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SANGTUNGTONG, Ph.D., 141 PP.

PARALLEL PID CONTROLLERS/ ADAPTIVE WEIGHING UNIT/

BENCHMARK PLANT/ LINEAR TIME-VARYING SYSTEM

This thesis describes an innovative scheme for compensating the dynamics of
seven types of the benchmark plants. The two types of them have a time delay and the
others are without it. This strategy employs the concurrent PID controllers comprising
the two parallel PID ones and the adaptive weighting unit. The three gains of each
controller could be tuned by either different tuning rules or an analytical method
while the adaptive weighting unit is able to adjust the outputs of these PID controllers
during execution. One unique gain of such an adaptive weighting unit is selected
through the popular trial-and-error method. For a benchmark process with its time
delay, the closed-loop system must have also contained Smith predictor. Then the two
control signals weighted by the adaptive weighting unit will be added together and the
resultant signal is fed into the benchmark plant. The closed-loop responses arising
give satisfactory or better performance than those obtained from using the single PID
controller which produces only one shape of either tight or smooth response. The
adaptive weighting unit on-line evaluates the two signals for weighting and brings
them into multiplication with the corresponding outputs of the two PID controllers.
Because such a closed-loop system is equivalent to a linear time-varying system, its

stability will be guaranteed by the relevant theory on stability which indicates that the



closed-loop systems including the proposed scheme under a benchmark plant all are

stable.
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K, = 0.6K,
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Ty = 0.125T,
K, =0.7K,
integral of absolute error (IAE) T, =0.4T,
T, = 0.15T,
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K, = 0.509K,
integral of squared time weighted error
(STWE T, = 0.05(3.302K K, +1)T,
T, = 0.125T,
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» WanFuaalou Tna nazdlsvesszuvasianiicanavguitled
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. 1.139s° + 4.055 + 3.6
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M aussauzveswanevaueshulanmnauazTamun @
YSugu t.(s) t.(s) P.0. (%) Cy GM(dB) PM(deg)
Without PID 2.7 5.02 0 1 16.6 180
ZN 0.527 4.42 37.3 1 12.3 352
IAE 0.451 3.79 429 1 11.6 37.7
SOR 0.767 5.33 5.45 1 16.0 82.7
NOR 1.93 6.59 5.96 1 20.3 76.0
ISTWE 0.701 25.1 2.26 1 14.2 55.3
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ngM3 Anniiine3vesdinuguiiled
YSugu K, K, Ko
ZN 2.4000 0.7656 1.881
IAE 2.8000 1.1164 2.6334
SOR 1.3200 0.4211 27312
NOR 0.8000 0.2552 1.6553
ISTWE 2.0306 0.2328 1.5957
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A d v J = a A4 o ~ = 4
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A 1.881s° + 2.4s +0.7656
]Qﬂﬂ 5 4 3 2
S°+4s" +6s° +5.81s° +3.45+0.7656
ZN 15 -0.638 + j0.0051
Tna -2.2024, -0.3 + j0.941, -0.69, -0.515
- 2.6334s% +2.85+1.1164
’JQﬂﬂ 5 4 3 2
s”+4s" +6s°+6.6335° +3.85+1.1164
TAE 15 -0.5316 + j0.376
Tna -2.42,-0.3115 *+ j1.043,-0.48 + j0.4
- 2.73125% +1.325+0.4211
’JQﬂﬂ 5 4 3 2
s°+4s* +65° +6.731s% + 2.325 + 0.4211
SOR 15 -0.2417 £j0.31
Twa -2.55, -0.513 +j1.232, -0.21 + j0.22
- 1.6553s° + 0.8 + 0.2552
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S +4s" +6s° +5.6555° +1.8s + 0.2552
NOR 15 -0.2417 +j0.31
Tna -2.335, -0.624 + j1.063, -0.21 + j0.168
- 159575 + 2.03065 +0.2328
fJ\ﬁJﬂ 5 4 3 2
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M aussauzveswanevaueshilanmnauazTamun @
YSugu t.(s) t.(s) P.0. (%) Cy GM(dB) PM(deg)
Without PID 4.94 9.08 0 1 12.00 180.0
ZN 1.62 11.8 27 1 9.66 41.9
IAE 1.38 12.7 35.9 1 8.86 37.0
SOR 6.03 15.3 2.26 1 13.8 94.0
NOR 8.51 12.9 115 1 18.2 85.7
ISTWE 2.16 30.6 0 1 16.5 62.3
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M aussauzveswanevaueshilanmnauazTamun @
YSugu t.(s) t.(s) P.0. (%) Cy GM(dB) PM(deg)
Without PID 4.10 7.91 0 1 10.1 180
ZN 1.14 7.35 21.9 1 7.59 46.3
IAE 0.85 7.89 34.7 1 6.17 39.6
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ngM3 ausseuzvesnanevaweshulamunamazlanmad
YSugu t (s) t.(s) P.0. (%) C.. GM(dB) PM(deg)
Without PID 22,00 40.1 0 1 243 180
ZN 0.416 9.35 60.9 1 4.93 369
IAE 0.204 10.0 105 1 291 355
SOR 0.401 17.0 41.4 i 3.19 55.5
NOR 2.460 28.4 298 1 7.54 435
ISTWE 0.647 154 16.2 1 5.63 67.9
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M aussauzveswanevaueshulanmnauazTamun @
YSugu t.(s) t.(s) P.0. (%) Cy GM(dB) PM(deg)
Without PID 33.6 59.3 0 1 26.3 180
ZN 2.69 49.7 55.8 1 15.1 23.6
IAE 2.18 39.0 54.2 1 12.9 26.2
SOR 3.49 412 18.7 1 13.9 61.6
NOR 5.98 66.3 24.1 1 18.2 50.1
ISTWE 3.52 786 17.9 1 16.3 44.4
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(s+6)°
s(s+1)*(s+36)

GPG (S) =

nnean1sdiugu Yuiinaioasiversingala K, =6.045 uaza1uia1inga
a = g}/ 9 d' o 1 a 4 % = = é
T, =3.7 3ui antuldgaslumsed 2.1 faaimnimesvesdinivguii lod &9

uead 1 115199 2.16

A 1 a 14 @ ~ = 4
13190 2.16 ﬂWWﬁnJW]@i‘U@Qﬂ’Jﬂ’J‘UﬂNW‘lﬂﬂ (Waus 6)

N3 Anlimesvesdanuauilled
USugu K, K, Ko
ZN 3.627 1.9605 1.6775
IAE 4.2315 2.8591 2.3458
SOR 1.9949 1.0783 2.4357
NOR 1.209 0.6535 1.4762
ISTWE 3.0769 0.2665 1.4231
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NHN1I '
i] WanFudelou Tna nazdlsvesszunddaniidinuguiiled
YSugu
o 1.678s* +23.765° +1065° +154.15 + 70.58
s® +39.68s" +96.76s° +142s* +154.1s +70.58
ZN H13 -6, -6 ,-1.085, -1.0771
Twa -37.174, -0.2094 + j1.3046, -1.0421 + j0.0386
e 2.349s" +32.41s% +138.252 +186.65 +103
s® +40.35s" +105.4s° +147.2s” +186.65 +103
TAE 15 -6, -6 ,-0.901 + j0.637
Tna -37.67, -0.2686 * j1.3605, -1.071 + j0.5233
e 2.4365* +31.225% +112.75% +84.765 + 38.82
s° +40.44s* +104.25° +148.75° + 84.765s + 38.82
Sl &5 -6, -6 , -0.4095 + j0.5244
Twa -37.78, -1.0482 + j1.0714, -0.2798 + j0.6157
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USugu
il 1.476s* +18.92s® +68.3s* +51.37s + 23.53
s° +39.48s* +91.925° +104.35° +51.37s + 23.53
NOR 315 -6, -6 , -0.4095 =+ j0.5244
Tna -37.07, -1.026 + j0.788, -0.1764 + j0.59
il 1.423s* +20.15s° +88.42s* +114s +9.594
s® +39.42s" +93.15s° +124.4s” +114s +9.594
ISTWE 13 -6, -6 , -2.0717, -0.0904
Tna -37, -1.5267, -0.405 * j1.2895, -0.093
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M3 aussavuzvasmanevameshlannamazlamunud
YSugu t (s) t.(s) P.0. (%) C.. GM(dB) PM(deg)
Without PID - - 1 inf - -
ZN 0.839 17.2 59.9 1 inf 19.2
IAE 0.76 14 54.7 1 inf 23.7
SOR 1.03 9.81 29.6 1 inf 55.9
NOR 1.37 203 38.2 1 inf 42.6
ISTWE 0.987 8.42 36.7 1 inf 35.6
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ngM3 AniimesvesiInuanil lod
USugu Ko K, K,
ZN 0.264 0.0921 0.1893
IAE 0.308 0.1342 0.265
SOR 0.1452 0.0506 0.2748
NOR 0.088 0.0307 0.1667
ISTWE 0.224 0.5892 0.1606
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A d v J = a A4 o ~ = 4
AT NN 2.20 ﬁﬂﬂ%uﬂT&JTﬂu IW@L!ﬁ%cﬁjiﬂlﬂﬂizﬂﬂﬂﬂﬂ‘ﬂwﬁ’lﬂ’lﬂﬂuwul’é]ﬂ Waua 7)

NN Y
ﬂi] WanFuaalou Tna nazdlsvesszuvasianiicinivguitled
TUIU
5 0.1893s” +0.264s +0.0921
N 4 3 2
s* +1.25° +1.389s” +1.264s + 0.0921
ZN 15 -0.6973 +j0.0171
Tna -0.065 + j1.0805, -0.9907, -0.0793
. 0.2655 +0.3085 +0.1342
‘NUA 4 3 2
s”+1.25° +1.462s° +1.308s + 0.1342
TAE 15 -0.5811 + j0.4107
Tna -0.0666 + j1.099, -0.9504, -0.1165
o 0.2748s% +0.14525 + 0.0506
s* +1.25% +1.475s° +1.1452s + 0.0506
SOR 15 -0.2642 + j0.3381
Twa -0.1252 + j1.0858, -0.9028, -0.0469
, 0.1667s2 +0.088s +0.0307
N 4 3 2
s"+1.25° +1.368s° +1.088s + 0.0307
NOR 15 -0.2641 + j0.3384
Tna -0.1152 + j1.05, -0.9403, -0.0293
5 0.1606s° + 0.224s + 0.5892
NUA 4 3 2
s* +1.25° +1.3615° +1.224s + 0.5892
ISTWE 15 -0.6974 + j1.7839
Tna 0.08 + j0.9842, -0.68 + j0.3798
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M3 aussavuzvasmanevameshlannamazlamunud
YSugu t (s) t.(s) P.0. (%) C.. GM(dB) PM(deg)
Without PID 1.5 35.9 49 1 7.13 27.7
ZN 24.5 48.2 0 1 13.1 68.8
IAE 13.3 40.6 0.522 1 inf 4.6
SOR 46.6 81.9 0 1 inf 94.9
NOR 75.8 132 0 1 inf 92.9
ISTWE - - - - -5.03 -57.0

A [ Y o g’.} v

a A = 1 4 a 9y
Ly ’dﬂluil‘ﬂuf]NE)Qﬂf]ﬁﬂlui}‘ﬂumuﬂullﬂﬂuﬁﬁuﬂﬂ waltuea 7 uazizuuwﬂ@iw
= Y = = = = =
HanoUaueIudad 1A Tug 2.30 315 231 nazgUi 232 waneuauoliaussouziudnaa
FY A 0 Y A 1 I a A A o
ul,ﬂﬁluﬁﬁﬂ‘ﬂ 2.18 wmuﬁGlﬁwamuaummmmmwuazmiwqmu‘wqmm LBAINIURNY
=\ aA ~ o F) [ 4 a Y A
WVl@ﬂﬂJﬂ1Lﬂu1ﬂﬂ1U’Jﬂ!llﬂmﬂﬂ;]ﬂﬁﬂiﬂﬂu 510UMN 3z‘umqﬂﬂ°l1»iwamuauawuﬁmﬁauz
1 1 A 4 [ 9y A é}
ulﬂJﬂ ﬂaTJﬂfJLﬂﬂ‘!cﬂﬂﬁﬂ‘i‘Uﬂu ZN TAE SOR itag NOR Gl:ﬁwaweuaummmmmmmmz

[ 9 ~ 1 A a 4 1 T A Y A (2=}
FIUIAUVINUIUNNN (UIUNNHANDUTUDINNAIINWATUA) LLG]?Jﬂ”Ii‘V!QLﬂHH’E)EJiﬂﬂTﬁﬂUhJiJ



47

HanoUauedluanIuzdIAFINTuNIe Maneuauedlulamuanudlddiumiesasivens
1 A A o 9 a A = o P J 4 o
wagamalaniann ilvszuuialiiddesnmduinsna uamnasnsdsogunn
Jq ¥ Ao = J o o Y 2
s Idnaneuduesilaussous 1a usinislsugu ISTWE v ldszuuaeilana
= = A a A A o 1 A A g 1
@0esmw Fauaaaluzln 232 wazszuuntatdiuresniversuazaurevlanium

& <
audaaslua1san 2.21

U o a
2.6 AIMUIETND
d‘ (% = a9 o @ =R = a’td'd
119991NN1590NLUVAIAILANH ToANToT1IADINTZUIUNITHIOWATUANINIS
UszIana #aldesuneluriave 2.5 Ismsnilanausarasenansznuinannslszia
é’d [ ) a . . A A ] [ 2 I Y] a K
NANEENI “ ANMUIENT” (The Smith Predictor) HW30i38n lagdnl1 ‘<SP’ FuilusanoIny
A a 9 o 1 [ a A A 43! I
NeulFnuegransvatsuazsasensUseIvarmnavulunaiuaaie q Tulseau
9n011NI3U (J.E. Normey-Rico and E.F. Camacho, 2007)
% o a A 9 d‘ Y d' 9 1 A Y
anhuneaisiiTnseadninaaldlugln 233 dsznovdiedosdiu Aeddniugy
(G(s)) uazaaiiue aanruaulaenallfedainiuquiiled aaiiuielsznoudie
o P = a A A ] o <
uuusiaesveInaIuan Lilimslsgiwna (G (s) n3eiFonuuusIae U5 (fast model)
o 4 a LY ¥ o 9y A A a = o A
tazuuuaesueInIUMslszana (e %) mlvwauanimsdszisnailinuuiiaesae
— o A [P=) a
P.(s) =G, (s)e™™* uuuiiaed G (s) T¥nanouauesveInaIuan liin1slsziwaar i
o 4 a . [P=) a
msaduuiaes G (s) vaznainisidsziunar e lufianudanaia € = 0

HanouaueuedszuuTan lilinslseiwamazildnnmsiue (¥,(1) Aodgyana

(% @ {3 a o a
Youndudsmmuguiniudasenumsilsziunal

rt)  ew u(t) y(t)
—=O——+ G.(9) - P(s) -
> Gn (S) y(t + I—n e_Lns y(t)l_ +
Y0 £ P50

= 9 v o a
gﬂ‘ﬂ 2.33 1RS48 1NUV0IAIMNUIL LU TN



48

) a P a [ Y a Y A
AIMUEENTIFATINAIUANINTU 52 Ia0 ‘I/]ﬂ“ﬁ'izUU’JQ‘]JﬂﬁiNWﬁﬂ’t’JUﬁufJ\WI
=\ = 1 A I a ~ Al AA o o a =
VAUTTOULANI WO IUANNTUTLIIR MUY 58‘1J‘]J’NTJWI/HJG]’JVHUWEJ?HJ‘ISLLEW%JN

H Y H
ﬂ?ﬁWUWﬂﬁN‘ﬁﬂ%iﬁlwaﬁﬂﬂﬁuﬂﬂﬁlmﬂ@]NﬂHﬂfﬂLﬁ]l&ﬁﬂﬂ%u ADUINITUITE UV N ANl

J
WATUA 4 LASHATUA
d Y 1 )
waua 4: Wansuoe lewruilade

Le’S,T =10

GP4 (S) = (TS +1)

o Y o Y a A o d o = ] a AA o o a
ﬂﬂ’iuﬂi'ﬂﬁﬂluﬂJU'I‘LlE]'NENﬂE]ﬁiUuﬂJu'lu"UuUuhl@WuQWu'Jﬂ FEUUNUANIAINUIT NS

) { Y {
Tinanosauesiuansldlugili 2.34
Step Response
1.4
1.2 "’{:: \\
5 i \s
1+ ,,,-'t:', S
il erhwiLamn” e I A
I i ————————————— s -
;:.',/"‘- /
o 08 |if
E i
s i
€ e !
< 06
'If
j ZN
0.4 IAE
.......... SOR
o2t 77777 NOR
—rme- ISTWE
0 — Without PID
0 10 20 30 40 50 60
Time(s)
(3 ~ A v o o a o
ﬁﬁﬂﬁﬁﬂﬂwqﬂﬂﬂﬁﬁﬁﬂiuiﬂﬁﬂ‘ﬁ (Waun 4)

4 o da
311 2.34 maeeVAUBIVBITTUVIANY



(3

A9 2.22 FUITOULVDINANDUAUDITZTUUNIAIUIGATT (Wa1ud 4)

49

M aussauzveswanevaueshilanmnauazTamun @
YSugu t.(s) t.(s) P.0. (%) Cy GM(dB) PM(deg)
Without PID 22.00 40.1 0 1 24.3 180
ZN 175 9.07 12.9 1 8.54 109
IAE 1.53 7.99 13.5 1 7.30 105
SOR 2.90 18.8 15.1 1 7.76 116
NOR 3.75 23.1 18.8 1 10.6 106
ISTWE 6.84 156 0 1 9.06 Inf
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Step Response
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ngMs aussauzvewanevaveshilanmnauazTamun il
YSugu t (s) t.(s) P.0. (%) C.. GM(dB) PM(deg)
Without PID 33.6 59.3 0 1 263 180
ZN 3.55 34.8 322 1 16.1 73.1
IAE 3.12 33.7 30.4 1 14.1 81.2
SOR 5.19 43.4 15.0 1 14.9 123
NOR 7.37 52.6 19.5 1 18.9 11
ISTWE 481 788 5.19 1 17.2 114
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0
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Integral of norm C(t)
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a,§+ay+ay = Ky (r—y) + K\ [(r—y)dt + Ky (r )
0
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Integral of norm C(t)
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e a, =36, a, = 73,8, = 38, b, = 36 Az b =12
anninfouilsssutsTourstlaveswaiud 6 mulassadialugali 42 Wiluaumaida
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Y(s)[s* +as’+a,s’ +as] =U(s)[s* +bs+h]=U(s)s*+U(s)bs +U(s)h,  (4.54)
viowouluTamunar ldiy
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yYrayrayray = (KYE+ K + KYE) + 2(KYé + K" + KJ§)
t
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0
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t t
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Abstrac—This paper aims to establish an innovative scheme for
compensating the dynamics of the benchmark plant by
emploving especially two parallel PID controllers and their
output-weighting method. These PID controllers are fitted by
different rtuning-rules and the muldipliers for their output-
weighting are on-line adapted so that the error of the closed-loop
response disappears more rapidly than the cases of using each
single PID controller alone. Simulation results confirm feasibility
and effectiveness of the propesed methodology.

Keywords— Parallel PID controllers, Output-weighting method,

Benchmark plant, Some-overshoot rule, Ziegler-Nichols tuning
rule

1. INTRODUCTION

Nowadays, the PID controllers are employed
widely for compensating process control and
industrial machines such as servomotor system.
roboties, electric vehicles, assembly automation and
so on [1]. Although, from past to present tune there
have already been diversity of ready-made formulae
mtroduced for tuning three terms of the
conventional PID controllers but the resultant
response of a closed-loop system often lacks
satisfactory performance and exceeds desirable
time-domain specifications. Hereupon. the recent
works addressed some techniques combining with
designing PID  contoller to obtain  better
performance. For instance. such concepts are PID
precompensated with fuzzy in feedforward path for
controlling DC servomotor [2], PID parallel with
hybrid fuzzy for the lag first-order and second-order
plants [3]. ID controller parallel with P fuzzy for
nonlinear plants [4], Hybrid controller between
fuzzy and PID controllers for linear and nonlinear
plants [5]. PID controller parallel with phase-lead
compensator caseaded by relay for DC servomotor
[6]. PI fuzzy plus PID fuzzy and conventional PID
controllers in series for linear and nonlinear plants

978-1-4799-0545-4/13/831.00 ©2013 IEEE

as well as systems with time-delay [7]. Caused by
these research. anyone can deduce that the single
PID controller becomes insufficient for controlling
some plants. It is further mteresting whether or not
more one conventional PID controllers in parallel
connection with their different gains are able to
tackle with the high-order or complex plant. If it is.
how to they must cooperate in order to achieve the
improved performance of closed-loop response.

This article explains a new methodology
concerning exploiting two conventional PID
controllers connected in parallel and manipulating
plant concurrently. Their outputs are weighted by
the supervisory unit in order to share capability of
each corresponding controller into appropriate
manner such that the response of the closed-loop
system characterizes a better performance than the
one arises from using a single controller alone.
Three-term gains of these two PID controllers are
tuned individually and independently with two
different criteria provided by Ziegler-Nichols (ZN)
[8] and some-overshoot rule (SOR) [9]. The
supervisory unit serves as on-line dual-weight
caleulator and feeder allowing each output of
controllers multiplied by these weights. Rather than
the output of the single PID controller, the
summation of the weighted outputs is delivered to
plant. Therefore, the closed-loop system under
verification consists of two PID controllers, the
supervisory unit and the plant for benchmarking.
Finally. the comparison between simulation results
is considered to summarize the performance of the
proposed scheme.
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II. TEE PROPOSED METHODOLOGY

Because of imperfection of employing just only
one PID-tuning rule for controlling the benchmark
plant. it is essential to gather benefits of two tuning
rules  having to be used together and
simultaneously. This requirement leads to handling
two PID controllers in parallel connection with their
gains adjusted by different tuning rules. However,
due to linear characteristics of them. such two
controllers are reduced into form of a single
controller with improper gains producing the
closed-loop response unsatisfactory. In order to
avoid collapse of these controllers, the proposed
strategy arranges the supervisory unit and two
parallel PID controllers (G, and G,) receiving the
same error (e(r)) as shown in Fig. 1. In this work.
the supervisory unit is the new concept utilizing the
response error. total control signal (u(f)) and
separate control signals (uy(f) and u,(7)) occurring
from each of controllers, for purpose of adapting
dual weight (F; and F,). When the supervisory unit
yields reasonable dual weight dependent on plant
behavior and stable controller dynamics, the
superior closed-loop response should take place.
Prior to creating such supervisory unit. each of the
two PID controllers must be tuned with different
criteria so that they feature heterogeneous useful
characteristics for plant compensation.

Fig. 1 Configuration of all closed-loop system

III. TUNING PID CONTROLLERS
Since the plant model is well known. two
different criteria for tuning two parallel PID
controllers apart are based on critical gain method.
After the proportional controller is cascaded with
plant in the unity feedback system. the proportional
gain is increased from O to a critical value at which

the plant output first reveals sustained oscillations.
Thus. the ecritical gain (K) and the corresponding
oscillation period (T,) are determined from the
above examination. Ziegler and Nichols [8]
suggested the tight control ecriterion with the
parameters Kp , T; , and T; which are calculated
according to the formula listed in Table I while
Seborg [9] offered the smooth control eriterion with
such three parameters which are computed from
another formula in the same table. The tight control
criterion gives more importance of the rise time and
settling time than that of the overshoot in response.
In other words, faster response with shorter rise-
time and settling-time are found regardless of how
large overshoot appears. In contrast to the previous
one, the smooth control criterion. sometimes called
the some-overshoot rule (SOR). dedicates little
overshoot but more prolonged rise-time and
settling-time. Later on. the parameter set Kz , T, ,
and T, have to be changed to the PID gains K, K.,
and K, through the equation below.

K
Go(s) =K, +—L+K,s5 (1
8

where K; = K, /T, and K, = KT,

TABIEIL
TWO TUKING RULES BASED ON CRITICAL GAIN AND CRITICAL PERIOD [10]
PID Rule PID Parameters
Z‘egl‘-’?%“"ls K,=06K,.T,=0.5T, T;=0.135T,
some — overshoot rule - _ - _ -
(SOR) K, =033K,. I,=05T,, T,=033T,

IV.DESIGN OF THE SUPERVISORY UNIT

After both PID controllers connected in parallel
are tuned by two different criteria, the supervisory
unit is formulated to evaluate dual weight for
simultancously emphasizing output of the one
controller and relaxing output of the other.
Moreover. the mechanism for updating the dual
weight has to maintain firmly the stable response of
the closed-loop system. It is meaningful to choose
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the square of response error related to such a plan
as follows:

Differentiating eq. (2) with respect to time yields
V=eé 3)

Because the total control signal influences the
response error. €q. (3) is rewritten as

dedu _ de 09 )

V=e =e—
du dt du ou

When the total control signal is prescribed as

de
= _ kel 5
" gau ®)

where kis a positive constant. Subsequently.
substituting eq. (5) into eq. (4) gives

2

. de de de
V—ea[fkea)—fk(eaJ <0 (6)

This implies that ¥ is always negative semi-
definite and V becomes decreasing \\'heneve£
V remains negative. i.e. ¥(r) < P(0). Thereby, &
possibly declines and the response error decays to a
small value in steady-state. The total control signal
can be realized by distinctly collecting outputs of
each PID controller.

Fu, +Fu, , ’
u=-11"22 - Fu+Fu @)
H+F o

The F = R/(F+F) and F = R/(F+F) ar
the multipliers for the outputs. The denominator of
¢q. (7) must be nonzero and both of the F| and F,
have to be merely positive. Differentiating eq. (7)
with respect to time and then rearranging it yields

= FF,(u,—u,)— FF, (1 —uy)
(F+FR)
LEEG +1—‘2)+Flz:'-‘1 +Fyiy
(F+F)

®

Eq. (5) and eq. (8) are the same derivative of the
total control signal. The equality of these dictates

EF, (4, —u,)~ EF,(u, —u,)+ FF, (i, +11,) + Ky + F it
. o
= —k(F+F)Ye=
= ou
©

Eq. (9) points out that F, and F, affects each other.
Not any laws generalize about a certain assignment
for F| and F,. Herein. the F] is partially involved
in the response error while the 4, and #, are
decided to take part in F,. Consequently. eq. (9) is
split into two parts as follows:

R -1, =—K(F +F.e 2 (10)
u

EFE,(u,—uy) = BF, (i) +1,) + Ky + Fa, (1D

Afterwards. eq. (10) and eq. (11) are both reformed
into the integral type below.

t 2
F=—k (Mef}—e]dmﬁm)
1]

F,(u,—u,) ou (12)

) .
1 2 2
F= [7(}‘1}‘3 (i +uy) + Fuy + Fyuy) | dt
o\ F( —10y) .

+F,(0)
(13)

The F,(0) and F,(0) are the initial values of the F,;
and F,. Beneath preventing u; not identical to u, the
F, and F, could be evaluated over running.
Nevertheless, the F| and F, should be preserved not

to be greater than a unit value and not to be lower a
slight positive one near zero because growth of the
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F, and F, beyond this nominal range is insignificant.

However. in order to cope with the Fy and F, that
both are restricted to be within this range and are
frozen at two extreme limits during operation, the
strong back-calculation [11] should be included in
eq. (12) and eq. (13).

V. SIMULATION RESULTS AND DISCUSSION

The plant under tests is the benchmark model that

possesses  its open-loop fourth-order transfer
function as follows: [12]

1
Gp(s) a=05 (14)

T D(as+ D@ s+ D@5 +1)

The first PID controller is tuned by the tight control
criterion (ZN). This procedure brings its gains to Kp
= 4.05, K, = 3.6 and K = 1.1391. The smooth
control criterion (SOR) adjusts all the gains of the
second PID one to Kp = 2.2275, K;=1.98 and Ky =
1.6539. The closed-loop system containing two PID
controllers in paralle]l connection without the
supervisory unit is stable because it has all its poles
within the left side of the s-plane. They are p; =

~10.7, py ;= —1.12 £j4.05 and p, s =—1.12 £ j0.857.

When the open-loop plant (uncompensated). the
closed-loop system with only the first PID
controller. the closed-loop system with only the
second PID one and the closed-loop system with
both the PID ones all are launched. their responses
for unit-step set-point are plotted in Fig. 2. The
response of the closed-loop system with only the
first PID (ZN) manifests short rise-time at f, = 0.527
s and yet long settling-time at r, = 4.42 s and
relatively large overshoot at P.O. = 37.3%. The
response in the case of only the second PID (SOR)
exhibits both lightly longer rise-time at 7, = 0.767 s
and settling-time at r. = 5.33 s but much smaller
overshoot at P.O. = 5.45%. In the case of both the
parallel PID ones (ZN plus SOR) relevant to adding
their corresponding gains together, the response
exposes the large overshoot at P.O. = 39% but both
shorter rise-time at f, = 0.347 s and settling-time at
1,=334s.

When the outputs of the supervisory unit with k
= 0.1 mtervene in each output of the two PID
controllers. the notable response specifies rise-time
at f, = 0.599 5. the shortest seftling-time at 7, = 2.23
s and somewhat suitable overshoot at P.O. =
14.45%. The proposed method generates the total
control signal whose curve lies midway between the
two control signals acquired from using only the
first PID controller and only the second PID one as
shown in Fig. 3. The dual weight 1s normalized into
the multipliers (F, and Fy) for each output of the
PID ones as plotted in Fig. 4. In carly transient-state
both the PID controllers can regulate the plant to
the same degree owing to F{ = F; = 0.5. Then, the
overshoot ensuing becomes not large. Thereafter,
the second PID one (SOR) can govern the plant
more than the first PID (ZN) does because F,
becomes greater than F, . This makes the transient
period of the closed-loop response lessen. The
numeric transient performances of all the unit-step
responses are listed in Table IL.

Step Response

2
£
£ G '
— Uncomp
< 0.6f — 7N
04 ~"TSOR
4 5 | ZN+SOR
020 = Proposed method
o i i . |7~ Reference
0 1 2 3 4 5 6 7 8

Time(s)
Fig. 2 The dynamic responses aganst umit-step in time-demam

VI CONCLUSIONS

In this paper the methodology comprising two
parallel PID controllers and their output-weighting
technique 1s adopted to compensate the benchmark
plant. The first PID controller is tuned by the tight
control eriterion while all the gains of the other one
is adjusted by smooth control criterion. The
supervisory unit is developed to on-line evaluate the
dual weight for the sake of weighting their outputs
in such a way that the error of the closed-loop
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system tends to diminish. The proposed method
produces the preferable performance of closed-loop TARIET

response compared with the cases of each single SUMMARY ON TEE TRANSIENT PERFORMANCE OF ALL THE RESPONSES
PID controller alone.

Controller Transient performances
Control signal design methods 1s) 45) | P.O.(%)
Uncomp 27 5.02 0

IN 0.527 442 373

SOR 0.767 533 545
ZN+SOR 0.347 334 30.0
Proposed method 0.599 223 14.45

oo

Plantinput
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