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ABSTRACT

In this paper, we present how to combine the machine learning
algorithms into Pioneer P3-DX Robot that control the Robot's behaviors,
movements, and tracking according to the real time. The machine
learning algorithm, Cascades of Boosted Classifiers with Haar-Like
Feature, can be used to detect and regconize objects. Next, we used
Camshift Algorithms (Continiously Adaptive Meanshift) to monitor the
object'’s activities within a flat image. Finally, based on the object's size
and position in the flat image, we control the Robot to move and keep
track of the object. The experimental results so that the Robot has been
operated as the target objectives such as controlling behaviors, moving
and keeping track of an object.

TOM TAT

Trong bai nay, chiing (i trinh bay cach két hop cdc gidi thudt may hoc
vao Robot Pioneer P3-DX nham diéu khién cdc hanh vi, di chuyén va
bam sat cia Robot theo thoi gian thuc. Gidi thudt may hoc Cascades of
Boosted Classifiers sit dung ddc trung Haar-Like Feature cé thé phat
hién, nhin dang doi twong. Tiép theo ching téi sir dung gidi thudt
CamsShift (Continuously Adaptive MeanShift) aé giam sat hoat dong cua
doi twong trong pham vi mdt phang danh. Buéc cudi cung la tinh toan vi
tri va kich thuéc ciia doi twong trén mat phdng anh d@é diéu khién Robot
hoat déng va bam sat theo doi tieong. Két qua thir nghiém cho thdy Robot
da hoat dong dam bao cac muc tiéu dat ra nhw diéu khién cdc hanh vi, di
chuyén va bam sat doi twong.

1 GIOI THIEU

Nghién ciru diéu khién Robot 1a bai toan dugc

cau phat trién kinh té, xa hoi. Bé lam duogc didu do,
can co sy két ndi giita “bd ndo théng minh” va

cac nha khoa hoc quan tam, nhdm phuc vu cho con
ngudi ¢ nhiéu linh v tng dung nhu: Robot khuan
hang hoéa theo chu cua nd, Robot don rac, lau nha,
hd tro ngudi khuyét tat, Robot trong cong nghiép
0t0, tham do khai thac mo,... Do co tinh ung dung
cao nén cac nha nghién ciru di bét tay vao phat
trién Robot thong minh hon, phuc vu tdt cho nhu
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Robot dé tao nén nhitng Robot thong minh nhu
ngay nay. May hoc chinh 14 nén tang giup Robot c6
thé thong minh, hoat dong tinh vi hon. Trong céc
hudng nghién ciru khac nhau vé Robot, nghién ctru
theo ddi, bam sat d6i tugng 1la mot trong nhiing bai
toan hay va dugc ung dung nhiéu trong thuc té.
Nhimg Robot nay c6 thé thuc hién nhiéu hanh
dong khac nhau thong qua hanh vi cta ddi tuong
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dé dap tng t6t cho con ngudi nhd vao s dung
cac md hinh may hoc tu dong. Hién nay cac
nghién ctru lién quan dén phat hién va bam sat dbi
tugng bao gém cac hudng tiép can nhu sau: du
doan chuyén dong cua dbi trong dang quan sat nhu
b6 loc Kalman [7][5] két hop véi thuat toan
MeanShift [14] do Fukunaga va Hostetler trinh bay
nhim muc dich ning cao kha ning viéc bam sat.
Hudng tiép can bang phuong phap xiy dung mé
hinh cling duoc nhiéu tac gia thuc hién, chéng han
nhu Anurag Mital va Mikos Paragios [3] da dung
phuong phap wéc luong mat do bang ham nhan
thich nghi (adaptive kernel density estimation) dé
tinh toan. Phuong phap nay duoc danh gia la tot vé
mit khong gian luu trit nhung vé viéc tinh toan trén
thoi gian thyc thi con han ché boi tinh todn phtre
tap va toc do cham. Ngoai ra, huéng tiép can dugce
nhiéu ngudi huéng dén 1a bam sat theo mau sic
nhu thuat todn CamShift [11], MeanShift [20]
hay huéng tiép cén theo dic trung géc canh cua
Cox va Hingorani da str dung MHT [12] (Multiple
Hypothesis Tracking), hoic 1a sy két hop cua
“particle filters” va k¥ thuét tinh toan xac sudt do
MacCormick va Blake [12]. Nhin chung, cac cach
tiép cén deu ¢6 nhitng vu nhugc dlem riéng nham
giai quyét cc bai toan khac nhau vé giam sat. Vi
nhitng hudng tiép can trén déu tién t6i muc dich 1a
lam cho Robot di chuyén va bam theo dbi tuong.
Hau hét cac cong trinh nghién ctru déu thyuc hién vé
bam theo nguoi [6][9] hay bam sat theo qua bong
[1]va nhimg vét thé khac. Néu noi Ve cac thuat toan
dung dé bam (101 tuong trong anh rat da dang, phai
ké dén mot sb thudt toan nhu: Thuat toan KLT,
Correlation-base template matching, thuit toan
Meanshift, thuét toan Camshift.

Trong bai bao nay, chung toi 4p dung thuét toan
Camshift @& bam sat ddi twong dua trén mau sic
dbi twong trén anh dé Robot di chuyén theo, do
tinh hiéu qua vé do chinh xéac, do phtrc tap vé thoi
gian. Chung t6i da sit dung Robot Pioneer P3-DX
két hop v6i may hoc dé giai quyét bai toan: “Diéu
khién Robot bam sat d6i twong”. Chung t6i trich
cac dac trung Haar-Like [18][16] két hop v6i bd
phan ting Cascades of Boosted Classifiers va
Adaboost [16][17] dé huén luyén cho Robot nhin
dang dbi tugng - d6i trong duogc sir dung dé Robot
nhan dang 1a qua bong. Sau khi Robot phat hién va
nhan dang duogc dédi tugng, chung toi s€ st dung
giai thuat CamShift dé Robot bam 14y qua bong.
Tu @6, dua trén mat phéng anh c6 doi tugng dang
hién hitu trong d6 s& cho Robot di chuyén thong
qua viéc tinh khoang cach va lay ty 1é cho van toc
dé Robot di chuyén theo dbi tugng quan sat. Nho
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vao viéc xam hoa anh khi phat hién va nhan dang
s& gitp cho dbi twong co thé linh dong, giai thuat
CamShift [11] s& hiéu qua hon trong bam sat. Véi
truong hop, giai thuat CamShift bam sai dbi twong
thi bo phan phat hién va nhan dang dbi tuong s&
lién tuc tim d6i tuong trén anh (lic nay Robot sé
g yén hodc xoay tim doi twong) cho dén khi
phat hién va gidi thuat CamShift dugc thyc hién.
Két qua cho thdy Robot da hoat dong nhu muc tiéu
dat ra va han ché duoc tinh trang mat bam trong
cac moi truong khac nhau ciing nhu kiém soat
dugc khoang cach va van toc di chuyén ciia Robot.

Phén tiép theo cua bai bio dugc t6 chirc nhu
sau: phan 2 trinh bay ngén gon vé Robot di dong —
Robot Pioneer P3-DX. Phan 3: trinh bay diéu khién
Robot bam sat d6i twong: phat hién va nhan dang
d6i tuong v6i Haar-Like feature két hgp Cascades
of Boosted Classifiers va Adaboost, trinh bay thuét
toan Camshift dé bam sat ddi twong va cach di
chuyén ciia Robot trén mit phing anh, cach tinh
khoang cach twong tng véi vén toc diéu khién
Robot. Két qua thuc nghiém dugc trinh bay &
phan 4 trude khi két luan va hudng phat trién trong
phan 5.

2 ROBOT DI PONG - ROBOT PIONEER
P3-DX

Mobile Robot hay con goi 1a Robot di dong,
Robot ty hanh. Pay 1a mot loai Robot cd vai tro
quan trong trong nganh Robot hoc. Cung véi sy
phat trién cta cac hé thong vé linh vuc cong nghé
thong tin, Robot di dong da gop phan manh mé
trong cong nghiép, y té va cudc séng thuc té hién
nay. Robot di dong 1a mdt loai may moc tu dong cod
kha nang di chuyén trong mot pham vi méi trudng
nhét dinh.

Robot dugc st dung trong bai viét 1a Robot
Pioneer P3-DX [2]. P4y la dong Robot di dong ché
tao boi hang Adept Mobile Robot. Robot Pioneer
1a mot trong nhitng Robot dwoc nhiéu nha chuyén
gia da linh vuc nghién ctru dén va duoc sir dung
pho bién nhét trén thé gidi hién nay. Robot nay
duoc tao ra va cho phép nguoi nghién ctru hoan
toan c6 thé “ldp trinh dwoc”.

Robot Pioneer P3-DX [2] la loai Robot di dong
nho, trong luong nhe véi 3 banh xe (2 banh trude
chu dong (bdnh chinh) va banh sau di chuyén tu do
(banh phu - ré)), banh xe vai duong kinh 19.5 cm,
than dugc bao boc boi kim loai nhom cing cap.
Phia truéc dwoc trang bi 8 cam bién Sonar, phia
sau ciing dugc trang bi 8 cam bién Sonar — day 1a
dang cam bién siéu am dé do tim vat can. Robot
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Pioneer P3-DX ¢6 3 pin nham dy trit va c6 thé thay
d061 nhanh chong.

Dimensions (mm)

455

B [, 2 e

Ié? 195

Hinh 1: Ciu tao Robot Pioneer P3-DX [2]

Vi kha ning c6 thé lap trinh duoc nén hang da
hd trg bd SDK (sofiware development kit) danh
cho nhiing nha nghién ciu Robot, cac loai may
tinh c6 thé dé dang cai dat va tich hop vao dé
Robot co thé hoat dong nhip nhang.

Robot Pioneer P3-DX c6 thé di chuyén t¢i va di
chuyén lui véi van tbe t6i da 1a 1.2 m/s va c6 tai
trong do vat 1én dén 23 kg.

3 PIEU KHIEN ROBOT PIONEER P3-DX
BAM SAT POI TUQNG

Hé thong dé xudt cho Robot bam sdt doi tirong

Adaboost
(Cascade of
Boosted
Classifiers)

Hinh 2: M6 hinh hoat djng ciia h¢ thong

i Robot s¢ dugc tich hgp mot Webcam/Cam’era
dé quan sat, duya vao frame anh thu duogc hé :[héng
s€ str dung Haar-Like features va Adaboost dé phat
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hién d6i tuong can nhan dang trén tirng frame anh.
Dua vao dbi tuong da dugc nhan dang ¢ trén, hé
théng s& sir dung thuat toan CamShift dé bat bam
dbi tuong trong qua trinh di chuyén (si dung
MeanShift d@é lay vi tri va trong tdm mdéi ciia doi
tuong). Sau khi da bat bam duoc ddi tuong thi hé
thong s& dua vao kich thuéc va mat phang anh dé
diéu khién Robot di chuyén. Trong truong hop
thuat toan CamShift bi mat bam thi bo phéan phat
hién va nhan dang dbi tugng s€ thuc hién lai viéc
do tim.

3.1 Phat hién va nhan dang doi twong

3.1.1 Trich dac trung Haar-Like va Cascades

of Boosted Classifiers

Pac trung Haar-Like [18][16] 1a nhiing dic
trung anh sé dugc sit dung trong nhan dang dbi
tugng. Thong thuong, nhiing dac trung co ban
Haar-Like dung dé do khu6n mit trong thoi gian
thuc, do d6 Haar-Like 1a sy lua chon phu hop cho
hé bam sat doi tuong nhim nhéan dang nhanh
chong, chinh xéc trong thoi gian thuc.

LR [ TR
=<

(@) (b) () (d)
| o0 oo =

) © @ @@ O (@ (!|:

Hinh 3: DPic trung Haar-Like ciia Viola va
Jones [16]

Dic trung Haar-like s& dién dat dugc tri thire vé
cac ddi twong trong anh (bgi vi né biéu dién maoi
lién hé giita cdac bo phan cua dsi tuong), diéu ma
ban than ting diém anh khong dién dat duoc — dua
trén viéc co gidn cua khung ctra s6 tim kiém. Dé
tinh gia tri cac dic trung Haar-Like, can tinh su
chénh léch giita tong cua cac pixel cua cac ving
den va cac ving tring nhu trong cong thirc sau:

) = Z(pixal)— z (pixeD)

den njng

(1)

Ly do dac trung Haar-Like dugc tinh toan
nhanh chinh 1a nh¢o vao khai niém tich phan anh
(integration) ma Viola va Jone di dé xuat. Két hop
v6i bd cAu tric phan téng v6i su huan luyén cua
mdt tang (cascade) gom Ngiai doan (stages). 6]
mdi giai doan, phén 16p yéu (weak classifier) tuong
g s& duoc huin luyén sao cho d6 chinh xac cia
n6 1a h (ty 1é nhdn dang chinh xdc doi twong) va
false alarm bang £ (¢y [é nhdn dang lam).
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stage 1 2 - N-1 N
hitrate = hN

h . h h
falsealarms = f¥
1£ 1-f 1-£ £

Hinh 4:CAu triic phan ting véi N giai doan[16]
3.1.2 Adaboost

AdaBoost [19] (Adaptive Boost) dugc Freund
va Schapire dé xuét trong nhitng nam 1995 1a mot
bd phan loai manh phi tuyén. Adaboost hoat dong
trén nguyén tic két hop tuyén tinh cac phéan 16p
yéu (weak classifier). Nghién ctru cia Viola va
Jones [16] xay dung Adaboost dua trén dir li¢u dau
vao 1a cac dic trung Haar- Like dé hinh thanh mot
phan 16p manh hon (strong classifier) theo nguyén
tac ciia boosting [19]: “ting trong sé ciia cdc méu
bi nhin dang sai va giim trong sé ciia cic mbu
dwoc nhin dang diing béi phéin I6p yéu (weak
classifier) vira xdy dwng”. Y tuong chinh cua
Boosting 1a thuc hién lap lai nhiéu lan qua trinh
hoc ctia bo phén 16p yéu, nghia 14 tap trung hoc lai
cac phan tir bi phan 16p sai. Tai mdi giai doan
(stages) cua Cascades of Boosted Classifiers dugc
huén luyén 1a mot Adaboost.

Cac bg phan l6p yéu hy(x) 1a cac bo phan 16p
yéu duoc lay tir viée trich cac déc trung Haar-Like,
dugc biéu dién nhu sau [16]:

N néu py fir (¥ < Py O
hk(x) - 2 ; (2)
0 neu nguoc lai
- X : mau hay cira s6 con cin xét N
(X = (x1%2,...,%y) la vector ddc trung mau);
-0 ngudng (0 = teta);
- fi: gié tri cua dac trung Haar-like (1);
- px: hé s6 chiéu cua bat phwong trinh (@ parity
indicating the direction of the inequality sign).

B0 phan 16p manh h72"R (x) dugc tao ra bing
cach két hop tuyén tinh N bo phén loai yéu 2).
Van dé cbt 15i 1a thuc hién chon cac trong sb

.,0n thich hop [19].

N

h™"R () = sign Z“k-hi‘;ﬂ(‘) 3)

k=1
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3.1.3 Nhdn dang va phat hién doi twong

voc LUgNG ANH GOC
CACPAC TRUNG (Original Image)

Anh tich pha
tegral Image)

Diéu chinh théng s6 e
AdaBoost Ciu tric phan ting
(Chon dic trumg dé huin luyén) AN I, P e
e O
3 - FOFOF

Quyét dinh Két qua

Hinh 5: M6 hinh phat hién va
nhéin dang doi twgng

3.2 Bam sat dbi twong véi thuat toan
Camshift

Thuat toan CamShift [11] (Continuously
Adaptive MeanShift) dugc xudt phat va dua trén
nén tang cua thuat toan MeanShift, do vay viéc tinh
trong tam cua dbi tugng va dich chuyén ctra sb tim
kiém s& thuc hién bang MeanShift [14] [theo vét
mau MeanShift - Comaniciu 2003] va Moment
anh. Y tuong chinh ciia Camshift 13 tinh lai trong
tam cua d6i tuong dua vao frame anh trude do va
kich thuéc cua cira s6 tim kiém duoc thay d6i dong
theo dbi tugng (véi MeanShift thi cira sé tim kiém
la ¢6 dinh).

3.2.1 Thudt toan MeanShift [3] [20]

Buéce 1: Khoi tao vi tri cua dich trong frame
hién tai voi yo, tinh m6 hinh hién tai dang xét (ing

vien) - P0k=1-n

o) al = Y Vpbda. @)

Tinh: k=0

Buéc 2: Tinh dugc trong s6 w; theo

n

Z Ak
&2 |Pr00)

Bude 3: Tim vi tri dich ung vién ké tiép theo

_zono(P)
s (P52T)

w; =

8(b(x;)) - k) (5)

(6)
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Buéc 4: Tinh ra md hinh moi P01 k=1-n
va tinh duoc

plpG). a1 = ), Vpbda.

(7
k=0
Buwdére 5: Khi (4) < (7) thi ta thyc hién:
o _nt X
N= 2 ®)
Buée 5: Néu Vs =2ell < € hi cho thuat
toan dirmg, néu khong nho hon ta dat Yo =M1 va

cho quay lai budc 2 dé tim vj tri.

> -~ =
o] o &
0 (o] [o) ()] o)
Q (S

Hinh 6: K§ thuit dich chuyén cira s6 tim kiém
cia MeanShift

3.2.2 Tinh Moment anh

00

Nhiing thudc tinh co ban ctia anh s€ dugc tim
thiy thong qua Moment anh [15][11] bao gdm:
ving anh (area), trong tim cta ddi twong va mot s6
thong tin di kém véi ddi twong dang xét. Pay la
viéc tinh toan nhiing dic trung Moment va udc
luong chiéu dai, chiéu rong cua déi tuong dya vao

Mlo Mol

{Xc yc} {MOO ’ MOO
[15][11] .
3.2.3  Luwu do thudt toan CamShift

<>

Bai nmng gian
RCE > HSV

—

Kich chon
khdi tao vi
. s

Si dung toa do
(L,Y) Iam tim cho
khung bim

Daf tam caa “““‘g Tinh troug tim cia

d6i fwong

B Hii fu
khine? Meanshift

Hinh 7: Luu dd hoat dong ciia giai thut
CamShift [11]
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Moment thur 0.

Moment 2 chidu cta bac (i+j) cia mot anh
f(x, y) c6 kich thuéc M x N s& dugc dinh nghia
nhu sau [15]:

M—-1N-1
My = ¥ xiy fx.y) )
x=0 y=0
Trong d6 i, j 1a cac s nguyén 0, 1,2, 3,....
— Tinh Moment thir O [11]:
Moo = ZZf(x-.v) (10)
x Yy

— T inh Moment tht nhét cua x, y Error!
Reference source not found.:

Z Z xf(x.y)
x Yy
ZZ>’f(x. » (12)
x Yy

Mot s6 tinh chat can quan tim trong moment
anh la:

Mo = (11

onl =

— Dién tich (cho anh nhi phan) hodc tong mirc
xam (anh xam) Moo,

— Tam cta anh (d6i tuong):

}l REF S014yyercimekKGulezandTvMumc\ \* MERGEFORMAT BEH(13)

3.3 Tinh khoang cach va di chuyén
3.3.1 Tinh khodng cdch ciia doi twong dén

Camera
xl
z=f X 57 = (14)
[Nguén: [10] -chapter ]].]]
— Z: Khoang céch vét dén Webcam;
— f:tiéucu (17,63-Webcam),
— X: Kich thudce vat (10 cm);
— x’: Kich thuéc anh.
Voi 1 pixel (X) = 0.0264583333333334
centimeter [cm].
= 17,63 x X
Z (Kh ach =
( oang cic (cm)) Kich thuGc anh(cm)\ls)
- £ V_E X Z
Van tOoc Robot = —— (16)

100

Véi: Vqla van toc ban dau.

15
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3.3.2 Robot di chuyén theo mdt phing danh

640 px

< >

Ré trai
480 px

Opx > 250px 251px > 389px 390px > 480px

Hinh 8: Vi tri ciia qua bong trén mit phing anh
rng voi hoat dong Robot

Robot chi thyc hién viéc di chuyén khi qua
bong co kich thuéc nam trong khoang cho phép
(Hinh 9). Khi kich thudc anh cua qua bong qua 16n
thi s& cho thuc hién bt lai theo ngudng.
120<x<160

200=x X<=120

Bitlai

160=x<230

Lai Piing yén Tién téi, ré

P L 1 L a
< r ¥ y r >

Kich thwdéc bong 200 160 120 0

Hinh 9: Kich thwéc ciia qua béng trng véi hanh
) _vi cia Robot )

Neéu di chuyén qua ving c6 cung mau sac voi
mau sac ma thuft toan CamShift dang bat thi hé
thong s€ cho bat lai (vi mang mau lon x>290px).

4 KET QUA THUC NGHIEM

4.1 Mo ta thuc nghiém

— Bai bao nghién cttru trén Robot Pioneer P3-

DX cua hang Adept Mobile Robot dugc trinh bay ¢
phan 2.

— Thoéng tin may tinh va Ung dung cai dat
trong nghién cuu:
Ghi
chu

Tén va kich thwdc s

dung
Laptop HP DV6T-2000;

Hiéu may tinh

Intel Core 17 CPU Q720

B9 xir ly (CPU) | @1.60Ghz (8 CPUs),
1.6GHz;

B0 nho (RAM) | 4096MB — DDR3;

Hé didu hanh Ljita)l.mtu 12.04 OS (64

Webcam HP Webcam 1.3 MP;

Toc ds )

Webcam 20 frame/s;

OpenCV 2.4.2[10];(g6i

Thw vién cai A - .
¢ thw vién cai dat nhdn

i dang va bam sat)
Thw vién| SDK  ARIA 272 ,
Robot MobileSim 0.5;

" - C++, bién dich g++
Ngon ngir LT Linux
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4.2 Thiét 1ap thong sb (gia tri) thue nghi¢m

—  Van tdc ban dau cta Robot khi di chuyén 1a
Vo= 200 mm/s;

— Khoang cach dirng cua Robot trong khoang
Lo = (40; 55) cm;

— Khoang cach Robot hoat dong:
Li=56cm tré 1én;

— Khoang cach Robot lui Ly, = (28; 40) cm;

— Khoang cach xa nhit ma Robot khong thé
do tim doi twong la: 333 cm (vi bo huan luyén nhén
dang vai thong s6 min 1a 20 x 20 px = tuong Ung
voi kich thude qua bong);

— Khoang cach ngén nhit ma Robot khong thé
do tim doi trgng 1a: nho hon 22 cm(290px);

— Tbc do anh xtr ly dugce thiét 1ap: 20 frame/s;

— Tiéu cy Webcam dugc tinh trung binh la:
17.6 cm;

— Kich thude giao dién Webcam: 640-480px.

4.3 Két qua thue nghiém

4.3.]1 Hudn luyén nhan dang va phat hién doi

twong

— Thoéng s6 huan luyén HaarTraining:

“_nstages 20 -nsplits 2 -minhitrate  0.999-

maxfalsealarm 0.5 -npos 1600 -nneg 4200 -w 20 -h

20 -nonsym -mem 1100 -mode ALL”

= _nstages 20: SO luong ting cia md hinh huan
luyén;

= -nneg 4200: S6 luong anh khong co dbi twong
(qua bong) 1a 4200 anh;

= -npos 1600: S5 luwgng anh c6 ddi twong (qua
bong) 1a 1600 anh;

= -nsplits: S6 1an phan hoach dit li¢u 1a 2;

= -mem 1100: sir dung 1.1 GB Ram (bg nhé) dé
training;

= -minhitrate 0.999: ty I¢ nhan dang déi tuong
(qua bong) tdi thiéu 14 0.999;

= -maxfalsealarm 0.5: ty 1€ nhan dang sai ddi
tuong toi da 1a 50%;

= -mode ALL: sir dung tit ca cac dic trung bao
gdm ca dic trung mo rong;

» -w 20: kich thudc chiéu rong; -h 20: kich thudc
chiéu cao.

— Két qua nhan dang véi d6 chinh xac (recall)
98% khi kiém thir v6i 200 anh c6 ddi twong qua
bong (Dwong) va 200 anh khong c6 dbi twong qua
bong (Am):

Dw doan =>

Duong
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— Khi st dung cong cu performance trong
OpenCV dé uée lugng d6 chinh xac ciia mo6 hinh
hudn luyén, ching toi thu dwoc d6 chinh xéc
(recall )1a 97.4 %.

4.3.2 Robot di chuyén

Dya trén mit phiang anh (muc 3.3.2) va cic
thong s lién quan (muc 4.2) dé didu khién Robot,
két qua Robot dd di chuyén nhu sau (phan
phu luc):

— Robot di chuyén thang téi (Hinh 10);
— Robot di chuyén r& phai (Hinh 11);
— Robot di chuyén & tréi (Hinh 12);

— Robot di chuyén 1ui (Hinh 13).

5 KET LUAN

Chung t6i vira trinh bay su két hop gitta Robot
Pioneer P3-DX va may hoc dé diéu khién cac hanh
vi, di chuyén va bam sat cua Robot theo thdi gian
thuc. Robot co kha nang ty di chuyén dung nhu
yéu ciu dit ra cho bai toan (tzén toi, lui, vé trdi, ré
phai), giam thiéu kha ning mat bam trong thoi
gian ngin. Nho sy két hop cua viéc phat hién db6i
tuong lién tuc khi bi mat bam (mdt quan sat) da
gitip Robot ¢6 thé nhanh chong tim lai d6i twong va
di chuyén dung yéu cau. Robot di chuyén véi van
toc phu thuoc vao khoang cach tir dbi tuong
dén Robot. Téc do bat bam ddi tugng dao dong
25+30 ms.

Hudng nghién ciru tiép theo cuia bai bao 1a viée
nang cao kha niang bam sat dbi tuong (tracking
object) véi viée tich hgp thém bg loc Kalman dé du
doan ddi tuong trén miat phing anh. Robot trong
nghién ctru di chuyén dong khong theo mot ban do
cu thé, do d6 co thé tich hop thém mot s6 ban dd
tinh nham gitp Robot c6 thé di chuyén trong mot

pham vi nhat dinh va bam sat theo d6i tuong (vi

du: Robot da bong) hodc Robot s€ tranh duge
nhitng chudng ngai vat trudc mat ma khong lam
anh huong kha nang bam sat.

Nghién ciru cac ing dung dap tmg nhu cu thuc
té nhu: Robot chd hang theo chi nhéan (d6i twong
nhdn dang la chi nhan Robot), Robot lam phuong
tién chuyén cho nguoi khuyet tat (doi twong duwoc
nguwoi khuyét it sie dung dé Robot di chuyen)
Robot lau don vé sinh (doi twong la cdc vét ban)
Robot dap lira trong khu vuc nho (sir dung két hop
camera héng ngoai va nhan dang khu viec nhiét do
cao trong dnh hong ngoai).
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Hinh 8: Bang diéu khién va
doi twgng dwgec bam sat

Hinh 9: Bit bam theo ddi twong qua béng
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PHU LUC

1. Robot di chuyén thing t6i
ud <2
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Hinh 10: Robot di chuyén thing téi
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2. Robot di chuyén r& trai

Hinh 12: Robot di chuyén ré trai
3. Robot di chuyén ré phai
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Hinh 13: Robot di chuyén lui



