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Improvement of Control Performance of Array-Sensor
System Using Soft Computing
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Abstract

In this paper, we propose a method to obtain a linear characteristic using soft computing for
systems which have array sensors of nonlinear characteristics. Also a procedure utilizing the pattern
information of array sensors without additional sensors is proposed to reduce disturbance effects. For
a typical example, even a single CdS cell for CdS array has nonlinear characteristics. Overall linear
characteristic for CdS array is obtained using fuzzy logic for each cell and overlapped portion. In
addition, further improvement for linearization is obtained applying genetic algorithms for the
parameters of membership functions. Also the effect of disturbing external light changes to the CdS
array can be reduced without using any additional sensors for calibration. The proposed method based
on fuzzy logic shows improvements for position measurements and disturbance reduction to external
light changes due to the fuzziness of the shadow boundary as well as the inherent nonlinearity of the
CdS array. This improvement is shown by applying the proposed method to the ball position
measurements of a magnetic levitation system.
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Table 1. Rules of crisp linearization.

if cdsO > cdsO_low
& cdsl > half
& cds?2 < half
& cds3 < cds3_low
than out = cds0_base + cdsO_step * cdsO
- CdS1_Area : if cdsO < cdsO_low
& cdsl > cdsl_low
& cds2 > half
& cds3 < half
than out = cdsl_base + cdsl_step * cdsl
- CdS2Z2_Area : if ¢dsO < cdsO_low
& cdsl < cdsl_low
& cds2 > cds2_low
& cds3 > half
than out = cds2_base + cds2_step * cds2
- CdS3_Area : if cdsO < cdsO_low
& cdsl < cdsl_low
& cds2 < cdsZ_low
& cds3 > cds3_low
than out = cds3_base + cds3_step * cds3

- CdS0_Area
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Table 2. Rules of fuzzy logic linearization.

if  {cdsO is High or Mid}
and {cdsl is High or Mid}
and {cds?2 is Mid or Low}

and {cds3 is Low}
than Output is cds0

if {cds0 is Low)
and {cdsl is High or Mid}

and {cds3 is Low}

else if {cds2 is Low} than Output is cdsO
if {cds2 is Mid} than Output is cds01

if {cds0 is Low}

and {cdsl is High or Mid}

and {cds2 is High or Mid}

and {cds3 is Mid or Low}

than Output is cdsl

if  {cdsO is

and {cdsl is

and {cds2 is High or Mid}

else if {cds3 is Low} than Output is cdsl
if {cds3 is Mid} than Output is cdsl2

Low}
Low}

if  {cdsO is Low}
and {cdsl is Low}
and {cds2 is High or Mid}
and {cds3 is High}
than Qutput is cds2
if  {cdsO is Low)
and {cdsl is Low}
and {cds2 is Low}
and {cds3 is High or Mid}
than Output is cds23
if  {cdsO is Low}
and {cdsl is Low}
and {cds2 is Low}
and {cds3 is Low}
than Output is cds3

£3 A% meoe

Table 3. Parameters of membership functions.

£43% eng
(Parameters of membership functions)

X0 03 cds0 1.0
cds01 16
X1 12 cdsl 2.3
cdsl? 30
X2 28 eds? 34
_ cds23 40
X3 0 cds3 50

Table 4. Search range of parameters.
ta)g el g 71

(Search range of parameters)

X0 0.00~2.00 cds0 0.00~2.00
cds01 050~2.50

X1 1.00~3.00 cdsl 1755~37
cds12 995~4%5

X2 1.50~350 cds? 225~425
, - ds23 275~475
X3 300~500 cds3 300~5.00
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Table 5. Optimized parameters of membership
functions.

A488 2534 A
(Optimized parameters of membership functions)

CdS# | CdSO | CdSO | Cdso | Cdso |_cds0 | 07219
- o . - cdsOl | 1.8304
X0 | L7294 06808 | DOOM | 00713 | o= e
XL | 27240 | 2034 | 26264 | 13980 | cdsl2 | 27662
X2 | 2570 | 20105 | 34770 | 17330 | cds2 | 23868
cds23 37092
X3 | 3650 | 4497 | 47162 | 38315 | g3 | 4608
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Table 6. Inference rules of Calibration.

Ratio
Amount of change MM Bl VB
NE ZE NS NM NM NB
PO ZE PSS PM PM PB

e
DA VTS AT W S 3
0 S A A7) s A A
Agtel] sI2 A Of& Azde) A% B4
& ulasleict,
V. Al ol Aqnp px

=
AR A3 st
AL A& 7]
A 24l CdS WA ZES HEstd AFaY

o},
4-1 F“ o_i 7| Ad 7_“[1][2][7]

a8 139 Azl E 79 Aay ASE
sk 4] (5)% 2& Aad AR e

o}
—1.8%10°
G = (57 18.62) (s 25.56) (5 %5.56) (5)

BolAg)l A AHL okt A AEl0 B wEY)
8

$18l A (6) JJr7L° RS A7)she] Al 2Ee
Al SHRAIEE 27|32 3E SIS 2
gt

K(s)= Kc 5;}1’939, Kc=33.33 (6)

Disturbance
Input Electromagnet

Compensator

2 13. MLS =gl =E5.
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Table 7. Parameters of MLS model.

Parameter Value Parameter Value
Distance : Xy 003 m Coil resistance : R | 6342
Coil Current * Ip | 0406 A Coil inductance : L; | 3406H
Ball mass : m {0003 Kg .

— : 7333V,
Constance : C_| 16588 N -/ | > 8 m
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Fig. 18. Case of no calibration at steady state.
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state. (3Cm)

e
No Disturbance
35
Avg Error 0 014386
3 v
25 . - 4
9 External Light(6V) Disturbance 15
g 35 '
< Avg Error 0 029798 B
£ sla o o - = B
K B
g 25 U VORI
External Light(7V) Disturbance 1%
35 :
Avg Error 0050677
3 Seweyy ST g
25 5 . - i
] 5 10 15
tume (s)
38 20. HAAEIECm)AIA HX =zi2 EA™3H
bz R
[=) .
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steady state. (3Cm)
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