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8 %R =Ee AAAN2YY AFEGA2EE o] 8T Immunized PID o171 & PR, 33 AEA2Pe] 724
43 389 JFAcld gt AFAGA 2L QA7 YRz RE JFHE vpol2 L, WAF To2HE BHIFI] $std]
el A go) o|§ FHaI flste PFe A4S RLYW Aoz Aol diF HEA R FAY $E54L A= 9
th £ =FdA A AoNagde A0 AF 2 $EAIZ Ao, vFel AW 2L 437 F3AE A9 2AH
EAZEY SHEAE FFE Bl T8 Yl 283, 71& 2] AFA e e o] FH = AorlE A HEste A
A A7) A $44E dFHnA A FA AFRAAN2AE 48 A7) HAd A HA=E AAnz Pt

M go] : AEH0], At F, PID Alo], o F2E

ABSTRACT : In this paper, An Immunized PIDXI-PID) controller based on cell mediated imrmune response is proposed to improve the
control performance of the controller with PID scheme. And it is applied to the vibration f the building structure in the port with active
damper systems. The immune system o organisms in the real body regulates the antibody and T-cells to protect the attack from the foreign
materials which are virus, germ cell, and other antigens. It has similar characteristics that are the adaptation and robustness to overcome
disturbances and to control the plant of engineering application At firstly, we build a model of the T-cell regulated imrmune response
mechanism We have also designed an I-PID controller focusing on the T-cell regulated immune response of the biological immune system
Finally, we show that some computer simulations of the vibration control for the building structure system with wind force excitation These
results for the proposed method also shaw that it has performance than other conventional controller design method

KEY WORDS : Vibration control, Immune algorithm, PID control, Port structure
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Fig. 1 A T-cells regulation mechanisms.
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Fig. 2 A T-cell regulation mechanisms based on the CMI.

AAZ NS AANME god7 AY L8t olF &
9 Ex Biste 98E dte AL T-killer AX 2 tiAHX
b 22 e 2% daTEd g8t o]Foj 8, T-helper
A B AZE ol E94FE 8S ok Ao RzR
B ]I dYE TS T-killer AIES] ¥ R 2 RH
s g e(9ol o8t A=Y, 4 @9 4 Q) 9
gt zEEOR & 4 Aok GEgA ole AA URlA B
oz zAso] YRE JYT FAL Alostd AAYWE <t
AT BHZ FANA Wle 43S dodn & 5 ok 23,
4 (st (9] MEEGT F JATFE A7 H5E
AAshe A FetulgzA mesdd ¢ glon, 4 (99
Ty(HT 3d3 A A ol AAs: 4gg slmz 38
BobllA Al&gg Alojdls AojF U(HZ nejd 5 ik
kA, AT, #oj719] AF ¥l Auz B4H 4 2
3, e(e AN2dEY2AA AeZ UERE F 30on, T
83849 Ky A7l 2A Y82 (controller scale factor)
2 ngd F Sk '

oAl $Ee AB7HAS RGO 2 RE PIDAS7|Y v
HP)FH FAHIoZRE AGuEgA S o] 83 Aolr]e) 4
Azt A B¢} 2 Fe2 shssix g Agdc
U(t)y= K {P(e)— TSF(0u)}e(?)

—401—



6)

471N, Pleye A7) 8488, TSF(Aw)E A7) o
Aoz K,& 2498424 Zz 18 & Aok a8y,
AAZ AGEFIY B2 THY YAEA = wdY G oy
o FA87 g 4FL L2 7] W oA HE
o3-S 2B A7 Bk WA, E Qe A
&9 viglAlo] Adel A2 E PIDTZRE 2 Ayt
SA71E AR Tt A, Qv PIDAA7Y F
Z£E 6)3 2] Yehd 5 3tk

UPID(t)=KPe(t)+KIfe(t)+KD—Q%t_t)_ 6)
A71M, Kp, K; 3 Kpe 242 uld], AR 9 v oj53g
vebdch, ;e Sl 4 @), 6), (22X H A (D3 2
o] Agut-go] TAY Ao|F2E 4L 4 gk
UIRC(t)=K1 {Pp(e) - TSFP(Au)}e( t)

+K2{P,(fe)— TSFI(Au)}fe(t)

+ Ky Py(be)— TSFp(aa)) 4L 0

4714, K,, K, K, Aojo|59 2Adaiolx, vz, |
B2 yRe 4 240 didle] P(-)E AojFe A
&, TSF(:)e 9dxlasoln, Yz 8258 o83 2t

[et=[e(t—=1)+0.5T (et~ D +e(8).

Ae() = (e —e(t— 1))/ Time, ,

Au=(u(t)— u(t—1))/ Time,

Time, = sampling time.
=3, Aojrlzh FAY FGulelA A8 AdHME o
J zase wBdt  #w, K, K,, K0,
P(-), TSF(-)20 ¥ P(-)=0 °lx, TSF(-)=0 °l
71 SEME 2 ol dstd Ho ., S,.,00, Hpy,,
Swin =0 2 C;, C>00] 2Z5ojok ).

4. AF FxE9 29

¥ =BAE HAE Ao7lY H5HE Asted 4E%
ol AFA2W(damping system)o] #2E IAFES Ze
7282 ol$3A. Fig. 45 1A4ES e A% P2
W @Y RAL Yehdeh7). 35 F2Be) 43 190
pag ABAN2AE A% F2EIY BE Fig T A4S
ol(phase shift) 2 2F3te] A AUAE &5 AU ¥@
Aoz AFE AU,

yd

Zq

Ys o Uc u ma

ms

cs - =N K

Yo Ground ]
Fig. 4 SDOF structure with mass damper.

Fig. 4914 ms, cs, k¥t my, 4, kai= A 2B} AFA2H
a 4@ A%, AF, T4E 42 Jehdd 28n, @t Ao
dH L vigoz st AFALHNE FFEAIE AFdolH
(Actuator)el] gt 7]Zolth o] melo] tigt &% WA o}
-3 2t

myt el ¥o— yo)+ k(y.— )

ted o= ¥+ kLy—y) = AD—u(d)
MyVat ek Va— ¥+ kA ya~y) = u(h) 14
Fig. 4914 y,=yy+ 2,012, y,=y,+z,+ 2,022 o] 4
< A (137 Q9 Y3t g3 o] ebd 4 ek
m( o+ 2z)+ec, z,+ka,

(13)

(15
~cazg—kzs = AO)—u(t)
mL Yot zot 29+ cizat kzg= u(d) (16)
o83, 2 T gig 7lseln 3, AW7M:E(ground
acceleration)24] A Ze] i WE&L YeElA 2 I3
qre T} Azl g dFE 9 AFAHAE GFA.

5. ZFE AlZy0|M

HAE A7) YulnE A Aojo|g22 Bo] AHEY
3 9l LQ A} R PIDAI7Is 452 wmatich 2 o]
719 Ayt AR g Relshl Aste] mmel Aoi7e)
SeElEE F98 gagFes Basger, LQAels)e)
$& MATLABS o83c] 78 235 5520l 98 4
3 3§49 SueE 3gsgc,
I-PID Aoi7) 4AE SAstel WA, AP 43S 24
St 82F F uASH 948 AFH B A% g5

g,€ 12 Fon, 3 24°] 255 Immunized PID Al
4719 seplelzt Po), PA [ o), 2 Pyde) 2 B4l

Hppe 2 Cu8t TSF(Aw @459} S, % C,3 Leslo]
S5 e seluleg HY zAsje] Aeirlg AASU
debolE e A8ZHE Immune Algorithmd o) -3t} $23}

—402—



ATHSL AlEEel el H48 T3t Xl A $E A 7
e 4 (17) 2 Fig. 5, 63 Z2H9l

'=—p(3 sinot+ 7sin20t+ 5sin3wt+ 4sindof) an
g N W NN UW W
im |
o o 20 0 ‘omﬂ:’.c]m T0 L -] -0 100

Fig. 5 Wind forces.

A (17914 ot Y4 718F5o)n, pe F89 arjg U

By, B A gHolddNE wF lrad/seclE 3L, pE
434[kN]o.z  3slgh A& 1940d  ©vl=9]  Imperial

Valleyo] /1 243 El Centro waveE FH&3l¢on, o
4 62 =¥ & JEd{10].

o5
o4
o3

ERas |
§
Fig. 6 El Centro wave.
2 2o 243 ©3 A58 derig: & 1%
2t
E 1. AFE9 vy,
Floor m c k
[ton] [kN-sec/m] | [kN/ml]
Damper 1728 7698 84397
1 3456 490 3.40x10°
Fig. 72 39L& WIstAE 4 52", LQ Ao,

TDOF-PID 283, IRC Alel7]§ 22 H4a9e 39l o
@ P29 $YUIS vehact,

-l P

=V |
(a) Passive control(without control)

E

E wf\nvVMV_AVI\VVAVA_AV‘!‘W’\WI\VA_AVA'A A

NN ANTNANNANNN AN
YYVYVVVUVVV VYV VY

Cispicemetfem)

@

MmN AN
WYY v'vv

I\l\l\nl\l\t\
WW W irww

@
Fig. 7 Displacements for wind forces (a)
control(without control), (b} PID control, (c¢) LQ control, (d)
I-PID control.

Passive

a8 82 AL IEINE ¥ A4e] Alojrlel o
g A5E] FHAAE UEhd Aotk

Displacewefer}

—403—



"o 0
Timelsec)

®)

NN oA
Wl WA V4

Dipacamen(on)

s
Twna(sae)

@

AN e SO 40 U~

WO

Clsphotmerticry

o e
Time(asc)

@
Fig. 8 Displacements for Earthquakes (a) Passive
control{without control), (b) PID control, (c) LQ control, (d)
I-PID control.

52 &

2 =Re Eeoly XAz 2e §47 ¥z Add 24w
= A%E9 AFS Ay st APAe BAN2YG
$9% WY PIDACIA2YS Agtaig). Agkd WY PID
Aol Ade T-celld] 24 vI7}UZs PID Aoyl 2adx
Aolzlel HAetulEE AFete APAnZY AFFEIE
FAE AR B8 AT Aejrie A¥ol LQT
71&e Aol7lneh AFZH 5ol 58 Bk ohe} Alo]
Uz ZRAE AMY AL & & YU 53, =29
AW VeEhRAE 9okAT zlojge] QoIME LQAlelnTh
A9 HlZaAY He e Azen, oRAL AoleluiAzt A
SAAde] AgHOR rtEE Aow BAMPL =, B
E=EAME Aojy] MAe] FxwARA AHFAH Aol ¢
A G FAS st AZAPAFSG Ze uHYY a2
= A 4N, FF ol LATE 1 woh
A A 7H7he Aoi7] AAZ Bad Rez Az

F 2

€ d7€ B5371EHMOST) S7HAFATAARINRL)
o] Aol 2@ AU}

oz d

(1] H. Iemura, et al., "Comparison of passive, active and
hybrid control techniques on earthquake response of
flexural the U.S.-Italy-Japan
Workshop/Symposium on  Structural
Intelligent Systems, pp. 117-125, 199
21 34, ojsd, JE, AFE, “3-3Y PPF A7 & <&
& ATTF2EY AANT FEAFA,) FFLSNEFEI
=33, A 149, A 45, pp. 267-275, 2004.

(31 A. Tani, H. Kawamura, and S. Ryu, "Intelligent
fuzzy optimal control of building structures,” J. of
Engineering Structures, Vol. 20, No. 3, pp. 184-192,
1998. '
[4 J. Ghaboussi and A Joghataie,
structures using neural networks,” J. Engineering
Mechanics, Vol. 121, No. 4, pp. 555-567, 1995

[6) K S. Lee, Mathematical Modeling and the Control of
Immune Processes with Application to Cancer, Ph. D.
Dissertation, Oregon State University, 1990.

(6] Y. J. Lee, J. H. Suh and K S. Lee, "An Adaptive
control of an Autonomous Guided Vehicle System using
Cell-Mediated Immune Algorithm Controller and Vision
Sensor,” Joumal of Mechanical Science and Technology
Vol.19, No.1, pp. 300-311. 2005.

[71 J. C. H Chang and T. T. Soong, “Structural control
using damper,” Joumal of the
Engineering Mechanics Division, Proceedings of the
American Society of Civil Engineers, Vol. 106, No. EMS6,
pp. 1091-1098, 1980.

81 Y. J. Lee and K S. Lee, "A Design of Adaptive
Controller based on Immune System,” Jourmnal of Control,
Automation, and Systems Engineering, Vol. 10, No. 12,
pp.1137-1147, 2005.

[9] &%, 1A HY, FF3, “ Ho Ao71el 27 o
F 34 7289 AFAod B A7 FF4INFEHI
A], Vol. 7, No. 5, pp. 803-810, 1997.

1017133, 71744 &ulo|A), http://www.kma.go.kr.

structures,” Proc.of

Control and

"Active control

active tuned mass

—404—



