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Accuracy Improvement of Laser Navigation System
using FIS and Reliability
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Abstract

This paper presents to study the accuracy improvement of the laser navigation using FIS(fuzzy inference system) and
the reliability. As wireless guidance system, the top—mounted laser with the laser navigation can rotate 360° with
phototransistor or other optical sensors that read the return signal from reflectors mounted at the perimeter of the
workspace. The type of major existing guidance systems is a wire guidance system. Because they have high accuracy
and fast response time, they are used to most industries. However, their installation cost is very expensive and main—
tenance is very difficult because their sensors are placed approximately 1 inch below the ground or embedded in the
floor. To solve those problems, the laser navigation was developed as a wire guidance system. It does not need to re-
construct a floor or ground. And it can reduce costs of installation and maintenance because changing the layout is
easy. However, it is difficult to apply to an industrial field because it is easily affected by disturbances which cause
loss and damage of data, and has slow respond time. Therefore, we study the accuracy improvement of the laser
navigation. The proposed method is a correction method using reliability of the laser navigation. here, reliability is
calculated by FIS which is designed with the analyzed characteristics of the laser navigation. For performance com-
parison, we use original position data form the laser navigation and position data corrected by original reliability from
the laser navigation. In experimental result, we verified that the performance of the proposed method compared the
others is improved by about 50% or more.

Key Words : fuzzy inference system, reliability, laser navigation, localization, guidance system

.M
HEdAb: 2011 38 119 Az, AGVel tiar #Alo] EolAn F= Fe]
HEAA 2011 58 302 A7k Biks] ololA i itk FE V&S AGVe $14
* Corresponding Author : sskim@ pusan.ac.kr 2 A=) 9% YX=AF BE Y8 o=y Y3
of =& =& MAME 2011d uSHs7|sf2FE X ZA0] 71%S 3] AAets wma, 1A Al u)
2ol FYE T 2 AGVe] AAH Aol 5 ArH1-3].
(RS HAT S YA/ AM U =2 RIT7 | AT AL E

383



==X 2011, Vol. 21, No. 3

AAEA e ol Hall Mg Wol AFEHIL s 7
ok= F 7 o Z(optimal estimation)o|t}. ol 4A =
ZojlA dojubi= <A (reasonable)E 7|Hto® sl WA
(thesis) gEH 07 FAHS = Aolth &, oSo] BH &
+ 3 (observation) ¥} 733k k= Blo|t) o] & 7|t
o2 ey gxHel 7IHEZE EKF(extended Kalman
filter), UKF(unscented Kalman filter), PF(particle filter)
ol AdtH4-6]. o152 FEAQ FHS 7H e Al
o] AlZte] w2 W8lE o F(prediction) & 4 J=s &
25 %3 732 (update)dte 7B ECIth o]E 3 7|HEL
Alzde] g FdE o Hojd A5 HolA Rk AlaEe] =
ZZE(drift) Aol AN S0 B &4 Xahe A}
of thair = Fdulo|t7-10]. oo, ¥ =7e HA o=

el g Aol o 4 f= oA A A4, wlol

41:

¢

1

A VH EA4S B35t FISE S8 91x354 4
WS A =S Attetal o]E Faf ol Winl Ao
AL=E Hﬂé% HJ‘%M el HoWE}

of AMg-H ﬁlz Azl 3} AlA ‘“* LHd‘lo Mﬂoh, 47
A= FISE o83t 2 Atz By Wio] tis] o]
oF7] Fth 5gME A A 2 At dis) g, v
A 6o e AR 2 FF AapAel thske] 71&3i)

—'0

2. A

]
>

BN
2.1 HHAEE AGV

AES A3, AGY A& A oFE| ~(ATIS) 7A@t
A AGVE A3 AT AlZE AGVE 19 13 2
o},

) pAQ i

NoTEBOOK

210cm

* ' AvRs ]
£ (AT90CAN128)

S .

-

—~

7| STEERING POTENTIO-
) ACTUATOR ~METER'

DriviNGg ENCODER
ACTUATOR

J2 1. HAES AGV
Fig. 1. AGV for test

AZAE AGVE AJAE 7 Ao grESOR Fo|A
= AGVY e S 9 LE%% ? Ao} 7] &2 A}
gatdeh 1 =715= 130 x 75 x 210 emol™, T3} 23
o] &2 A A o]FARE= A5 FE WA Y FERE
7hA) gk 2S5 TR 223 Z24hs Alolst] SlEiA Tt
M A& (potentiometer)S AX|stg o, F3 HEZ Ao
3t7] $1aiA d=FEE A s

384

22 7|78

Ao AL8H AGVE B X4 (reach type) AAIRZ 2}
5 FEHE IR a9 28 A4 AFEE AGVY 71T
g 2Es UeRd o, duiFARA O-X-Y< JulFit
A o-x-yE Kozt

Orcr
.
L hy
. road whee/
h;
Y driving wheel |
.”@—___;’3'1‘\
2r, )
0 X

a3 2. AGVY 715+%
Fig. 2. Kinematics model of AGV

_ 91 9 Oers AGVZE S £ vl 97154
2o Gepge, po Fa v el B0 Ol AdE
et o714, B S ukFle] 2 Zhest 59 v
o] 43wz nkFe] %7 7ol Aolol ola) 4 ()T} 2

o] Aabeict,
By = L (1)

sind

A1, 1 F wFle 43wz wEe) F4
o) % hehich, k7 neel A B sk =7HRE

o s} AREst g nel g 68 A, 19 0

A 2 W 5 ) DA AL i ol g3t o
gt gol A
s ﬁf v
0= h,  hycosé @
A7IA, ves TH vHF ] AEEE o, ol Hh
)\]‘4_ 71—\’4_.
Vg = Ty, 3)
A7, sk was ZH7E 79 o] WAE T 7ERE
eI HERQ AGVE] #E @t 79 wgre oo
43} o] 7% & ek
X=vcosh = T W €080
Y=vsinf = T s1n0
- W, 51N n

l



3. MM =4

2] o] A lﬂ‘ﬂlﬂl oS AR flsiA = 2l
A Ax7F Hesitk ol delA dnlAelde st
360° 3dst ojAE Bula Wi £25 F WA
Artstz] witolth o] i, WkAMAIE AdAShs ol ©
AR WA 9] 1A S ol glow H“}vgﬂr HEARA] 9] 9]
A5 F8 AAE AL = 71wl ® 12 AFSE
dolA WujAle]e] Fa AMYS B Frh

=

Q Apor

T 1 2ol A Wl Alel e

Table 1. Major specifications of laser navigation

Item Specification

power supply: 24V

accuracy: *0.4mm~ £25mm

Laser navigation

(NAV200) scanning frequency: 8 Hz

operating range: 1.2728.5m

angular resolution: 0.1°
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Table 2. Distance error due to speed and steering(mm)

# 4% |Z2%Z RMSE | conv. | max. | min.
1 60° | 19.35 | 307.63 | 28.03 | -40.65
9| 24cm/s | 45° | 1788 | 247.84 | 26.00 | -40.94
? 30° | 13.09 | 141.38 | 25.03 | -28.89
4 60° | 25.83 | 64841 | 4231 | -48.09
? 36cmy/s | 45° | 1890 | 35553 | 33.16 | —47.05
? 30° | 1865 | 349.68 | 34.08 | -48.33
7 60° | 27.04 | 71099 | 3535 | -66.03
T 48cm/s | 45° | 24.78 | 617.63 | 3959 | -49.82
T 30° | 20.40 | 35893 | 40.74 | -38.95
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