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Design of controller in control system with two degrees of freedom
by the normal method
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Abstract

Many control techniques have been proposed in order to improve the control performance of the control system. The degree of
freedom on control in the control system is decided by the number of the closed-loop transfer function which can adjust
independently. The controller design scheme with two degrees of freedom(TDOF) is extensively used for securing the good control
performance to trace a desired value and reject disturbance.

In this paper, PID controller is used by controller with TDOF and the design method for control system with TDOF is
proposed by the normal method. Using the coefficients of the transfer function of the plant, the transfer function of the control
system is normalized by the proposed design method and the parameters of the controller are determined. The control systern with
the TDOF is constructed by using this method. Through the simulation results, the usefulness of the proposed algorithm is proved.
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Fig 1. Block Diagram of control system with
two degrees of freedom

a9 19 AoANA R( =
g Y(s)= 238 G(s)e A

7298, Uls) Al
gl AYgs, 122 C (s)

s} Cy(s)e A7) X*%%‘-r 1ok 2"19] TR U™
R(s)oA 29 Y(s)7HA Ags+M(s)s
_ G (s)G(s)
M) = a6+ 66 e6) W
ojty 13 AINFG(s)ol W 2ES,(s)=
Sels) = : @
)= TG+ GE) 66 ’

olth, A@elN #ES,(s)E Ci(s)+Cyls)ol BAF
th. C,(s)+Cy(s)E a4 %12 (Proportional
-Integral-Derivative; PID)A|o}712 () (s)&

k;
G (s)=ayk, + ~ Fhikgs 3
2 a8a Gs)e
Cy(s)= ask, ¥ bokys @

2 89 C,(s)+Cy(s)E vld-22-1}%(Proportional

-Integral-Derivative; PID)AIAI712 C,(s) & 715 A &%
A& AME7) dald, Cy(s)E PDACYIZ A9 SHEAY
WEE ¥Aar] 98 AE stk

@) H@DAAM k,k; 2 ke PIDA7]9] vlE, A2 2

uli Agelm, € (s) + Gy (s)7 PDACIZIZ 571 9alA 24

FE AF a0, 2 by, by £ BEF 2ok

apta, =1 (5)
by +b, =1 ©6)
A% AR 4578 TEACR 74 A A @ W 4%
A Q%79 AedsG(s)e
ko,
G(s)= m)- ¥
olth A(3), A(4) e A& A iyt
bikk, s> +ak k., s+ kk,
M(s)=———* = ®)
8* +(Ty + kpky)s® + k, ks + kik,,
7} drh
4@®)e SR
s +dys*+ds+d, =0 ©
of theel WHE ol 8stel
s=s,dl® 10
2 Aitsherek[11,12]
do(s?+as? +8s;,+1)=0 11

HAOANA  AlFEdy, dy 2L dy
dy = kiky, & =kpk, dy=Ty+tkk, (12
oz, 4(1)eIA Aast &

a=dydy /3 B=d,dy? (19

ojth. A(DAA a=ped o3 Zo] dt.

do(s; + D){s?+(a—1)s;+1}=0 (14)

2@ A A0S dgstd s, +12 AFES H7)
98 z3e To e 2o,

dy == by kgknd2 + ark K, db/? (15)

8oz a=3Y 1 4R

M(s)= kubika 8= 1+ {(ak,)/ (bykads®) }
D (s;+1)
(16)
o]tk A(16)°A
k.
“l—q/g an
bykyd}
oy 2(16)=
k bk
mo1fe 1 (18)

A/[(s): d(l)/g 81"'_1



BRER - A2 BE RIEE 1281512011, 1/ 58

otk A(18)el 4(10)& Wdste] Fe spd

k, kb
M(s)= s+;1/13 19)
olmg A AGEsE Tds 1347 Ha, AYSFE
dy V3ol
@3 A(19elA A dgo] dgl Adds o w HFA
7} Zolof dtu 2 HFA AelolA g2 #AVE do Atk
kmblkd
—dé/—sz 1 (20)

2.2 Aoj7)e} AA
2319 244 AAY FAEM Aol C(s)st
Cy(s) 8 AAS7 A glo BANEL o] g8
2(12)e} HA3)elA el a= F= 39 AN HEAS
k;sh R A%k,
k; = (b, /27)V 232 (21-2)
k= QTk/KE ) — (Ty/k,,) 21-b)
olth. 4(15) 2 AUNANA a, &
o, = 0.6667 22)
o3, ayt A(E)oNA
o, =0.3333 (23)
4122 Q9)elA b, &
b, = ki(lci/kfn)“’3 (24)
d
ol
A9} BANE olgste} HaAATk, S AAH FA ARAS
ki, D18ASk, 1283 244E A% b3 byt ANEEE &
gk,
III. Al2dolM & &t

28 19 24RE AAE ANEHAEHA dd Asd
Ci(s)e PD Aol712 43)¢ 283 Cy(s)E PDAZ
H@g AHEEHTh ARAE A7 B g o] 44
Fhill]

Gls)= S—(S‘% ()

e HEDAM HEAF kR HRATEkE
k= 4.416K%% (%)
ky = 0.046{k{!/* —1.785} @)

olty. by-& A(24)A

b, = 0.0153k3 [k, (28)
olt}, byt A6y
by =1—b, (29)
o},
0< by, by <1 (30)

o] Hojok gt} azlm @A kg9 el Fol =71 A3
k; > 5.687 31
Hojo} g,
o] Ax A& olfdled 231& MATLABS Simulink®
AgdolA st 2En G0 F2AE BEsE WA
ALEE Aolrle AfE F1w Zuh

£ 1 A9 A%
Table 1. Coefficients of controller
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Fig 2. Response characteristics of control system
on step input
(a)PID contral system (b) Testl (c) Test2 (d) Test3
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Table 2. Rising Times of each response
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Fig 3. Response characteristics of control system
by varying step input
(Red : Input, Green : Response of PID control system
Blue : Response of Test 1)
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{(b) Blue : Test 1, Black : Test2

(¢} Black : Test 2 , Magenta : Test 3

3% 4. BeEel &g A $HEA
{(a) Green : PID Ao A, Blue : Testl
(b) Blue : Testl, Black : Test2
{c) Black : Test2, Magenta : Test3
Fig 4. Response characteristics of control system by load
variation
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(b) Blue : Testl, Black : Test2
{c) Black : Test2, Magenta . Test3
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