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Abstract : This study compares PV, LQI, and feedforward-based LQI controllers for a linear servo system as
a preliminary step toward real-system experiments. All controllers were designed using the same nominal
plant model, actuator saturation condition, and RCGA-based tuning procedure. Their performance was
evaluated under reference tracking, pulse disturbance, measurement noise, and limited parameter variation
conditions. The results show that the feedforward-based LQI controller improves tracking performance, the
LQI controller provides fast disturbance recovery, and the PV controller shows stable responses under
measurement noise with relatively low control input usage. These findings provide a basis for controller
selection and experimental condition design in future implementation.
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RCGA 7]dt %X

Table 1 Common RCGA parameters

Parameter Value
Population size 50
Maximum generation 200
Crossover probability 0.95
Mutation probability 0.2
Dynamic mutation 5
Scaling factor 1.7

A ARgSte]l B et E RS FEA
Aow, g% Fetu| e Table 12+ 2ok

3.2 RCGA 7|t mMlof7| B

Aoi7] shatule Foli GA, AA wH 2
SH(Particle Swarm Optimization, PSO), & |3+
(Differential Evolution, DE) W 1] 2| A3} &g
Z(Whale Optimization Algorithm, WOA) 5 t}o¥st
443} 7)io] AnHoE 28T & dow, 7]
= QPolHE i A2, BT B wsl
W Az et wmSY Ay Aolrt o
24 Yehs 2 2
§ M5k dnelB] S5 U
slmThE, 71E ATee A5AE fA5A
Aol FEE A5e umel]
o17] shelule S FUT RCGA 7|3k 243} 7]
Q.E _1';__—‘_]6] 0}9&4 1,2,18-20)

4 Ac7le BUT 33 w3 A1E AT
o z7ol4 HAFsiE e, A7 olzojo|gel
25 wAR wAa A9 Aclddel 4

5
shake 7k7h +15 Vel -15 VR At BAg
S FEoe Aodde SAd 1T 4
NEE e AEAES FTHOR WSt
o A B A9} (Integral of Absolute Error, IAE)
o X AHF LA} (Integral of Squared Error, ISE)

o A HE AR A e

(Integral of Time-weighted Absolute Error, ITAE)
« AAaE o)
ORI I IR

® overshoot
. Qg 23} ulg

E

58 FHAXHE-IUDIX] H30H M2z, 2026 5

M2 AlAg

AXIMO17|2] &5 Hlm

BAPSE S A QT 22 FHE ehy
4 gle,

J=w IAE+ w,ISE+w, ITAE (20)
+w,| e, | +wsE, +wOS+w.S

A7IA, LA e, AHAUA E,
W%E 08, 918 E3pE & olnjatel, w7
Aame) Aud FaES et 7HER ol

wetA, 7tEAl= w, =1.0, wy,=0.3, wy =10,
w, =100, w,; =001, w,=0.5, w, =500 A
A5}t IAES} ITAE= 2% o3} 9 |7+ Azt

ol e o wxg Hrlelrl Aa At

AAAE exkel A8 xZ3k vEoe YA A
Rewel Qg A =4S wrste] AgEown
we 7EAE Rostgon, 4y ouxs Bx

Fig. 29} Zo] Table 1¢] RCGA T}etu]E]Z 7]
o2 Aojr]o] dA WeE AASHA PV Al
o]71¢] ¢, 0< K, <1000, 0 <K, < 100& A
e Hefol ek A3 gAskglew, LQl Aol 7]
o Afole 73 E Q9 4Y TSA RY =
1 2AY w2 HE RCGAR HARE & K oF
KE A&Eshqith

7HeE Qo B M9 1< log, (@) < 30,
0 <logi (@) <4, 1<log,y(@) <30, 7}53]
RE —3<log,(R) <182 AAsIL, d=xQ=
718 LQI Alo]7|= Zst Waloz K oF K-S

o wed skt 4 A
shelet.

[¢]
 aolE AgE AUgs A
Hgstol WA M S5 AN B
st} Fig 394 ®

=
o]%ol, 2004 &<k



) + o LQI Contruller
KxKiglii(QR) /

Fig. 2 Block diagram of linear servo control system
with RCGA tuning
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Fig. 3 RCGA-based convergence histories and final

design parameters for the controllers

Table 2 Controller gain by RCGA parameter tuning

PV controller
K, | 4983 |K, | 1820
LQI controller
K, |778.683]33.791 | K, -4403.347
LQI+FF controller
K, 356.166 14.963
K, -1891.052 | K, | 32388
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Table 3 Basic step tracking performance index

Index PV LQI LQI+FF
TAE 0.01763 0.01768 0.01712
ITAE 0.00227 0.00220 0.00206
Umax [V] 4.989 4.601 4.279
Sat. [%] 0 0 0
Rise [s] 0.290 0.274 0.268
Settle [s] 0.500 0.481 0.463

S [%] 0.00009 0.00006 0.00004
Input energy | 1.9640 1.9991 2.0138
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Fig. 5 Step response for nominal model with the

controllers
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Table 4 Pulse disturbance performance index

Index PV LQI LQI+FF
1AE 0.02166 0.01801 0.01787
ITAE 0.01346 0.00310 0.00414
Umax [V] 4.989 4.601 4.279
Sat. [%] 0 0 0
Rise [s] 0.290 0.274 0.268

S [%] 13.912 0.998 2.266
Input energy 2.0623 2.2077 2.2298
Recovery [s] 0.326 0.001 0.001
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Fig. 6 Pulse disturbance response with the controllers
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Table 5 Random multi-level reference tracking index

Index PV LQI LQI+FF
TIAE 0.39940 0.38975 0.37847
ITAE 1.48910 1.47820 1.43180
Umax [V] 15.000 15.000 15.000
Sat. [%] 1.120 2.110 2.070
Input energy 120.22 132.22 132.96
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Fig. 7 Random multi-level response with the controllers
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Table 6 Step reference tracking performance index

Index PV LQI LQI+FF
IAE 0.01910 0.02099 0.02038
ITAE 0.00666 0.01271 0.01232
Umax [V] 5.555 15.000 7.565
Sat. [%] 0 0.050 0
Rise [s] 0.297 0.280 0.280
Settle [s] 0.519 4719 4722

S [%] 0.806 2.455 2.342
Input energy 2.3591 109.79 24.129
RMS input 0.62699 4.2773 2.0052
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Fig. 8 Step response for the feedback noise with the

controllers
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Table 7 Weighted model tracking performance index

Index PV LQI LQI+FF
IAE 0.01928 0.01768 0.01712
ITAE 0.00258 0.00219 0.00203
Umax [V] 4.989 6.247 5.471
Sat. [%] 0 0 0
Rise [s] 0.294 0.266 0.247
Settle [s] 0.462 0.481 0.459

S [%] 0.688 0 0
Input energy 23615 3.0747 3.0504
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Fig. 9 Step response for weighted model with the

controllers
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