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A Precision Temperature Control System Using One-board Micom
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Abstract wol P ZR G A Z HAeloks EFP Yol
gdot el A —’F‘:"‘J*I’} gaglen,
In this study an one-board micom controlled Z7179F FHop Ao AAEgE 2GR AL 5
precision temperature control system has been A ZHHol gdrt (2].
developed. The digital temperature control Aol delFe] AEI AAFHY AT HGH 9
system is consisted of an one-~board micom as A/D ¢} D/A *‘317]_4 = 2 AMS 37 gsto
digital controller, a 12-bit A/D and D/A D}O):E%"‘Eiw* o] & % 1]-‘@"&71] =3 13 (MCAD)
converter, a power amplifier, a NIC thermister, {31 oj&stgdr. Ao Y& gury o=
a preamplfier and a heat chamber. An operating ’i}*.l‘—‘g—’gm] ulo] A&y E PID gz A3
control program for the control system was oz Ao g2 F5E L3 PID o= g el F (4]
written in Z80 machine language. A Dual-PID & ol&F T 2E (dual mode)F A}-& % Dual-PID of 2
predictor control algorithm was proposed. Ao kel FE AestPct. oevix d2eE,
Experments were conducted with different PID, Dual-PID, P1 o} %, PID o} %, Dual-PID o] &
sampling time and limitted error value. As a Aoy & ]m-% Al g ol 43t A Dual-PID o] &
result, the temperature in a heat chamber can be ) o QJ’_EI Zol b g avlEol alu HAAE] o)
well controlled within + 0.2°C when the 59ste A te]l wmpE3 HA4Mde exE dR
sampling time was applied to 10 sec and the A=Al oy, AAZIY ATE 10329 AL,
limitted error value + 0.5 °C under the dual-PID A/D Y D/A ®¥|o] ulE L 120 E 9 oo +
predictor control algorithm. By means of 0.2°C 7tz Aojrr 735 A3 A ﬂ} oy 9
one-board micom overall system has been reduced c}.
in size and volume, thus the system becomes MYy &% Ao mF e 780 AR AAHEY
compact and less expensive. DAY &% HYE 0°C oAl 40°Col 3 ¥ E =
+0.2°Colth. ¥ dyoly YAMLY Y &5
1.4 2 Aol Al x®e 2RV E L Fig.13b el
A4 AR gL Hay ge|FoAT AT
Heoz Il oeg Torvrl ez FFt7l
o E ZelFolth. £nE WYANA Ao Dok ‘ﬂ”i’ff’?f.“»'f.“-‘fﬁ
Az vE dFelg FYUsHA e oulst Hrth. - —
S5 dyAeA 3% AWsFes s9ws —-Q“ {k@}ﬁ]”‘*@*'{wﬁ
of #FY FHu g 4P HYW =9 §A% B D
sy¥ct. AE2EY AA2 v FL FAH: WA Cooverter  Porer fp System |
A¥7lT e 93 58 #Asted =+ 0.5°C __
olste] H¥xF g3¥ch. oI} FYUW L E
SAstEd AAAQ FAG AN ALY e e
Zli*i 05194 Eheoter. e N2 gy '
39 = &) H = (thermoelectrlc heat pump)2 WD Caverter  Prep  Sensor
Agste g FY &5 Aoz sbsstA =g,
R | 0131*\_’ qd34 ﬁ‘%’ o} no] =% HEe
T oEY AU 23 Ao A 2¥o] 711‘2-491\5}[1]
o] = o} A]{;Eﬂ% gex, WMy ==y, Az Fig. 1 Block diagram a precision temperature
ZE7], vl Y Hojv], A/D R D/A V¥, 25 control system
Mg 2 Hodrt., o &5 Ao A"
Aol7] 2 APPLE II uto] =23 FFeE A£3F
t] 2] & (digital) A o] g4 o]}, 2. 2% 44
]zl E Aol P2 Feo] ok dE 7 (analog)A) o
Wil wisl FUE et VAl 1 FEoln, Ay 5 Aol AABe Fex, ¥H FF,
gl gtol i}l AFE HA wow, =S XA, B2 5%, A/D Y B, D/A PRI,

2Ry one-board micom 23 FAIE o gt}.
»
[+]

gt ooy 2o gHel gct. 2.1 %82

2 Ao FojH AW &% Ao A2 E
oS A3 Fgsstr] M 99 ot =22 A FE Fez: 9l¥ x4 350(mm)x200(mm)x250 (mm)x
tj4l o]  one-board micomg A&shgrt. P-2= x110(mm) ) B& o uedH Aolo= THgx
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M 271 gxE el Ao
£ =9 Thermatel Aiv]AEE

N’I‘CHUI*EP} —S—E.PJ Zotof wbel S X3
FAEZ o] £% Fte] westE A HY
*'IE v} 37} TNM A3 328 Ao,
Op. Amp 3248 2t 83lo] M3 320 £Y¥UY
oV oM 1.97VE A/D ¥ ¥7j2 A G AFHBGY O
odx 5VE Z2=ZAv| = 33 E HAstYd o, FE3
28 g3 Yuiojv A 2AE sy $3to
A 2RME oj &3t Y HNEFE FAGHA.
2.5 A/D 9 D/A ¥ ¥7

A/D AV Fa w2
2] ADC80Z one-chip ICE s}
Abge 1291 E, 1 x1dol 3, 4HYP
ojth. HYEE 1/2ISB ol 1, ABATE 25 P sec
ojtt. D/A WHI & R-R Helo] Arjely P#P
vl 2] o] u] = Burr-BrownAl 2] DAC85-DBI one-chip
ICE A&stgrk. o W¥IY AFE 124 E
13, &YFLG2 -5V oM +5V or},
A¥EL 1/2 1B o] 1 WA 2 300 msec o]tt.

< Burr-Brown#}
t. o] Wi¥e

e OvVola 5V

1 .

5ol 9+ 2516 EPROM} static RAM9Q
ovl 4827 71gAAe £ BFYY & AA
oJolrt. 928 Fe: 2409 AeY HE FE
rogramable 1/0 % E o 8255 IC, 16749 A 28 A
7} = programable PIO IC, 4740 %3 ¥ s} 2%,
el oj ] 8 2= programable CIC IC7 gt}.
2= 19748 Jl57], 1672 1604 v, 1749
7] -2 = (Key-board)zt 9l ovf
6712] LED t]jAFe o] (display)”}

oS

vtoj2 2 =2 A8 A/D 9 D/A JE|stel e
Mo~k P-2= utolFel 280A PIOY UEY
WAy o g }21 th. A/D DB 2 dojE} w2t
2 ICT74 LS 373 (buffer) 27 & o]&3}of 2Z80

PIO_J AxEs9 BxEo Adsigeoen, o=y
t] 2 = (address decode)y Z80 CPU?| of =& A&t
Al0¥ 3} A139 & 74 LS 1388} 74 LS 043 A &3}
A/D #¥)o] WPyl A vinFg VYL H

stggoem, D/A A8 Yojrt MAeQd e IC T4
244(latch) 271§ Abgsto] 780 PIOY AX =g}
BEEF 9Astd AA Asdct.
go] 280 7] o] IN, OUT YR o &

H-2= wolg
Ll SJEE_E Fig.

dolcte 4%
A} 3T
8T YU ex Ao Ax
2 8} e},

Fig. 2 A circuit diagram of a precision temper-
ature control system using one-board micom

3. Ao d2elF YA

Aol 4 7eF2 M4 PID (proportional+inte-
gral+derivative) o] HF4]o] VY o\'% Fo] ¢
Bl EFE& &3 PIDoF Ao FrelFa oJFERE
(dual mode)® A}-&3}+& Dual-PID Qé “"1 1 gl
2 E& AAstdrt.

A g4 PID o] 4t o] FP42L Mol P4 Mx(k)e
ofej e} o] EH AL,

Mk(k) = KP x e(k) + KI x T/2 x {(e(0) + e(1))
+ (e(1l) + e(2)) + - - + (etk-1) + e(k))}
+ KD/T x {e(k) - e(k-1)} - (1)

714 Mi(k)= k¥ A1FY (sampling)d Ao
V4o o4y, ekl kUA AEIJF A
Vo ol dxE AuFPrp. TE AFHY AT,
Kpe vl dlo] &, KI+ o] 5, KD vl o] Fo|tt.

o Aoy Ty A QA To] LA E P& (2

Ao7)e] Azl ¥t selE, AW

iy
ERy T E a2

of 2% Aojg) 1 AT Zl"‘ol A ol7] g
ex AEWL zE o) e oo
e(k+1)8] A& oFste] AT t = (ktl) x T of A
Al 2~"o] g4 sy l“*]’*"l “*ls’t}
°f FdE ¥Es7IsA Alyor[Sle 2 ¢33
MY dF g2 FR ch&Y Hol AP EPﬂitf
e(k) = e(k-1) + {e(k-1) - e(k-~2)}
= 2e(k-1) -~ e(k-2) = —————- (2)
A(2)g Yol uidste Fe|ste] PID o
Ao} djFE& FEY AY A2 HHYoR
E3s 4 ()3 Fet.

458



Mx(k) = M¥(k-1) + (2KP + 4KI x T/2 + KD/T) x
e(k-1) + (-3KP-3KIxT/2-2KD/T)xe(k-2)+
(KP+KIXT/2+KD/T)xe (k~3)  ———-—- (3)

o7 A Aoj A4 KPKILKDE 234 3% AA
Selo) olsly s,

PID o] % Aol d1e)5Tes AHolg stgle
A Ao AT o 598t A o)
7] w-gof AAbelof A E Folv)
Asle AA FHo &7
sS4 A e 2oy

o¥
b o2
2ok

st AT 2a HSue]l Wl PID of & Ao
dieFol HEHEE ot 4§ "Dual-PID o %
Aol ahre]lF” ojet Wax wWH s,

of duelEE ¥ $HHLE XYY hH

Zet.

e(k) > | LIMV| ¢ 4%
Mx(k) = Hox e (4)

e(k) < | LIMVJ o e
Mx(k) = Mt(k-1) + (2KP +4KIXT/2 + KD/T)x
e(k-1) + (~3KP —3KIXT/2 -2KD/T)x

e(k-2) + (KP + KIXT/2 + KD/T) x

ek-3) e (5)

7|4 LIMVE ADex o8 eln, Fma
&% H4A YYez % sl 5 (KP)2 13.843,
.0025, b} £ o] S (KD)& 700 ojt}.
1 + 0.
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4. -2 = vtoj ] Ao =3 1P HA

¥-2E vtejel AL g 1800 - 1FFF
wale] Eg H-2E upo]F el Tz oA A
A g as dolelz AMAskyl A FeElo
(clear) 3tch., 1t by A/DEER7IZ Ry  27]x
252 gdol Eof ofgi T &5 o3 HRolo

H-2x= oto]e 2YYx|Y  LED £ Fxo
vhebub, AR AbE LED ¥ R x|o] "rEq'7t
EANEY v -2=8 Bt 8758 9N E,
g 84 £EUE AL ¥, 2 oo

Alvg HF7Aokv] $islA Z80 CIC e ol wi (timer)§
27 AdAStL, LED YA FAq 2xs
8725 E  EAsrl g Aol dolE
Hed 16 4£Ex wBHG Ay, AFY A9
%L Z80ACTC 2 Efolm 7z & ol &% Elojn
olgly = =¥l (interrupt routine)& RE:- 4%
Ebolmi = ABEA A Tro] FHW 780 CPUS| UEF
Eg Uk, 28w H-REZ uely Ao =22
Ae deFPE Hejur TE2F Aol AR
b 9EYE Moo A FRgME AVFY AT
Ho, A/ 3oy gy AL &5 g A%
o ofdg 2 &% UF ANTE,UAY 9FXE
o sl sk exb FHg A4 k. AEFA TN
zystalgey A= Mojuja FE L wpH
vhgeh. Trer o xp Zho]l A& s 2l Y3 AL X
Hgk 2 A 2HP5 A2 2uy Ae,
e AT 2P Fo] 023, P F) Sl
d4¢ e PID dl& Ao drelFof sy WS
2] Zte] A4tE = Dual-PID ol % o] <& e]Fo)
Ak, HagE WL P D/A BB
2y 3o s D/A PRI ET FHEHT qE
HE Mojula 2¥le] Aol Frp, TFA o}
932 &5 3U#A 27 &% U& LED £ A9
893, 299 A2 elojw JEHIYIE ¥4
ojslA 780 CPuol PelH = A4 wiztx] 2 U E
AL 2P, thge AFIY Aol HY grojn|
PP E Txiof o) 280 CPU QE{H =V Az
2, 9EYE MojulaA ¥ o3 FHFosM T
A/D H¥VE s 2 Wy &% ZE 9ol

olgz 2 &y Uoz
Aot M3 HEgo T
AAagy &5 AoB F=x
A e ¢45 sl Fo
Aol FHF ARG
TEHEEZ ey Fig.
< 280 71Alol3 Ao
A% Adae o=dga 2
=of 9+ [GO) 71 E »
.

Fig. 3 Flow chart of
control program
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A2 =HE =d
33 k. Aol 3z R
6116 RAM of 2] @A) 71 t}.
0008 & Q1R Yy 7)-8

29 Ho] =3 Ao) A3
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[Read tme from 280 CTC |

Sampling Time
Y
Read data_from AD|

Colculate anlog pre—
sent temperature

Colculate orrta

MO 1s calculated
PI-Predctor

the precision temperature

Mulore N T ok b vt adalo NAd MLl 2 p B

4.2, Aol =z A

®R-2= vleojy A T2 E 280 ojME
(asgsembler)2io} & =433t % APPLE IT vfoj2 3
FE o ce/mdolM 280 Futgdelg ol &5ty V1A
Z HegAg, Aol =g adolx A/D P
Y U2 oAy 25 U2R FAHRE ofdR
€% oz wusYAM 167 FAS 4uo)
27 -BCD 9% 3wvg Aggstgdr, 4¥Y s
€5 U& rAg g3 +E gz HBy
$1s4AM 1upol = BCD-27 ¥ ¥ eial 81
Abgsbgdrr. = oA AR e VX E AL
o, AL AHr Fol HE FLv doiM AL
Aol 249 slo)Eo] RUAEFE A YstE vwpolE
o, ALY Jtel 49 FeE 00"y, AKX
A7 §9 WL "FFP ¥ wbolE
AFHAANEF st 22 Medge MYt
Hol dzFol s [P+ F AL E
ol Gy st Fe Ryof ubel 271x] P
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Fig. 4 Schematic diagram of experimental set-up

Table 1. Specifications of experimental
apparafus
Appartus Specefication Manufacturer

N o

—_—

One board micom

CPU: 780, ROM:2516
RAM: 6166,1/0:8255
, Z80 PIO, Z80 CTC
DIAPLAY: 6 LED, 36
KEY, Power: +5V

Multiltech
Industrial
0. UL S, A

DC power supply

input: 100V AC
output: * 20V, 57

FD Engineering

DC power supply

input: 100V AC
output: + 15V,
+ 20V, * 12v,5A
+ 5V, GND, 1A

Korea Computer

AD Converter

12 bit , 1ch
input: 0 - +5V

Self-fabrication

DA Converter

12 bit , lch
output: -5 - +5v

Self-fabrication

Heat chamber

350 X 250 X 200 mm

Self-fabrication

Power amplifier

input: -5 - 45V
nutput: -3 - +3A

Self-fabrication

Pre~amplifier

input: 0 - 2.01V
output: 0 - 5V

Self-fabrication

Level recorder

1R - 01

RION, Japan

ne N

Temperature probe

NTC Thermister

THERM, CGermany
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APEME T Ud¥YAe 28 B4 Yo x
P-2 = ubo] el 6116 RAMo| #-X = upo] 3 Ao
EZE28 dHA7Ich. 2 kg @W-2E uho] o
3 4] 1%%1iﬂ= %Mﬁﬂo =2 3908 o=
A9 2000902 & JlE o] BBl AYFE v -y
= g9+ [G0] 915 “E"d Aof =2 1] A
Holzlng , 27] 22X} LED t| 2 g3 o] 284 of
I R g= :Eﬁ“d A A g 2T E Yt
olgA ez & Aol T APH D, 280
H-2= DFO%M “Lep vl 2 FeE o] YA L
AQexel 47257 EAHW, X-Y 7] 27 o4
T ORE W OAT F4E 3. A¥Y zRe
AR =M A3 ex ¥4y x0.5c°2 83,
AEY A7HE 10z, 202, 3027 #HPAr| v
A e T (BXP.1 - EXP.3), 7 dR =i A=
FoOATE 02T AT, AT ox WF +
0.6°Cc o x1°cC2 Z3¢E AYshYrh(EXP.4 -
EXP, 5)

6. 4% 4z 9 %

M-z ool PE ol &oked YW &5 Ao x|
€ HEY ZTHe FAE Table &Oﬂ ’*‘EI shgitt.
Fig.5o] & X-Y 7| 87| 2 7] 8% 47F-25 @2 2
Mg walshgdt

A3 1, 2, 32 YRrsEda A ox s
*0.5°C% s+, AFY ATg 102 , 20%,
307 WAskHA w3 AT Zojrp. AEg
A 7ro] 2029k 30 ¢ P A AEY x| 7Hubg g
Ve ¥A4E vetugict. AEZE K 7ve] Zrpdta
F A xEle] A 7F whEo] HME Aol =A v
AE T Ao 25 ox ¥R 2R L 2e2c).

Ay s 229 #Hol 23 W7 0.1 °Cof 4
0.2°C ool 1, A% 2:ME - 0.3 °CoflA +0.8
cColuolx, 4% 3exs - 0.2°Cofxy +2.01
cCojroltt.  of 7] A AER Aol 1029 wrt
7ty Aelvt gwe ¢ 4 9.

r

49 4, ¢ HdrmEdM PEY AL 1023
SEX, AT 2x Y4 E £0.5°C, +1°CR WA
WA w2 AYHT Aojrk. AT 2ak W3 +0.5
°Cq FET +1°C Henh e AE Hape
UA T F A o] wpEw Habae] o apvt .
AT oA A4 A A g Habare
LAt FRE viNE A g 4 Ao, 4Y
4o M= 2ol Aol 2x HHT - 0.2°C o4 +
0.2°C ool AY 5SefxE 0.4°C o4 0.8°C
oftfolth. A ex YE x0.5°CER Hot:
7ol wparH et ‘al“é A3z YAr=Es sgr =

At A dde 4 s

7_51_37403 gg:xvd ,x,] Ox ;q‘s} 3_7‘]“
YHE 20.5°CE e w £x Ao 24
HLs £ 0.2°C AR Aojr ¥ eEe g 2
gk,

Table 2. Summary of experimental results

l;\]rx‘mu-nl[ Swpling ] Limitted | Initial | Required | Error temp.d C)
Line orror temp, temp.

No. Lae] [l [°C] [+c) Mas Min
Fap. 1 ¢ 0.5 24.05 19 0.2 0.1
Exp. 2 20 j 0.5 22.85 17 0.8 -0.3

1
Exp. 3 40 i 0.5 19.66 14 2.01 -0.2

}
Exp. 4 10 ] 0.5 21.77 27 0.2 -0.2
Exp. 5 10 I 1 18.31 23 0.6 0.4
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Temperature [°C}

EXP.
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19.

EXP.

Temperature [°C]

1
3ofF Sampling time = 10sec
Limitted error = 0.5°C
24.05 \
19y —— -
15¢ Py
T : 1 - I A LT
10 20 30
Time[min]
2
Sampling time = 20sec
Limitted error = 0.5°C
22.85
17
15 o=
Time [min]
3
L Sampling time = 30gcc
25 Limitted error = 0.5°C
66
14
10
Time [min]
4
Sampling time = 1l0sec
10 Limitted ¢rror = 0.5°C
27
21.77
15 L
AE, L 1 1 1 1 i I
10 20 30
Time{min]
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EXP. 5

3¢ Sampling time = lOsec
Limitted error 1°C

23

18.31

Temperature[cC)

15
2

7
-
)

A
10 20 30

Time (min]

Fig. 5 Temperature responses of the experiments
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g2, A% AYe v Adad ue des
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WAY o2 wos Axgel 2032 FA 4
ko]l YE vl Pk R dUh. Ao dag
Fol wpap o AT o2 AT Hs) Fojopdt
t}. Dual-PID ol & Aol gaelFoje +0.5°C 7}

1gdE & 5 drt.

(2)280 g-2= ulolg & Aol7]Z st 12 w®E
A/D Y D/A RV F AL Dual-PID o} F Ao
dre|Fer 25 Aojg T AN g E o+
0.2°C 72 HuotA Hoigdg dyvh

¥y &5 Ao =R ¥fg EPROM =3 2ol f
01%31'01 EPR(M2716—‘,-§—OI 7] 9 "’"1‘?? EE:@%

T3 REY 5+ A3, H-wE o Ho] g
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