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A Study on Design of The Modified
Fuzzy-Compensated PID Controller

H. J. Lee,”

Jin-Geol Kim**

ABSTRACT

This paper presents the modified fuzzy-compensated PID(FCPID) control,

which involves

adding the compensator to an existing PID controller, to improve the performances of the sys-

tems. Compared to a conventional PID control and a fuzzy logic control(FLC),

the proposed

control scheme has superior performance. Experimental results of an actual implementation of
the modified PC-based FCPID controller on the DC servo-motor demonstrate considerable
improvement of the performance of the existing FCPID control by monitoring the scaling fac-
tor. They show faster responses and smaller overshoots than the conventional FCPID control

scheme for the various reference inputs and the robustness to the loads.
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Table 2 Fuzzy Logic Rule Table for FLC

' 299319 W8T de
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Fig. 2 The Basic Diagram of FCPID System
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u(k) = FLC[e(k), Ae(k)] ()
e'(k) = u(k) - y(k) 10)
WE) =u'(k-1)+K, € k)+K, ¢ (k-1)
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AEY F7), T 9 T,& Zd ARALIY 02A TS
Yeldtl Pz)= SWES] A9FSE 9u|d}
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AeAoi7|s AT T2 HASE, Table 17
Table 29 #& 2&%49 AojFa & AR, 2
AE E& Table 337 Ztvh, @A Z/|Rge LTS @
g dFse dale AAdTSE 4 & U=E 7
. &, ZWELALE uFEY AFHe] ofd 7IEdd
oo AdAH o HY 2Fs €] A
e AP e4AE AxFYE Yavt Q=S 39
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o2, AYEe HWA (Up )T Upy =703 2F
zZtzk FAE 4 9ok 9714 & 71EREe YE
W, 0,00, 71ENED H e HE 2A
e ArEA 482 5% AR LHE o83y
A& F ik wHdA 4 (6), (1), Q)& & 2ol £
& 9t

C,=EQL__ value/(r-a,) (13)
C, =AEQL . value/(r-a,) (14)
C, =(r-a,)/UQL,,, value 15)

283 FUE AGE Aok Fig. 34 2] 7]
298 #499¢ = REeg ko 2HEY 93
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7t NELYY 2299 (e(h) < M)LE EA%E A%
d Z/WEeAwE [N [2 HEEA s Ao
9 FLEE R 97)4 M uAAo2 d@s=
A¥el A71E L@} oldF IAPLLE W
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Scaling Factor 1

Fig. 3 Selection of Scaling Factor
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7te, ME BHE FE37] 4§ PWM(pulse width
modulation) #¥ %4 2 FF F5I=, ZH 4
A 23E 7] 93 A PEdz 5T 44 A
Att. PCE ©| 43 A7 ME REAY HXA] A=
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PCel WA= e Z2a¥d 7M5 gl (pro-
grammable interval timer:PIT) 8254¢4% w) 4
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Fig. 4 Experimental Control System of DC Servomotor
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Aolgdde] &8 XEE FaA &¥dr) o] 43e
D/A AYEE AH PWM 422 Hgsn, #3532
€ AX &Y e Adsn davdd vdee
H28 W 528 AA UP, DOWN 322 vt
o] UP/DOWN 7h&E12 Hae A4S Afd
¥d 929 % (programmable peripheral inter-
face:PPI} 9l 825594 E 7FEHAM AFd gE ¢
o] PColl WEgD FHEE 7] Feo] AEE F0h
8 Ao D/AANE A3y z g

4,2 AZEg0f 4

4A Ael718 FAGe el C-diz 74
sty o, 9xAole TEEE Fig. 59 o R
e Ed 4HEE, d9A (DA 2o =2adg
AP g FAd 82541 82559 Alelo] (control
word) & &2 dAstn AFHES 2718 A
3 B g4 QA= AT JHPE JHE 233
o JEYES} A HW AF Fold Ug FUET
ol TR AYIFEE vk, TP Ay 4
FliE go] SoleA HU AHYE AHE 443
N2 2A43)AF dolgs 87y Z2a9e
ZasAdd, Fzaoy AYPFd AHFES} 29
JQEIFE My~ Felog ¥r|ste] JAHERE RH
o A Il YAPLE doj¥ 2P oxe) 2eR
o] Wadg Adeta, o FES 7T AL HA
24 PID Aioi7lge] gdae)Eg ol&sted Ao 4
S ARG S drk o] Aol Y& vz &Y XER
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Fig. 5 Software Flow Chart
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WEd (6 JHHE Ay ZzaRg 438A H
W, dgFod e ZzaPes EAsA Hch
ol 2Hg Aolddzke D/A BHEE T3 A
oz WHAE PWM 259 FEHE Bgse) B
g FEAIE, oA dzbz 28 A4 AA%E
glo] Qo). olF AP NEE Fop e H
Azt w2A £EAY, aln 9P Alzte] BH
FAG Aexte JHEES} Jlew AYE Fusa
g2 AN I,

4,3 Mg

Ay AHE REe 34 A 75V, 34 &Y
200We] TAMAGAWAAL F 7 ME HEIA AR%L
Table 49 2t}

Table 4 DC Servomotor Characteristics

Parameters Symbols | Values Units
Moment of Inertia ] 1.67 g-cm-sec’
Mechanical Time Constant| t, 47 msec
Electrical Time Constant T, L5 msec
Back EMF Constant K 213" | V/Krpm
Torque Constant K 2.07 kg-em
Armature Inductance La 17 mH
Armature Resistance Ra 11 2

PIDA*)7]1¢] #etiel= Ziegler-Nichols®] UA &
& o4 F2AS 2FPELR FaH (K, =300,
K, =025 K, =038) £%, 225719
£l 7] W L3S k1 & =
C, =0.0016, C, = 0.0016, C, =883.3¢]0, ¥z B
4 PIDACI7|olA #z] BA7lel Ar|¥Eete
Table 5e141¢t 2] 71EdgHe) 4l A7z 4
Asol Atk od Ay a & AZAAAN o=
3.95, a, = 0.0275, a,=1.922, "lAAdl4 a;

Table 5 Scaling Factor

Coarse Control( |e(k) = M) | Fine Control( |e(k)| < M)

C C, C, c, c, C

L5

r

218.

r

240.

1200.
r

r-0314|

r-0.0004)
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At uAAelz WHEE oAy ArE JEY
g9 2.5%2A M =|r-0.025 22 A9sgch

2 =RdM Atd AoA7IYe] ZAEE Bolr] 4
8 288 7R 4t A9 2o RS 499
5742 2704 A4zt Alo] Axagd BE 9L 8
sigth, w9 J12YEe 25 4000 pulsecl® AR
clel 544 19108 9n|gth Fig. 6& FR34 &
Aol Az AGEEE L9 gith 9714 B
E utepo] & w=RoA AT /A B4 PIDAY
e HY eufES A 912(0.225%), 2% BAAN
(settling time)2 0.171%& PIDA| 7] (21.9%,
0,250%) 4, HAEYA7](9,95%, 0.231=) Ho}
e oFE 2Ee Iy

EO00

20004 —— FCFID
——FLC
—— PiD

1000+ —— Refarence

1 oz 03 o4 05 a8 07 08 Of
Thma{nsnsnd)

Fig. 6 The Step Responses of these Control Systems
(No load)

Fig. 7T9x& =8l 0.875 ko ¥38 718& A
9 &4 Aol AN2sled ATSHE vehdn, PIDA
o71(36.8%, 0.597&), #HA=A 7] (3.65%,
0.453%)7 271§ Wi AR PIDA A&

AW
\/

5 8 &

§ oo
200 — FGFID
—AC
—_— "
10004 = Flarence

L

02 o4 08 08 1 12 14 18 18
Thm{mctncy

Fig. 7 The Step Responses of these Control Systems
(with 0.875 ke load)
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0.5%, 0.335x2A ¥ 7184 4%k 259 o
a3 En 2 WEo fi2E 4 4 Atk

Fig. 8% PFig. 9% %3 (square wave)¥ 47
({triangle wave)& 712YgLE HE A$9 A
o) ME $EE 4L el ed, gt A
2 Aggrel C=0.00076, C, =0.109, C, =633.3
Z 2%ea UYREE AMEE 712 g 279
848 Table 59148 22 o|FREZ AYE AL
oMol Azt @ $HE M2 vk Akt
ukalo] QHFEY AWFES A9 glo] vlL mEA
1EddEe] 2 #8988 ¢ 5 9k

o]
jd 1Y
150+
00D+

g So0
o)
1000 Propomd FCPD
=180 —
20004
25001 o
~3000 —
— L]
o 03 1 15 2 25

Thrwjownd)
Fig. 8 The Square Wave Responses of these Control
Systems
o Propased FGPID
30000 —_—
Cawewional FCPID
D

20000+ _m

! 1m+
10000+
Ba00+

@ 67 04 08 08 1 12 14 4 18
Timegewcon)

Fig. 9 The Triangle Wave Responses of these Con-

trol Systems
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48] 7184 FCPIDAA7|9] M3} AdE &% 54
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A, AGFE A/He AN E BASE AgD
HA BA PIDAIY 71ge 7129 PIDA7] #+2&
282 FHE e WA 2T e Foigte 2y
Ad g HAE 3 AALE & ¢ dde
5% et 53 7189 HARA PIDA 079 A
THEE f8 AEBeLE 78U JFAGNA
HEEA LR, 1 2718 2wkl ofd 71EYE
#e AAFes do 7EYFHo| /Mg A$a= A
230 agA Q. Ed N5AA A7) AdE
A3 A3 2 AWELLE AFsEd oA
AR ZLE o 4T g Fid AFHoE Hid
RES Fshs Iy #3 4771 2791,
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