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ABSTRACT

The original aim of this article is to develop MATLAB program that can be
used to connect with a wireless camera to observe the movement of each
robot agent in real-time. However, it is not possible to completely simulate
the behaviour of mobile robots in real-time due to the connection speed
limitation of the wireless camera. Therefore, this research methodology is
based on offline processing for three mobile robots represented by three
circular objects, each of which has one of the three secondary colours
(cyan, magenta, and yellow). These circular models simulate three mobile
robots that are used for the surveillance purpose. Image segmentation and
morphological operations were performed in the program for identifying
each mobile robot and for calculating its position and velocity.
Trigonometric was also applied to identify the heading direction and
movement direction of each robot. Further research in mobile robot
observation and management can be carried out in real-time when the
limitation of wireless cameras in connection speed is overcome.

TOM TAT

Muc tiéu chii yéu ciia bai béo la phdt trién mét chirong trinh MATLAB ¢6
thé két noi véi mdy anh qua mang khéng day dé quan sdt timg con trong
nhém robot véi qud trinh xir Iy thoi gian thuc. Tuy nhién, khong thé mé
phéng hanh vi ciia robot di dong theo thoi gian thure do sw han ché ciia toc
dg ket noi khong ddy. Do do, phwong phap nghién ciu nay chi dua trén xir
Iy ngoai tuyén (offline) cho mot nhom gom ba robot dai dién boi ba vong
tron véi ba mau sdc khdc nhau (xanh lo, hong sam va mau vang). Cac mé
hinh tron nay moé phong ba robot dwoc su dung cho muc dich giam sat.
Chuwong trinh da sw dung phwong phdap phdn dogn anh (image
segmentation) cing véi phép todn hinh thdi hoc (morphology) dé phdn
biét, xdc dinh vi tri va tinh vin toc ciia timg robot. Bén canh dé, chirong
trinh ciing umg dung cac ham luong giac nham biét dugc hudng dirng va
huong di chuyen ctia moi robot. Nghién ciiu sé ¢ phat trién chwong trinh nay
dé c6 thé xir Iy thoi gian thwc khi nhitng han ché cia mdy anh két noi
khong day dwoc cadi thién.

1 GIOI THIEU

Cung véi su phét trién cua k¥ thuét robot, cic
robot tré nén thong minh hon va dugc ung dung

trong nhiéu linh vyc khac nhau nhung véi chi phi
cao. Vi the¢ mdt cau hoi duge dit ra: mot so luong
lon céc robot don gian véi gid thanh ré c6 thé thuc
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hién cong viéc ciia nhitng robot dét tién khong? Do
d6, robot bay dan 1a dbi twong nghién ctru dugc
nhidu nha khoa hoc trén thé gidi quan tdm. Su
thanh cong cia dang robot nay s€ 1a mdt cau tra 101
t6t nhat cho cau hoi trén. Cac nha L nghién ciru da dé
nghi nhiéu giai phap phan ctng 1an giai thuat phan
mém dé tao ra cac robot di dong phuc vu cho nhiéu
tmg dung khac nhau va hudng t6i tao ra cac thé hé
robot bay dan (Ogren, P., ef al., 2004; Kerr, W., et
al., 2005).

Mot trong nhiing giai phap dugc cic nha
nghién ciru quan tdm 13 st dung may anh treo dé
doc cac théng s6 chuyén dong cua robot théng qua
cac thuat toan xu 1y anh chyp dugc. Theo Shirai,
Y. & Inoue, H. (1973), cac nha nghién ctru da bat
dau nghién ctru nhimg uu diém cua viéc sir dung
may anh dé quan 1y cac robot di dong. Hién nay,
cac nghién ctru vé quan 1y robot di dong bang hinh
anh dang dugc phat trién manh va dat dugc mot sd
két qua rat kha quan. Cu thé 1 mot s6 nha nghién
ciru da st dung cac thudt toan trong viéc xu ly
thong tin vé mau sic dé quan ly mot nhom cac
robot di dong. Vi du: diéu khién robot trong moi
truong vin phong bang may anh treo phia trén
(Kruse, E. va Wahl, F.M. 1998), diéu khién robot
di dong c6 chirc ning nhit bong trong san quan vot
(Webster, R.J. va Brannon, A.S. 2002).

Tir cac két qua nghién ctru trén ta thdy mic du
viéc dua may anh treo vao robot di dong dat dugc
nhiéu két qua nhung chi dung lai & viéc dua vao
mau sic dé phan loai robot. Dé cai tién yéu diém
nay, bai bao cta chung t6i gidi thi€u cac thuat toan
xtr Iy anh két hop voi ing dung phuong phap hinh
hoc sir dung phan mém Matlab dé khong nhiing c6
thé xac dinh duoc timg robot dva vao mau sac ma
con tinh toan duoc vi tri, tbc do va huéng di
chuyén cua chiing. Phan con lai cia bai béo trinh
bay chi tiét ndi dung nghién ciru bao gdm: mé hinh
thi nghiém, phuong phap thyc hién, két qua thuc
nghiém trén Matlab, két luan va dinh hudng nghién
ctru tiép theo.

2 NOI DUNG NGHIEN CcUU
2.1 MO hinh thi nghiém

Gia treo may anh duoc thiét ké dé treo Wi-fi
Camera Pro. Ba hinh tron duoc ding d¢é mé phong
cho ba robot v&i dudng kinh 60 cm. Mbi robot c6
cdc mau khac nhau 1a mau xanh lo, hong sim va
mau vang. Trén mdi robot ¢é hinh tron dudng kinh
6 cm véi cac mau tuong ung 1a do, xanh duong va
xanh 14 cdy duoc tuong trung cho phan ddu cua
chiung (Hinh 1). Do su han ché cua viéc két ndi
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webcam voi Matlab bang mang khong déy, nén
webcam Wi-fi Camera Pro dugc sir dung dé két ndi
v6i Matlab qua giao tiép USB. May anh nay dugc
treo trén gia, cac tAm anh dugc chup dé xu Iy ngoai
tuyén (offline) v6i chu ky 13 0.5 gidy.

Ba robot dugc dat trong khu vyc thtr nghiém
v6i dién tich 50x120 cm va c¢6 thém mot s6 bong
dén dé cung cip ddy du anh sang. Webcam Wi-fi
Camera Pro dugc treo trén gia, két ndi véi laptop
HP qua cong USB va phin mém Matlab s& diéu
khién dé chup va xt 1y anh (Hinh 2).

Hinh 1: Ba robot va vit can

Hinh 2: Khu vue thir nghiém

2.2 Phwong phap thuc hién

bé xéac dinh duoc vi tri, hudéng ding, van tdc,
ddng thoi biét dwoc hudng di chuyén cua chung,
vAn dé dat ra 1a can nhan dang céc robot trén moi
tam anh dugc chup v6i tbe d6 2 anh/gidy. Hinh 3 1a
lwu dd tong quat cua chuong trinh. Dwa véao thuat
toan nay, cac thong s ciia robot dwoc xac dinh qua
4 bude xur ly. Pau tién, anh dau vao dugc chuyén
sang khong gian mau HSV va YIQ dé phi hop véi
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mit ciia con ngudi trong viéc cam nhan mau séc.
K& dén, cac nhom robot duoc phan loai dya trén ky
thudt phan doan anh st dung ngudng cuong do
mau véi phurong phap tim va sira sai. Mdi robot s&
duoc xac dinh bang k¥ thuat xtr 1y hinh thai. Tiép
theo, vi tri, huéng ding va hudéng di chuyén cia
tirng robot s€ duoc tinh toan dua vao toa do pixel

[ Bt du ]
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ctia chung bang phwong phap hinh hoc don gian.
Phén tiép theo ciia muc nay s& trinh bay tom lugc
ly thuyét duoc st dung dé thuc hién nghién ctu
bao goém xir Iy anh s6 trong Matlab, cac khong gian
mau co ban dugc ap dung, phan doan anh, xi 1y
anh bang phép toan hinh thai hoc va ham lugng
giac nguoc trong toan hoc.

P
<«

A

Chup anh

A

Chuyén anh
RGB sang HSV va
RGB sang YIQ

\ 4

Phan loai va xac

Xaéc dinh cdc thong
s0 ctia m6i robot

Phan loai va xac

dinh tdm phan
dau 3 robot

dinh tdm phan
than 3 robot

Hinh 3: Luwu d6 thuit toan ciia chwong trinh

2.2.1 Xit Iy dnh s6 trong Matlab

Matlab 1a chir viét tit cua cum ti “matrix
laboratory”, dugc thiét ké dé lam viéc chu yéu voi
cac ma trdn va mang. Anh that duoc mé ta bz"mg
anh sd, né 1a tdp hop hitu han cac diém anh véi
mirc xAm phtt hop. Piém anh 13 mot phan tir cua
anh sb tai toa do (x,y) voi d0 xam hoac mau nhat
dinh. Kich thudc va khoang cach giira cac diém
anh d6 dugc chon thich hop sao cho mét ngudi
cam nhén sy lién tuc vé khong gian va muc xam
(hodc mau) ciia anh sb gan nhu anh that. Mdi phan
tir trong ma tran dugc goi 1a mot phin tir anh. Cac
phuong phap dwoc st dung dé xir 1y anh trong
Matlab s& dwoc dé cap trong phan nay.

2.2.2 Cac khong gian mau co bdan dwoc dp dung
a. Khong gian mau RGB

RGB la khong gian mau co ban nhit dugc ding
trong dd hoa may tinh va nhiéu thiét bi k¥ thuat $6
khac. N6 1a su két hop cua ba mau séc co ban: mau
d6 (R=Red), xanh lyc (G=Green) va xanh lo
(B=Blue) dé mo ta tit ca cic mau sic khac. Tuy
nhién, khong gian mau RGB c6 han ché 16n nhat 13
khong phu hop voi cach con ngudi cam nhan
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Vé, mau sic. Do vay, khong phi hgp cho viéc tim
kiém anh.
b. Khong gian mau HSV

Khong gian mau HSV, con goi la khong
gian mau HSB, 1a m6t khong gian mau dya trén ba
S0 liéu:

H: (Hue) Ving mau c6 gia tri tir 0° - 360°

S: (Saturation) P bao hoa mau

V (hay B): (Value hay Bright) D¢ sang c6 gia
tritr 0—1

Khong gian mau nay thuong dwoc biéu dién
dudi dang hinh try hodc hinh nén va rat hiru ich dé
xtr Iy hinh anh k¥ thuat s6. Trong thyc t&, HSV la
su thay d01 cua khong gian mau RGB, chiing mo ta
c4c mau sic vat 1y c¢6 lién quan dén mau sic ban
dau cua mau do, xanh luc va xanh lo cua thiét b
hodc cua khong gian mau RGB cu thé. M6 hinh
HSV gitp tach bach mau (H, S) va d6 sang (V),
phit hop v6i cam nhén cta con ngudi v& mau sic
hon so v6i khdng gian mau RGB. Hinh 4 minh hoa
khong gian mau HSV (Wikipedia, 2014).
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Hinh 4: Khong gian mau HSV

c. Khong gian mau YIQ

Mit con ngudi thue sw ¢6 d phan giai mau kha
thip. Chinh vi vdy, cic anh mau c6 do phan giai
cao déu duge xur i boi hé théng hinh anh (visual
system), bang cach két hop anh den va tring c6 do
phan giai cao va anh mau véi do phan giai thap,
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nhim gitp con ngudi nhin thiy dugc. Loi dung
diém nay, khong gian mau YIQ lam giam luong
thong tin trong phan mau (chrominance) mot cach
dang ké, dé cho mat ngudi tu két hop ching lai. Do
do6, ching t6i s& dua trén hai khong gian mau HSV
va YIQ dé tim ra ngudng t61 uu cho mdi loai robot
trong mo hinh.

Anh gbc 1a mot anh thyc dugc biéu dién boi
mot ma tran ba chiéu co kich thudc 768x1024x3,
v6i 768x1024 1a kich thude anh theo pixels, biéu
din anh nay dudi dang s6 uint8 khong thich hop
dé xur 1y, cho nén dir liéu duoc chuyén sang dang
double, mdi thanh phan mau c6 gia tri gitta 0 va 1,
v6i ¢t phap “T12=im2double(I1);”. Ngoai ra, anh
RGB s& dugc chuyén sang anh double HSV va anh
double YIQ cho viéc phan loai va cac budc xu ly
khac. Dé xem xét cac khong gian mau RGB, HSV
va YIQ thuén tién hon, khéi 1énh sau day (Hinh 5)
s& tach ra cac mit phang mau (d6 - R, xanh 14 cay —
G, xanh duong — B, ving mau — Hue, 6 bao hoa
mau — Saturation, d§ sang — Value, anh sang — Y,
vung mau — I, ¢ bao hoa — Q) riéng biét cla cac
anh trén.

[12=im2double(I1); 121=rgb2hsv(I1); 122=rgb2ntsc(I1);
R=112(,:;,1); H=121(,,1); Y =122(:,:,1);

G =112(:,:,2); S =121(:,:,2); [=122(:,:,2);
B=112(.:,3); Vv =121(,;,3); Q=122(:,:,3);

Hinh 5: Tach cac mit phing mau

2.2.3 Phan dogn anh (image segmentation)

K¥ thuat phan doan anh 1a mdt cong doan rat
quan trong trong cac bai toan xu ly anh. Vi muc
dich 1a chia anh déu vao thanh cac ving dong nhat.
Do d6, mdi ving dong nhét 1a tap cac diém anh co
chung mét s6 tinh chat nhu mau sic, kiéu to. Phan
ngudng (thresholding) dugc ap dung trong bai bao
la mét trong nhiing thuat giai phan doan anh hién
¢6. Chia ngudng cudong do va gan diém anh vao

-‘

timg 16p khac nhau. Cach giai quyét ciia chiing toi
dua trén phuong phap thir va sira sai dé chon ra
cuong do toi wu trong tat ca cac mat phang di duoc
tach phia trén. Uu diém cta phuong phap nay la
don gidn va dugc dung cho phén doan so by. Tuy
nhién, phuong phap nay lai khong thich hgp cho
anh mau, anh xam, nhiéu. Hinh 6 minh hoa anh géc
va anh két qua mong mudn sau khi phan doan theo

ngudng tbi vu.

Hinh 6: Phan doan anh theo nguwong
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2.2.4 Xir Iy anh bang phép todn hinh thai hoc
(Morphology)

Cac ky thuat xur Iy anh s6 trén may tinh dang
dugce rat nhiéu nha nghién ciru quan tim va phat
trién. Phép toan hinh thai hoc dugc phat trién nho
su két hop giita 1y thuyét, tmg dung, phwong phap

va cac thuat toan (Pierre Soille, 2002). Cac
phép toan xur Iy hinh thai hoc dugc thuc hién chu
yéu trén anh nhi phan va anh xam. Bai bao st dung
phép toan hinh thai hoc trén anh nhi phan hay con
duoc goi 1a anh den tring tuong tmg voi hai gia tri
0 (mau tring) va 1 (mau den). Hau hét cac phép
toan hinh thai hoc dugc dinh nghia tr hai phép toan
co ban 1a phép co anh (Erosion) va gidn anh
(Dilation). Yéu t6 quan trong trong cac phép toan
nay 1a Iya chon mot phan tir cu tric c6 hinh dang
phti hop. Phan con lai s& gidi thiéu phép toan co
ban dugc ap dung trong bai bao la phép mo anh
(Opening).
a. Phan tir cdu triic

Phan tir cdu trac 1a mot anh nhi phan c6 kich
thudc nho gdm c6 hai gid tri 0 va 1, cac gié tri bang
0 dugc bd qua trong qua trinh tinh toan, goi S(i,j)
1a phan tir cdu triic cua anh nhi phén va dwoc dinh
nghia nhu sau (theo Wilhelm Burger va Mark J.
Burge 2009):

S(i,)) € {0,1} 2.1

Mot sb hinh dang cua phan tir cdu trac thudng
dugc st dung trén anh nhi phan: dang duong theo
chiéu ngang va doc, hinh vuéng, hinh dia, hinh
ellipse (Gonzélez, R.C. va Woods, R.E. 2008). Tuy
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nhién, bai bao cua ching t6i chi chon hinh déng
clia phan tir cAu trac 13 hinh dia tron véi cac ban
kinh khac nhau tiy theo timg truong hop cu thé.
Hinh bén dudi thé hién phéan tir cau trac hinh dia
v6i ban kinh R=2:

0 0

Hinh 7: Hinh dia tron cia ph?m tir cAu tric phé‘ing
b. Phép mo anh (openning)

Phép m¢ anh 1a mdt trong nhitng phép toan
quan trong nhét ctia phép xtr 1y hinh thai hoc. Phép
mé anh 1am min duong bién cua d6i tuong trude va
sau d6 sé& loai bo cac phan 16i ra. Goi A 1a hinh anh
gbc va B 1a phan tir cdu tric, (o) 1a ky hiéu cua
phép mo anh giita tip hgp A va phan tir cau triic B,
phép mé anh dugc xac dinh boi cong thuc (Lotufo,
R.A., et al, 2008):

AoB=(A € B) B 2.2)

Phép mo anh duge dung dé 1ay phan tr mong
muon trong anh sau khi dwgc phan doan theo
ngudng (Hinh 8).

Hinh 8: Phép mé danh

2.2.5 Ham lwong gidc nguoc trong todan hoc
Sau khi x4c dinh dugc tdm phin dau va tim

phan than trén mdi robot, bai béo cua chung t6i da
ap dung ham lwong giac ngugc dé xac dinh hudng

dung va huéng di chuyén cua chiing. Ham arctan
s& tra vé gia tri 1a goc dya trén hai tim diém da
biét. Két hop v6i hé toa d§ da dugc dinh nghia
(Hinh 9) dé biét dugc hudéng dung va hudng di
chuyén ciia mdi robot.



Tap chi Khoa hoc Truong Dai hoc Can Tho

3 KET QUA THUC NGHIEM

Trong h¢ théng nhing con robot béy dan, mot
chuong trinh can thiét dugc 1ap ra dé giup con
ngudi co thé quan sat duoc viéc phan loai, vi tri,
huéng dimg, toc do va hudng di chuyén cia mdi
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con robot. Ttr @6, con ngudi cod thé kiém soat duoc
cac robot thanh vién trong viéc tranh dugc vat can
va va cham 1an nhau. Matlab 1a mét cong cu duoc
chon trong bai bao nay. Va mot toa d6 dugc lap ra
nhu Hinh 9 dé x4c dinh huéng va huéng di chuyén
ctia mdi robot.

North

90°

West

'

v

:105

» 0

East

South
Hinh 9: H¢ thong toa dd

Chuong trinh s€ chup anh véi chu ki 0.5 gidy.
Nhitng anh nay dugc matlab luu trit dudi dang
khong gian mau RGB. Céc anh nay sé& dugc chuyén
sang khong gian mau HSV va khong gian mau
YIQ nhim gitip viéc chon ngudng thich hop trong
sau mat phang mau double (H, S, V, Y, I va Q) cho
tung robot dugc thuin lgi hon. Sau do, phép toan
phén doan dnh theo ngudng duoc ap dung trong
sau mat phiang nay voi phuong phap tim va sira sai.

Két hop v6i phép toan hinh thai hoc trong xu ly
anh cho viéc phan loai, xac dinh vi tri, tim phan
than va tdm phan dau cho timg robot s& dua trén
cac ngudng dic trung nay. Két qua 1a cac thong tin
co ban cua timg robot trong mo hinh thi nghiém da
dugc xac dinh (Hinh 10). Cac thong s6 khac nhu:
hudng dimg, van tdc va huéng di chuyén ciia mdi
robot s& dugc trinh bay dudi day.

Hinh 10: Cac robot trong mé hinh thi nghiém
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3.1 Xac dinh hwéng ding

Huéng dimg ctia mdi robot duge xac dinh dya
trén tim phan du va tdm phan than cua cing mot
robot. Toa d6 tdm phan than (diém A) va toa do
tam phan dau (diém B) duoc x4c dinh nhu Hinh
11. Hudéng ding dugc xac dinh boi cong thuc sau:

0)
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BQ
Actan(B)= E(degrees) 3.1)
Dua trén gia tri cia actan(p) va hé toa do da
duoc dinh nghia (Hinh 9) dé xac dinh huéng ding
cua robot.

Hinh 11: Xac dinh huwéng ding

3.2 Xac dinh van téc va huéng di chuyén

Van tdc ciia mdi robot dugc xac dinh dua trén
hai khung anh ké tiép nhau. Hinh 12 mé ta toa do
tam phan than tai thoi diém t, (diém A) va toa do
tam phan than tai thoi diém t,+; (diém B). Van téc
s& duoc xac dinh bang cong thirc sau:

| AB (pinel}
Y7 nE gl

Ap dung ham luong gidc nguoc dé xac dinh
gbc di chuyén cia robot bdi cong thire:

(3.2)

Actan (o) = i (degrees) (3.3)
B}

Dua trén gia tri cua actan (o) va hé toa do da
dugc dinh nghia (Hinh 8) dé xac dinh hudng di
chuyén ciia robot. Két qua chuong trinh (Hinh 13)
chi thé hién cac thong s6 co ban ciia mdi robot qua
hai 1an chyp anh lién tiép nhau. Cac thong sb co
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ban ctia moi robot duge thé hién trong Bang 1. Nho
d6, hé théng diéu khién trung tdm s& xuét tin hiéu
diéu khién cac robot bay dan di chuyén tranh dugc
vat can va va cham 1an nhau.

Bing 1: Cac thong so ciia mdi robot

Robot Cic thong s

Vi tri: x=274; y=206
Huoéng ding: Dong Nam
Van toc: 28 pixels/gidy
Hudng di chuyén: Nam

Robot mau vang

Vi tri: x=334; y=579

Hudng dimg: Pong Bic
Van toc: 25.5 pixels/gidy
Hudng di chuyén: Pong Bic

Robot mau xanh lo

Vi tri: x=797; y=653
Huéng dimg: Tay Béc
Van toc: 49.7 pixels/gidy
Huéng di chuyén: Tay Béc

Robot mau hdng
sam
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-T‘I Mew ko MATLAB? Watch this video, see Demas, or read Getting Started.
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position of Tellow Robot is: x= 274 ; y= 206
position of Cyan Robot is: x= 334 ; y= 579
position of Magenta Robot is: x= 797 ; y= 653
angle of Cyan Robot is: 46,1935 degrees

direction of Cyan Rohot is North East

angle of Magenta Robot is: 91.7624 degrees
direction of Magenta Robot is North West

angle of Yellow Robot is: 273.633 degrees
direction of Yellow Robot is 3South East

position of Tellow Robot ds: x= 274 ; y= 210
position of Cyan Robot is: x= 343 ; y= 570
pogition of Magenta Robot is: x= 778 ; y= 637
angle of Cyan Robot is: 45,5907 degrees

direction of Cyan Robot is North East

angyle of Magenta Robot is: 184.3987 degrees
direction of Magenta Robot iz South West

angle of Yellow Robot is: 273.633 degrees
direction of ¥ellow Robot iz South East

welocity of Cyan Robot is: 25.45558 pixels/second
direction of welocity to Cyan Robot is North East
welocity of Magenta Fobot is: 49.679 pixels/second
direction of welocity to Magenta Rohot is North West
welocity of Tellow Robot is: 28 pixels/second
direction of welocity to Yellow Robot is South
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4 KET LUAN

Bai bao da hoan thanh phan chuong trinh xir 1y
ngoai tuyén & khu vuc 1am viéc trong nha thudc dy
4n robot bay dan. Chwong trinh nay duogc viét bang
ngén nglt 1dp trinh Matlab dé phan loai, dinh vi,
xéac dinh huéng dimg, van toc va hudng di chuyén
clia mdi robot trong bay dan. Do d6, chuong trinh
c6 thé phat hién timg con robot dang di chuyén tir
bat cir hudng nao trong khu vuc lam viée, qua do
gitip cho chiing tranh dugc vat can va va cham lan
nhau. Chung t6i da tim ra cac thong s co ich cho
cac robot lam nhi€ém vy giam sat an ninh trong nha
dudi su quan li cia hé thong diéu khién trung tim
thong qua mot camera treo. Tuy nhién, chuong
trinh vAn con céc han ché:

Toa d0 cac tam cua ba robot trong anh co
sai léch do cac budc xtr Iy anh da duogc trinh bay
O trén.

Khong thich hop trong mdi trudng bén ngoai va
cac doi tuong c6 hinh dang bat ki.

Viéc tinh toan chi dung trong khong gian 2D
(chiéu x,y).

_Chuong trinh nay c6 thé duoc tiép tuc phat
trién dé xt ly truc tuyén véi may anh két noi khong
day trong viéc theo ddi cac con robot.
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