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ABSTRACT

The purpose of this research is to design a cell culture device. In
addition to adjusting the environmental parameters same as a common
incubator, additional light adjustable variables are added. For example, the
illumination light source can be replaced with different wavelength LED
panels according to user needs, by adjusting the input light board The
voltage and the distance between the motor control light board and the test
object can control the illuminance variable. This device is based on the
Arduino nano microprocessor as the core of the system. It is responsible
for receiving the return signal of each sensor in the device, and then
package it and output the display for the user to view. It can also receive
operation commands from different devices. Adjust the environmental
parameters inside the incubator.

This device provides a total of three adjustment interfaces, including
the physical interface of the motherboard itself, the window program
connected to the PC and the remote mobile device, which can display the
internal information of the current incubator in real time and synchronously
without affecting each other. And among them, the remote control of
mobile devices i1s achieved through MQTT. With simple settings, any
mobile device with MQTT-related APP can become the remote monitoring
interface of this device. The diversified operation interface allows users to

use the incubator more conveniently and flexibly.

Keywords: Internet of Things, environmental control, remote monitoring,

MQTT
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3.3.1 Arduino Nano

Arduino ¥ - BE 3 R4BanE & Pl B H s - BLE R B
¥ 00 5 T AR 0 34 000 Javas C RS B R
FHESS LARRE TS ARERFIRBRTFARF R

FrFA SR A dot AR A Uno ~ i21F %% & Mega ~ Due 2 4
19



E L 3HEF i3 eh LilyPad. ... o
Rk LB I RSE B L Arduino Nano(4-@) 15.a) » Akt 2
H1EMTRAG > 3 Mini-B % USB /o M7 Mokl - &
» 4p ¢ ArduinoUno B /i o B 5 5 B4F 457 % I B gt
ATmegal68 ¢ ATmega328 » T * RF { ] - L IFZT R ZE /i S5V ¥
i% 1§ Vin ’%Pff_ﬁ?] > T~12V 0 SR IR T RS o & E 0 USB 4

GOk RSV TR

®
5
-
9
»
g
'
“

©4 03 D2 GNO RST R¥O VXL

MOST/ ~covr2 /[ OC2 /[ PB3 [E—/\,.‘ 3
MISO) v [PBATT—@ 0%

HEEHHHHHHHH HH

30 @4 p8sT o | SIS

UAU=",
@ 2
USB JACK
ini Type B
DG o B o™
© foluss wax 200m “ @ Analog exclusively Pins m
= WA (2
(a)F % @ (b)%r =&

B] 15 ~ Arduino Nano[16]

T-L

Arduino Nano =4 %rE]4c® 15.b » DO & D13 A rﬁi'”ﬁ] > @?J

MHPE s TG RSV A MT 0V # e g

N

A2
4
4

L
IRl u;ﬁd PWM 1= ;4 mfici= 2u 8L R i dg b g o ¥
t DO~ D1 & % TX 22 RX » % Arduino 5 7|3 > F pFe? USB & 7|
BEvaEE Y REH B ¥ EELL Y BB

20



(Serial) % v » # > L Ipetigdgi * o

A0 T A5 5 DD~ A o F AR AR 3T A S 10
B &y Ui geniEi 209BFFH A 0~1023 2 F > ¥ ¢ Ads
A5+ 7 F ot L PC S 2k # 0 2 4 w1 & SCL(Serial Clock)

2 SDC(Serial Data) » ¢t > A0 2 A5+ ¥ f s ﬁ;:fiﬁ%] ISR ﬁ?‘] A1 Be i

@ o
3.3.2 ESP8266(ESP-01)
ESP8266 2 d & 4 & L 44 4 & 0 Wi-Fi & 5 > Ai-Thinker £ 1

BE R 12 ) AT R 0 A W 5 BSP-01~12 0 Ak BueriE
315 % ESP-01(4- @] 16.a) izt R B #F CPU =R -1I/O & »
Flpb s VO AR L AL > & 32 C/C++~ Python ~ Lua % 3% % ° ESP-

01 £34& 0

Ju

B v 0 iy 88 Flash 3 J b o 2 Gl 8 SUEE AP 02 -
AT UEY S RAL B It 1o

% 1~ESP-01 %=+ £ B[17]

BP ESP-01 Old | ESP-01 New | ESP-01s
PCB T©d 24 24
Flash 512KB IMB IMB
Blue LED onTX on TX on GPIO2
Red LED on Power on Power X

ESP-Ol(new)— % =417 8 &3%r» H 5 m%ri=4cf 16b » Joi

21



Vee ~ Gnd # 2 & 3&%0 > 4T GPIO0 & GPIO2 & & 4247 £ *hix
KA R* > AEEE T GPIOO & »GPIO2 7 % % (EX T 2
£7 ) A A Tx & Rx %> 1% A 7] #(UART)Z Arduino

Nano i& {7 Tk L o

2 S
«a E
o 3 B
| 1
aa

— D=

.—nm_m‘

— ) cmr_ex cH_PD

— I [ votxp

aa
E
et
=
o
S

()% 48 # (b) % & W]

B 16 -~ ESP8266[18]
FFFRLNTRE 3.0V~3.6V> Ka g &Fuiri i
ESP8266 fd¥ i @ ix Foklenfiin™ » B33 § 1357 2 70mA » A id
P Wi-Fi @ R AL @R > 4 37 i TIEF 200mA > 3 33V 4

> % B S50 mA e Arduino Nano P g2 32 2 K> 2 2 &

22



3.3.3 ESP32-cam
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Bl 27 ~ ZLREST 4B b el e B R

3SHEHWEF - ZRER
3.5.1 Arduino Software IDE

@ sketch_jun18a | Arduino 1.8.15 (Windows Store 1.8.49.0) — [m} e
Bx #E Z%E IE =8
sketch_jun18a
void setup() { A
// put your setup code here, to run once:
}
void loop() {
// put your main code here, to run repeatedly:
}
w

Arduino Nano, ATm Old Bootloader) i+ COMS

B 28 ~ Arduino IDE i &
Arduino IDE(Integrated Development Environment)#_— 25T 5

i * 4238 > 4o 28 0 H U p >t Processing #25% 3% % 14 2 Wiring 3+

L BERE > Y N %A ot ®4258 5 Arduino B R
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http://arduino.esp8266,com/stable/package_esp8266com_index.json
https://dl.espressif.com/dl/package_esp32_index.json

— Esp8266

» Esp32-cam

RRRREE AR TARIERIEEE
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Bl 29 ~ #73# ESP8266 & ESP32 e/ 4 B 12 |
3.5.2 MQTT broker

- ?iiﬂﬁliﬁs?] MQTT K & fhpt BFenid 'y 3 & d Lz 5 A3
% (Broker) =1 Sever 1424 £ 3L > & *

{7 ¢ * 4 Mosquitto e1FF 3z
R4S P (TER 2 B Ao e P AR o
A /"< 5“ ¥ %

5 ToT B4 % 47 52 £ 2R % (MQTT Public
Brokers) Dioty i& 7R3 % % > L 42 H 55 1883 (MQTT) »
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PR E3t o 2 FIRE R 4e fluux ~ flespi
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DloTY, a cloud MQTT broker for the
Internet of Things (loT).

DIoTY provides you with a stable infrastructure to build your loT
projects.

Based on MQTT, an M2M/loT connectivity protocol standardised
by OASIS MQTT TC.

Sign up for free and
Do loT Yourself

@00

® 30 - DIoTY % ¥

e~ F F(M30)is > A& TP > 12 Google TR ELF

2

Home

Start building your loT project with DIoTY.

« With our Free package you can now Connect any device to our MQTT Broker
* You may send up to 50000 messages per month for free

= You can connect with as many clients as you want
There is no need to provide any payment details when you stay within the Free Package limits ()

Connection Settings:

Broker host: mqtt.dioty.co

Broker port: 1883

Secure Broker port: 8883. Please download the ca_cert file from GitHub
WebSockets port: 8080

Secure WebSockets port: 8880

User id: 10874001@nhu.edu.tw

Your root topic: "/10874001@nhu.edu.tw/"

Password: Your password will be send to you via email.

Forgot your password, please email admin@dioty.co for a password reminder.
You can create any structure you want under your root topic. To see all messages you are publishing subscribe to the topic tree (LI LTReTReT

-

™

\\
G

B 31~ DIoTY %
o is(M3DT g BTV g > 12 MQTTtopic &4L 45
et Topic chB BRI € F 7 2 % » e Google 17 44 7¢ > Fic iz /L
i if ¥ B 4ni€ * gt o> £ Broker ©
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36 MQTT & £ 8 K <

MQTT F1 3 g £ 1 2 B o0 (Fendb it 7 0% 3 A28 355 & 4
A7 T 5 Fa-H 2 3R > 4o MCU ~ Facebook Messenger ~ Microsoft
Azure & & > ¥ 3NPIEOME R B - 7 &0 #kc 0 4r Google Chrome

e SL #2538 (MQTT Lens) > & Android i&#f B 3 i 40 /6 en {7 85 (T % &

* A XLiEHH T A Android T 5 F e MQTT Dash 1% 3 % Seemg =3
w82 APP> 2 d - = £ % Routix software e ’%Jﬂzﬁfi s Yo §f] 320
APP lr//_]; TV R T AL 2tk RN R - e R B B o

sE -
nb“w)r{'L"

MQTT Dash (loT, Smart Home)

Routix software B} ddk ok 4746 &

€ BEafEA

A
MOTT Dash

Bl 32~ A8 %% % % MQTT 2 APP
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BRERR

(B 33.c) > 12 % % (5 2 Topic(B 33.d)» 2+ &7 i

MQTT Dash

Cell Incubg

MQTT Dash

Name

Cell Incubator

Addre

mgqtt.dioty.co

Port

1883

Enable connection encryption (SSL/TLS)

Note: if server certificate is self-signed, you
need to install it to your device or enable option
below, otherwise connection will fail. If server
certificate issued by a known Certificate
Authority (CA), it will work out of box, without
installing to you device. Also don't forget, that
MQTT servers have different ports for plain and
SSL/TLS connections.

D This broker uses self-signed SSL/TLS
certificate. | trust this certificate at my own risk.

User name

10874001 @nhu.edu.tw

ent ID (must be unique)

odoekdkci2i2ie9c99si8x

Tile size

A

X ERXAPPE | A7
TR 2. Topic » & 7

\

g—-

\

}I—E\:

> ¥2 MQTT Broker i () 33.a)°

~.

Cell Incubator

Bl fcdh (W) 33.b) ~ B ifc

{

- N - AN
KR g

MQTT Dash B

This metric is intended for displaying payload text
(e.g. temperature displaying). Payload is expected to
be string.

Name

FERIRE(C)

Topic (sub)

/10874001 @nhu.edu.tw/incubator/oriT

|:] Enable publishing

M

QO smal
O Medium

@®) Large

Main text color

(b)RS i) % e 42
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Cell Incubator

Multi choic|

MQTT Dash

This metric is intended for displaying image from

a specified URL (static or received as payload). It's
also possible to receive image file data as binary
payload. E.g. you could display weather icon, which
received as URL or binary data. Other usage could
be displaying still image from your IP camera using
static URL (for example, display garage door next to
open/close metric switch, so you could monitor the
door opening/closing)

O Download image from a static URL (MQTT not
involved)

O Download image from URL, received as payload
contents

= Image file data received as binary payload
contents

74001@nhu.edu.tw/incubator/pic

Open this URL when image tapped

n, if the expression

() B it fe
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Cell Incubator

Multi choig

MQTT Dash

This metric is intended for displaying payload text
(e.g. temperature displaying). Payload is expected to
be string.

Name

set

Topi

74001 @nhu.edu.tw/incubator/operating

N path (if payload is in
: el.value. JSON path

Enable publishing

Topic (pub) - k yift

Update metric on publish immediately (do not
wait for incoming message to update visual
state)
Prefix

Main text size

O small
O Medium

(d)izh &4

] 33 ~ MQTT Dash %

F >
T %
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B CnAz(W S50 - 21 & f Fw @R Eorp Tl > B K
Hite s u B Wi-Fi (% 4% PCHAMRE 5 (£ 5) -
o B ARATs EEFTERARMAPNOERTEF > BBV RE PR
vBERSRY FRUGEIIER > REBEFRERE 2

P CinARRE R EATY B A n AR

% 4~ ESP8266 2 1c4t#

Esp8266  A=4 T o igp M % Fk
(Wi-Fi) == %R 2R 2R R F
= @ ,Float ,Float ,Float ,Long ;
i o @ ,10.5 25.7 ,50.12 3711 :

0~
i 0 ~20.0 2% 35 3% 60 :
@ 65,535
% 5~ Serial(PC)£ x4t #
.\ T e
Serial L& MR b kE | i
®c) AR ER  EaR  ma R ERSF
Aar - ‘3 VY PR N2
(#x3%)  (FxE)  (#rK)
% % % String
# ) 10.5 257 5012 3711 30 50 10
E 0 0~200 ]335 60 - 25-35  40~60  0~10

65,535
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Incubator::stepMotor( long stepM, bool spin ){

(DIR_PIN, spin); —> R G
— IR A ET

for(long 1=0; i < stepM; i++){ —> ZEIT—

(STEP PIN.HIGH);
(motorDelay Timer);
(STEP PIN.LOW);

(motorDelay Timer);

R Bp ik —
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e

B 51~ 5z
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45 # F i
Axs@ gk > B £ 2% £ mE(LED) e >
LT AT RS EAAEL Tw RRPETT & LR LR
Bt kdEpF, £ 12V A BT R HRE K FU T R kE S
B TR TR EPERFHFZTR o
¥ Arduino ¥ 25 1) PWM 5L eh%r i fe & MOSFET %
AN TANTAERE > Yy PWM ot 5L T BRIRE 7 TR

AF B2 S 110 Faeo FOTE 0 PRETE I (4o 52) -

Incubator::setLight() {

while( (ENTER_PIN)!=1){ > ﬁ; j;}::ﬂr
lightDegree = ( (VALUE_ADJUST PIN).100,900,0,10);
if(lightDegree > 10) lightDegree = 10; ﬁff’?ff’f Za
else if(lightDegree < 0 ) lightDegree = 0
(LIGHT PIN, (hightDegree,0,10,0,254)); » AT HEF &

#r &b ZMOSFET

}
delay(300);

Bl 52~ Bk TAE AR
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4.4.3 Wi-Fi 2 MQTT i 28 —ESP8266

AR BB TR R R A% 0 Wi-Fi # 2 (ESP8266) it 4 %%
B EH %F’“m,ﬁﬁ’%ﬂi B SRR endcdy BiX 12wz
Fefo kg oh3nandy £ 45 £ @ % Arduino Nano -

ESP8266 ez 76 # » 7 L F & ¥ Wi-Fi & FA-dp v 3k T3 38

Wi 4ol 53.a -

#include <ESP8266WiFih>
sinclude < - T , 3l AWI-FL -
mclude < J MQTT o % &
#include < >
espClient;  — > Wi-Fisanl =4
client(espClient); » MOTT= Pubfa ] = &
void setupWifi() {
(100);
(ssid, password); » iR EWI-FI
while( . () '=WL CONNECTED) { -5 > EWMEPRERY)
(100);
}

(2)Wi-Fi @ 3

% 2 & i MQTT =0 Broker » ¥ 3% 237 B &5 Topic(k L:}F] £)
v % g e Topic(R Pl % #cdy) » #4255 75 4o W] 53.b » MQTT 4p B i 42

K LS 6
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void reconnect() {

(int i=0; i< D)

((char)payload]i]):

while(!client. O > ER AR ERERS
if(client. ("vv43tv", MQTT USER, MQTT PASSWORD)) —» if 4 5 A Broker
client. (MQTT_SUBSCRIBE_TOPIC): (=4~ HREE - FB)
else | » 27 B Topic
delay(5000):
h

void callback(char* topic, byte* payload, unsigned int length){ ——» & 3rcallback function

}
void setup() {
(9600);
) B 4% A readString() °
100); > =
(100) {2 3k 1 A2 380, L
setupWifi();
) 3% & Brokerd) 3] Bk 23
client. (mqtt_broker,mqtt_port); T Sipie
client. (callback); » 3% ®callback function
}
void loop() {
(client. 0) > #rE F B Broker
reconnect();

client.loop();

> AR URITIRAR

reciveData(); > RITEK
client. (MQTT PUBLISH LUX.c Lux); > B ECGRIER

pALux B8 A 1)

(b)MQTT it 4 ~ Topic 37 B £2 3 v

Bl 53 ~ iR:HiR AR TARAG

+

6 ~ MQTT i 4 %%

~
mgqtt_broker mgqtt.dioty.co
mqtt_port 1883
MQTT_USER 10874001 @nhu.edu.tw
MQTT _PASSWORD o245 ikckaiate

MQTT PUBLISH POSITION

/10874001 @nhu.edu.tw/incubator/PosConvert

MQTT PUBLISH PLATET

/10874001 @nhu.edu.tw/incubator/plateC

MQTT PUBLISH ORIT

/10874001 @nhu.edu.tw/incubator/oriT

MQTT PUBLISH LUX

/10874001 @nhu.edu.tw/incubator/LUX

MQTT SUBSCRIBE_TOPIC

/10874001 @nhu.edu.tw/incubator/operating
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4.4.4 B =4 9 —ESP32-CAM
J +* ESP32 ¢ ESP8266 ¢ Wi-Fi i 4127 MQTT i & » H 7 f 2.
Bt a st @ % chd N P4 AR W F G B3

TRIAPE &M st &€ 84 % ESP32-CAM 0 MQTT # 14 1%

i o B RE S R DR (- gL A]) o AR H P F R A

013 > B e es o PR S B - B 54 5 3%iRena &

void MQTT picture() {
32 31 <esp_camera.h>”

camera_fb t* fb=NULL; oy — 7 gy 4

v

fb = esp_camera_fb_get(); » MR E
if (1b) { > il % B R FAL
(100); P AR
ESP restart();
}
i (! mqttClient. 0 { > 4% B PAMQTTR]

ER X

mgqtt_reconnect();

}
else {
int imgSize = fb->len; b GRREE () I 5 K )
int ps = MQTT_MAX_PACKET_SIZE: » PubSubClient. hs $-4 :
TEERAMERA
mgqttClient. (MQTT_PUBLISH_Monitor, imgSize, false); — E#Pub: ¥ 88 - £/ -~ 2%
for (int 1= 0; 1<1imgSize; 1+=ps) { > G RAREpS” it

B B 8548 1 5] {8 15 4 &
int s = (imgSize -1 <s) ? (imgSize - 1) : ps; HE BRI ELR

mqttClient. ((uint8 t *)(fb->buf) +1, s);
}

esp_camera_fb_return(fb); > Bk e ThEE B

B 54 ~ ESP32-CAM %’ i{ @ ﬂi%lﬁii“é%
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%2 72D TG BAR PIEEE > X)

B R 25°C > e 10.0 cm
iEE | %% 530nm | (=56 620nm | %8 530nm i % 620nm
[ 4 R BE1 BRESRIE]L | BREZIEL R BFE 10

1 1,112 1,608 9,455 15,359

2 1,423 1,994 13,777 21,106

3 1,549 2,226 15,945 21,855

4 1,398 1,964 13,644 20,947

5 1,152 1,831 11,806 19,112

6 1,640 2,341 18,183 22,563

7 1,803 2,543 18,926 26,006

8 1,658 2,406 17,192 22,758

9 1,230 1,883 12,159 18,442

10 1,711 2,443 17,018 23,748

11 1,789 2,547 18,092 25,487

12 1,613 2,142 16,872 21,694

13 1,037 1,523 10,465 15,280

14 1,369 1,954 13,783 19,154

15 1,459 2,140 14,688 19,722

16 1,341 1,875 13,068 17,208
= 1,455 2,088 14,692 20,652

76% 95% 106% | 94% TR BHE K

74% 102% 105% 101%
87% 112% 121% 115%

. 4 JLEDA 4 B 5,

92% 109% 125% 110%
90% 116% 121% 102%

# R LED A 4 & 3%

89% 114% 123% 105%
72% 93% 102% 89%

73% 92% 95% 83%

Bl 61 ~ RAEIDT B(%E1 & THRAE I E [ &IE 102 TIHRE W E)
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AR 5 B e 1T

11" MOSFET # » | S0 5LaL Sg 524 08 ~ ] ehd |2 - Arduino
B e PWM 5L 5 05V~ IV I8 5V £ 10 B 55E 0
I xRS 12V LR A8 SRR DFEERTT 0 L

FESTRERARKE d Nt MEN AT AR A RARARES T

w5 e
% 8~ A %FERAEBE(HE - Ix)
B R25°C % 100cm > =% 3
& EE %% 530nm k2 620nm sk 830 nm

1 1,449 2,078 0
2 2,914 4,150 0
3 4,395 6,294 0
4 5,870 8,325 1
5 7,390 10,453 1
6 8,847 12,522 1
7 10,335 14,544 2
8 11,840 16,640 2
9 13,313 18,636 2
10 15,374 21,610 3

BREITART

S0

RO & AV LR AN RS SEN N R A
TSR TRE T ERY FFRR g PRAF 0§ & ALE

TR LA RERTTOBAELIE ZHFHF T 520505 N4
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Ak 530 nm >~ PR A 5000 Ix A B 0 AfEHE 10cm w3 T o0 E
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54 & stk
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! L rm AL This study
JAMEER & COi# A3 & f0 KB A
BR A 17°C ~ 40°C 4°C ~ 60°C 5°C ~35°C %iE ~35°C
BRI X 50 ~ 95 vol% X X
CO2 #x+1 X 0 ~ 20 vol% X X
, , Ha gL
kpREY X X p kg
R R
BB X X O o
(1) LCD+#42
AR LCD+4 4 e LCD+#-4= QLT i &
(3)MQTT APP
R Fe X X X ¢}
29 * 25 %20
LI
() 29 * 18 * 31 71.5 * 68 * 87 70 * 55 * 120 (BIREL g
cm
7 kPR )
PIE FR 18L 170L 450L 15L
TS 2~3 i@ 30 4 1 1
B USD 572.43 USD 11,881 23 £ NT 15,000
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