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Abstract—To address the problems of monitoring lag and high manual dependency in traditional aquaculture
environmental monitoring, an aquaculture environmental monitoring system based on Internet of Things technology
was designed and implemented. The system uses the STM32F103C8T6 microcontroller as its core, integrating DHT11
temperature and humidity sensor, DS18B20 water temperature sensor, water level sensor, BH1750FVI light sensor, and
TDS water quality sensor to achieve real-time collection of key environmental parameters in aquaculture. The system
employs a PID algorithm to drive a relay for dynamic constant temperature regulation, and utilizes a Bluetooth wireless
communication module to enable remote monitoring via a mobile APP as well as local OLED display. A device linkage
control mechanism triggered by sensor thresholds is also established. Experimental results show that the PID control
algorithm achieves good stability in water temperature control, with temperature monitoring error within £2%, water
level monitoring accuracy reaching +£5 mm, and TDS monitoring error less than £3%. The system’s mean time between
failures exceeds 72 hours.

Keywords—Internet of Things, Aquaculture, Environmental Monitoring, PID Control, Bluetooth Communication

1 5] 5

BE B PR BRI PR EEAS A b, AR A
My PR AR A O S S B QU 1 L AN W7
WAL, TSRS B A R RO O S
Ao AP IRFANE BRI ARV 28 5 1) B S, %
FRIEIA BT IAG E I 5 AT B s 2R . Kl
RS JCHEBRE L K AR T L E S S A B H R AR (8¢ 5N »
ROVRFFHHAEMNGL. WERREE RSN, |

*FEERBY: A SRR T B SR H T 5G R EEK
PEFTE RS A MRS 2021XJ03). TR F R 03
BIWH (WH%S: 2023N04) FlFg 5 22 B A ek i H 31
OBE H& 1“2l sl ” Bgk— A RIE R ——LL (A
KM FHIF R B (BHSS: 2025XIIGA22) HISZHE.

ERAEE . fBHER, BIEUR,

353999614(@qq.com

B R S A . AR GRS K IR
N T8, I Kb 5 Tsh#ft, Emfreddh R
&S0 )EINEEI S N E ALV NN NN =82 LB & 15
SRR, AR R B ST BRI T R B
Yyt N s AELARIE RO RO H o3& B K
ZUFIRAR

AR, MM, AR RR S AL AR IR
PERNE, HEBNET K7 IR 5 St T R S A S
EEPR L, MREARS R ST R kK
PRI FRE K N AR RS 4%, SBlAKHR . EhRE.
AR AR A% 0o 7K R 2 ) Ve P S s I A
H R REFRIE R GRS 26 G EOR, AT AT
K= EhME BEIR S HHEAT 95 F FiE " ; Manoharan 544
MLES 5 ) 54 BIS ARG &, T /K m I 3 508 i

2325-0208 /© 2026 ISEP



THENEAR 5HHE A

Journal of Computer Technology and Education

211

TAEAL, SEBIREIA B A Istiaq SR
YIRS TR M AR B, VR RERLR IR S R4
IO PR S : Tamim S8 3 T W0 )1 R 97
WHERGE, SHABSHT S R R

[ ARSI FIRE R 6, AR A SR
AL ST T AR . T AR R TR I
R ML ARG, Pt 20 A% IR i i B 5 5
s TR A K T 6, ST R R R
G ZHTEY mHBIFR BB R EERY,
KRR AT AL S A E s SRR K
s HIRA SRR B IR, O R Gtk et
HARBEFIG AR s R BB 4 e 4%
IR, MBS EMRIR B AT RIS T
ZigBee TLEARIEM LS, SLIIBIHA B A= 5 B
2jjj:&gj§g{131°

RGBT QIS BB, BV e BE
B Ho—, BIMLEEAIR, 2HAGMNACE D> B
%, JCIRA I TR I B R S Pl
MR, R e B E TR, SRZ s
KA hlfe 77 K=, A S EE IR,
e CLEE /N SRBE R HE)

BERFLA_FIR , A SCE IS B T STM32
SN R K= SRR R e i i R 5. RG%E
IR AL KRS, SRR KR, KA. JEIR
SRIE . KRN LS Z dE S — IR S R 5N
PID SESCHUKIREIAEIR Y, BER T 6]
FERE s B WS 7 oLk iB 5 sl A OLED BoR5FHL
APP S FE M XU A2 B, SCRFBE S BB 1)
MR —HIWT—AT " ARSI, S A

N —)

AL ARRRAS 58 R e VEsmSERr ., BERET
AESEBRAK P IR RE A BERR K, T AR R R T
FEEHR AN R G A 1 S Y 0 SE B SR

2 ARGt
2.1 RGIhEEEXR

SEA SRR FRE R SRR E TR, AR
G is B L O INRE

(1) Z4EfEAREEE BT RE

K H DHT11. DS18B20~ 7KA AL /#2% . BH1750FVI
FEAL JBES I TDS RS, SCELZSIRIRE . K. K
L YEIREREE . KPR AR AR & B A S R4,
STM32F103C8T6 5¢ il Hda b # 5 fil A 73 Mt o

(2) ®EEAshEHIThRE

FF PID SyEsLB KR Bh AE IR R 3T 5 A3 K AL
HeHE . AKRES BRI, B EHIK T K/ K e
HLE EHMNE, A 5 IE M

(3) WFILLIBEIRE

I JDY-18 W A s I 4 5 2 5 APP [
XAV EHEAL T, TR S BOR A SEn & 51 HIE
L TR

(4) A ANIAZ B I RE

Wit OLED 57w B seit AR B es Bl 5 R 4tiz
ITIRZS, FRCMST F s se i BRE I B . LA AU
SR HERAE

4 Ao
L Ak, RS E . Rghg 22 RRSHERM
¥ zhiiE APP
v
JDY-18 5 FiEfE
v
STM32E 5
|
v v v v ¥ v v
DHT11 DS18B20 BH1750 g OLED ok 2% H
R || R | | oumpege || KEACEE o Hile =/
B 1 RGRAEnE

RGURBRAL BT, B E 1 s, &
GiLA STM32 N EAEM% Ly, HhH AL AL I AR A R SR AR
Beo oL BRI IEERIR R PAT R (LS
BT IR FEIABE 2 Z R R A, T35 oo HudE
BEAT RN FIWT 5 OS5, —BRIA A OLED Jf SEILASHE

SN RO, 5 — B i A R AR 2R B APP; [H]
I, A2 AN T B AR 5 4 1 SRS B BBl 4k s
SGI0 FEML. KA. B SEHAT I, TERIABEH
25 B R BOREB

2325-0208 /© 2026 ISEP



212 FE T VIR R ) 7K 7= S B A

W% R G5 S

2.3 R IiERIE

ARG LR R SE A BT R1E,  BE R Rt
AEEAFEIBAT . FIEIA A IKIIAT 2 A% IR e
KA. OLED SEmfBoR . S HEEick . BB Sk
ITHUI R B % DTS5 . RGBS T ol
AXERIZAT: BT, R GRS I S
5 E A e s B FaT, AP
I A Hh d SR B B APP B T RAE 4RI B &
AG TR 2.

RGHat

v

U AR R

OKAL 7K e TDS
=N

2

OLED .~ 5 3t

A

BRI

\ vV Vi
A HER [ o
JE A /R PATE %

2 RGEEREFERIEE

3 ARGt
3.1 EITHEHR

RG0SR STM32F103C8T6 1By F-d5ts fr, i 3-
1 s, e i 5T ARM Cortex-M3 WH%, mE LAE
PRZEATIA T2MHz, P'E 64KB Flash 5 20KB SRAM, Mt
HEEM 1/0 B0 K ADC. USART. 12C. SPI. SEHT2&
R EAME, TIRRE SRR AR A N S Z AT 8
PrlEdEH] . O TAEHEVERN 2. 0V~3. 6V, JE37FF
RIhFEB TR, BERETH 2 /K= FR T I 5t KA [a] 1
FaE nEE ) TAET K.

!
|

(TTTTrrT
ALLELLLLL LS bt
U

]
1

3-1
3.2 (EREFRIREIZENI
(1) IRIE RS . SR DHT11 iR fE A%
RS, W 3-2 Arn. VR ETEEA 5% 95%RH,
J& 4 5%RH; 5 & VE FEA-20°CT+60°C, M +£27C.
FRIRAR R PR S 2RI A5 7730 IR IR EA L, R
SRR T I AR SR ZE ] R RN -

o) —ATx1000/< 2 X 100%
L °=20 0

=10% (fiGif T FR) (1

H 5
6RH =ﬁ>< 100% S%X 100%

=10% (FIRED) (2)

& 3-2
(2) KRR S DS18B20 B /K % i

FEAL AR, Wik 3-3 Frs . Ml &3 v-55"C T +125°C,
FE-10°C +85° CYE B WAE BRI £0. 5°C. fRIRAS A%
BiKESE, nrEBARNKPAEH . AT EEE
FORVR T R AR R MR R AR 2, A AE
FEZINE0.6C (k=2) .

& 3-3

(3) IRATAIAS R : SR A HL BH AR A7 A% fs, I8
LA ISP AT 3 2 2 8 8] 1 HL PHL AR AL A i K A7 R B,

2325-0208 /© 2026 ISEP



THENEAR 5HHE A

Journal of Computer Technology and Education 213

Kl 3-4 fioR. AR IR IR S5 5, 4 STM32 Y
& 12 {7 ADC ¥ 7B AKALEREE h 5 ADC SRAHE
AD Cyy IANEBREN R A

(hmax - hmin) X (ADCval - ADCmin)

h= + Moy
ADCrnax — ADCpin min

(3

IKIE s ADCrnax FNAD Cpiny TR ADC SRAEAR

34

(4) JeIRREIMRE e : R GY-302 5 i A4 Jak
PRI, A% H Y BHITS0FVI, & 3-5 fis. iZ%is
AN 16 AL O sR AL B, MR EFE N 0765535
lux, FRATIE 1 lux, CEF 12C Sk, L
P ITAE OB AR AN 16 A2 ADC, m B et i Aok
R P

& 3-5

(5) KA B : SR TDS A I Al 7K &
SRS, Wl 3-6 Fran. TDS {6 CHAZ: ppm)
H5HGEe CGRA: uS/em) MFHKRN:

TDS=kXxo D

Horb k AR RS, EHE 0.570. 7. fEEEE
KT HL S R ORI R (S 5, & ADC SREE 5 Eid
Z WX A A THE TDS fH:

TDS = (133.42 x V3 — 255.86 x V? + 857.39 x
V) X 0.5 X kygy (5)

iV oy ADC REMHEAE (AL V) ) Ky Y
IREAME R EL

& 3-6

3.3 ERSEEHER

FRYKH 0,96 BEf OLED Som A AA M ANLZZ
HAH, RN 128X64 8K, KA 120 0 5E
2 R JBAE T TR A JDY-18 WAL L S
ToiE s, Wkl 3-7 Fian, ML T 4. 2 WL
bR, BOCOBEAEFE R 60 K, SCHF UART @{SH:00, 7]
SIS FHL 2 8] B i A

3.4 PUTIER

(1) dkmgspith. FTiHRIIREE OKE.
In#A L KU #MEETD TG, HTAFE s an i 3-
8 FIT7N o K R B 4k e g A, 4 N 5 H 40 A
MBS, i ssa s 220V A2k 30V HIR i & .

vee

P24 Q1
$9012

-1 L]

JK1
\'Dl []___ -05 - .
IN4148 SRD-05VDC-SL-C
- w| =

Z

ove
& 3-8
(2) AEHUBEEE: FI T BB B . SR SG90 i
Bl TAEFBIE 5V, St PN G5 SRk A, i
3-9 B, PO AE 200 48 b SR LEE fO 0 2 X

2325-0208 /© 2026 ISEP



214 F T WU R K FRE A I R G e it 5 S

9 — (D=Dmin)X(@max—Omin) + Hmin (6)

Dmax—Dmin

A D AP 2, 0,05 F16 073 1) R B KA
w/NFES GEE N 0° A1180° ) &

U10
SGOOfEHLiE R
E SERVQO
D PWM £
S VCC SV
% GND GND
wn
3-9

4 RGEHEEITSEeSHh
4.1 PID BIFEAIEL R

Z4ulid DS18B20  H 7 /K i A% B # SE i RAE TR
FEKARIR S, R Sl 5 13 BEHET g, 240K
BACT BN, i@t gk f s ksl i ge T8, s
PUTHE: YK T RN, & 3h 8 sh XU o,
YR KRR AR . AHE— IR T KR P Rt
HishERE, R%:8| N\ PID CELB-FR 41843 2k
ROREN Sk E A%, SEPIEhASEIRE Y. PID ) 3SR I
b 15, P 55 SO T f) (i 22 Sl i S g R s i) |, 3L
HEAEIAL I BB R .

K;
G.(s) =Kp+?+Kd -S
1

=Kp(1+75+Tas) (D
Horb, K MBI REL KB RHL Kooy
RHL T; = TRBUSHEEL Ty = 2SN 5

i p

%’ﬁo

RECRANG S LLBIREENT PID S0 T8, B
BN

(D 2K; =0, K; =0, ZH#H KK, HZE RS %0
H LR IE IR, 103 I I 538 25 K A PR35
JAAT,, o

(2) RAELR A5 PID 24

K, = 0.6K,, (8)
T, = 0.5T,, (9
T, = 0.125T,, (10)

(3) KA B O PID #2515

um) =u(n—1) + K,[e(n) —e(n — 1)]
+K; - Ts - e(n) + % [e(n) —2e(n—1)+e(n—2)]

(1D

NPT IRAEA I, e (n) NEE n YCRFER 6
i %2 o

FaEMESHT: MRS Routh-Hurwitz Hl4E, MM R
GPRETTRE A -
1+Kg4

s3pltkaga Koo Ki_ (12)
T T T

Horp T OARHEN R AL 2 88E )R,
RGURFIERICL T2 s P, ARGk, RSRE
MR, KA PID S, Bk T~ RS iR =
N

ess=£ii%5"5<5>=£ii%5'mé
(13)
B R Gl sEEL B 22 e, RS iR i T %,
4.2 IEFBEHGEIT
WP 5 40 il i USART & D HETAE
RG05e SUT R RS I Bl i Rk 1R,
® 1 EFBERENER

Wik YEKE | BEAE | BR
0XAA B NFH CE:

4.3 PUTITHNIZEIZIT

REPAT I K RE i AL, ] RN
BRI A 3, DA G P B A R 1 st
WA RN N:

umaxJe(t) <-4
u(t) = { Unin,€(t) = 4 (14)
u(t — 1), HAth

Hrr e (0) NHHME S BOEEMWZE, A9l E 98
FE (ZRIEBGNERSEEN 2 f5) o i [RlRE I AT 2
IRPAT BB EIR, IR & I A i

5 RGMASHHh
5.1 MRIRGEHEE

RAERERRER)E, BRI EET )
BEISIE . MAFFEE U35 STM32F103C8T6 KOk« &fk
AR . OLED o RBi. 2k 38, fiebl. /KEE.
KU 5V LIRSS, NRRUK = RN, B KA I

2325-0208 /© 2026 ISEP



THENBR 5EHE Al

Journal of Computer Technology and Education 215

TENTERIK, KK RS AKALARIERE . TDS AR/

BRNKFHEATI, BHIS D 5-1 fros.

& 5-1

5.2 fRRFBEMNRSHIT O

ONVPAt A% RIS P, X R MR AR 2EAT 30 4K
MSLIE, THESIE. PREEMARHRZE, SRR

AR PID FEHIARE AL ST A% 1, Fadsix
ZEPR/N T5. 0%, RFEIRTE T IRAERE AR E I

5.4 MRS5S APP K-

YRGB, ORI
O 5FHL APP BHTIER: . ERHMING, RS REN
WEEE (BARRE. Jele. . KA &St
T4 27 Bl APP o F P n] (E APP Uiy 25 75 S BU0E Uit
Hm LR B RSB H )ik 4 i 4 ) B A BT %
IhReritR, SCHUEFE RS B, RO i G
B, MRRLE R 5-2 FioR.

® O B 61% @) 1505

Err: 0B/s

R1:0ON R2:0N
Feed:ON
WaterT:26.2
T:25.3 H:69.0

HEXZR® I

R

ﬂ

2 Fi7Re
* 2 ERSENAERFEITHH (n=30)
NI ] G (RSN ER
PRI B 25.0°C | 24.8°C 0.42°C| 0.8% |<£2C |5
. 1.8% <45
(3 v 0, 0, 0, LA
PR 15 1 16 5%RHI64.2%RH| RH | 12% %RH B
. <40.
KR |28.0C | 27.9°C |0.21°C| 0.36% OCOS ek
, <4
K (100mm| 1012 |2 1mm| 1.2% 10 b
mm mm
e 5000ty 408! % |<+s5%l&
ux| ux 35lux | 0.3% | <+5% 5%
TDS R00ppm| pls; 4.2ppm| 1.5% | <=%5% (B

MKW AR RN EE R AR R ZE /N T
2%, PRMEZERUN, KU RGN E BA BRI T
A, TDS AL EREHR Z0G KT HoAb AR ks, EE R
il A R HR E ANISKE S, R EERNEN 2 bR E

fite.

5.3 PIDRITMEREMIXS 2

WE HARKIE N 25°C, ZFELLE1T 60 0%, & 30
FHE SR — UOKIR, 15205 51 Gu 4 il 4T 5 L,
5 RN 3 s
= 3 PIDITHISFFSLIEHI M AERTEL

PERETEIR

PID#H]

TRk

HEIEE

+0.3C

+1.2°C

75.0%

W "= | =%

pid 33 E@ T mmes) 3
d O O
5-2

5.5 RGAIFEMMIL

X R GEIEAT L 72 /NS AT I, SRR R A

o, S5RWEE 4 s,
=4 REAEEMRER (72081

N - WK | PHERRE | RE
WRTE | WK % et B 1l
IR KR 72h 0 >72h -
B SR 72h 0 >72h
W% s 72h 0 >72h
PAT 72h 0 >72h
RS 72h 0 >72h

2325-0208 /© 2026 ISEP




216 F T WU R K FRE A I R G e it 5 S

Mkt RGEARFHo iR AL 72 /)
I, 3 R IK P FRIEART R G SRR A K

5.6 RGZIFEEMREDHT
CEE RTINS R, RKRGMEREIEPRIC AR 5 B
7N o
T 5 RGEAMEEERR
HREFERR it BiR SEMER | EER
1B E N =R +2°C +1.5C kbR
FRUR I R P +0.5C +0.4C Eg
IRAV 0 s +10mm +5mm kbR
TDSII & & +5% +3% kR
V357G e B ] =72h =72h iE kR
6 LERIE

AWV IESLEL T — 5T STM32 5B+ AR
K= FRPEIA B W 3% R FE. R GELA STM32F103C8T6 fil
PR BN 0, 42T DHT11 58 AL 3% . DS18B20
IBAL RS . KO AE B ES . BHIT50FVI YRR ik as Ky
TDS /KJFifEEéds, SEIL T XS IR B S 4 £ 4
RS SR, RGEH PID Bkl Kb sh A EiR
W, I W e RS AR S EL T AN OLED BoR 5%
Bfi¥ APP g W 4% X AT HAH K

BARHTRM], PID 2L Im I LB BEVE R e
TASEHUKIR RS REEIL TF, WA RGN
SR AT R T T R A R . SEIRARR ], &R
GUsATRE, B RAEMED,, PN K, & T
REXIIR BB R . RGOV E) I HbsIZ AT N [ 72
/NI, 5 A S BRIV 5K

2 X Mk

(1] ZkE. ETWEM K7 EIE N 2% D).
AL R2E, 2023.

[2] FH%, IME. HTF STM32 & fefa s it 5 sz [J].
WIEER 3 A, 2025, 15(07) : 126-128+133.

[3] Nayoun I N M ,Hossain A S ,Rezaul M K , et
al. Internet of Things—Driven Precision in Fish
Farming: A Deep Dive into Automated
Temperature, Oxygen, and pH
Regulation[J]. Computers, 2024, 13 (10) : 267-267

[4] Hariprasath Manoharan, Yuvaraja
Teekaraman, Pravin R. Kshirsagar, et al.Examining
the effect of aquaculture using sensor - based
technology with machine learning
algorithm[J]. Aquaculture Research, 2020, 51 (11) :
4520-4530.

(5] Istiaqg A A, Akter T, Ahammed M F, et al. A
dataset for internet of things based fish farm
monitoring and notification system[]J]. Data in
Brief, 2020, 33: 106407.

[6] Tamim A T, Begum H, Shachcho S A, et al.
Development of IoT Based Fish Monitoring System

[7]

(8]

[9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

for Aquaculture[J]. Intelligent Automation &
Soft Computing, 2022, 32(1): 55-T71.

Gillespie J, da Costa T P, CamaMoncunill X, et
al. Real-Time Anomaly Detection in Cold Chain
Transportation Using IoT Technology![J].
Sustainability, 2023, 15(8): 6735

5, D 7, A E TR R B K P IR T &R
SRR LT]. BHEE A, 2024, 22 (19) : 79-81+85.
IO, 2T KB W RGeS seal [T, B3
15 BRHE, 2024, 8(07) : 179-183+188.

EHE. T B P R E R RGN S
FR L] R K52 4%, 2023 (05) : 113-116.

XU, I8 TR H R RN A LRI X 5 A R %) 82 F
HrLJ]. Sk e i 2 A, 2023, 39 (04) : 195-198.

PR, B ER, BRiE, R, Brr it 68 feth 5
REHELEA[T]. rREARLAE B, 2024, 36 (4) : 73-83.
MR, 6, BRA. BT ZigBee LGN 11 357
eV 7K 0 W) B i R gt (). r A

ML, 2025, 56 (17) : 7-10.

EATE. 5T YR BIE K = 77 5 W 4% 5K B PP T
TR TIRE 57 5 8 [D]. L FR A2, 2022,

2T, 2k, b, & BT 2@E MK R 2 e
PR ], tHENN S

1K, 2023, 40 (05) : 124-128+183.

JAIR, BRRH, 2R, 28 0. Bk I cd R 2 22 i
Tg})ﬁ(ﬁﬁﬁ'ﬁi’iiﬂﬂ. THEHLBOR 5 3UH 224, 2024, 12
6): 51-58.

T, XA ST B e i) CRAHLRGTR) IR
BB SR THEPLBOR S HE R, 2025,
13 (4): 43-48.

L0, BAEIE, 5, SR K B A T ST
AN THBERBEEBENRR ] HRIEARSHE
%, 2024, 12 (6) : 1-T7.

2325-0208 /© 2026 ISEP



