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Abstract

Aiming at the problems of extensive management and high labor cost for small-scale snail farmers
in China, as well as the high price and low popularization of commercial multi-parameter water
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quality monitoring equipment, this paper designs an ultra-low-cost intelligent water quality con-
trol system for snail aquaculture with multi-parameter coordinated regulation based on ESP8266
(NodeMCU V3). The system can collect real water quality data of temperature, TDS, dissolved oxy-
gen and pH value and realize automatic water exchange control. To reduce hardware cost, this pa-
per adopts an innovative numerical simulation method, establishes a water environment evolution
mechanism model, and deduces the variation law of water quality combined with breeding duration
and ambient temperature. While avoiding the high cost of physical pH and dissolved oxygen sensors,
it can still be integrated into the original system framework and maintain the water quality predic-
tion and regulation performance close to that of physical sensors, realizing water quality excess
prediction, timed aeration and water exchange regulation without physical sensors. Developed with
Arduino IDE, the system supports remote monitoring, over-limit alarm and manual control via local
web pages and the Blynk APP, with preset safety thresholds for snail breeding. Practical tests show
that the system runs stably and responds rapidly, with a total hardware cost of only 85 RMB. Fea-
turing good expansibility and suitability for small-scale pond scenarios, the system fills the gap in
low-cost intelligent aquaculture equipment and facilitates the intelligent upgrading for small-scale
snail farmers.
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1. 5|15

TR 2 AR — KRR IR, RAKIRE AR R YW FRER R E At B 2 MR
FIRZ k. 2025 HE4 [EVR K FRFE = & 3674.76 Jili, 54 E /K2R = 8 58% A 1], HERE L
FHT AR TR R 2], RS INEHIX KI5 B AT i . Wi
SRR AR EIRK IR AT A, AR AHRAESBENE, T HRIER. BN HRE~E
200 GIE[1], L2 AIREHE RS . IR IR BP0y 2, AR RN, IREEL . AT
PERRIORFAE[3]o HH AR BB K PRS2 A R ™7, 3 B A AR KIR X A 20~28°Cs AKIRART 15 CREA
WEERANR, mT 30°CELRE, Hid 40CoHtEIT; EH pH 4EFF 6.5~7.8, A% > 3.5 mg/L,
TDS B 445 HI7E 500 ppm LA (3] [4].  H AT A /NFREE P 5 ik s/ AR A0 K o il 5 £, 97 8 B v FEE A
FNT, LSRR IRBUKIR . ARA. TDS 255588 datn, WK EIEAAEmG .

G FFERFERR . FRAIBKARE, AN TIRAFERT 9% 0y, DL B IERMES], &5 51K
B SETS, EREATTIA. BEEDBRMN . GRS AR AR, A0S 5N T B3
WA [5]-[7]o SR A HT K I B S AFE IR Ak i s A% = BRAE B Ak, W% & ThRE R —, Bt
A IE R A NGO PR RA R A T S EF RS St R e o 5ok, AR SCIE T ESP8266 #4721
JEVIEEZERE,  5E BRI B KRR RS, FRAEIIRIEIAEEIGUE, AT AR/ FH R R I O
FRBMICRA R Re R R TT 58, B 1K IR B T2

Lévano-Rodriguez 5 A A SRR 7= 7K 5 Mol 0 AR, AR T — ks b B At KOs s 74 2
4i[8]. REEACIRAEHE S LoRa TLIEIE, WSz i KIE . pH. EMAE. HSRELEKR S,
H A& 48 /NI 45T 500 KA e EHmEE ), ER/NUFREY . R te i, RRPUESITE
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RE N SERURE A oG, AR asiiib et . 1A 2 223 AT /K K BN 2 SE T A G HiE 7E
[5] [7], #B53HFTUR A i PSR A% A SE L2 S HUKBUREE, e IR REDL S, (EAE PR BN A
RGMER A, KREMHEAMEA R IREY, ELGERCHU DS R9]; AR TR RATUTR
] 2y WM 25 10], B @RISR TREF A, (HIEMSEEO R —, b pH, A SRR 15
PRIGIGEIRARE ST, 1 HE RS B R HOK, AR 2B T I Rz, A RENE
BK PR RAE S T, APP Sifrr, s A% B SR AR DIRE, 72/ NS (K™ IR TE ) 5
AP IR . ZRE AT AR LU, DK M7 SAFAE W B AR A, i T 1) FVR S 7R A
Wit B AR as 0 I8 715 B a2 B /T MR AR — A7 %o ZE Tk, ASCHE Arduino JFARMEL T,
LL ESP8266 fd= il 85 A% Lo BT 6, BEPFIEMITRIE, MURURAIRR . RE5EOKiR . TDS $HbRR
5 H Bk BT E I SCR R R BIUR AR IEE, T pH. MR EUL RS RN SEBLER 1R, N)E
BT i 2 Z 40 A W R gt vt kA, SR ARSI TG AR E RS, SRR . TN
BHIRIRIE 5, AU R Bt AL . R ThRe I R 71 (K 58 Re B T o s 5

2. SEMAAE

A SCEES/INRUHOT HR SR 5, R T oy B 2R R, SEERME . BHE. BEE.
LHZEWE R G R G, vl G IS IR KIS I 5 oK. AN TR
). 54t LA ESP8266 (NodeMCU V3) W% Low il BT, SEMIABME RS . BEIPAT I . o4 Hds
fetgr mREANAE B INRE, RFCHS R RRAE 450 EAR R A AR, GG /N AR R e
P AR e b e 752K

2.1. REG SRR

ARGRHBERZ . 6 BER. LORWREYER R[], #2550 TUME, SSHRHE
IR A IR 5 R eI . AR R

2.1.1. BB

TR ZAE RO R 2 o SIS SR LR FE /K AR 240, #8548 DS18B20 iffh B A% 145 5 TDS /K mi kar il ik,
BIHREYEE SHRACARE S, ARG G EIR[12] [13], FHEDIREIRRIT RIS & T,
DS18B20 fHHhHLE 2k 5 CRC K56 SEHL ERG BN ; TDS BT /K S 1 S AR A I K, Bl BT
JEE M B AR iR 22
2.1.2. EHIE

BHE RN R GRS PAT AR, SR EEEE, ERBdER . BIE S SRR E, 2 IKE)
WS E EEH11]; KARGEH NodeMCU V3 NEEHIG, WREI/KEHK. ESPS266EX F L&
MCU 5 WIFI $0, fEifbsMEE: FoaGihie o gk 2 o lsm 55 ke e[ 14], R &HERZEAE. Nk
e RIS TR RE T, TO R A ) % R AT S R S K R R

2.13. BEE
S ZUAT ESP8266 K WIFIL SEIL A LIi S, AR MM S S &R, #iloe
JE T RIERTES: WE WIFL S EEN], &R M R 22251

214. ZHE
T HZ S A Web T & 5 Blynk FHL APP, SCHRFEUE vT 4040 7 st #ds 25 i) S5 F2 T 5 4
5, RN, ST RE[6] [15], M “FReEzh + N LAY &, REBMIEM W
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Figure 1. Overall architecture of intelligent monitoring system for river-snail
aquaculture

1. HIRFIEEREMRIE R G DR 5H

2.2. RGEHEIT

BRI TT S, S5 BT 223 EMIKEE, 2 O hl BIc . BRI,
IRPAT U TC B4 B RE 1 DU KAk

2.2.1. Bl MEHIR T

TR NodeMCU V3 JF &I, #% ESP8266EX 455 1, 1 A E RS 45 H 5l S5 0 o

PERESH: NE 80 MHz F:4% 32 A AFE A%, AL 802.11 b/g/n WIFT #HR, Fi% 17 i@ H GPIO 5]
L 1 B% 10 ARz, 4ME 4 MB Flash 5 USB-TTL F#HES, Scfdidr. (55 RE5 L
fEH AT R .

FFRGERL: fKHE Arduino IDE 5E BRI 4E . ke SR, SCRF OTA A4, 518 5 ThaeikAR
Yt AR BT RBCRIE AL 15 76, IS SEIE . AR, 84 T RS EE
&, TTRBIMMER L, AR 2 FRARSA

ESP8266EX KA MCU + WIFI Ht & UEEH), T NS ADC. GPIO il #s 5 . MET
fegs “HTHL + SbE WIFL B 7R, b E43E 555 T 4MB Flash W {71275 24 /N4
WK R 224755, USB-TTL fAifbARPHEst, OTA EET R L FIRH K&, EHFINEOIEYE[11], 7E1K
JSLAR 7K A B I 228 ity o L 2% e v AN

2.2.2. FKIKRIFEE R AR R
SRR HAL EHR R L KBRRIN BG, 45 AR IE SRR RMIE R RS .
DS18B20 %7 I ¥ AL K28 . K B BB, L & B KR Sk o] B3R N FR B K AA s I3 v [
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—55C~125°C, FHMEFRHE X [A) I G vl 18+0.5°C s MifF A 4.7 kQ RN 3.3 V HIFREKE
[12]. AREEIET PN S5 EHEACALINR, B CRC REIRINEI KA BT, BiKIRSkSZ R K
NATBE, T AR AR SIS 2 RO

TDS /KRR AR EE/KAR L S 3 e A R R & &, BLAUME 54 N ESP8266 (1) A0 5111, =
F£ 0~1000 ppm, MWEIRZE +10%. NIEERIEE T, RHMMEAR:
(TDScompensated = TDSmW/[l +0.02x(temperature—25)]) PETHTIMRERE[13]. AitkAm it 1 kHz SRS 5
Go B AL, L 2R KM D B (RS UE 2 25 ChRitE T, K e ) i F AR 4

IR AL AL R G A S AR A G, W] e R KR SRR AR . T ) B S OK R TR B S bR S
Wit i RE A SR HL % RAFHh R A D), W — D IR BCIA AR A (DO IR A%  pH AL A B N LA RAE HLEE
PAEAT ZR KAV R 48 BRBEESR AR D BE, S8 B /KRR 2 4E S HUR AR 77, T 2 L bR s iP5 50 in 4
T FRD M 00 75 3K

2.2.3. BKBITH

PAT WU E 18 4 Se UK Rk, FR 4k a8 S XUKEMIRR, B R B3 5 2 X PRk g

BOOBCE : 6] 5V OCHERE B4k f 35T & 200 L/h ELRUKEE, 2B Stis KM, KNG, 52
K AR T -

P2 4 aSiR A 4% GPIO P55, TR & IXEh K 3R 15 .

B it SRR B WK IR R (5 P AR v s R, AR i g, R KRR B T14].

JERBIKEE “HL -6 - B B IUR T R E, PHBR R A A S R T, B iR R
HAEMEAS . WK IR B2 S 5HhK: 200 L/h /AN ZEHK, Bk KB EIZ1 50 5] K& HEZ
RLEEET

FETH 71 SE PR IR SR R BRI, SRF/NIh SR KR A N 8 S AT He,  @d AKER KR T 2
— SRR RVE, B ROKAR S 2 ST AN, SR PR S A I R, TG VA AR SRR I 4 T e e A
VAEE . B KIS G R AL, BE AT DA &R IE A T4, SOnT ARG AR

22.4. BERHEEY
TR R SR s IBAT G RC P AN AT B R T
Pt SR S V2 A ISR, AR S KEMOL AL, B KRR TR E 5 R .
B Fii 4 1P66 Bli/K ABS 4h5%, SCBUHBRIR . B4k 7Rk, Bz, BiEhh, iERCEE RIE I %

REFERBEL: AL LED #8747, D AIFRIE R G HIEAT . KIS AR i

BT UK A L AR FRLIR ST, DRFEIR L . TDS T8 (5 SR R & PiKAhFe R ARITE v XUt LED
H1 GPIO 3Kz, ZLIT mSelf b il o im P, (8T IR0 B DOk HE A AR dhes, PR IR )

WEPEEAY) 85 T, B HUYIE B 300~400 JC. [F2KH b & E BT 277 7t, ARGIAMEN L2
DiRE & H. EEANTERTE LN, KRGWNAE B, miRZEr K, bRk
FUBA S EAEIET, BRI RL .

23. RAGRHERFET

RGN HET Arduino IDE JF, HBo# ESP8266 JF AR #FEL, T A OneWire. DallasTemperature.
ESP8266WIFI. ESP8266WebServer. Blynk 2528, F2 7 R FAREAL I T1[15], R AVIIAREe, 329§
WIS I, i A AR, IR FE RS B RE, (AW . R k.
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2.3.1. IERFVIRILIRR
Wk LHEAZPATYIRL, O
WFE—: BLE WIFI ZHOHEA ML, AT o8 e
WAE T DEARIRIS S, = UHTA GPIO 51 N =X
W= JABhAH Web RS54, S8R Blynk 2535 1 #5461 5 18 {5 X%
WAV W HIBFRE/K AT BE: /Ki 15~30C. TDS _EFR 500 ppm [3] [4].

2.3.2. EEHEBITIRR

RG UL 30 BN IR AT KA . HlE . . BARGRE:

Bl REE: A 30 s BHUKIR . SRS TDS $ds, it i 5 fhe se OB £ 1F

BIEAE: XS SHCS BRI, IR AR bR

HahffE: K. TDS #FsE sk EHK: SEIEVE 2 % 2 X RLER 60 s {541, B 1k/INgE s sl ik
a2k JEIEE

Bl bAE: R IE RIS E. KFOREHEIEE Web &35 Blynk =3, Kl al 94k % .

2.33. RELIBIER

EEXF AN NME ST 5 58 2 R AL

RS TR 4. A = U BB TR (DS 18B20 3 [1]—127°C)H g AL I g kb, 1) /K 28 41
R

WL S B A 10 BT WIFLIRZS, WiZ)s AshEE, (Rl H;

REPREET B9 FRARE PR RFEE 30 min RIKE, ZunfEETUEH L, RN LT

2.3.4. EIEZ ELRHIIT

RPN HARFR, FERS B P 4% 15 oy 3 A 4%, 00 (R i 24 (5 B 12k«

Blynk FHL APP % i REAUL 5| HZ0 s S hl4E 4, BLEHUE BREE. s gedsfF, nrse
I EE KL TDS ¥, 18 24 /NFE AR 6] [15]: #ETshisRicd, FafEledaTE
HREEE, AT TR &IET.

At Web i HH ESP8266 H AR EALRS 4, TUME: 3 M BaIE, i RKIRESH. )
FIBATIRES, MM LT B HThae, Tofe s M4 155 T nl i & ek 9 A b vy o] 4%, AHLAS B S
w2 fros.

{ KRR & KRiEH

% 7KiR: 24.2°C

& KB TDS: 1
E kERS: E AR
LoHERR: = B

E R, KEFE - TDSTHE(1)

> FEFE W R 5 ERH

Figure 2. Human-machine interface of system Web interactive terminal
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2.4. BENREIZERRE

RGERMKIR - AKRXOHAT AsIRIE T RS, BERS . PINEIEE, Frses N TErET
T, SEBURER MRS RS AL . R R

24.1. KBRERNBIEF RS

AT R G K AL 56 CRE S ok, FAIU a0 R -

KA I: 45 30 Bboe i — YOKIR B RE 5K E;

Wk K& T 30°CEBAKT 15°C, Freka s UK IEHIK/E

{1384 JKIRFEIVE S 15~28°C HIE R R IR X A5, ZERF 60 FPRi5/KIE, BM/KIRIRA 5] K 1 H
LEANE AR

MR AR R, TR oK R IR S R, B R T

24.2. KREHFEFRG
A7 ARG LN TDS SO O MR SE UK R B 3K, BARRUU T
R brie: AR AN A (K TDS BUE A E it 2 4 BUE BERE <500 ppm;
WEZ 4. TDS R 500 ppm W EZh#K, B AEBMEE R 450 ppm DL R FIEMENE, T 2400

AR IX ]
B m s ML . LB P IR KA E/NEIRG S5 0Bl LS B KA KR A TR 450, Fase 37
FEAE SRR,

2.4.3. AHLEEIEENFI

Web a3 254 5 Blynk FAL APP & [F)25 TR BT St IR, FR5E 7 ol SEi 25 7R A e i
MRAEYE 1 SEhRaeiE Tk, FaaAKE. FIAZNRERE. /% “HahREAE. N THMBIyEH” 1
Erale], BEORBEE SMEGEIagE, T RTRFRFRE R TR, T RGuE Rt .

TR 5
I B A

VEAFADO AL A7
A& T2 4B

SRS AR THE A

JEABIEEIRAEK AAATI A

JABHIAOK R TR

pH. i3 TDS
A %2 bl

FERIEIL S 5
IR it

TREE S TR

Figure 3. Flow chart of system automatic regulation logic
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T AR R A SRR AL SR BT e S BB R R 5 58 . SEMIRENLEE FLFE BOKIR . TDS
R R 8 ISR AR 54Kz s IR DO pH I AR A SEAAAL GG, T A2l 1 K A B LB A
P R S M A, DA R KT I BB S 5 R G2 SRS (RIS 40 SRR I 2 48
eI

TG Z A MmN R B (SENEREE . TDS, HEBHU pH. W), ARG 2 5% P H
PEMIE . R R HER A E IR AT IR G S BB N, I8 56 I8 S 1 UK R T R I Al Y
FEEAFE] pH i 25 & LI H], B S BRI, 7K TDS FEAREPRIN, 8 S K AT KR .
BB 2 S AR U F) TR A T AR ) 28 A SE R R R AU EE “ Sl 20 + BUERATHIN SEIH]
SERCAYE, BEPFTEH IR, JEEERTINE pH. IR A SRR IS, DIHONEE T 1% s S DN Hodis 1 e B 42 1
B, 4 e e BRI RAR W K 3 B

2.4.4. KEEBERE . pH EHAOBERL

oI T AR AR IR . pH BRI IR B, BRGNS . F S FIRHIERE R 2RIV
IR pH EIEFRBITT, ANGE RGO G, FrUAR I T — PS5 2 RS IR (1 BB U i T
HAIREEHE, MK S % OKIELE) #k[16].

FE—ERARA S, B EE A A GEYI AR, VAR AIR I S I TR S R AT i DL 2 50

&

Hr
t: BRI, s
DO(t): ¢ WA VR EH E (mg/L)
DO, (T): WEE T T HHLANVE fif 20K B (mg/L)s
m: MR (kg);
Ve IKARER(L);
R(T): FURMHFEEESR, FERIE T, 5T s Mg N AR mg Od(kgh)).
ORIV AR R A () GBI A S8, AR T R e 5 25012 1E13 2] Benson-Krause 48
B 7 FEAT VR, 2O BRIV EORS PR, 1 IR 0~40°C, RRRETE A% HIMRIRGH 10 WK X [A],
B RIE AR
157570.1 66423080 12438000000 _ 8621949000000
T+273.15 (T+273.15)" (T+273.15) (T+273.15)"

FH R L AR Ao 6 2 B K M IR P 2 B R O, AR BEIR FE THm RAR BN K, ASCRA 9, iR R L
AR GHZ SR B IE, RERTE 10C, AR RIT PR ME2, HitERER MR
R(T) = Rzo ) Ql(orizo)/10

Ry 75 20 CHEEHEIR L T, 12BN L FE 082 (FR SRR 8 ) o HRAE AR A0 (47 4 A AR 0 ) B3 [l 4
Ry, KEAE 60~100 mg O/(kg £ 5 -h)[X [d] .

O, : WEERY, THEHEZNYMHE AL 1.8~2.5, TRFAHSHATHL 2.0,

KRS AR A DA R iR FEAS TE Y HURR U R RN BRI RSN 12 A, 3T DUR AT VA i 4
B 2 RSO I SR (DO P2 1.5 mg/L)XS B A EAE I SIS TR], 28 498 T A4 2 18] B4 52 i S 3 19 4

In(DO, )= -139.34411+
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o K AR, B AR S5 BB S ) T SRk R
_[po,,(1)-15]¥
critical — m-R ( T)

TXRERT DU B H 3 S S B (AT ARG . [RI3, RISy ph E SRR RSB AR, A%
FERLAE D an i AL A B R, 7K AR B ph BT B 3 22 H FE B A P = 2 S A B B
TR IR AR RO WA R 1K COL BERIREE, TR AW
A ( ): m-R(T)
¥ x32000
AC(t): ¢ W ZIFL R CO, BE/RMKFE (mol/L).
m:  HRE & (kg).
Ve FKARAEFAL).
t: WF[EI(ZNEF D).
GG KIRTRIR AR BT 5 &R, i — 0433 pH Bl — ik ZA AL A K
()

pH(7) =pH, —log,, (1 + C

0

Xt

H, : /KWL pH E(AT 8 pH THEH19).
C,: WIEEWS ZI7K At B R IR(H,CO; ) I BE JR M BE (mol/L), HHEA R A K H
Ax 10*91‘[0

TR )

Horpre

A: JKAR ST (mol/L) . #5147 Bl B & 4311 2 mg/L CaCOs, JIEREA 50,000 RIA]4:55y mol/L
(F4n: 100 mg/L CaCOs + 50,000 = 0.002 mol/L).

K (T): BRI —ZRE 5 K (mol/L), RBERRIEAEN. 25 CHLIN 4.45x 107, AR Far AR
pK, =6.35-0.0014x(T-25), MK, =10"",

XA AT DL FH S B AE K ph (B IXTA] 5.5~7.5 HE 5 H 4K 1B TR TRT RS .
32000/

(10PHO =55 1) C, m.R(T)

crmcal

25. REMEERIESR

R RGURAE . LA BRI A VERE, 15 ST 5 P4 F G IR G /K IR 5T R i 8t
VAR RS B TR, AL e UG N RN, Web 55 Blynk R ILINEE, R4 30s ER—
HRESBEAE.

FEHUE SRR B WIFL AT, SR Em iR EHIE 1 s DN, iR, &, FBhRishsess
H, RG01 s WG IR sk, AKEMKEFERTZ) 8 min, TDS AARFER 2 5 min, BIE AW KR
VAR N AR, R IE O NE SRR KA S, ORI AMR[15] [7], BA&RAFFREY
SR 7

3. 58
AU GEIREET ESP8266 [ FIE 258 s Wi 15 R G0 A S B 1 — IR Ab B, SRR L i A R
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ERERE . mAE A A AR . P EEE), SEBSLIUKIESHCRE .. BRI, afE
TR IIEe, 7k B U RG vk an

VU 2K X S AR A T T A B . B, $astfil, JEME . CHVYE RS2 44TiE, DS18B20. TDS 4%
RIS RAE IS 5 TR B fE 5 2 ESP8266 £4%; FARAKFE F iy WIFL 58 BOS Il B A& 4, P54 A
WHEIE R Web WIS FHL APP iy, I8 N R BT 345l 2t o] B AL |l 45347, VU250 &
FOTHHE AL BB, TES W, 184 R KN,

SRR R OB AT SR R RIS Ak KT L HBL LS B S A LR E B T T,
DS18B20 fitE 4.7kQ FHiFHFH . TDS HHME SEN 5| IR L B2 AT AR s JGARRR 25 4k Fa 855 AR 2y
AKEEH R, AL 5 VT R ER KD AR BRI T3 1P66 Bk Ab5e . RUEIRESHRRAT
Al SERERC LA, AR T R R — A A 4 1) i

RN SRE IR E R 52 3% . 4T Arduino IDE TR BB HAL AR 5 7T IE % W & 2K Th g e, 1%
TR R . IREAMEE R BEXT . KRR DG HeKIaIBR B 2 3% E B8 T IEH $AT; WIFL &
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Table 1. Summary of water temperature change data in temperature-rising experiment
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Figure 4. Variation curve of water temperature with time in heating experiment
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Table 2. Summary of TDS change data in impurity experiment
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Figure 5. Variation curve of TDS with time in impurity experiment
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Figure 6. Schematic diagram of system hardware wiring
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Figure 7. Physical diagram of system hardware
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