tmg dung khac ctia
ngdn nglr cir chi la trong tac ngudi — may, trong
d6 ctr chi duge dung nhu dit liéu ddu vao, théng
tin dugc truyén dén may tinh théng qua
webcam. Fujisawa [1] dd phat trién mot thiét bi
truyén HID dé thay thé cho chudt may tinh danh
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cho nguoi tan tat. Bretzner [2] da phat trién mot
hé thong ma ngudi dung co thé didu khién TV,
dau DVD dua trén ctr chi tay thong qua mot
camera. Marshall [3] thiét ké mot hé thong dé hd
trg nguoi ding tuong tac voi cac hé thong da
phuong tién dya trén nhiing ctr chi. Malima [4]
dé xuét mot thuat toan ty dong xac dinh mot )
ctr chi tay ding cho muyc dich diéu khién robot.

Dbé nhan dang ctr chi tay, viéc lua chon
céc dic trung 14 rat quan trong boi cac ctr chi tay
rat da dang trong hinh dang, su bién doi, su
chuyén dong va két cdu. Hau hét cic tinh ning
duoc st dung trong cac nghién ctu trudc day
dugc trich xuét tir ba phuong phap sau dy.

Phuong phap tiép cin dua trén mé hinh:
phuong phap nay ¢ ging suy ra tu thé cua long
ban tay va cac goc khop, co thé tao ra mot md
hinh 3D ctia m6t ban tay, ly tudng cho cac tuong
tac trong moi truong thuc té ao. Ueda [5] 4p dung
phuong phép nay dé tuong tac véi mot déi tuong
trong khong gian do, khu vuc ban tay dugc xac
dinh dya trén mot hé théng nhiéu camera cung
hoat dong. Utsumi [6] duya vao hinh dang va
chuyén dong cua ban tay dé diéu khién cac ddi
tuong trong thé gidi 4o. Bettio [7] trinh bay mot
cach phat trién modi truong twong tac cho phép
con nguoi tuong tac voi cac mo hinh 3D phirc tap
ma khong can phai ty vén hanh thiét bi dau vao.
Trong phuong phép tiép can dua trén mo hinh,
nhiéu 1a mot van dé c6 anh hudng 16n dén két qua
thuc hién, dong thoi doi hoi nhiéu thoi gian hon
dé thiét ké cac hé thong.

Mot phuong phap khac dugc thuc hién dua
trén chudi nhitng anh 2D thu duoc tai nhiing goc
nhin khac nhau 6 cung mét thoi diém, ctr chi
duge mo hinh hoa nhur 1a mot chudi cac goc nhin.
Mot su két hop tuyén tinh ciia nhitng hinh anh
nay cé thé dugce st dung dé khoang tai tao lai ctr
chi thuc té. Cach tiép can nay dugc sir dung trong
rat nhiéu nghién ctru nhan dang cir chi tay, ching
han nhu [8]. Du vay, ti 1& 18i ciia phuong phap
nay 1én dén hon 7%, ddng thoi viée thu thap anh
huén luyén ciing 1a mot van dé.

Dic trung cap thap: Mot sb nha nghién
ctru trinh bay cac phuong phap nhan dang dua
trén nhitng dic trung don gian, cho ring thong
tin chi tiét vé hinh dang tay 1a khong can thiét.

Ho nhan thay rang tat ca cac ban tay con nguoi
c6 mau sic nam trong cung mot mién gia tri va
su khac nhau cha yéu la & do sang. Pé nhan
dang, ban tay dugc xac dinh dya trén mau sdc va
cac dac trung duogc trich xuat dua vao toa do
tdm ban tay, d6 léch tdm, hay goc cua truc
khung ellipse bao ban tay [4].
3. Phwong phap dé xuét
3.1. Dit liéu vao va dir liéu thir nghiém

Dit liéu c6 thé 1a mot hinh anh hodc mot
chudi cac hinh anh (video), duoc thuc hién bédi
mot camera duy nhéat hudng vé phia ban tay thuc
hién ctr chi. Mot sb hé théng st dung hai hoac
nhiéu camera dé c6 dugc thém thong tin vé ban
tay, uu diém 1a mdi hé théng c6 thé nhan ra
nhitng cir chi ngay ca khi tay bi che khuat nhung
bu lai, chi phi tinh toan cao, kho ap dung vao hé
thong nhan dang theo thoi gian thyc. Céc giai
doan tiép theo ciia qua trinh nhan dang sé& it
phirc tap hon néu anh thu duge c6 nén don gian
va d6 tuwong phan cao so vdi ban tay. Vi viy,
anh thuong duge thu trong mot méi trudng nén
dong nhat, va han ché bong xuat hién trong dnh
thu duoc. Dir liéu chung t6i dung dé thuc hién
dé tai duoc thu thap tir nhiéu ngudn dir liéu mo.

3.1.1. Anh

Anh dugc thu thap tir mot sd bo dir lidu
mo [14][15] hodc truc tiép tir webcam.
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Hinh 1. Mét s6 anh tir tap div liéu [14]

G

3.1.2. Video

Video dugc ghi lai tor mot webcam cd
dinh, v&i nén don gian va anh sang 6n dinh. Mot
ngudi thuc hién mot sé cir chi trudc webcam.
D¢ viéc xac dinh ban tay don gian, canh tay
duogc che lai va nguoi thuc hién khong 10 khuon
mat trén webcam. Cac video dugc thir nghiém &
dinh dang AVI (Audio Video Interleave).

3.2. Tién xir Iy

Dudi day 1a cac bude can thiét dé trich loc
d6i tuong, nang cao chat lwong anh va chuan
héa nham nang cao hi¢u qua nhan dang.

123



TAP CHi KHOA HOC VA CONG NGHE, DAl HOC BA NANG - SO 10(71).2013

3.2.1. Phat hién tay

Pé xac dinh cic cir chi tay, budc dau tién
la phat hién tay trong anh dau vao. Trong giai
phap dugc dé xuit, ching toi str dung phuong
phép loc mau da. Theo Fleck va Forsyth [16],
mau da ctia con ngudi dugc tao thanh bdi hai
cuc mau sic: mau do (mau) va mau vang
(melanin), voi d§ bao hoa trung binh. Fleck
cling nhan thdy rang mau da 1a cdu tric bién do
thép. Mau sic dic trung cta da co thé duoc st
dung dé phat hién tay nguoi.

Q.c>

Hinh 2. Két qua loc mau da

3.2.2. Chon déi twong I6n nhdt

Budc nay gitp gitr lai mot ddi twong duy
nhat trén hinh anh. Déi véi hé thong xac dinh cir
chi tay, d6i tugng 16n nhat xuat hién trong anh 1a
ban tay. Vi vdy, sau budc ndy, cac dbi twong
khong lién quan s€ dugc loai bo.

Hinh 3. Giir lai ddi tuwong I6m nhat

3.2.3. Sur dung b loc trung vi cho anh xam

Hinh 4. Loc trung vi anh xam
Trong xir 1y anh sd, khtr nhiu 14 budc can
thiét d€ mang lai két qua tot nhu mong muodn.
Loc trung vi la k¥ thuat loc phi tuyén, thuong
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dugc st dung dé loai bé nhiéu. Khtt nhidu 1a
mdt bude tién xu 1y dién hinh dé cai thién két
qua xtr Iy 4nh sau nay (vi dy, phat hién canh ddi
tuong trén anh). Loc trung vi dugce st dung rat
rong rai vi, theo mot sé diéu kién nhat dinh, nd
giir lai duoc cac canh trong khi loai bé nhiéu.
3.2.4. Logi bo canh tay

Trong mot sb truong hop, Kkét qua loc mau
da chura ca canh tay. Vi canh tay khong dugc st
dung trong qua trinh nhan dang nén ching can
duogc loai bd khoi anh. Budc nay khong chi giap
nang cao d6 chinh xac ma con giam chi phi tinh
toan khi xtr Iy — mét yéu t6 quan trong trong cac
ung dung thoi gian thyec.

Pau tién, tay duoc tach riéng boi khung
chii nhat bao quanh. Sau do6 vi tri ) tay dugc
xac dinh, ban tay va canh tay s€ duoc tdch nhau
tai vi tri d6. Giai thuat xac dinh vi tri ¢ tay
chung t6i dé xuat dugc trinh bay dudi ddy:

Goi mi la bé rong cua dvi twong tai dong i

e By: tinh mi & dong cudi ciing

e By: tinh mi.1 ¢ dong bén trén

e Bs: néu m khong ting thi quay lai
bude By, nguoc lai thi ¢6 tay la dong
ngay duoi dong hién tai

-»W-»w-»ﬂ

Hinh 5. Xdc dinh cé tay va tach ban tay
3.2.5. Chudn héa dé sang anh

Budc nay cai thién do tuong phan, gitp
can bang d6 sang cua anh. Piéu nay giup do
chinh xac khong bi anh huong khi énh dugc thu
trong cac diéu kién anh sang khac nhau.

g

Hinh 6. Chudn héa dg sing dnh
3.2.6. Bién doi kich thuéc anh

Budc niy chuan héa kich thuéc ban tay
trén anh, chuan bi cho qué trinh huan luyén va
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nhan dang, dong thoi ting do chinh xac. Néu su
dung cac phuong phap bién d6i kich thudc
thong thuong, ban tay co thé bi thu nho hodc
kéo din vé mot ty 1& (ngang/doc) khac so véi
ban dau, khi d6 dic trung cta ban tay va két qua
nhan dang s& bi anh hudng. Vi vy chung t6i dé
xudt mot budc bd sung trudc khi thyc hién
chuén hoa kich thugc anh.

Pau tién ban tay dugc cat riéng khoi anh
bdi khung bao chir nhat. Gia sir ching ta ¢c6 mot
hinh anh tay véi kich thude w*h, trong d6 h la
chiéu cao va w 1a chiéu rong cua hinh anh. a
dugc dinh nghia 1a d¢ chénh 1éch gitta w va h.
Chung t6i dé xudt mot phuong phap dé diéu
chinh kich thudce ban tay nhu sau:

eNéuh>wthia=h-w

o Chén a/2 c6t vao bén trai anh
o Chén a/2 cot vao bén phai anh
e Néuh<wthia=w-h
o Chén a/2 dong vao bén trén anh
o Chén «/2 dong vao bén dudi anh

Str dung cac phuong phép hiéu chinh kich
thudc thong dung dé dua anh thu duoc vé kich
thude 50x50.

Mot vi du vé hiéu chinh kich thudc anh
vdi h <w dugc trinh bay trong hinh dudi day:

o

Hinh 7. Hiéu chinh kich thudc anh véi h <w

3.3. Nhin dang cir chi

3.3.1. Trich xudt ddc trung

Pé trich xuit dic trung cho cac anh trong
tap mau, chung t6i sir dung phwong phap phan
tich thanh phan chinh [17] nhu sau:

Buéce 1: ta co tap S voi M anh miu, mdi
anh dugc chuyén sang dang vector kich thugc N
= 2500 phén tir (50x50)

S={T1, T2 Is... [m} 1)

Budc 2: tinh toan anh trung binh

1 M
:MZF' (2)

-
Budc 3: tinh d¢ sai khic gifta mdi vector
anh mau véi vector anh trung binh
O=Ii-Y (3)
Budc 4: tinh ma tran hi¢p phuong sai C
theo cong thirc sau:

M
:iZcDicDiT - Lo 4
M

i=1

Trong d6 A = [@1, Oy, D3... Dv]

Budce 5: xac dinh M vector truc giao u; ¢
thé mo ta tot nhit su phéan bo cua tap dir liu.
Tuy nhién kich thudc cia ma trdn C qua 16n
(2500x2500). Vi vay dé tim uj, chung ta Xxac
dinh cac vector riéng Vi cia ma tran L=ATA ¢
kich thudc MxM.

Budc 6: tinh cac vector riéng cua ma tran
C dua trén cac vector riéng ciia ma tran L

Ui = Avi (%)

Budc 7: moéi anh mau I dugc 4nh xa sang

khong gian méi va biéu dién dudi dang vector Q
w=u (F-¥) (6)
Trong d6 Q" =

Cac vector thu dugc 1a vector dic trung
st dung cho viéc huén luyén. Pé nhan dang mot
cu chi, anh dugc anh xa 1én khong gian moi
bang cong thirc (6) va vector thu duoc 1a dau
vao cla mang neuron.

[01, @2, 3... ©V]

3.3.2. Hudn luyén mang va nhin dang

Chung t6i st dung mang neuron nhan tao
vi nhiing vu diém sau: kha nang tong quat hoa,
c6 thé tinh toan phi tuyén, it bi anh huéng boi
nhiéu va mang c6 kha ning xir Iy song song.

Chung toi thiét ké mot mang Perceptron
c6 ba 16p: 16p vao c6 sO neuron tuong ung voi
kich thudc cua vector diac trung (s0 luong anh
huan luyén), so neuron 16p an dugc xac dinh
bang phuong phap tha-sai, va 16p ra co6 23
neuron twong tng vdi 23 cu chi can nhén dang.

Ham chuyén duoc sir dung 1a ham tansig:

tansig(n) = % -1

+e 2" (7)
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4. Két qua thir nghi¢m

Ching t6i st dung webcam Logitech
9000, khoang canh tir webcam dén ban tay nam
trong khoang 0.8 dén 1.2m. Hé thong dugc xay
dyng bang ngdén ngit C# sir dung thu vién
OpenCVSharp. Ching t6i chon 23 ky tu trong
bang chir cai dé nhan dang, voi 40 anh mau
huén luyén cho mdi ky tu. Cac anh nay bao gom
nhitng anh mau di dé cdp va cac anh duogc
chung t6i thu thap trong thuc té.

Céc cir chi duge thir nghiém bang cach thuc
hién truc tiép trudc webcam. Mdi cur chi duoc
nhéan dang 100 lan, twong tmg vai tap 2300 cir chi
nhan dang. Ti 1€ nhan dang chinh xac trung binh
dat 93.6% véi 920 anh mau huan luyén.

Két qua cu thé dbi véi timg ky tu duoc
trinh bay trong hinh 8. Nhidu ky tu duoc nhin
dang chuén x4c nhu A, B, E hoic ti 1& chinh xéac
cao (trén 90%) nhu C, D, B, G, I, K, L, O, P, Q,
S, T, U, V, X, Y. Du vy, mot sb cir chi thuong
bi nhan dang nham nhu H, M, N va R. Nguyén
nhan 14 do do twong dong cao giita dic trung
clia cac ctr chi (vi du nhu M va N). Mot sb 1y do
khac 1a do nghiéng cta ban tay 16n va long ban
tay khong huéng thing vao webcam.

100
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Hinh 8. Két qua nhdn dang véi 23 ky tw

5. Két luan

Trong bai bao nay, mot hudng tiép can
moéi dd dugc dé xuat dé nhan dang ngdn ngit ky
hiéu. Hé théng nhin dang bao gdm cac budc
sau: phan doan anh, tién xu ly, trich xuét dic
trung, huan luyén va nhan dang. Trong budc
phan doan, thong tin mau sic duoc sir dung dé
xac dinh cac diém anh c¢6 mau twong tu mau da.
Qua trinh tién xir 1y nang cao chat luong anh dé
phuc vu cho viéc nhan dang. Céc dic trung cia
ban tay dugc trich xuat bang phuong phap phan
tich thanh phﬁn chinh, va mang neuron nhén tao
dugc sir dung dé nhan dang. Chung toi ciing da
dé xuat mot phuong phap don gian dé loai bo
canh tay, giip nang cao hiéu qua nhan dang.
Bén canh d6, kich thudc anh ban tay duogc chuan
hoa dong thoi van gilt nguyén ti 18, qua do giir
dugc dic trung quan trong cia cu chi, trong khi
céc giai phap thuong thay déu diéu chinh kich
thudc tryc tiép lam anh bi co gidn khong déu va
mat di ti 1& ngang-doc cua ddi tuong ban dau.
Ngoai ra hé thdng c6 thé thuc thi theo thoi gian
thue.

Giai phap ctua chung t6i va mot sb
phuong phap khac khi ap dung trén cung mot b
dir liéu hudn luyén va thir nghiém duoc so sanh
vé d6 chinh xac trong bang dudi dy:

Bdng 1. So sanh do chinh xdc cdac phwong phap

Changtoi| [9] | [10] | 1111 | 1221 | [13]

93.6% 84% |92.78%90.45%92.2% |90.45%

Trong cac nghién ciru tdi, giai phap nay
s& duoc cai tién dé nhan dang cir chi tay dong,
hiéu qua ngay ca khi goc nghiéng ban tay 16n va
10ng ban tay khong hudng thing vé camera.
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