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Table 1 |Z7/R7.
Table 1 Tuned PID gains
w, Kp Ki Kd
0 10.27 0.83 5.01
0.001 9.12 0.70 4.02
0.01 5.08 0.43 0.14
0.1 2:52 0.25 0.02
1 1.18 0.13 0.02
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Fig.1 Comparison of responses to reference input
changes for various weighting factor w,



46

i EHS OBA X BE Rt BHH O OEZT

Table 2 Control Performance Indices for Reference
Tracking Characterististics

w; ISE ISC ISTC I
0 0.35 109 3788 0.35
0.00 0.38 80.8 1729 0.46
0.01 0.69 32.1 9.47 1.01
0.1 1.587 7.79 0.57 2.35
1 3.60 0.58 0.02 4.18

w, >0.1Tid, IBEPRIEL 20 FIEZIRASTTW
BTz v, W2 w, <0.001127% 5 & &S
RENC 2 5.

(2) BiEEEREE (I-PDAR)
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Fig. 2 Comparison of responses to reference input
changes for various weighting factor w,

Table 3 Control Performance Indices for Reference
Tracking Characterististics

w, ISE ISC ISTC i
0 6.25 0.5754 | 0.7892 6.251
0.001 6.63 0.7646 | 0.5477 6.638
0.01 6.73 0.9498 | 0.3072 6.739
0.1 7.48 1.5871 0.16 7.64
1 9.57 3.246 0.0777 12.82
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Fig. 3 Comparison of responses to disturbance input
changes for various weighting factor w;,

Table 4 Control Performance Indices for Disturbance
Suppression Characterististics

w, ISE ISC ISTC i

0 0.05 1.16 35.96 0.056
0.001 0.07 1.13 20.84 0.071
0.01 0.20 1.67 0.4393 0.217
0.1 0.58 2.97 0.163 0.867

1 1.59 4.61 0.0695 6.200

w, DTNTOMEICX LT, 2008\ L THFEHIC
FHIRLTWRWDT, EREIEZRW.

3.2 OPT-I-PD—r
BEhw OFfE4OMEICK LTKDOZPIDT A V%
Table b IZ/RT.

Tableb Tuned PID gains
w, Kp Ki Kd
0 15.19 9.43 7.44

0.001 14.6 8.62 7.18
0.01 13.2 6.10 6.44
0.1 11.9 2.98 5.62
1 10.9 1.43 5.23
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Fig. 4 Comparison of responses to reference input
changes for various weighting factor w;,

Table 6 Control Performance Indices for
Reference Tracking Characterististics

w, ISE ISC ISTC i
0 1.85 766.5 32281 1.85
0.001 1.50 591.3 25260 2.09
0.01 0.93 336.7 13490 4.30
0.1 0.83 194.8 7080. 20.01
1 0.38 135.0 4812. 135.38
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Fig. 5 Comparison of respbnses to reference input
changes for various weighting factor w,
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Table 7 Control Performance Indices for
Reference Tracking Characterististics

w, ISE ISC ISTC i

0 0.86 90.5 260 0.36

0.001 0.87 71.3 180.7 0.94

0.01 1.04 34.7 64.6 1.39

0.1 1.93 8.16 11.9 2.75

1 3.88 0.96 2.43 4.84
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Fig. 6 Comparison of responses to Disturbance input
changes for various weighting factor w,

Table 8 Control Performance Indices for Disturbance
Suppression Characterististics w,

w, ISE ISC ISTC Ji
0 0.01 2.93 138.54 0.01
0.00 0.01 2.44 117.556 0.01
0.01 0.01 1.75 77.16 0.03
0.1 0.01 1.35 50.04 0.05
1 0.03 1.20 40.56 1.23

(2) IKRRZZEFFDTEIHY IO, 2F 1,
w, =0.001 TIXIREK T, w, 0.1 TIIBIELZILE
272 5.
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HAw DL OEICK LTKRD72PIDF A > %
Table 9 IZ/R7.
Table9 Tuned PID gains
w, Kp Ki Kd
0 13.43 10.05 8.18
0.001 12.97 8.34 7.53
0.01 11.77 5.64 6.46
0.1 9.461 2.8 9.42
1 8.435 1.37 4.95

(1) BiEEEREE (PIDAR)
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Fig.7 Comparison of responses to reference input
changes for various weighting factor w;,

Table10 Control Performance Indices for Reference
Tracking Characterististics

w, ISE ISC ISTC i
0 1.49 630.11 39677 1.49
0.001 1.18 397.38 23799 1.58
0.01 0.81 239.16 10623 3.20
0.1 0.55 113.15 | 3927.4 11.86
1 0.46 74.410 2425 74.87
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Fig.8 Comparison of responses to reference input
changes for various weighting factor w,

Table11 Control Performance Indices for Reference
Tracking Characterististics

w, ISE ISC ISTC A

0 0.93 96.29 241.88 0.93

0.001 0.93 65.32 137.06 1.00

0.01 1.10 32.14 47.78 1.42

0.1 1.80 10.45 9.66 2.85

1 3.44 1.75 2.07 5.19

(3) 5ELsIsEY (PID - I-PDAR)
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Fig.9 Comparison of responses to disturbance
input changes for various weighting factor w,

Table12 Control Performance Indices for Disturbance
Suppression Characterististics

w, ISE ISC ISTC VA

0 0.01 2.40 217.76 0.01
0.001 0.01 1.98 140.40 0.01
0.01 0.01 1.51 76.45 0.03
0.1 0.02 1.19 43.94 0.14

1 0.05 1:11 34.16 1.16
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Ehw, DFE 4 DEICKN L TKRDOZZPIDT A >~ %
Table13I2/77.
Table13 Tuned PID gains

W, Kp Ki Kd

0 10.27 0.83 5.01
0.001 4.84 0.79 —0.0083
0.01 1.86 0.3 —0.0083
0.1 0.85 0.12 —0.0083
1 0.40 0.05 —0.0083

(1) BiEEEREE (PIDAR)
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Fig.10 Comparison of responses to reference input
changes for various weighting factor w,

Table14 Control Performance Indices for Reference
Tracking Characterististics
w, ISE ISC ISTC J
0 0.06 1.16 35.96 0.06
0.001 0.13 1.76 0.46 0.13
0.01 0.65 2.98 0.14 0.66
0.1 2.03 5.54 0.06 2.04
] 3.84 9.96 0.02 3.86

w, A RESTHILIIEBEZRODL L ERDE
A D EfEIZ0.001> w, >0TH 5.

(2) BRMEERSEYE (I-PDAR)
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Fig.11 Comparison of responses to reference input
changes for various weighting factor w;,
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Table1d Control Performance Indices for Reference
Tracking Characterististics

W, ISE ISC ISTC J

0 6.25 0.58 0.79 6.25
0.001 3.78 2.01 1.09 3.78
0.01 5.90 1.81 0.27 5.90
0.1 9.57 3.31 0.08 9.57

1 13.49 8.12 0.03 13.51
w, DT NTOMEICH L TERMEII R, Tablelo®
HIHBE ICHE—EE RN T W5

(3) 4ELI&I4EH (PID - 1- PDAR)
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Fig.12 Comparison of responses to reference input
changes for various weighting factor w,

Table16 Control Performance Indices for Disturbance
Suppression Characterististics

W, ISE ISC ISTC J
0 0.35 109 3788 0.35
0.001 0.75 36.9 8.09 0.758
0.01 1.97 5.98 0.2 1.972
0.1 4.53 0.24 0.02 4.532
1 8.95 2.53 0.01 8.96

w, DFRTOMEICH LT, EREIEIR .

42 OPT-I-PD—r

Ehw, OFF A DEICKH LTKDZPIDT A >~
% Table1712/R 7.

Table17 Tuned PID gains

w, Kp Ki Kd

0 15.19 9.43 7.44
0.001 13.8 7.67 6.37
0.01 10.7 4.72 4.66
0.1 6.59 2.15 2.85

1 3.65 0.83 1.61
(1) BEEEREE (PIDAR)

Tablel7TIZ/R$PIDT 4 » % AW BIEEEBIESF
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Fig.13 Comparison of responses to reference input
changes for various weighting factor w,
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Table18 Control Performance Indices for Reference
Tracking Characterististics

W,y ISE ISC ISTC Jo

0 0.01 2.93 138.54 0.01
0.001 0.01 1.99 75.23 0.09
0.01 0.02 1.42 30.34 0.32
0.1 0.04 1.36 9.74 1.02

1 0.16 1.74 3.01 3.17

0< w, <0.001 CIHIRBI & 2 0, w, >0.1TIL,IHEAS
BIEELDDT, w, DRBMEIZ0.1> w, >0.001Th 5.
(2) BEEEEE (I-PDAR)
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Fig14 Comparison of responses to reference input
changes for various weighting factor w,

Table19 Control Performance Indices for Reference
Tracking Characterististics
w, ISE ISC ISTC J
0 0.01 2.40 217.76 0.01
0.001 0.02 1.94 9.36 0.03
0.01 0.03 1.88 2.13 0.05
0.1 0.07 1.83 0.74 0.15
1 0.25 2.01 0.28 0.54

Fig 132 kB LT, F—/N—3 22— MI/hE W,
w, DEEAEIZ0.01> w, >0.001TdH 5.
(3) SELIHIEME (PID - I-PDAK)
TablelTIZZR$PIDZ 4 ~ & FV T, A ELINH
EZDOHIHEBEAEE R L7-DHFig.156& Table20TH 5.
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Fig.15 Comparison of responses to Disturbance input
changes for various weighting factor w,

Table20 Control Performance Indices for Disturbance
Suppression Characterististics

W, ISE ISC ISTC Je

0 1.85 766.46 32281 1.85
0.001 1.27 435.26 14418 15.68
0.01 0.83 187.86 3470 35.5
0.1 0.78 67.93 416.46 42.42

1 1.11 23.06 38.36 39.48

w, =0.00LIFRBP ZIGETH Y, w, =01, LiZ%
LESOPEV. Lo THREMHEIR w, =0.01TdH 2.

43 OPT-d
HH w, DA DEIZX L TKRDZPIDT A ~ %
Table2112/R 7.
Table21 Tuned PID gains

w, Kp Ki Kd
0 13.43 | 10.05 8.18
0.001 | 11.81 4.19 2.42
0.01 9.278 2.51 0.57
0.1 5.66 1513 | 0.107
1 3.52 0.504 | 0.046

(1) BEEERSE (PIDARK)

Table211Z7R$PIDY A v & VT, PIDATHEM B
HERLIEDODFigI6THY , ZOMBHBEEEZRL 2 0H
Table22ThH 5. 25
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Fig.16 Comparison of responses to reference input
changes for various weighting factor w,

Table22 Control Performance Indices for Reference
Tracking Characterististics

W, ISE ISC ISTC J
0 0.86 90.5 260 0.86
0.001 0.91 97.1 117 1.027
- 0.01 1.20 27.9 31.4 1.514
0.1 1.94 12.1 6.25 2.565
1 3.40 4.31 1.19 4.59

TRC, BB ERRETHY, Febnithbkn,
(2) BiEfEERSE (I-PDAK)
Table2liZ7R$PIDY 4 ¥ % T, [PDARTHEME®
fERFE & 2 ORI R L 720HFig.17E Table23Th 5.
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Fig.17 Comparison of responses to reference input
changes for various weighting factor w,

Table23 Control Performance Indices for Reference
Tracking Characterististics

W, ISE ISC ISTC J

0 0.93 96.29 241.88 0.932
0.001 1.29 25.58 33.88 1.33
0.01 1.80 12.62 11.80 1.92
0.1 2.28 8.67 4.16 2.70

1 4.84 1.29 0.51 9.35
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Fig.18 Comparison of responses to disturbance input
changes for various weighting factor w,

Table24 Control Performance Indices for Disturbance

Suppression Characterististics

w, ISE ISC ISTC A
0 1.49 530.11 39677 1.49
0.001 1.21 292.90 1293.9 2.50
0.01 0.96 170.60 172.51 2.69
0.1 0.84 63.30 19.28 2l T
1 1.01 19.13 2.26 3.27

w, =0.001, 0.0LMEBMLIEETH D, w, =113

wA Rt FH #Z
1.4
1’\ J W=
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O1BF il
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04
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Fig.20 Comparison of responses to reference input
changes for various weighting factor w,

(w, =0.001, w,=0~0.1)

Table26 Control Performance Indices for Reference
Tracking Characterististics

w, W, ISE ISC ISTC Js
0 0 0.36 109.1 3788 | 0.36
0.001 0.83 29.4 5.05 0.86
0.001 0.01 2.33 4.16 0.11 2.34
0.1 4.32 0.79 0.04 4.32
0.001 0.93 23.1 3.09 1.16
0.01 0.01 1.99 5.64 0.19 2.05
0.1 4.64 0.34 0.02 4.64
0.001 1.58 8.20 0.45 2.40
0.1 0.01 2.32 3.82 0.11 2.70
0.1 4.62 0.42 0.03 4.67

BEZISETHSD. LoT, R#BHEIEw, =01
BTH5.

(2) BE@EEREE (I-PDAK)
Table25(2/RTPIDZ A4 %2 HWTCI-PDARTH
EE BN 2 R L 72 D HSFig.21, Fig.22Ta 1,

5. FPMERIENJ.IC & B B LR

5.1 OPT - PID—r
EHhw ,w, OFFEALDEIZK L TKRDA-PIDT A
~ %Table2blZ/RT.
Table2b Tuned PID gains
w, w, Kp Ki Kd
0 0 10.24 0.79 4.92
0.001 4.30 0.686 —0.0083
0.001 0.01 1.59 0.256 —0.0083
0.1 0.810 0.144 —0.0083
0.001 3.80 0.587 —0.0083
0.01 0.01 1.88 0.283 —0.0083
0.1 0.810 0.121 —0.0083
0.001 2:31 0.308 —0.0083
0.1 0.01 1.63 0.238 —0.0083
0.1 0.797 0.125 | —0.0083

(1) BEEEREFE (PIDAX)

Table25lZ/R$PIDF A » ZHWT, PIDAAT

HAZ MBS 2 /R L 72D 7A5Fig.19, Fig.20TH 1),
Z Ol R ’i'/T L7-DHTable26 T 5.
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Fig.19 Comparison of responses to reference input
changes for various weighting factor w,

(w, =0~0.1, w, =0.001)
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Fig.21 Comparison of responses to reference input
changes for various weighting factor w;,
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Fig.22 Comparison of responses to reference input
changes for various weighting factor w;,

(w, =0.001, w,=0~0.1)

Table27 Control Performance Indices for Reference
Tracking Characterististics

w, W, ISE ISC ISTC s
0 0 6.85 0.70 0.71 6.85
0.001 4.05 1.79 0.86 4.05
0.001 0.01 6.40 1.94 0.218 6.40
0.1 8.57 2.91 0.11 8.58
0.001 4.39 1.58 0.67 4.41
0.01 0.01 6.20 1.71 0.24 6.22
0.1 1.99 10.80 5.80 2.68
0.001 6.26 1.36 0.245 6.40
0.1 0.01 6.81 1.84 0.19 7.00
0.1 9.46 3.22 0.09 9.79
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(3) SHELINHI4F4E (PID - 1- PDAR)

o1

—HIFEEBLRECFHRICLLPIDIY bu—SDHE—

> % Table29\Z /R 1.

Table25(Z/RIPIDY 1 » % Fiv> THELIMHIEE: &
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Fig.23 Comparison of responses to disturbance input
changes for various weighting factor w,

(w; =0~0.1, w, =0.001)
0.4

Table29 Tuned PID gains

w, w, Kp Ki Kd
0 0 14.8 9.28 7.43
0.001 13.4 7.24 6.23

0.001 0.01 10.6 4.67 4.71
0.1 6.73 2.16 2.95

0.001 13.3 5.88 6.12

0.01 0.01 10.7 4.22 4.80
0.1 6.81 2.10 2.96

0.001 11.7 2.94 9.54

0.1 0.01 11.0 2.72 5.10
0.1 8.01 1.83 3.59

(1) BEEEREYE (PIDAR)
Table29IZ/R$PIDF” A » %2 FWTC, PIDAFRT,

HEMEBRERE %2 /R L 72D )5Fig.26, Fig.26Ta b,
ZOHHBEEZRL t@fJ‘Table30’C HAh.
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Fig.24 Comparison of responses to disturbance input

changes for various weighting factor w,

Table28 Control Performance Indices for Disturbance

(w;, =0.001, w, =0~0.1)

Suppression Characterististics

w, w, ISE ISC ISTC /3
0 0 0.06 1.15 34.30 0.06
0.001 0.17 1.84 0.39 0.17
0.001 0.01 0.84 3.34 0.12 0.84
0.1 2.09 5.33 0.06 2.10
0.001 0.21 1.94 0.32 0.23
0.01 0.01 0.69 2.30 0.14 0.71
0.1 2.45 5.65 0.06 2.51
0.001 0.54 2.59 0.17 0.80
0.1 0.01 0.87 3.33 0.12 1.20
0.1 2.40 5.63 0.06 2.97
(4) &%
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Fig.25 Comparison of responses to reference input
changes for various weighting factor w;,

(w, =0~ 0.1, w, =0. 001)
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Fig.26 Comparison of responses to reference input
changes for various weighting factor w,

( w, 20.001, Wy :O'\'Ol)
Table30 Control Performance Indices for Reference
Tracking Characterististics

2R\,
b, w,ZREL LB EDOHHISE BRI
BTNV ENbRS

- PID—r #%I1-PD—r, OPT—d & T 5L
ﬂﬁwﬂfﬁﬂ%lét IFFICENZEGb2SE. T
L AHENIECHELICH T AR EZLEE TS
DT, NELIEEFESEWPID— r 132 22w
Eng b,

PID—r iZH LTKRDZF A v 22720

PID/i T OHIHBAE A —F /N S .

5.2 OPT-I-PD—r
BEAw ,w, DFE 4 DEIZR L TRD-PIDZ A

w, W,y ISE ISC ISTC Js
0 0 1.66 664 30083 1.66
0.001 1.16 384 12578 | 14.12
0.001 0.01 0.81 183 3488 35.87
0.1 0.76 69.1 467 47.52
0.001 0.93 337 11665 | 15.96
0.01 0.01 0.72 .| 174 3720 39.66
0.1 0.73 38.7 482 49.32
0.001 0.52 185 6554 25.57
0.1 0.01 0.50 155 4590 61.90
0.1 0.54 77.0 1019 | 110.14

(2) BEEEREE (I-PDAR)

Table29(Z/RIPID7 A » % H\WTI- PDAKT,
HEE B EER LD AHFig.27, Fig.28TH 1),
ZOHIHEE R L7-DHTable31Th 5.
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Fig.27 Comparison of responses to reference input
changes for various weighting factor w,
(wl—O 0.1, w,=0.001)
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Fig.28 Comparison of responses to reference input

changes for various weighting factor w,
(w, =0.001, w,=0~0.1)

Table31 Control Performance Indices for Reference
Tracking Characterististics

w, w, ISE ISC ISTC A

0 0 0.86 84.3 228 0.86

0.001 0.93 51.0 97.1 1.08

0.001 0.01 1.21 27.5 30.4 1.54

0.1 1.95 11.7 6.21 2.58

0.001 1.06 32.6 99.6 1.45

0.01 0.01 1.30 21.6 24.0 1.76

0.1 1.99 10.8 5.80 2.68

0.001 1.93 8.11 11.4 2.75

0.1 0.01 2.00 7.53 9.22 2.85

0.1 2.41 5.46 3.96 3.35

(3) 4#1ELIMHEFE (PID - I-PDASK)
Table291Z 7R3 PIDZ A » % BV TAVEL I 4 i &
Z DFIERAE % 7R~ Lf’@f)‘Flg 29, F|g 30 & Table32
ThHhb. 0.12 !
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Fig.29 Comparison of responses to disturbance input
changes for various weighting factor w;

(w, =0~0.1, w, =0.001)
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Fig.30 Comparison of responses to disturbance input
changes for various weighting factor w,

( w, 20001, Wy :0”\'0.1>
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Table32 Control Performance Indices for Disturbance
Suppression Characterististics

w, W, ISE ISC ISTC Js

0 0 0.01 2.65 136 0.01

0.001 0.01 1.86 69.6 0.08

0.001 0.01 0.02 1.41 31.1 0.33

0.1 0.04 1.34 10.5 1.09

0.001 0.01 1.73 65.7 0.09

0.01 0.01 0.02 1.36 32.5 0.36

0.1 0.04 1.33 10.5 1.10

0.001 0.02 1.33 47.9 0.20

0.1 0.01 0.02 1.26 38.0 0.83

0.1 0.04 1.19 16.0 1.76

(4)
PID— r, OPT—d & ltX25% LIREIFLEKD
I TH A, TNIXISTCHRKEVWZ LD

bbhs. BHICPIDARTIEP L VIREIWTH D,
EEIW & %S 70+ A TIZOPT—I-PD—
riIFRBEHRTHLE NS,

- BEHRw & w, OB T EREDOELE A
BE, w,#KEL LB EDOHPINEIIEEIC
TRtV bbb

[-PD— riZR L TRDZTFA VW70
- PDARCTORIBEBHED —F/H I

5.3 OPT- d
BEhw,,w, O 4 DMHEIZN L TRKDZZPIDY
4 > %Table33IZ/RT .
Table33 Tuned PID gains

w, w, Kp Ki Kd
0 0 13.26 8.99 7.91
0.001 11.62 4.20 207

0.001 0.01 9.05 2.44 8.7
0.1 6.63 1.22 5.43

0.001 10.9 3.51 3.11

0.01 0.01 9.00 2.33 3.86
0.1 6.73 1.23 5.47
0.001 9.40 2.12 4.43
0.1 0.01 8.66 1.77 4.89
0.1 6.83 0.992 6.885

(1) BEE@EeiEE (PIDAK)

Table331Z7R$PIDZ A » % F\WT B IZ{E BHESF
MR R L7-DHFig.31, Fig.32TH V) , % Ol H ik
xR LI-ONTable3dTH 5.
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Fig.31 Comparison of responses to reference input

changes for various weighting factor w;,
(w, =0~0.1, w,=0.001)
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Fig32 Comparison of responses to reference input
changes for various weighting factor w,
(w; =0.001, w,=0~0.1)
Table34 Control Performance Indices for Reference
Tracking Characterististics

Table3b Control Performance Indices for Reference
Tracking Characterististics

w, W, ISE ISC ISTC Js

0 0 0.91 75.7 177 0.91

0.001 1.28 25.6 32.9 1.34
0.001 0.01 1.83 12.1 10.9 1.95
0.1 2.34 8.01 3.94 2.74

0.001 2.03 10.4 11.3 2.14
0.01 0.01 2.06 9.50 8.39 2.24
0.1 2.43 7.02 3.61 2.86

0.001 3.29 2.49 2.97 3.54
0.1 0.01 3.24 2.99 2.85 3.53

0.1 3.19 2.85 2.10 3.69

w, w, ISE ISC ISTC Js

0 0 1.30 463 31884 1.30

0.001 1.15 276 1298 2.72

0.001 0.01 0.92 189 155 2.63

0.1 0.65 70.3 29.8 3.70

0.001 0.82 198 1293 4.09

0.01 0.01 0.85 148 161 3.94

0.1 0.65 71.4 31.2 4.48

0.001 0.50 106 1762 12.9

0.1 0.01 0.59 105 278 13.9

0.1 0.58 67.0 33.4 10.6

(2) BEEEREE (I-PDAR)

Table33DPIDF 1 » % v CI-PDAR T HIEH
B E R L7 DAFig.27, Fig.28TH ), %D
IS EZ R L72DH Table3bTH 5.
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Fig.33 Comparison of responses to reference input
changes for various weighting factor w,

(w, =0~0.1, w, =0.001)
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Fig.34 Comparison of responses to reference input
changes for various weighting factor w,

(w, =0.001, w,=0~0.1)

(3) 5ELIFI4EHE (PID - 1- PDAR)

Table33IZR$PIDZ A ~ % BV THEL G 14 &
ZF ORI % /R L7-DHFig.35, Fig.36& Table36 T
5.
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Fig.35 Comparison of responses to disturbance input
changes for various weighting factor w,

(w, =0~0.1, w,=0.001)

0.16 — i

0.2t N\ |

i et

0.04 ] J(\)( . \\\ BT T

002 - , s i
o |\ :

-0.02 LT

.0'040 2 4 6 8 10 121416 18 20

Fig.36 Comparison of responses to disturbance input
changes for various weighting factor w,

(w, =0.001, w,=0~0.1)

Table36 Control Performance Indices for Disturbance
Suppression Characterististics

w, W,y ISE ISC ISTC Js

0 0 0.01 2.21 180 0.01

0.001 0.02 1.88 9.70 0.03
0.001 0.01 0.03 1.84 2.02 0.05
0.1 0.07 1.65 0.81 0.15

0.000 | 002 | 1.56 | 11.0 | 0.05
0.00 [ 001 | 003 | L5 | 212 | 0.07
01 | 007 | 164 | 0.83 | 017

0.001 | 0.03 | 119 | 201 | 0.17
0.1 [ 001 | 0.04 | 141 | 384 | 0.2

0.1 0.08 1.56 0.83 0.32
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6. OPT—P I D—r ORESR

OPT—PID—r ® J, I2T w, 20.001~0.1& L7
BEUTOL ) REEVEL
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Table37 Tuned PID gains

w, w, k, k, k,
0.0000001 10.16 0.78 4.64

0 0.000001 9.80 0.77 3.43
0.00001 7.15 0.64 —0.04
0.0000001 9.13 0.72 3.90

0.001 | 0.000001 8.72 0.68 2.87
0.00001 6.66 0.68 —0.03
0.0000001 5.33 0.38 0.13

0.01 0.000001 5.26 0.38 0.07
0.00001 5.17 0.30 —0.02
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