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Intelligent Control Algorithm for the
Adjustment Process During Electronics Production

TME FTYE DYY Y
(Seok-Ho Jang, Young-Mo Koo, Taek-Beom Koh and Kwang-Bang Woo)

Abstract : A neural network based control algorithm with fuzzy compensation is proposed for the automated
adjustment in the production of electronic end-products. The process of adjustment is to tune the variable devices
in order to examine the specified performances of the products ready prior to packing. Camcorder is considered as
a target product. The required test and adjustment system is developed. The adjustment system consists of a
NNC(neural network controller), a sub-NNC, and an auxiliary algorithm utilizing the fuzzy logic. The neural
network is trained by means of errors between the outputs of tte real system and the network, as well as on the
errors between the changing rate of the outputs. Control algorithm is derived to speed up the learning dynamics
and to avoid the local minima at higher energy level, and is able to converge to the global minimum at lower
energy level. Many unexpected problems in the application of the real system are resolved by the auxiliary
algorithms. As the adjustments of multiple items are related to each other, but the significant effect of performance
by any specific item is not observed. The experimental result shows that the proposed method performs very
effectively and are advantageous in simple architecture, extracting easily the training data without expertise,
adapting to the unstable system that the input-output properties of each products are slightly different, with a
wide application to other similar adjustment processes.

Keywords : neural network, control algorithm, electronics production, auxiliary fuzzy algorithms, multi-adjustment
process
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Table 1. Performance decision rules to compensate
the control signal.

Scale factors a(k)

upeatk=1)
NL NM NS Z0 PS PM PL

ungurac(k)

NL 1.0 0.8 0.7 0.0 1.0 1.0 1.0
NM 0.7 0.6 0.5 0.0 1.0 1.0 1.0
NS 0.5 04 03 0.0 1.0 1.0 1.0
Z0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PS 1.0 1.0 1.0 0.0 0.3 04 0.5
PM 1.0 1.0 1.0 0.0 05 0.6 0.7
PL 1.0 1.0 1.0 0.0 0.7 0.8 1.0
Scale factors C(k)

upear(k=1)
NL NM NS 20 PS PM PL

unguraL k)

NL 0.0 0.0 0.0 0.0 -1500 | -1600 | -1800
NM 0.0 0.0 0.0 0.0 —-1200 | -1300 | -1400
NS 0.0 0.0 0.0 0.0 -800 | -1000 | -1000
Z0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PS -1000 | -1000 | -800 0.0 0.0 0.0 0.0
PM —1400 | -1300 | -1200 0.0 0.0 0.0 0.0
PL —1800 | -1600 | -1500 0.0 0.0 0.0 0.0

NL NM NSZOPS PM PL

Upeay (K-1) -5 -3 1041 +3 45
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22 0 +2 +5  +7
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Fig. 6. Membership function.

Ao BAHES AZAs] 9% B4 dndES X
=8 (fuzzy logic)E ©]&3to sAFt =, overshoot%
WAE 7] 9 tidix EA4WHE 2 BE JA88 2
A2 oA 2 @AM Y NNC €8, & 2H 7F
H2gkol wel dAe] NNC 23| A nddss
F3t o] RABIEE F9on, W4 EAL 493
g e Tizste o]F EASIEE ) o8 Aoz
E#3E (16)7 2ov F 18 ¥A4ZEA 73S 39 6
2 Wy d4E HoFE

U REAL (k) = (Z(k) X u NEURAL (k) + C( k) [pulses] (16)

o714, a( k)= overshoot MAS Y3+ BAIR, C(hHE
By BAAtelth. Arjd &R BAAER 3L
TEE Ad¥S 539 dojd Azoln, thatizle ot
Fe EHEsE F5HoE UAHT £ e BAH
oItk unpurark)e ANRIZF A7 ZREH HEH A
odgdes DCEH 75L& % 2otk upea
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o3 Zol BRI 1) E8 gE€o] 44 1 &
d dga dd ¥ FHESISO), 2) 3 4o &
Zt 3 A oldeln, 2FFE Tl MR o] Lot
= &3 (MIMO).
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Fig. 7. Comparison of error convergence by (a)
the conventional method and (b) the
improved method.
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Fig. 8. Comparison of process modeling by (a)
the conventional and (b) improved method
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2. ¢l ela/chl &3(SISO) =M X

a9d Y&y FAHY Cd=EA, ‘nFI HEFaF[RF
carrier frequency) Z7& FAd thg APAAE HES
. ol A= Yol nFs ALFALE 5 Faf
(438 MHz)oll YxA7le FFolt) o] AL= ©ddy
/AdEHo 2N AZHozRY dYHe d FH} F
ol &L EE9 FFI2o|t}t FHZIEAT 433
MHzo)x, 3§23t tol = +0.015 MHzZ %o,

3 B0 3ol 9@x2Fa FIIY HA TAH &
o tid] =S 9% FAHAAEHEHE 78 F Utk
o714, FAMAOEE e ER AN AlRbste] sbE AL
E o9 ¥UF AN F A 2L Fag
2ol Fnl A%, FnolA EEAH =237 AsiMes

& ool I3 o] HY o]F AFYXZ g}
A Hoh o] gL 18y W) HAdA IAHAFE 1
#etA] e Aen AAZE o|AF AolEdge @ F
glon dAFY = Zeksly FHE3t= Alo] dHrh
E ¥ (adjusting point) ZH A= AARFE sGol
AolEHe AdE FL3A £ ol TadHE
olEiZ} =ARFY HA Y FHAT dolHE FHL=E T
FAE A AR LL 5FHS AR dajre 7l
3 rFo] FHATE Bolx FE AA B 719
A wEolth BEX HIHdAMe u|FE EsdeH
shguglo g AMEE fFAMACIE Y WAL 4, 2
gda A FARNA 2Ee 2F "3 shaARe] AL

HOI - RISt - AAEIZSt =2K R4 R4S 1998

malatele] 12A A So Yo s B
zoMel mAZY AN AEF YA}
A"t oldd NEAYE WAsm AR 23S
Zol7] Yot 1Y 63 2L WA HAYTINZS HE
gtk RE A¥ARE WA mAGTE] o8 B
A8 AolAzol o8] 24E Agolch

¥ 2¥ RF Carrier frequency A& tigh 434
golt}. AnE YR HF 36359 2HJ5Y 252
z9) BF 2AATE YR ole 712 2
o] §F 3xo) Wlsld 53 Agoln HdP AUz}
o] o8 2ASYT A= Aotk AL 26 409
ASE zAEHYE 2PPozRE Wi olx gom
2 ta 2%o] AA=A.

)
df E

£ 2 %% A%FAs 23 At
Table 2. The results of adjustment for RF
Carrier frequency.

= | E7|ae] [=FE| =H-AZ =" | Z7|de] | =Y | =™HAIZE
off (H2) sl (F) ofl (Hz) g (F)
1 4083151 2 1.86 21 4294894 3 1.87
2 4236014 4 2.64 22 4273556 3 1.82
3 4165856 | 2 1.76 23 3835043 | 4 2.80
4 3363581 3 241 24 3718924 4 3.02
5 4919753 6 3.79 25 4121392 3 2.09
6 3829260 3 242 26 5140590 7 3.79
7 4810787 6 3.02 27 4658567 3 2.08
8 3808528 5 3.13 28 4608451 2 1.81
9 4263480 3 2.04 29 5294117 3 2.91
10 4485299 1 1.38 30 2905895 8 5.06
11 4708954 3 2.20 31 4283559 2 1.37
12 4054012 3 2.31 32 4182756 2 1.76
13 3999694 4 247 33 3736421 4 3.02
14 4132255 3 2.14 34 4125360 2 1.87
15 4083356 3 2.19 35 3225495 6 412
16 4697686 | 3 2.20 36 4722854 | 3 2.14
17 5166764 3 291 37 4873867 2 2.19
18 5189437 4 2.92 38 4501734 2 1.65
19 4437634 8 2.80 39 4452788 2 148
20 4690176 3 2.19 40 22226871 8 5.10
sson . oo v | %2 36 | 282

3. ks ¢=i/cks EH(MIMO) =X A

ol A FAZIEHVCR 7ol 7PN variable
resistor)§] VR202¢} VR208S ZA sl Zzte] =343
TP1E TP2o.2HE 9 A e HGHIX)(VP-P)
E Z}z} 25VP-Po} 0.7VP-PE ZAde= FAHOE, ouf
g ea= Zbzt =0.05VP-P2F £0.02VP-Polt}d. ojw)
Fhiaxte] AT 2o 2UENS BASHRE, 1
g 9o & F dFo] TP1, TP2olA el AZnde 7}
WAz VR2029F VR2087F Wl wet Mz 9%2 F
e AT &40 FAY YA Aok wEtA, &9

AFAL A3 7] 2= tE JEy e ey
(MIMO) 8ej2 hHr)
A ggo] AHEE dE dolEHE Y"EE VRol 5
Yo A& W AYHI =HA FHz, EHL o] AR
EX RG] =gstr] 213 VR 3| A o] HA )
T Z2AAAA UL F Jde AYRE] AME TE IS

F

AR



Journal of Control, Automation and Systems Engineering, Vol. 4, No. 4, August, 1998 455

ZE 8 = Aee F53) g2uh wEtA, 4EY B4
2dgslr] g HE dojge) £Fos APAYHG

< 5% 7Ije] 8HrIR itk sy, drAe
g SE djojE]ol) ot slyo] 1 Ao uls] g
F27e AU=de & Aol7t YehiA gete A
o8 Zd APL T dobd F YAk M, &
9] "oy EHE 53 s HEeS FHNHT F,
dNtH o= WY YPH-E FojA URF &F dHlolH
HEs FASAN, o] FHAME o] WHozEe T
dolE 39 FEAd(ocality)S H3ttn 7Eg 5 ¢l
ot B E=ERdiMEs VR2029 VR08E EXHE FAO
2 AANED AAdgsEe s wEE(£180 )THEL
ZFE T dolH ZFFIez et o whIA
€ ¥ Fo 29 A ol dwgoz 4L 3
g9 w3de) B AN 238 ¥ 4 e VRY =4
W&ot &, 7z VRY w3 AFE 6585 FFo] 2
3t A 2329 gieid o2 %2 gk I A s
= A EHELS nE JASSE = dozZ 6x6749
HolE HEE TG ol Aoz AHsH Ay
Aol =Y F 2x6x6719) wloly Heo] FAHAN.
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Fig. 9. The voltage waveforms for the PB OUT
LEVEL (TP1 and TP2).
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ztzy ) A3t 2 HeS Hlud 23 % 39 F
FE A o] AFAA g FHAGS FUHFe
X2 71 ORd | O A3, S0 we oE BeR
o g FEAE & W A8 4L HazAds
o} TRAFAF B FHFHeE @A dedth o]

Lo

£ ABIZPY SgAEe] obre
st Sl gloAel AT
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WEolch o 2353
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Table 3. The results of training and applicabilities
with parameter changes.

MNAB 2L FESH(EUS ==9)
BUHELES 4 5 6
EHLTH2R 0.593 0.6114 0.5992
=HH4H RS 23 17 2.0
LMK EE S 1 1 2
ZHXYF 0112 0.199 0.172

X 4. AAZZG Aojriof 2j =4 At
Table 4. The results of the adjustment using NNC.

zo |z e |z HTee [ZER| zmetm | zm o

o {(Vp-p) (VP p) (;) (ZH 2 (E3 Q E’ff

1 22 0.6300 1 | 2605 0105 | 07272 027200
2 276 0.8000 2 | 2430 0o | 06812 (0.0188)
3 266 0.5600 3 | 276 ©25) | 07760 ©0760)
4 298 0.9300 2 | 2755 ©0255) | 0794 ©0.0064)
5 3.20 0.9600 1| 230 ©170) ] 06468 (0.0532)
6 2.32 0.7500 2 | 240 00600 | 06744 (0.0256)
7 184 05400 2 | 2515 ©015) | 07020 (©.0200)
8 268 0.829% 2 | 2320 ©165) | 06460 0.0540)
9 202 05272 1| 2650 0150) | 07540 (0.0460)
10 232 05704 2 [ 256 o) | 07028 00280
1 2.8 0.8000 2 | 276 (0255 | 0794 0.0960)
12 243 0.7500 1| 2610 010 [ 07284 000
13 1% 0.5600 1| 2400 ©100) | 06680 0.0120)
14 178 0.4408 1 | 2410 o030 [ 06892 00108)
15 318 0.9108 3 | 2466 0ot5) | 0638 0.0050)
g7 173 0.1583 0.038

E 5 ARG RA o7 ot Az A}
Table 5. The results of the mini-adjustment using

sub—NNC.

=elzn e | =n e | 22| zm o= e =y & TP2
of (Vep) Ver | B | =R e (=" 23

1 2605 07272 1 | 2515 (0015 | 070% (0.0056)
2 2430 0.6812 1 | 2475 005 | 0690 (0.0080)
3 2765 0.7760 5 | 255 (0025)] 07112 (00112
4 2755 0.7964 2 | 25 ©o0)| 07100 (00100
5 233 0.6468 2 | 249 (0005)| 07008 (0.0080)
6 2440 06744 1 | 2455 (0045 | 06357 (00148
7 2515 0.7020 NNColX 23 &

8 |- 23% 0.6460 1 | 2470 ©003)| 06892 (0.0108)
9 2650 0.7540 1 | 2530 (0003)] 07108 (0.0108)
10 2545 0.7028 1 | 2515 o015 | 0702 (00028
11 2.755 0.7964 2 2530  (0.003) 0.7100  (0.0100)
12 2610 07284 1| 250 (0002 | 0708 (0.0068)
13 2400 0.6680 1 | 2460 ©o00d)| 06896 (00108)
14 2,470 0.6892 NNColA 24 g

15 2.445 0.6948 3 247  (0.025) | 06948  (0.0052)
gz 146 001346 0.0083
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