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Development of Small Cell Incubator Controller with Temperature
and Humidity Control
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Abstract

Cell culture observation and cell-based assay using a cell incubator are one of the important factors in the
development of new drugs. However, most commercial cell incubators are large in size and are expensive to
transport, install and maintain. In this paper, we propose a small cell incubator system that controls temperature and
humidity, which is the most important factor in cell culture, and developed its controller. In order to confirm the
condition of cell culture, a temperature and humidity control program was prepared and the device was driven and
the results were confirmed. Experimental results show that there is almost no difference from large-scale cell

incubator. It is expected that the proposed small cell incubator system will be available in the field of new drug
development and drug evaluation in the future.

Keywords

cell incubator, cell-based assay, cell culture, chamber, temperature and humidity

* A H A - Received: Sep. 25, 2018, Revised: Feb. 25, 2018, Accepted: Feb. 28, 2018
- ORCID: http://orcid.org/0000-0003-2960-5647 + Corresponding Author: Song-Ju Kim

= 2ol gt WyIEEY 23 W4(AIAAY  Dept. of Mechatronics, Chosun College of Science & Technology,
- ORCID: http://orcid.org/0000-0003-4161-4909 Pilmundaero 309-1, Dong-gu, Gwangju, 501-744, Korea

Tel.: +82-62-230-8290, Email: hsdady07@naver.com


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2018.16.3.37&domain=ki-it.com&uri_scheme=http:&cm_version=v1.5

2557t AlojHs &9 A2 wg7] HEEY AT
.M 2

T Hpo] 24H4 9 BIoFAQl W gl Alef A

ol &5 Sl AE wjdrIE & AR Al
Fojg #F 9 AE 7k 24 Aol FTbskal
ATH13]. ME 7]8F B4 7]<(Cell-based Assays)<
Z71AZ, 3D WY T4 Aled F53 dHow
4 A7 2 Ao g Aol JdiEE &oF
olH[4][5], 2014'd 7|ELE AE 7Rkl EAMA%
¢ 349 29 AAA HEE IR F
108 % dBT 1% ooz FE3| st
g Adgoltie).
Azujds AAside dr, Wer], e &7
ol dag o] F Widle &% % 7I2F
Y 2AES MNHLE FI]NATE A E
Fict dA I8 139 22 8-S AE aY)
7b Aol deiEa ek AR AR hREe] A
£3ke AE wjFrle FeEjek 2719 o] WA
o} fAketth olHd iy Mz wjdrle uto] 4
A ¥ AR 9} A, Baol Hlgo] ol AR
AATE AE FZo] ofHE st ol

BE AE wjde AP FHdA F23 AEE
wjkellst A wi &710] ol AlE i) Qb

R rno

Pn

A Wl S, olml £E, FE, €O, $% 59
sepzo] AEAZS AtE FFL 7147 M2
o 4 fAslofof ek

71E9] & AE wjFle Wi 727 49
| wjEo) Azujokst Ao B=3 S 9l

o A7 =
BHE el FE8b7] oyt 2ER wjde
A 83k | ek 871 AEE Hob 1

g A W] BRI s S olm A
Z B2 s NG 8712 AN A
BEES BN APL o8

7] Helide BHE

q
AEE WFsEA ARARHOR AES Byl
 $89e BEdtelor FHTHY). o W W=
Aol BFEE 31l AE}

I-

AN 22594 F
EAJo] WA o} o]¥d &
A HAst7] Y& du)7 ol Azt HH 2

$E, (0, ¥EE AT AE A7 Baw
%

A AFF EASL HAs] daA 0 Al
Z o) 2¥sEtn 7 249 715ES AF
AE erlolA FEAZE o] 27H o)
T A 249 Ng:a}, AA Az,

2sa 4901
olo] & =RolAE @A
oA AN Assta AE g 2 B !
st eHE AclEs 28 AT W] Az
9 A 1 AEEE AUSTA Bk

1. A8 MZE H|2| A|AH
1 TA AlLE 7

B =g A Agets AAHQ AlxEe 4L
g 29} 2t} FA Av|(Chamber)2t AEEE, 7}
712 o] FoA St} AE wigr] i &5 ¥
FEE Aofstr] ffste At Anjol sE =t
2x(Heating Glass)E ©]-83t W7l Hole F2E
As st ME AdEe AZuY s 74
At 7HE71E CO, 7HE 719 A gt
© 9%< A "ok E3 o]EE Alolsy] A%
HAY 43 Pc7} 2 ﬁéiﬂ% 7N shod .

[

[

O 1. AESE ME sy
Fig. 1. Commercialized cell incubator



Journal of KIIT. Vol. 16, No. 3,

O 2 ©H AlA" 7M
Fig. 2. Configuration of whole system

22 HEZE A4

AEZHE "¢l BE AY TFAX, EXF
g PCE F45] Stk ME uljr] Wil &
o = AAM 9 3HE Aofshe s
Ak AZE PCBE Al AYE, Ao,
AC A9 Ao PTI00 2TAIA SHEZ TAF
o] AUtk

AT

e
. =5
22 45
Dl 2 B AL T
= § X
bom 3| 8 Far—¥
g FE2 g
Y FE4 T3 2
| PE3 (NTS) =
bommmm b= 128.CFP 3
Se——| =ET (INTT) AREOAR ¥
0 o—%
son TP —
= P8} 0K T
X737 FB2 (MOS)) T—¥
A S| P81 uisa)
i Pat
AT | P36
o e
[
- ]

O 4. o
Fig. 4. Main control circuit

pp. 37-44, Mar. 31, 2018. pISSN 1598-8619, eISSN 2093-7571 39

A
(L

r“

8 3 HeE HEEY EE
Fig. 3. Developed controller board

olE<(Artwork) A7 Al DC& ACHE # A3
T3t AC ol WAe £ER Qg I B
g AN ¢ JEE AAHAT 53] PTI00
LEAAM 4 A kol2E Hasksl| $8kY T
A9 Jgh$Ee) o2 I E Balaie] A
AR T Hlolof(Via) g wixste] T2k
T A9 oo W EAES H23eUth 19 3
o AZH AEZ HEolth

ERHT

12

= fin)
e

A0t

M mosour
TOUT |7 oot ut

ol Molf 32



2557t AojHE 43 A wWd] HESY AT
22.1 HI Aoi % 32
mQl Ao AgE= violaE HEE %%
ATmegal28< A3t TE ATmegal280l WA 1
HIE AD AHEE o] &3dta] dARto s 255 %
gstal o] d©lolEE 7MECE AC, DC 3|HE
PWM(Pulse Width Modulation) #|oJE 3t} T3t
USART 541& &83fo] pCo} vlolHE $5413
I BYE|Ho] 7hsetn Hdshe AoE & F e
A =

ATk I¥ 4= HWQd AR I=E

us

ekl

222 DC-DC AHE

DC A3 2= 24v Aol 7kE o 22t 12v
o} 5VE 2YHA AU S22 3HY| A5
A 25We AZS ARSEE oF WA Y
o] 7Fsd 2~9A #EHolHE AASAE W<l
AojRE= gYyo] gdclHE Hds FFh 1
g 55 DC-DC AHE 3 ZE Yepith

+12v +5V
iR T
u4
D i KIA7805_DPAK 5 1
\ vo
o
=
1N4007 o

c17
1000uF/50V

- “7~ c13 =
220uF/26V

VIN

(=]
=
o

A (T
- | LM2576S-12 5834 . T~
§ R13
< 220
<
-

FB

L1

ouT

$C12608 o

W ep

ON/OFF

De
c18
220uF/50V/

1@ 5. DC-DC ZIHE 5|2
Fig. 5. DC-DC converting circuit

=
o

ci8
o1 "1
47k

77
it
k=
=
T
T
w
wz2
470 1%4]
TN
===
BT /J_,

% 6. PTI00 24AM £H3 2
Fig. 6. PT100 temperature sensor measuring circuit



Journal of KIIT. Vol. 16, No. 3, pp. 37-44, Mar. 31, 2018. pISSN 1598-8619, eISSN 2093-7571 41

223 PTI00 L5414 24 32

CEAMZ AFLE PTI00 AMS 2437 Y3t
o] OP amp® HEX 32E TASATL 0~255C
L5 FE 05V RgF #e= tﬂ;:@}&] W3lE A
]} AD 7—]1:1-]151E Ejlo] o% gtog “di?_]' ]

§\i

7PAR S

s1A éé;lo 0% %@,
SVE 243 %E*JH A

A5 AT £ Qe
g 62 PTI00 SLEAA =4
ﬂie LERATE

224 3|H Ao|3Z

DC 3JE] Aol EMA2ES MOSFETS ©l
sto] AT wlolARHES AN Y
PWM 213+ %4E3(Complementary) EHA|AH 3

€ 714 n-Ad FETE Aojdth. duy EX
2E 32& FET ONOFF AZbe 2347 Aol
E AYS F83] Fuct] 2de S A

A7t 7hsd EAE 7 Aok 19 7& 3H

AlojS] 2 5ol

&
L
-

TOP HT

oz
IRFZ44NTO

a5
IRFZ44NTO

111

HTZ

a7 7. 5lef o3z
Fig. 7. Heater control circuit

Top 50 « TEMP.Setgc) FRESAVE /B Setting
BOT W ¢ TOPSET|8 % START  EAIEN
Homoty 30 % worer(i STOP
HUMEET 37 | %
=] o -
Debug
#360 370 370
We
Sratic
Incubator Temp.
BT0P: 3530 BBOT: 3.00 W ey 3.0
40
¥ Lo
P | ]I
gr— E I T T N L YL s
H
Ex
-
% ;
21545 1550 211655 200

Chant Dirvrtn farrngratered | oem waw v s famg corn

a2l 8 MFC =21 73554H
Fig. 8. MFC program running screeen

23 MFC =21

AESUE TEAI skl DESH BF
9 HAF 2FUFE AP /)] MFC ZE

IS AT AAAE MFC T2 1L 2%
=

&%, 7H7le eEE UEhie ABA e @
A7) A% 2emE Ao HAY 4 Y
S Y3 53 AES%G FAAAL 2
2 4 9t WWE WGt 34 eE e



42 2557} AojEE 48 AX ujr] HEEY /Y

102 V|2 7155 e HolHE ARE & EAHS =
72 Q).
a9 8 AP MFC T2 FEsldo|th

—H
—2
—#3|
—

—#5
Temperature : ——#6

24 (A) 36.255:0.495°C

24 4
=1 O = |
. gg ! J_,_;él- 23—/_________’—————-——\

T T T T T
(1] 20 40 80 80 100 120

oA htke] dgE= AT Hjor)e LR ol
B39} o] WIS ABH o Yol £ 9)

2 Jepjan.

26

Temperature (*C)

31 jélg tél-l:él Time (min)
31
AZE wjdslr] A &5 9 &9 g §4 B e
29 4
2 A SAstel A W) R AHEE
[5)
e 8715 7hgsted Ujiol ool 255 Al € o]
HE WANA 7 BEe] L% 9 S5 OF B § s
TE 3 = 5 J Temperature :
= Felaksint ® ®1(B) 3692+0.45c
2% o &30 ofFolx AH7L AR W 2"
$71¢) Bgolth AH$E SHE HAE SHT31-DO]
22 T T T T
W DO UEFolsE AR LEE 030, FE N
_ Time (min)
© 2% 34 AUEE /AL Qi "
S
29 """ _
- el
o 24
2
% 26 4
& 25_( ) Temperature :
37.495+0.495°C
24
. — 23 4
O 9, otFOoll ML E=tE & Zg|olE 3 > 7 a0 9 100

Fig. 9. Well plate with arduino sensor Time (min)
3

32 724:”' e J_,—j-él' anf/—’\v
29-M

28 4

r
bt
=
hidp
bl
1o
M
|

2l LS Brlekr] sk Al o

d7)o] A L% e 37-40CE 22t HIAA
1202 o cAH oz dgs AP3iTt

Temperature :

O3 10 747 AAHL2TolMo] Lxo] W3ls =1 (D) 37512038

EHG 19% AL AYLE 7T, BE 3, o T~

27

26

Temperature (°C)

= 39T DE 40CE Yy 239 13=ZE F : % ps pa A o0
3 & AT AL AeAM FEE Ak A Rl
A9 e gol EYERE AT of jdop AE  IF 10 MEMIIUSES 5 e
AQEW o]FO] L% O YHOT| GG Wi Fig. 10. Graph of internal temperature of cell incubator

Ao E FAE YRILEE 4TE BASYL



Journal of KIIT. Vol. 16, No. 3, pp. 37-44, Mar. 31, 2018, pISSN 1598-8619, eISSN 2093-7571 43

38.5

38.0

Internal temperature (°C)

37 38 39 40

Setting temperature (°C)
a8 11, 2 MAY2EY EYE 2 JH=
Fig. 11. Calibrated temperature graph for each set temperature

g AT
A w71e] Wi B F55 F 1393 Z2o] A
ALE 37~40T7HA 9 LH t
< AT F e
59.8%°] .

B OME B Y HAEE
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No. Setting Temp. Average Humi.

1 37C 59.11%

2 38T 60%

3 39T 59.9%

4 40°C 60.2%
Average 59.8 %
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