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Robust Estimation of Position and Direction Based on Robot
Velocity in the Inner GPS Environment
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Abstract

The accurate estimation of position and direction of the mobile robot is essential for preparing precise movement and
works in the inner complex environment. In this paper, we propose a robust estimation method of location and
direction using the velocity of mobile robot in the inner GPS environment. The estimation using the inner GPS with
ultrasonic sensors have to consider with various acoustic noise and sensor errors. We design a robust estimation
method using a membership function based on uncertainty of the obtained information and robot velocity. The
simulation results of the proposed method show effectiveness in the contaminated environment with position errors.
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Fig. 1. Estimation system of position and direction of
robot with 2 ultrasonic sensors
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Fig. 2. Estimation system of position and direction of
robot with 3 ultrasonic sensors
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Fig. 4. Present and estimation position of the robot
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Fig. 7. Comparison of the ideal path and path with
noise (noise level: 1.2)
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Table 1. Error comparison of estimated position and
direction in various error conditions(2 Tags)

rror(RMSE)| Robot | Estimated | Compensated
[Error Levels Position | Direction Direction
0.3 0.3180 0.6734 0.3773
0.6 0.7143 0.7322 0.5432
0.9 1.2751 1.0466 1.0111
12 2.2777 1.2542 1.2501
15 3.0250 1.3671 1.3589
1.8 3.6568 1.3828 1.3611
2.1 4.2204 1.3992 1.38%4
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Fig. 10. Error comparison of estimated and compensated
direction in various error conditions(2 Tags)
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Table 2. Error comparison of estimated position and
direction in various error conditions(3 Tags)

25}

200

4l rror(RMSE)  Robot Estimated | Compensated
[Error Levels Position Direction Direction
10r 1 0.3 0.2052 0.3468 0.0611
sl | 0.6 0.4105 0.6845 0.1165
0.9 0.6157 0.7279 0.1704
" . , ‘ y .
20 '“’Lo | 0 . 10 2 Y 3‘]’ ] 40 12 0.8209 1.0018 0.2208
O 12, #e] 23d 28 A2FdE 1.2)
Fig. 12. Robot path with noise(noise level: 1.2) L5 1.0262 12912 0.3086
1.8 1.2314 1.3098 0.3964
2 Given sensor position and estimation 2.1 1.4366 1.3298 0.5051
| a9 15004 A= 7)e] Wste| wE FAE & U
1 AR oxte] WstE YERSITE T"-dA B 4 Q%] 3
Ne] SA7|E Eg3te] RAS st A ex7F FUHsHH
1 B2AE oA AdaRrt 2719 AV|E &8st BAst
| = 3 B 5% Aol e As B g Atk 28
A7) A z=g3 vlaste] 97t F7hEkel whet 78 ek
1 AR ot dis] ek A A5E e s B
Aok WhA e apke] Frb= ¥ 159 o] s B A
e | TolE BTt AREA JHXE 7HA X 4 ok ¢
. . . ‘ ‘ TU o 53 dRo] F4S H8 259 WAVE Ut
e e ‘ 1 “ * ‘0 St o 53 Z2A4E IS F JdAT AA FIte] gE
28 13 dgel 23 23 ARG 21) Nzgle] B Zrkeh FAel Bast Az Azt Z7l
Fig. 13. Robot path with noise(noise level: 2.1) w2 2zaS yggof s}

501



Sha X SAIAEstE =&X| 2010, Vol. 20, No. 4

A7) 270 Alz=gle] 19 109 A7) 370 Al2sEle) 1
g 159 F4 o3 9 v Ade SPE A Hue F
7t W o3k WA s A A noFa gtk 2ab
o] Z7tel wel Hawek 2y Asol 4 ymAs 2 B
271 AlZz=gloll H]3)] 3 A7) Al Eo] ST E B
TFota $4% A A%S Btk Ak AAe A9 7
o] T/t A% A" AR 9] v APS AT A
HZ 283 gt 7k 7HAA] B 4 Aok g 2 ]
3} % 29 22} AH= RMSEZF 7150] 22 Zt Abejo A2
A= e AR FUFRE A AREA Y 7ER|7) ofy
2 o3y A FAHS Weste 24 e = 7 3l
ong ol gt F7}4l 1t Ltk

3 sensor - Compensation : angle
—#— Estimated angle
12F —t+— Compensated angle 1

(R -

RMSE

06 7

o4r A

0.2 Uftl U,‘E U‘E 1‘ 1‘,2 1,‘11 1!5 1‘8 é 22
Moise level
a8 15 e FA 9 1A W oA vl (Elr] 370)
Fig. 15. Error comparison of estimated and compensated
direction in various error conditions(3 Tags)

> ol
fil
b
Lo
o)
)
)
>
o

o)
z
ok
tlo
o
o2
ol
u)
0,
=
oo N,

Ab oE
q
oot

ot to o (i M rQ 2 oE

5

)
N
N
2
lo
ot
=
2,
ol
to
~
>
oo o.
o
ol
-0,
(2 o &

Aetst A2 AA 5 ke AAETe] AM §ES
s olEERel 942 W W A e
T4 el geltt,

k]
Kl
Ao
Qb

[1] P. Bonnifait, P. Bouron, P. CrubillC and D. Meizel,
“Data fusion of four ABS sensors and GPS for an
enhanced localization of car like vehicles,” IEEE
International  Conférence on  Robotics — and
Automation, vol. 2, pp. 1597 - 1602, 2001

502

[2] M. Agrawal and K. Konolige, “Real time lo-
calization in outdoor environments using stereo
vision and inexpensive GPS,” International
Conterence on Pattern Recognition (ICPR), vol.
3, pp. 1063-1068, 2006

[3] J. D. Tards, J. Neira, P. M. Newman and J. ].
Leonard, “Robust mapping and localization in in—
door environments using sonar  data,”
International Journal of Robotics Research, vol.
21, no. 4, pp. 311 - 330, 2002.

[4] #H=A, B&™, Fa4, HAZ, 48z, "AMAAEF 7
o] 27 A 2ES g AR AAA =", A4
3] A s R S] = F, pp 1-4, 2009

6] AAZE, o]Fd, "dWE ol 2 7] XA

F8E A% A9 2SI =R, gierd 7] &
= F pp 2421-2423, 2002

g, oY, "ad 253 AMEES

olsRES] AFA W FA JxFGI =

A

429 A 2%, pp. 47-56, 2005

[6]

(71 ABA, G4, AAS, "o Feol FAg 33
Aok EE o] 88 Qv 91K F4 A=W, FY

= s
A} 78ps] ==, Al 207 Al 95, pp. 954-960, 2009
AR, A, "2EaA e AR B
T AL olTRE AV A FA", fFy]
/8] of =g = E, pp 2426-2428, 2004

(8]

WS PN ]|

Z &4 (Sung-Suk Kim)

1998\d : T st 2 7]5 35 3HAh

2002\ SEUEl 7 7]EETH(F AL

2005\ FE L A 7]F e IH(F kAL

20051 ~2009d: 5 oigta 4bskgd ek
FEAbY 2 ud

2010 7€ ~&A) S| ed

RS RSE

Ao} - A R, AR sy, 2Bl

E-mail
H 1991 QUATh S Ao %)
1= =) (F3HD)

\% ' 19934 : KAIST A7) 2 Axpa-alw}

(&AL
1998\ : KAIST 7] 2 A=Az}
ZA(Fgea

19981 ~2000d : (F)AHA A=}
20063 : Univ. of Illinois at Urbana-Champaign &<+
20023 ~ & A - = At GRA ] F s B

: powerkimss@Kkaist.ac.kr

2 ZEf(Yong-Tae Kim)

5

ok
ok

i)

iRl 1 AsRE, ASA =R, AsA], 71AE
E-mail : ytkim@hknu.ac.kr



