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ABSTRACT : It is known that the classical tuning formula for typical PID controllers in
general provides unsatisfactory results for industrial plants where the time delay exceeds the
dominant lag time. For this reason, alternative strategies have been studied in order to cope
with this problem and the most popular scheme is the Smith Predictor(SP).

In this paper, the dynamic model of a unit apartment in the district heating system ,which
is the control process effected by the dead-time, is developed, and the on/off room
temperature control method with the SP simulate using Matlab-Simulink. The simulation
results show that the SP works effectively in outdoor temperature variation.

Key words : PID controller, Smith Predictor(SP), the district heating system, dead-time

249 .M 2

- 2ol ply .o
CPuater o Bl [J/ke Tl TA AA| 2 S AP A 7l 7] HE A
Pair 87191 M [J/kg T ZHdead-time)d] Q&S Wi Bl o= AAA
MCypuer © = A% 2 [ka/sec] o= spolZElah &2 W Al Lw A
ol e S BoatA denbA fh 2ol g9 9W AS
mcey, - &7 A [kg/sec] A sholZ AlsdoA, BE s 5w %
Toer  © 335 €% [C] A A AUE A 7 =pAdwe]l BAT A
1-3)
Tpoom * A8 R 2% [C] ot (Fig 1. 3h=)
R, CA=EY S 9AE [C/W] ‘ @
T = pAd/w
i
* Corresponding author —[i: I| [
Tel.: +82-63-220-3242; fax: +82-63-220-3241 - y |

E-mail address: arthor@nate.com . . =
Fig 1. &34 time-delayE YEIH = e x

- 1025 -



If P(s)= P.(s)

Tt o7 HeAztd oaf gaFs e 1A
Alzgle v 22 v EWAgd2 Fej= el
& ekt

2(t) = f(x(t);ult—71))

=axt)+ b-ult—r) (1

(6}
H3lo] o3 HAWggd o
W Ael gee WA g gk
_ H'E7QT
X(s) 1: 7 Uls) (2)
olwl, u=—b/a, T=—1/a°|t}.
AdubA el FAA 2 PIDA|OHE dddye=

Rppp (s) = I, (1+ % T+ sT) 3)

A& AT kel os AdkEm,
K, T, T,8° A4S Ssto] #F= Al=d

2FHE 4% FE0] Hsstl drk
HEP)A] A el Hal Ael BUR

A fANA B, GROANGA 3
Fol meAG Aol B AP o4 04
3171 918l AbgRTh =@ v RO)A(HA 27
AFEA wAF Ao B HEAE FA
eAEHS BAT F ok e vpAE v

P(s)=G(s) e

(1=1u)

2 A% 5 BRAE

Aol B4 L Aol REALY FFL A
e ®, ol AqBae Prx rHow v
Bgkol AAA Hof Ao L e v
AA Bk o fael oY, fEsl ge
FHAC Axdol e PO HE AHEde 2
of Autolth, Yol AuhyAsgla g
gtE FAAsHA PID HeuE s w4
of g Aol @ ol o By 5
gol o thAA Hm, ool we Aygd =

A D SEA o] Y] A Hu)
2. Smith Predictor A 0{7]

T Aol wadI A FHF Aol EX
3l Aol wA sk thekdt Prediction—-PIA] ¢
(PPI Control) ®W2lo] Aotslo] gt} @9 7320
A AR Aol Jgs He= AojFAHd A&
7Fs 3k Alojkalo] 500 W@ Aol O. J. M. Smith
of 93] At Hlow, o diuglHFS dHkH o

& Smith Predictorg} F2u}.®

of dae]F oldlE flste] ¥4 WIIFS
P(s) = G(s)e °", ABAE o, kA<l F3t
fd= g7 ey, < A

=3
]
=
F5E et Lol T & Yojopw

P,(s) =G, (s)e " (4)

- 1026 -



A7IA G, (s) =

Aoz :LA}g} =l
ojt}. o] FAHRA
E *15%‘ S
T A A H
Fig 2.c14¢F Zo] AFZe 349 ZHid
yoll olafjr 2sdx eFar
AlZrol Q= zol oE 2 UA "k whebA
oo W& A3 =AHZ “dZ=p
FOAA HaL, oYt olf®m A7
Smith “Predictor”g} &2 Al % 3t}
HAFH oz Aojr)e] ALt
RPID(S)

A ol h ek N
of Yo W & AGIFE T HE o
=7 2
¥(s) _ Rppp(s) Ps) ©)
Ys) 14 Rpp(s)G, () (1—e"™) + Ry Pls)
Y(s) _ P(s) 7
D(s) 14 R, ()G, (s)(1—e"™) + RppP(s)

werel r=cobd 9o g thew gol

RPID( ) G( S )

Y(S ST
YO(S) 1+RP]D( )G;n( ) ¢ (8)
Vs)  Gls) ©

D(s) 14 Rpp(s)G,(s)

kA et G, (s) o 2d FepuHE A4
sHAl HW PIDAIY 7= AR Sle TAA9
Aol2 & Hojd = A A o & q
ol s Fdo] 7t S ov A Hrh

esd Hxdg #AFH 7 E u}
Smith Predictor &i#]E T3
k. e e PLCSY FAHA7ES
AIsrs 55 73 &ol st l;

m{>
o
i
2
2

2 =FdAas @Ete As 4,
Smith Predictor®] A& 7FsAd& g<2lst7] ¢k
o] Matlab-SimulinkE 7|¥te g2 ZAE Al EY

oM Z2aWL ALgetelth

$fe-eis IR REER3. 232 1
e ppergaieas

. [ F92 S90001 #94 I

" R e L R T T
:r shiseete R R I R R R R
= B N ‘

-
-

2.3m

—  Window
— OQuter Wall

Algdeolde AAE e Fig 3.9 #
o =uell A 7Hd AnbA <]l 349 ¢
d7g 8kt

- 1027 -



mda HeF7ke]l a7]= 15mx10mx2.3m®
Table 1. 979 4 cRe Aswds 27 = sl
— T —— ) daFoltt.(Fig 3.3%) A& UF& FA4sL
oy T 71 imim 2 A (mK/W “ - - i
P 0110 = WA AL Q7)o Heta = HI W
EEE R 95 0.050 Aol wel 2epA A do =3 HAgI vk
Al % 10.0 0.086 HE g8 7AS 2A Hed, 2 ARE 9e
o ZazEe 200.0 0.125 < Table 1.3 #t}
N 100 0.086 ek A 54 F5 BE ¥ Qe §
LS| =
;ii‘; 95 8(1’5138 AR A7]E 117mx15melH, $FvE 29
SEEw 1621 W/mK) ol olFHEZ FAH glof Fe] FAUFE
T 8| wAmm) | SAFmK/W) = 3719 W/m'Kelt.
A 0.110 o] FIte] AA AL 21T, Hex A
A= 95 0.050 A 9712 -119C & o] &3t
9 3% 10.0 0.086
H aaA 70.0 2.000 31 23220 o3t Woyst mola
7‘:_'—37_11]_‘5_ 200.0 0125 oHdT—-T | ||_ =17 = o
Ae)xH 0.043
dBES 0.414 (W/m’K) ZFTws T3 7Y URE Addye 49
TR FAmm) | EA4FHmK/W) on/off AlAE F3t FF2Ex] vl 48
A Ed 0.086 &o] At os 7 4 gtV gt
A “}ﬁf Y b EQ FEFE Axade] FFARe e 2
A = =E : : o dAMAA mdg Huy 2= 9
7]_‘%?_’—33]5 400 0.250 T =2 7171 070 = = 0 T %)\q—-
g_l %%“XH 20.0 0571 d— = T}nfm’ "MEyater CPipater
EEE 150.0 0.094 dt e (10)
H]— 2= 40.0 0.086 Room 'Cair " CDair
=2 AMiHE 9.5 0.050 o]7|4 B AHHEA me,,., o TAE
Ay g 0.086 o ol o
T AFFrgor WEkste] AlE#old st
AEA G AR o] gk AA TH & FEAAGol AHatA EE A HHEI AL
o] EE 60TCE A St Al SHEAS 94 "o
L
]

SETFOINT Pl Gontraller

I—V OruCH

PlotResults 1

HeaFi

Hem Gain (Wimer ]

Themostar 2

e
Heaflow

T

HeatGain mer 11

Pl Corraller 1

{01

out

Flant Delay

Modsing Subsystem

Fig 6. A&7t dlg Matlab-Simulink

- 1028



32 Fejo| @ois my

1
rlo
H
o
fo
N

e
2
ol
T
2
> o
ot
e
=2
lo,
off,
ol Hd rfo

o
v =
K
)
o, 1 g
-
o
rlo
rfo
+
ol =

Mo o
1o,
>

o N
g
o pot

rp
1
fifo
o

- flo me
£
dlo
<
L

i,
A o

(11)

d Q"'”lr"f d Qfm.‘« rl
a ’ a dt (12)

HE32tol et AlEolM

H A48 T FF E 24A %
L= A a3 (Matlab—mfﬂroe] )oll
, AYer 21+05TCTE AAZ 3 on/off ¥
P )\}\E}’.(Flg 6 7&}‘) (10-13)
o] YetyE= 19 309749 9
~8CAME&AY 7IH)E A&
4A8A17H(2Y) ] A2 M-S AAlg A& Fig 7
~Fig 9.91A ¢} o] A& = stk
A AA TS 30%, 60%, 120% ¢4 A= HA
o

L=
&

Eg oL

sto]  AlEHOIAS Y ES W Ao Smith
Predictor’} §l& on/off J =¥ o] Ax}o]x
3eke Smith PredictorE 283 on/off 3=

Ao} Aol

on/off Control Response without SP

Temperature

Time [ hour]
on/off Control Response with SP
30, : : T
| | |
| | |
@ 20 A IO DO BT Y
5 | |
© | | N
g I L A InDoor Tenp
Qo | | — QutDoor Terp
g AT ! A
e Z P G ——
N a S | ya [N
~_ | S yd | .
) ! P~ I ~
0 2 24 b 48
Time [ hour]

Fig 7. on/off Aol 2234 Az}
(at time-delay : 30[s])

Temperature

Temperature

Temperature

Temperature

on/off Control Response without SP

3} T T T
| | |
|
vl \“ i i Il ‘H i g ‘n‘ ~=rH i ! ”\ e
| | |
0------- o= 4- - === T —|
| | |
AT | .
Ob--—-—--Jl+-->_ 4o A N
7 : | / | .
~_ N~ | “
10! ! I~ | ~ 1
0 12 24 €9 48
Time [ hour]
P
T
|
|

Fig 8. on/off Ao A3+ A}
(at time-delay : 60[s])

on/off Control Response without SP

3} T T T
|
il h‘ ‘\h‘ I bt o | i ‘u ‘\‘ b
TR il |
0------- - == B e et
PN l /L
oOF------ e N N
-~ o ! . N
40 1 P~ | ~ 1
0 © 2 » 48
Tine [ hour]
on/off Control Response with SP
D
| | |
D s
| | — InDoor Tenp
VF------ i Rty — QuDoor Tenp
/,/f'm\—\\ | //4»
OF - ———-Z1o__>___ 4 T AN - - -
T U2
10 | [ | — 1
0 i) 2 » a8
time [ hour]

Fig 9. on/off Ao} A3 Az}
(at time—-delay : 120[s])

Al Zbe] whE A
Table 2.9} Table 3°ﬂ <
2ol

A1 17P°l °of A
3

=50

=
it
Jﬂ

g 215l Smith Predictor® 2 &
$-(without SP) A1 A]7ke]l 120[s]
A QA7 7CH # LA, 60[s]
30[s]d wi= A H oAb 7H7E 47T,



2CE Zopg o, ofxd] oabge] AL el
g 4= 9t} wbdo] Smith PredictorE 283k 74

$-(with SP)elli= A AAIzto]l 120[s], 60[s] &

olE 4R oAV 1CAER WwA S5
sqe mgew, AR TAR AR
0[slol A= el 947t 05CAER $5a

54¢ Heln g

Table 2. /3 E] vl (without SP)

A AAZE | AL BRF | A A
30 [s] 19~22T 2T
60 [s] 16~23TC 4C
120 [s] 14~23TC 7C
Table 3. A E] v (with SP)
A AAZE | A HA | AT E 23
30 [s] 205~21.5TC 05T
60 [s] 20~22C 1T
120 [s] 20~22C 1T
4. 2B
2= E=wdAE AA AY9dy Ala"E HES
A3k 7|x2A, dE oy AL AE
o] A& %3] Smith Predictord & 7[sAS

A H Qb

Smith Predictorg
Nzgod AAEed de 2
Y, Smith Predictor7} $1+ on/off 3] =1 o]
Al A= AAA TRl AFE A H S
HA7F & S g1 5 A

o] ste] 2

o] &3 on/off ¥=m o]
Apol 7k gle

BoATs AARAR oA A7) & A
el Al A Qe o FaAE A5

10.

11.

12.
13.

- 1030 -

]

l]>|'

5l

|'-||:|

W. F. Stoecker, 1989, “Design of Thermal
Systems”, 3rd ed., McGraw-Hill.

K. Ogata, 1997,
ed., McGraw—Hill.
Yunus A. Cengel,

“System Dynamics”, 3rd

1996, “Introduction to

Thermo-dynamics and Heat Transfer”,
McGraw-Hill.

J. E. Normercy—-Rico, 1999, E. F. Camacho,
“Robust tuning of dead-time compensator
for process with an integrator and long
dead time”, IEEE Transaction on Automatic
Control, Vol. 44, No. 8, pp. 1597-1605.

1980,

Smith dead-time compensator controllers”,

Z. Palmor, “Stability properties of
Inter- national Journal of Control, Vol. 32,
No. 6, pp. 937-949.

O. J. M. Smith, 1995, “A Controller to
Overcome Dead time”, ISA Journal, Vol. 6,
No. 2, pp. 28-33.

Cho, S. H., Shin, K. S, Won, S. H.,, 1995,
Study for the
Improvement of Heating Control Method of
Ondol  House”, Korean  Journal of
Architectural Institute of Korea, Vol. 11,
No. 9, pp. 117-127.

Ahn, B. C., Cho, S. H., Tae, C. S, 1997,
“Control Characteristics of a Radiant Floor

“An Experimental

Heating System using Fuzzy Control
Algorithm”, Winter Proceedings of the
SAREK, pp. 464-469.

Lee, J. Y. 1999, “A Study on the

of Ondol System in
MS Thesis Seoul

Predictive Control
Apartment Buildings”,
University, Seoul, Korea.

K. Ogata, 2008, “Matlab for Control
Engineers”, Prentice-Hall.

B. D. Hahn, D. T. Valentine, 2006,
“Essential Matlab for Engineers and

Scientists”, 3rd ed., ELSEVIER.

Lim J. S., 2005, “Simulink Power”, A-jin.
Kim, J. J., 1996, “Dynamic Systems and
Control Engineering” CMG, pp. 524-549.



