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[Abstract]

This study designed and developed a temperature precision control system for a small chamber that can be used for plant
research using Raspberry Pi and Peltier module. The existing system that goes into a small chamber was a simple on/off control.
This greatly affected the temperature, which is a factor closely related to plant growth. The temperature was not maintained, and
the vibrating phenomenon around the target temperature was found. In order to solve this point, this study calculated each
temperature and the control amount every 1 minute through PID control to control the Peltier module. As a result, when the
external temperature vibrates in a decimal point unit at 22 degrees Celsius, the chamber implemented in this study was confirmed
that the internal temperature of 20.2 degrees was maintained for about 20 minutes. Through this study, it will be of great help

to researchers by realizing factor precision control even in a small chamber.
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Fig. 1. Peltier Effect
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Fig. 2. Medium Plant Growth Chamber
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Table. 1. Saturated vapor pressure extraction code

IE

def ASHREA_WaterVapor_SaturationrPressure(Tdb_C): #Tdb_C
or Twb_C
C1 =-5.6745359 = 10 »* 3
C2 =6.3925247
C3=-9.677843 » 10 ** -3
C4 =6.2215701 * 10 ** -7
C5=2.0747825 * 10 »* -9
C6 =-9.484024 = 10 ** =13
C7 =4.1635019
C8 =-5.8002206 * 10 ** 3
C9 =1.3914993 * 10 ** 0
C10 =-4.8640239 * 10 »* —2
C11 =4.1764768 = 10 ** =5
C12 =-1.4452093 = 10 »* -8
C13 =6.5459673 = 10 ** 0

K_Tdb =Tdb_C + 273.15 #Tdb_C or Twb_C

if Tdb_C < 0: #Tdb_C or Twb_C

AWS = math.exp(C1 / K_Tdb + C2 + C3 * K_Tdb + C4 *
K Tdb **x 2+ C5 » K_Tdb ** 3+ C6 * K_Tdb *x 4 + C7 *
math.log(K_Tdb))
else:

AWS = math.exp(C8 / K_Tdb + C9 + C10 * K_Tdb + C11 *
K_Tdb ** 2 + C12 = K_Tdb ** 3 + C13 * math.log(K_Tdb))

print("saturated water vapor pressure", round(AWS,2))
return AWS

http://dx.doi.org/10.9728/dcs.2022.23.3.541

544

ZX|(J. DCS) Vol. 23, No. 3, pp. 541-549, Mar. 2022

x2 o4 gk F& FE=

Table. 2. Relative Humidity Extraction Code

def relative_humidity(Altitude, Tdb_C, Twb_C):
AP =101325 % (1 — 2.25577 = 10 ** —5 » Altitude) **
5.2559
Saturated_water_vapor_pressure =
ASHREA_WaterVapor_SaturationrPressure(Tdb_C)
# saturated water vapor pressure
Absolute_humidity = ASHREA_HumidityRatio_AWD(Altitude,
Tdb_C, Twb_C)
# absolute humidity

RH = Absolute_humidity * AP /
(Saturated_water_vapor_pressure * (0.62198 +
Absolute_humidity))

print("relative humidity", round(RH*100,2) , "%")

# Saturated water content
SMC = Absolute_humidity / RH * 1000
print("Saturated water content", SMC)

#humidity deficit

HD = SMC - Absolute_humidity * 1000
print("humidity deficit", HD)

print(" ")

E 3 Hy &% 55 3=

Table. 3. Absolute Humidity Extraction Code

#Absolute Humidity
def ASHREA_HumidityRatio_ AWD(Altitude, Tdb_C, Twb_C):
if Tdb_C < Twb_C: #<
AHA = "Error in Value of Temperature. DBT>=WBT"
else:
Saturated_HumidityRatio =
ASHREA_Saturated_HumidityRatio(Altitude, Twb_C)
AHA = ((2501 — 2.381047 * Twb_C) *
Saturated_HumidityRatio — 1.006 * (Tdb_C — Twb_C)) /
(2501 +1.805 * Tdb_C - 4.186047 * Twb_C)
print("Absolute Humidity", AHA)
return AHA

Y 62 Measuring Boxe] #A| F+Zo|t}. 3|Alnc} A
T2 HEA STk g2 Ui o] 72E webka o
6AlA & = o] EFel FAVME 'e o, dF
, ©] W& X84 PT1000 A< SAshd, 8]
=] 718ksliA E& 7RIt ol &
& T-Z0o|t} Measuring Box&
o] A x99 S 250]
=2 AZtele 7128 ovjgitt 19
HEo] A&
H AFelME Ao FE7F ol Al
wdetne, A 20 5 S5 AR}
T8 Al AR B kS =ESqlnk

=

I
o

oo 24 o e
(o
fu

R

>~
&
:%
-
:cg‘

[o3
o
ok
nu

o

2 oy

¥k ke 3o B,
IF %19 3% 27F EslsTI g s e

Python ZEE A& Aot} Z 194 Tdb_C¢ Twb_C¥ 2zt
ZF AT 258} F- S22 B2eit) 104 yeRhd Zzke] C
e Z¥7re] argegkoln] SIS Tl $1st jkelot



F &3 F=olt} Altitude™
10002 A4
A

Eaymi=4
\=

3-3 Actuator

A=l

T AR FAE] k. 2% AoE
BE, FEE Aol fg FE Alo] BE, 2k B3 Al
o} 37|15 @dsh= 8] BE 183 AA on/off Aol ¢
gk 7] Alo] ®Eo] gith
25 Ao] BEL Peltier Module(ZE]o] 25)7} Relay
Module(Zelo] B85)= A 5]o] ek HE]o] RES oA
e g2 dHavs o]gste] vk HEo] AxE F3
she] mER ghE Zloltk & 54 F9] shis 55 v
2x wE B S wake] vtk 13s sk 918 |
fo] RES o]gdle] 5 AehE sHes sIGit) HElo] &7
3718 71U BAAA Ao R ALk Ble)Y]
wjiZoll, d&o] Wt 1A & Ao a8S =o)7] 9
FES Fo|7| 2 319tk FEjo] BE2 12V 24A0]aL,
52 9 A 12V, HUAFE2 30A
7L 2 Aol A ARg-gE AE]o] KEo|t]
PWM(Pulse-Width-Modulation; H24 % W% Ao])S
ARESEe] PID AlolE & 4= Qlch 1efuh oA A st HE]o
AJstr] fleiM= DElolE Aok she | dilo]
I Stk 1EmE Ady) o] Aol
A=t 24L& MOSFET(Metal

Tt A= 2 Aol A ARSEE Rl el Adr Rtk

e =% Ao

= O
Eeae

= o] kg WolEY

o AzE EEd

===

Oxide Semiconductor Field Effect Transistor) Module
oleh= Aolth, 2914 Sxr} 3] wher], N9 wi pY
9] ¥t=A] ¥39] Drain, Source®} &= HA e} vhfjE =
WA FAIGE WET, BAFO

TER T3] 18]

e AlelE A

gl
3—&1__1:_.0]
12 3w

a8 7. el 25
Fig. 7. Peltier Module

545

HElo] 25T PID HO{E o| 2%

2= HAHO| AN T

22 8. MOSFET 25
Fig. 8. MOSFET Module

Drain (1)

Source (8)
] (8]

C

Gate ()

Ohyide (8i02)
{thiekness

Channel
region
|
L
>
J+type substrate
(Body)

1

B .)dfr'

38 9. MOSFET 259 7%
Fig. 9. MOSFET module structure

o] BEell= 27FA EAo] &, s Hilo] EEA
2 293 7150l Ak B tE shuss, 18 994 & S %)
59| Source®} Drain Aol Gated AH&-3te] Gate2] 4]
AZHe B3 AdY AFE 24 4 QY o] WHS ARE
st PWMS &3l Alojdd 5= 9131, o] volr} HE|o
A A3t = A ST

FE Alo] BES 2595 o83 71571 AAe &5
TFAlE EF5o2 Ho o B AFoA] ARES BE
‘SZH-HUMO03’ #l| %]t}

317] Ao BEoll= dukyQl W2t fol st
Elo] B A7 Wk a0 Eo| gojx]7]
Al fo] FEolrta, T FE& Al uf, 2AF-Z FEortA
3o, FE Alojol & HEAR] JE-S FtEs 33T

==t

= O
Eae

48 At} A8 S ALgsto]
Z¥% Sensor®} Actuator® X st W

&t7] 91 Ejo] 3ol x5k}

= o
Eae

1B o

i
2

http://www.dcs.or.kr



C|X|H 2El = &t5[=&X|(J. DCS) Vol. 23, No. 3, pp. 541-549, Mar. 2022

F7heele] Welo] BES FASTE 17 102 Hol 31
9 P29 Belo] BEOITh FE BES W5 A5 el w1t 87 deleE Age 459

glstley, U] REER §5d 9hA 2R3tk T8, dlo|eE #e]sk= dlol €23k DatabaseE AAIskal 14
W5 diole] SAE Yl A8 o Measuring BoxZ A sholt). A== diojEl= o] 259k U§-9] £, 18
A BT & 25 S-S 9IS AlA= o) W] g a1 9o 257 AFE) % 45 1 ofd dlolE 7t A%
S A o= A vl AAEsith 19 118 HF 2| HeA & ik

Sy otk

3-5 Database AA|

7
1
s
5
E
1
.t
T
it
&
i

@

B B o a
5D hS e S S S S

e el e e el e e e e e e e el el ol S

. 13
T8 10. Holl MAT HE| 25 a8 12. WF DBol MZEEl HlolH
Fig. 10. Peltier module attached to the wall Fig. 12. Data stored in the internal DB

E e oS s iom
Table. 4. Main Table

Inside Temp Inside Humid
Field Type Null Key Default Extra
int(11) ) . -

! h NOT auto_incre § i
_id gnagne NO PK NULL ment J Y—M'NWWI
nott! | float VES NULL T e i
nolt2 float YES NULL
noztl | float | YES NULL

. current_t :

tim datetim NO imestam Qutside Temp

a8 13. Thingspeakoll MZH= Ho|E
Fig. 13. Data stored in Thingspeak

TempControl Board

InTemp InHumid OutTemp
22.2C 55.67% 21.5C

18 7o

TempSet | HumidSet off

L. o 38 14. AREAF QlE{Ho[A
8 1. =8 2 Fig. 14. User Interface
Fig. 11. Assembly Complete

http://dx.doi.org/10.9728/dcs.2022.23.3.541 546



v. 3 3
4-1 BLE{™ A| AR 13

gtz=wl2] sto] 45 ARE-8HIAL Python 3.7 W%-& AHE-3F
of TSI B3 opd R agls Wolse]7] flE) ofFol
=5 AREERSIaL, dkzulE] gtoleh opFolie 7F FAIS Al
A s Ak&o}oﬂE} 49k 19 129} I 13& BH 4
o[e] A& flaliA Wi DBE W&z, HolH Aztsks &t
7] 9J&l, Thingspeak Al]EE o] 8815t AFEA7} 717
g sl U "esteg Uls T4asigich Ul 74
gho|Hefeli= PyQts gteluelglE AREEglth ok 19
14+ PyQtb® 7@ Ulolth. o] UlE AR&ste] AREAP7L
U 255 248 4 itk B3 ik 240l 7hssith

Bk 8 165 BN ¢ 5 ol Uls geliM dA) i
oo A W Fie, el A o 25 o Qe
= Ao dolHE Byt B o] REo Hu
Ao] o} HA Ao =g FAstaL, Alo] FEATHS F
o] s FEAEE dojuA] Al AA B &Skt
T, A7 AZIAY 38 7ok & Adsto] AZE WE v
ato] BLE Alo] AX|7F A= HER TSIt

4-2 o] A A% 1

B Ao A= 1wl PC2l Raspberry Pig 7|&08 F&2
Relay Module & ¢]-8-3}e] ActuatorE A8}t 11 14
£ HW UIE &3l ARAE Qlo)9] 25 FE2 Alofd
QQuE dr}y. wak 12 152 nw shzma] o] A
QAR HR|£=THE o]&ate] AR F5FH shHo) 0}‘4

- o R % Aold o AEE Gk

HE]ojol] AAH Relay Modules E3f = A% 3 &=
RNE=F Gl = AES Sal Wvhs g A8E 3
t}h 19 163} 18] 17 PID Alo)7} opd = A3HS B3l Wy
whl gkl 18hs] Aol sl ghlsh] $13h g eltt
gk, ZH7b e Wbl 222 o] %o Hjo|HE ol ez
£ 19 Blo] ofe} AAZIO R HolHE Kol e kF

o Wby 242 el vheat g A3t b Rl
WA el Eolrkr] A Bel obpHl 8L S Wk

S Aol Aol o ool atoli= oF 1% W9t} 1§
163 27 172 ZHzF bl Alo]l yiite] 22 dsle} Hio
Ws) aEjal o SR E ASTo RN, HEjojo] Wl A
T Gl WS SRS Al W] FETt ofE A W
s=xol disl] Blek AAH 12 E YeRd Zlo|t.
za 160% ;Odfﬂ$ A%, 13A4] 50EHE o] Wyt
ey 10174 o] Agstal e A
ﬂlt}. %E% xﬂ% Xl ertch WS AlASEAL Ui 27t
1HE:]7]-T‘:— ﬁg §]'° O]'MJ— o}‘]

HE|of 2E2PID MO E 0|83 2 HUKO] AIAH it

e

J3 15. Ex|A3E
Fig. 15. Touch Screen

|
Inside Humid

Inside Temp

Field 3 Chart ol

QOutside Temp

O3 16. WY Al 2 5}
Fig. 16. Temperature change during cooling

Field 1 Chart 2o s Field 2 Chart 2o s x

Inside Humid

Inside Temp

b

Field 3 Chart 2o x

Outside Temp

—_—V

38 17. M A 25 #HEt
Fig. 17. Temperature change during heating

http://www.dcs.or.kr



o
]

T
rH
u
[
o
]
ir

Inside Temp Inside Humid

Date are

Outside Temp

J% 18. PID MO Ale] 2= B3t
Fig. 18. Temperature change during PID control operation

7 vk o] AP et 13
5% FEaGITh 1547 U ext
A 3250 BRI, B4 9150l LR M 2170l
olek. g, BeElo] miFe] W) v Aol ek 4

o 182 PID A& ARESte] Aol
5A15E PID Ao o]g3)] W sle= 3
g]lﬂ A=Y /\4,54] 22802 7]&3]_@.0_ ILH,

N
oo
o
pady
)
£
|

, JJr s

189] o4 & HIO]H W A

FHE, 2% Fol 274 dx}ﬂ SRR HAEHAl REskE

Fol Witk et & AFelA A Ae EojE v
dlelB e A4 gh& oF 2083t A8k A5 ezt
A FAGeZA, 7hes A vyt HAekar A7k

},

V.3 B

B o)A HEjo] wEI} PID A0S o] &3slo] 4d
o] Ao A|2ElE FAsGit) V& TuUlE el &
A7k A A AES AF FAo| = T3t HE] o
BE SRS AREEA] Wireh W] 7 NS fAEHA
groble Wvhl-g Aofd 4= w5 ik Edh PID Ao
WS ARESte] On/Off Ao B QEARl 2% 3hs =5
sw= aflek efu & 2719 A7 EAEI 7 B
oA EA7F AL, Ejojo] W e FHO R Qg+
A7F ATk A HA FA = FEjo] ZE2| PID Ao E s17]
9l3 A4 ®EQ MOSFET EEo|A #4171 w3kt
30A9] ALAFE 2 =itol A AMESE REo] HEA 23|, oF
10% A% ZFsE it s 7F BAEelch 2 5 T
A WA we doAgh H Z2u AlelE <l
202000 WHEA] i F50 = KSR b)) thA o€
A A wA g 4= Ak 7 WA FAlE FEo] Axte] W

http://dx.doi.org/10.9728/dcs.2022.23.3.541

ZX|(J. DCS) Vol. 23, No. 3, pp. 541-549, Mar. 2022

A7) el 9l

o] % 7He] ARG AdaTh, 23 A E &4
A 2% AFo] g Aol A% ATolE A 0w 1
Slck. 2% 1 = 2%

[

o

g

Ao

[1] E. T. Lee, “85% of the world’s population experience
extreme weather -+ Ecosystem could collapse by the end of
this century,” Dong-A Ilbo [Internet]. Available:
https://www.donga.com/news/Inter/article/all/20211013/10
9676298/1.

[2] D. H. Jeon, “U.S. tornado kills more than 70: "Federal
resources are immediately put in",” MBC [Internet].
Available:
https://imnews.imbc.com/replay/2021/nw1200/article/6323
212 34908.html.

[3] J. E. Kim, “Central US tornado death toll likely to exceed
100The cause is "warm winter",” NEWSIS [Internet].
Available:
https://newsis.com/view/?id=NISX20211213 0001685291
&cID=10101&pID=10100.

[4] 1. Kang, “Rural Development Administration confirmed next
year’s budget of 1.18 trillion won'-- Focus on digital
agriculture,” Available:
https://www.fanews.com/news/202112091535095538

[5] Wikipedia. Microcontroller [Internet]. Available:
https://en.wikipedia.org/wiki/Microcontroller

[6] Wikipedia. Raspberry Pi [Internet]. Available:
https://en.wikipedia.org/wiki/Raspberry Pi

[7] Arduino. [Internet]. Available:
https://www.arduino.cc/en/Guide/Introduction

[8] Arduino. [Internet]. Available:
https://store-usa.arduino.cc/products/arduino-uno-rev3/?sele

Financial ~News [Internet].

ctedStore=us
[9] Wikipedia. Thermoelectric effect [Internet]. Available:
https://en.wikipedia.org/wiki/Thermoelectric_effect
[10] H. S. Yoon, A Study on Cooling Performance using
Thermoelectric Module in a Small Cooling System, Ph.D.



dissertation, Graduate School of Chosun University,
Gwangju, 2013.

[11] D. J. Lee, Development of Temperature Control System in
Aquariums applying Thermoelectric Device, Master's
thesis, Kangwon National University Graduate School of
Industrial Science, Gangwon-do, 2016

[12] M. G. Kim, W. J. Shin, C. W. Lee, “Development of Small
Test Chamber Method for Furniture 1,” in Proceeding of
the 43rd Meeting of Korea Society for Atmospheric
Environment, Suwon, pp. 183-184, 2006.

[13] Vision Bionex. [Internet]. Available:
http://www.visionbionex.com/bbs/board.php?bo_table=Cha
mber&wr id=26&sfl=wr_subject&stx=VS-3DMé&sop=and

[14] Kyowon Wells. [Internet]. Available:
http://www.kyowonwells.com/Product/Detail ?grpldx=1235

L} 2(Sung-Ju Na)

20204 : AFdsw T35
20224+ AF st Qwrete)
: AF ek Qufetel

HE|of RS PID A0S 0|83 2= MURO] AI2E 72t

&productldx=496

[15] O. H. Kwon, I. C. Kang, D. S. Min, H. B. Im, Y. W. Park,
“A Study on the Smart Farm Characteristics Using
Multiple Sensors,” The Journal of the Korea Institute of
Electronic Communication Sciences, Vol. 16, No. 4, pp.
719-724, Aug 2021.,
http://dx.doi.org/10.13067/JKIECS.2021.16.4.719

[16] Adafruit. [Internet]. Available:
https://www.adafruit.com/product/3984

[17] Priva. [Internet]. Available:
https://www.priva.com/solutions/horticulture/priva-sensors-
for-horticulture

[18] I. C. Shin, A study on Design of 100V Class Super-junction
Power MOSFET, Master's thesis, Woosong University
Graduate School, Daejeon, 2016

3 2mEW Y g Sa} £
2utE Agro ICT &3t A £4
Eobr1&etat Ak Al st

20201 ~20223: AFvhska Qukelshe AnhE Agro ICT §33H3} 44}
2023 ~@ A AFoista Qurest F87) ot Al
Aok L ALZ AN (0T), PHTE A xw, AvtER 5

=2HJu-Whan Song)

19974 1 A %ulgta gt (o] 8444
200341 A%u)sta ekl (o] shutap

2006d -8 A AFUet AFASE g
20199~ & Al AFUista Qwrolshe Agro Al e
5, 2nfeg, AR, AZAE YD), UL

AR ABA S

549

http://www.dcs.or.kr



	펠티어 모듈과 PID 제어를 이용한 온도 정밀제어 시스템 개발
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 시스템 설계
	Ⅳ. 구현
	Ⅴ. 결론
	참고문헌


