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UNG DUNG THI GIAC MAY TiNH VA CONG NGHE TRI TUE NHAN TAO
TRONG HE THONG PIEU KHIEN CANH TAY ROBOT

Rodn Vin Héa", Pinh The Long
Truong Pai hoc Kinh té - Ky thudt Cong nghiép

TOM TAT

Trong bai bdo nay, tac gia trinh bay mot hé thong diéu khién canh tay robot bang cach nhan dang
ctr chi tay tir nguoi diéu khién. Hé thong dua trén ba budc chinh: xac dinh vi tri cir chi tay trén
hinh anh nhan dugc, xac dinh duong vién ciia cir chi tay va nhan dién ctr chi nay sir dung mang
than kinh nhén tao va cong nghé hoc sau (Deep Learning). Viéc sir dung trich xut ving quan tim
va phat hién duong vién gitip giam khdi lwong tinh toan, tir d6 ting tdc qua trinh nhan dang cir chi
tay, gitip canh tay robot c6 thé thuc hién thao tac theo thoi gian thuc. Két qua thuc nghiém cho
thdy hiéu qua tich cuc ciia phuong phap duoc dé xuat.

Tir khoa: Tri tué nhan tao,; cong nghé hoc siu; hé thong diéu khién canh tay robot; thi gidc mdy
tinh; phat hién canh.
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ABSTRACT

In this paper, we present a robotic arm control system by recognizing hand gestures from the
operator. The system is based on three main steps: locating hand gestures on received images from
webcam, determining the contours of hand gestures and recognizing these gestures using artificial
neural networks and Deep Learning technology. The use of area ripping and contour detection
reduces the computational weight, thereby speeding up the hand gesture recognition process,
enabling the robotic arm to perform real-time operations. Experimental results show the positive
effect of the proposed method.
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1. Gioi thiéu

Trong thoi dai cong nghé 4.0, cong nghé¢ Tri
tué¢ nhan tao ngay cang phat trién véi rat
nhiéu cic tmg dung trong doi séng thuc té.
Mot trong cac ung dung dién hinh cia cong
ngh¢ nay, d6 la trong linh vuc Thi gidc may
tinh, xr Iy hinh anh va nhén dién hinh thai.
Céc hé thong nhu véy, khi dugc tich hop vao
thao tac diéu khién robot, dugc sir dung rong
rdi trong cac hoat dong lép rap tu dong, hinh
thanh cac hé thong co thé hoat dong trong
moi trudng cd cdu trac va khong cdu trac,
thong qua viéc sir dung cic co ché phan hoi
cam giac tién tién. Cac hé théng nay ciing co
thé ty dong dwa ra quyét dinh thong qua viéc
st dung cac thuat toan tu hoc (learning phase)
va ly luan.

Mot trong nhitng hé théng phé bién, duogc tip
trung nghién ctru trong thoi gian gan day do
1a cac canh tay robot tich hop hé thong didu
khién chuyén dong co kiém soat, théng qua
ctr chi tay. Cac hé théng nay duoc tich hop
chuc nang phan tich toa do, xu 1y trong thoi
gian thuc dé ting hiéu qua cia hé théng.
Phuong phap duoc chon va trién khai 1a chup
va phat hién cac vung quan tam trong khung
hinh, dugc thyc hién bang k¥ thut két hop
tinh nang diém (Point Feature Matching). Bén
canh d6, tac gia ciing két hop giam nhidu
trong qua trinh thu nhan hinh anh dugc bing
viéc str dung va so sanh bén k¥ thuat loc hinh
anh: Canny, Sobel, Prewitt va Roberts. Budc
cudi cing d6 1a thyc hién phén loai hinh anh
boi cong nghé Tri tu€ nhan tao, bao gém mot
mang than kinh nhan tao Convolutional
Neural Network (CNN).

Phuong phap nay ddm bao nhan dang toan bo
hinh anh trong khung hinh, théa man céc gia
dinh duogc dat ra trong mo phong robot. Ngoai
ra, cAu trac dugc phat trién cho phép canh tay
robot co thé duy tri hodc thay ddi sy hinh
thanh cac quy dao xac dinh va thuc hién cac
nhiém vu thao tac riéng Ié.

Bai b4o nay duoc chia thanh 5 phén, trong d6
phan 2 sé& trinh bay van dé dugc thao ludn va

cac giai phap da duoc thuc hién. Van dé nay
dugc giai quyét bang thuat toan gidi thiéu
trong phan 3 cung véi phuong phap thong ké
dé xac minh do tin cay. Cac Kkét qua sau khi
ap dung d¢ xuét dugc trinh bay trong phan 4
va két luan trong phan 5.

2. Tinh hinh nghién ctru trong va ngoai nwéc
Trong [1], tac gia da trinh bay viéc tng dung
mang than kinh nhan tao trong viéc diéu
khién canh tay robot — mot d6i twong dong
hoc phi tuyén. Bai bao ciing gidi thiéu cac
bude va ban chat ciia viée thiét ké bo dicu
khién bang mang no-ron theo mé hinh maiu.
Céc két qua md phong da thé hién sy dung
dan cua phuong phap va mo ra kha ning tmg
dung vao thuc tién.

Viéc gitip may tinh nhén ra va hiéu ngon ngir
co thé ngudi, tir d6 diéu khién cac thanh phan
robot dd kha phd bién, k¥ thuat nay dugc dé
cap va st dung boi cac tac gia trong bai bao
[2]. Cac tac gia da trinh bay mot phuong phap
dé diéu khién robot, st dung ctr chi tay, trong
d6 cac cir chi dwoc mot mang than kinh nhan
tao dang CNN nhan ra tir hinh anh dugc chup
bang camera gin tai mot vi tri ¢d dinh. Trong
nghién ctru ctia Rautary [4], tac gia da duoc
thuc hién mot phan tich so sanh vé viéc sir
dung ctr chi tay nhu sy tuwong tac gilta con
ngudi va may moéc. Tac gia ndi rang viée sir
dung ctr chi tay mang dén mot su thay thé hip
dan va ty nhién cho su twong tac giita may
tinh va con nguoi. Nhin dang ct chi ciing
duoc sir dung dé didu hudng cac robot bbn
chan, chang han nhu trong [6]. Tac gia su
dung phan doan theo ngudng (Threshold
Segmentation), bién ddi trung binh thich nghi
lién tuc (Continuously Adaptive Mean-Shift)
va Restricted Boltzmann Machines dé phan
loai cur chi trong thoi gian thuc, tr d6 dua ra
ménh 1énh diéu khién cho céac robot bbn chan.
Trong nghién ctru dugc thuc hién bdi Parada
[7], céc tac gia da su dung ky thuét nhan dang
ctr chi tay trong linh vuc diéu khién 6 t6 bang
cach tao ra mot hé théng giao dién cho phép

136

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Roan Van Héa va Drg

Tap chi KHOA HQC & CONG NGHE PHTN

225(06): 135 - 140

st dung cac thiét bi tu dong ma khong bi
phan tdm va do d6 giam sb vu tai nan giao
thdng lién quan dén viéc mat tap trung khi lai
xe. Trong bai bao [8], tac gia Gupta cling st
dung k¥ thuat nhan dang ctr chi tay cho céac
giao dién truc quan trong 6 t6. Trong bai bao
nay, cic tac gia chi ra rang céc cur chi tay
dugc thyuc hién bang tay trén vo ling banh xe
hodc gin v6i n6 dan dén sy mat tap trung vt
1y thap.

Tu nhiing nghién cuu trén, bai bao nay da
phat trién mot phuong phap dé di chuyén mot
canh tay robot bang ctr chi tay, trong thdi gian
thuc. Phuong phap nay s€ dugc trinh bay chi
tiét trong phan tiép theo.

3. Thuit toan diéu khién robot théng qua
hinh dnh

Trong phan niy, ciu tric cia hé théng dugc
gidi thiéu. Budc dau tién 1a thu thap va luu
trlt cac cu chi tay, sau d6 cac hinh anh nay
duoc phan tich boi thuit toan va phan loai
bang cac mang than kinh nhén tao.

3.1. Ciu tritc hé thong

Hé théng st dung mot webcam dé thu va gui
hinh anh vé cho hé théng may tinh. Sau do,
phuong phap nhan dang sé dya trén mot chudi
cac budc s€ cho phép theo doi thoi gian thuc.
Céc budc nay bat dau bang cac thuat toan dé
thiét 1ap mot ving quan tdm, phat hién cac
canh va so sanh véi cac dic diém duogc xac
dinh trong cac phan loai.

Sau d6, tir ctr chi dwoc nhan dién, hé thong s&
truyén tin hiéu dé diéu khién canh tay robot
thuc hién mot sé hanh dong nhit dinh dya
trén ctr chi nay. Mot s6 thuét toan cling dugc
phat trién dé hd trg do tin cdy hé théng.
Phuong thirc dé xuit duge giéi thiéu trén
(hinh 1).

3.2. Xdc dinh khu vuc quan tim trén dnh
Phuong phéap xac dinh cac ctr chi tay tir hinh
anh nhan duoc tr webcam dugc 1ap trinh thir
nghiém st dung thu vién OpenCV va Node.js.

{— Khang ¢6

T'hu nhin hinh anh
(tir webcam)

Chire dos fuomg
quan tim

L]

Xiic dinh viing
quan 1am

Xéac dinh

duimg vien

Y

Phan log: st
dung CNN

Hinh 1. So d6 cdu triic hé thong

Truée hét, hinh anh duoc xt ly dé tao mot
mit na nhj phan (binary mask) va duong vién
cua ban tay. Sau do, cac hinh anh dugc phan
doan dya trén mau da tay bang cach str dung
thao tac theo bac. Tur do, cac khung hinh dugc
chuyén déi tir dinh dang BGR mic dinh trong
OpenCV sang khong gian mau HLS (Hue,
Lightness, Saturation). Kénh Hue ma hoa
thong tin mau thyc té. Bang cach nay, pham
vi gia tri Hue thich hop cua da dugc tinh toan
va sau d6 s dung dé diéu chinh cac gia tri
cho P§ bao hoa (Saturation) va Do sang
(Lightness).

Cubi cung, cic ham ciia OpenCV dugc ap
dung dé tim cac duong vién ciia mit na nhi
phéan (binary mask) ctia ban tay. Mot vi du
cua thuét toan nay dugc mo ta trén (hinh 2).

Hinh 2. Thudt todn xdc‘a",inh vung quan tam, mat na
nhi phdn va dwong vién cua cac ciw chi tay. Thudt
toan dwoc ldp trinh va thir nghiém su dung OpenCV
Bon ky thut phd bién trong phat hién duong
vién duoc st dung: Sobel, Roberts, Prewitt,
va Canny [3]. Cac b loc cua cac thuat toan
nay dugc gi6i thiéu trong tai liéu [3] va déu

dugc tich hop trong OpenCV.
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3.3. Téng quan vé cinh tay robot

Canh tay robot nhu trén (hinh 3) dugc su
dung gdm bdn bac tu do, mdi lién két co bién
d6 180 do. Dé diéu khién canh tay robot, tim
cu chi tay dugc str dung nhu trén (bang 1).

Bang 1. Tam cir chi tay sir dung cho canh tay robot

Cir chi Khép noi Géc xoay (dd)
G1 1 0-180
G2 1 180-0
G3 2 0-160
G4 2 160 -0
G5 3 0-120
G6 3 120-0
G7 4 0-150
G8 4 150-0

Hinh 3. Canh tay robot bon béc tir do
3.4. Bo phdn logi
Budc cubi cung cua hé théng 1a dio tao cac
bd phan loai chiu trach nhiém thuc hién nhén
dang ctr chi. Thuat todn mang than kinh nhan
tao CNN duoc st dung vi cac thuét toan nay
da chirng minh dugc tinh wu viét trong cac
van dé phuc tap. Chinh vi vay, cong nghé hoc
sdu voi cac mang than kinh nhan tao ngay
cang trd nén phd bién, dic biét 1a trong linh
vuc thi giac may tinh.
Kién trac CNN duoc sir dung 1a AlexNet [5].
AlexNet nhan duogc dau vao 227 x 227 pixel
mdi kénh. Trong 16p chap dau tién, no sir
dung b loc 11 x 11 x 3, trong 16p thir hai 1a 5
x 5 x 3 va trong 16p thtr ba, 3 x 3 x 3. Ngoai
ra 16p thir ba, thi tu va thir nim duge két ndi
ma khong st dung 16p gdp pooling. Cubi
cung, mang c6 hai 16p duoc két ndi day du
Fully Connected véi 2048 no-ron mdi 16p va
mot 16p dau ra ¢ 1000 no-ron, cling chinh Ia
s6 16p phan loai.

Hinh 4. Kién tric mang no-ron nhdn tao AlexNet
(Nguon: [5])

Dbi véi cong viée nay, ki thudt hoc chuyén
giao (transfer learning) da dugc ap dung dé
tang téc qua trinh dao tao, sir dung ciu tric
ciia mang Alexnet, thay doi 16p dau ra thanh
08 no-ron theo cac loai ctr chi dugc phan loai,
do d6 tac gia khong phai dao tao tat ca cac
trong s ctia cac 16p mang. Néu nhu vay thi
day s& 1a mot qua trinh ton kém, vi AlexNet la
mo hinh trong sd sir dung tdp hop con gdm
1000 danh muyc ImageNet (day la mdt co so
dit liéu vé hinh anh rat pho bién hién nay).
Téng cong c6 800 hinh anh di dugce sir dung,
trong d6 60 phan trim (480) trong sd niy
dugc sir dung trong qué trinh dao tao CNN,
trong khi 40 phan trim con lai (320) dugc sir
dung dé thu nghiém va kiém tra do chinh xéac
cua bd phén loai. Cac hinh anh dugc su dung
cho dao tao va kiém tra CNN duoc diéu chinh
tir cac cong trinh diéu khién st dung cir chi
tay pho bién, cac cir chi nay dugc hién thi
trong (hinh 5).

9858
ped ¢

Hinh 5. Mt s6 cir chi tay dwoc sir dung trong bai
bao nay. Theo thi ty tw trdi qua phdi, tie trén
xuong duwoi lan luot la cac cir chi tir G1 dén G8

3.5. Thoa thudn phan loai
Dé phan tich chét luong cia viée phan loai,
can phai phéan loai ddi tuong nay nhiéu lan.
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Giéng nhu mét cong cu phan loai, ma trn
nham 14n (confusion matrix) dugc sir dung dé
cung cip co so dé mo ta tinh chinh xac cia
phan loai va mo ta cac 13i, gitp tinh chinh
phan loai. Tir mdt ma tran nham 1an ¢6 thé rat
ra mot sO bién phap dé tinh toan d6 chinh xac
ctia phén loai, va ¢ day chi s6 Kappa duoc st
dung dé giai quyét van dé nay.
Ma trdn nham 13n duoc hinh thanh bdi mot
mang cac 6 vudng dugc sip xép theo hang va
Ot biéu thi sb lugng don vi mau ctia mot loai,
phan loai dugc suy ra tur thudt toan va so sanh
voi dir lieu phan loai chinh x4c. Thong
thuong, bén dudi cac cot la dir li€u tham
chiéu, cac dit liéu nay dugc so sanh voi dir
liéu phén loai dugc thé hién trén cac dong.
Céac chi s thu duge tir ma trin nhim 13n la:
d0 chinh xac téng quan, do chinh xac cua
ting 16p, chi s6 Kappa va mot sd chi s khac.
Téng d6 chinh xac duogc tinh bang cach chia
tong duong chéo chinh ciia ma tran 15i x;;,
cho tong s6 mau dugc thu thap n. Theo
phuong trinh (1).

iz X
Tr= o (1)
Phén phdi d6 chinh xac trén cac 16p riéng 1é
khong duoc hién thi trong tdng do chinh xac,
tuy nhién d¢ chinh xac cua mot 16p riéng 1é
¢ thé c6 duge bang cach chia tong s6 miu
duoc phan loai chinh xac trong danh muyc d6
cho tong s6 mau trong danh muc do.
Trong bai bao nay, bién phap Kappa dugc su
dung dé mo ta cuong do cua thoa thuan, dua
trén sb lugng phan hdi phu hop. Kappa la
thudc do cua théa thuin interobserver va do
luong mac 3o thoa thudn vugt qua nhig gi
c6 thé xay ra. Day 1a mot k¥ thuat da bién roi
rac dugc st dung dé danh gia do chinh xac
theo chui dé va sir dung tit ca cac yéu té cua
ma trin nham 13n trong tinh toan cta n6. Hé
s6 Kappa (K) 1a thuée do cua thoa thun thuc
té (dugc biéu thi bang cac yéu td dudng chéo
clia ma trdn nham 14n) trir di thoa thuan co
hoi (duoc biéu thi bang tong céc tich ctia hang

va cét, khong bao gém cac muc khong duogc
nhan dang). Hé sb Kappa co thé dugc tinh tir
phuong trinh 2:

MY Xy — Ny XXy

.
n® — N5 XXy 2)

Thudc do thoa thudn nay co gia tri toi da 1,
trong d6 gia tri 1 nay dai dién cho tong thoa
thuan va cac gia tri gan bang 0, cho biét
khong c6 théa thuin ndo, hoac thoa thudn
duogc tao ra mdt cach chinh xac do tinh co.
Gia tri cudi cing cua Kappa nhé hon 0, m,
cho thiy rang thoa thuan duoc tim thiy it hon
mong doi. Do d6, n cho thiy sy bat dong.
Viéc giai thich cac gia tri Kappa duoc thé
hién trén (bang 2).

K=

Bang 2. Bang gid tri Kappa

Gia tri Kappa Cép dd théa thuin
<0 Khong thoa thuan
0-0,19 Thoa thuin kém
0,20-0,39 Thoéa thuan cong bing
0,40-0,59 Théa thuan vira phai
0,60-0,79 Thoa thuan dang ké
0,80-1,00 Thoéa thuén gan nhu hoan hio

4. Két qua thyc nghiém

Bang 3. D¢ chinh xac cua phwong phap va thoi
gian dao tao

Phuwong phap D9 chinh xac  Thai gian dao

trung binh tao (training)
theo gidy
Truyén thong 99,60% 161,30
Prewitt 95,60% 45,59
Roberts 94,00% 39,45
Sobel 94,00% 43,58
Canny 98,10% 44,26

Trong phan nay, do chinh xac cia phuong
phap d¢ xuit dugc danh gid bang cach sir
dung k¥ thuat xac nhan tiéu chuén, trong do
d6 chinh xac cia CNN duogc do bang phuong
phép trinh bay trong cong thirc 1. Hiéu suat
ctia thuat toan CNN cho timg phuong phap dé
xuit duoc trinh bay trong (bang 3). Qua trinh
hoc va dao tao mang than kinh nhan tao CNN
duoc thuc hién trén card d6 hoa
NvidiaGeforce RTX 2080, vai b xir 1y 3072
16i CUDA. Céc tham sb tuong tu dugc st
dung trén CNN trong tit ca cac phuong phap
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phat hién canh. Tham s6 MaxEpochs (mot
Epoch tuong tmg véi mot 1an hoan thanh toan
bo dit liéu) duoc dat 1a 15. Tham s6 Mini-
Batch Sizetuong tng véi sd luong quan sat
dugc thyc hién & mdi lan 1ap duoc dit 1a 80.
Trong bang 3, ¢6 thé xac minh rang cac anh
gbc (c6 mau) cho do chinh xac tot nhét 1a
99,60% trong thi nghiém nay. Tuy nhién, thoi
gian dao tao cuia mang CNN lai cao hon
khoang bén 14n so véi toan tir Canny, & vi tri
thir hai voi d6 chinh xac 98,10%, tiép theo 1a
cic phuong phap trich xudt canh Prewitt,
Roberts va Sobel, véi thoi gian xir 1y ngin
nhit cho phuong phap Roberts.
Trong (bang 4), tac gia thé hién két qua phan
tich pht hop véi chi s Kappa, trong d6 gia tri
K cho mdi phuong phap thé hién sy dong
thudn gan nhu hoan hao cho tit ca cic
phuong phap duoc sir dung. Cé thé théy,
phuong phap Canny mac du c6 d6 chinh xac
va thoa thuan thap hon khong dang ké so véi
phuong phap truyén théng nhung c6 thoi gian
dao tao thap hon rat nhiéu.

Bang 4. Gid tri chi sé Kappa

Phuong phap Théa thuan phéan loai K
Truyén thong 0,9915
Prewitt 0,9523
Roberts 0,9571
Sobel 0,9523
Canny 0,9843

5. Két luan

Bai bio nay trinh biay mot hé thdng diéu
khién canh tay robot thong qua viéc nhan dién
cac cir chi tay cua nguoi diéu khién bang
phuong phap tri tué¢ nhan tao. P9 chinh xac
cua phuong phdp dugc chiing minh la giam
khoang bén 1an thoi gian dao tao ciia CNN
nhd viée giam khéi luong dit liéu thong qua
ung dung bd loc dé nhan biét duong vién, véi
do chinh xac giam twong dbi it so véi viée
nhan dang thong qua anh gbc.

Thuat toan ciing dua ra giai phap xu 1y video
trong thoi gian thuc, giup viéc danh gia va
chuyén cac hanh dong cta nguoi van hanh

thanh hanh dong cho cénh tay robot duoc
hi€éu qua hon. Trong thoi gian téi, tac gia du
dinh tang s6 lwong cir chi va hinh anh, nghién
ctru str dung cac cir chi tay gan véi cac tng
dung trong cong nghiép. Bén canh do, tac gia
cling dy dinh thir nghiém cac phuong phap
x4c dinh dudng vién khéc, dé cai thién do
chinh xac cua phuong phap.
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