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Abstract

With the in-depth advancement of smart city construction, the limitations of traditional water me-
ters with a single metering function have become increasingly prominent, failing to meet the diver-
sified demands of modern water services management, including real-time water quality monitor-
ing, equipment location and traceability, and continuous outdoor power supply. To address the
above issues, this paper designs and implements an AloT-based multi-parameter water quality de-
tection and processing system for smart water meters. Taking the ESP32 chip as the core main con-
troller, the system integrates multi-parameter water quality sensors for pH, turbidity, conductivity,
temperature and other indicators. It adopts a hybrid power supply scheme combining photovoltaic
panels and lithium batteries, and is equipped with a GPS positioning module. Bidirectional data
transmission among terminal devices, cloud platform and mobile APP is realized via WiFi/4G wire-
less communication technologies. This paper completes the design of the overall system architec-
ture, hardware circuit design and module selection, software programming development, as well as
waterproof and sealing structural design. Joint debugging tests are carried out under laboratory
and outdoor environments. The test results demonstrate that the system can realize real-time and
accurate collection of water quality parameters, wireless data transmission, equipment positioning,
over-limit alarm and other functions. The detection accuracy of water quality satisfies the monitor-
ing standards for civil water services. The photovoltaic power supply system enables continuous
operation of the equipment without mains electricity supply. The proposed system meets the re-
quirements of refined management in smart water services and possesses great practical engineer-
ing application value.
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1. 51§

IKBEPRAE SCHENRAE PR S AL S 2 B AT R AR R A% Lo IS B, B SR0K S5 A A A 2 2 R
MBI EE A R[] [2]. PR ARE A R, T o R R 897K, A% 4K 55 B B H 2 %
o EGHBOKEICRS FKETTREIIEE, SRIOKFUEIMEE S, Toik L PR E M5 5. IR B bR
Sl PAKERT AT LA U TR R G ECYEZE, i DR R e AT R
B AN TR RCRAR . EARE AL, Wt ZRHFERA[3] [4]. [FIRF, AR505E m e 7K B it s
k22, R VE A PR, XEDLSCEUE ) 4 3gZh A5 MM, ek R DU 0K 5 R K

B R AT fh SR T, K 2% 2 B, XKB pH. MU, SR R SR e
W R@ AT NEIIKBT . KE R, PR M Rw . BRRIS A, RTHEH
RURE K G5 AT ML 75 B BEALH AR AE[S] - AToT AR A VIR 5 8 BE R T L9, 4 & AR AU
RTIFERT ESP32 F4Zfr, LLSOBIRGERE . ZALEERR G RAEEM. BIKEEHERBEA, NL I
JHAHNE K S5 MR s W A BBt 1 AT SR BOR S (6]

H A P AME R REZK R 5K I 08 LIS — e B TUSCR, BRI 2 AL . DU R R Rl

DOI: 10.12677/sea.2026.154056 603 A TR 5 N


https://doi.org/10.12677/sea.2026.154056
http://creativecommons.org/licenses/by/4.0/

X 5%

BORMBUR . AT, MELMERCT RAKER, /N 0 2 s A 8 M S FE 2 P A B s 43t
HUEEHTA IR IB4E 5B HE O SCRRHEE (L 5 B e TS ThRe, Badt e i, MELASEIUE M 23
FEAIL K 55 I -

BEXE LR, ASCBEE KA T AloT B REKRIKIR 2 S HAI 24t ARG ESP32 NiZ L,
FRUKRZ RGN GPS AL SeiREfEft il SRl E s, H@UR RGN ML R LW,
Z ARG SEHUK R S SR HER SR . Bt etk Bed e O, iR ESFThEE, R BT A
PEE BRI AR e, DGR F R G AT A TE 7 LAY T AERF B R S AT . IO AMIRT AR e Ml
BER A SR BOK SR E IR S, A RIFMERIME S TR TR

2. EHIRG BT

FIREE RGBT IR SN, S5 SR EUKS AN N s, AU REFR R 5 EDIRe
SRS ARG TR E . DEEETH, RATERKHKZ SHEOKTRN . FH/KETE. GPS ®&H
HEENL, ek B RIFETCLRBIE L. B ahun i &2 05 R B O IhRE, P SER R/
pH fH. M. HSREREKTTErR, HEWIERTTS GB5749-2022 A iHR /K LAMRE. JEThReZ
T, 25050 2 ks FEAI R TOFEIZAT . S IABEE NV . sl s nT S S 5 B is 4E 2R o FKTURT I
M RAEREFEHIEAT W ARV EN, &P TAE DR S RIRIhFEE R GAR fE it #a A% P67
BieBiKae s, THERC AME R Tk Bifeim RS, KR EE S Ao A rME, B &
Ba. SiEdE, EREZHFEMENLET] [8].
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Figure 1. Overall block diagram of the system
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Figure 2. Schematic diagram of system hardware

B2 RGgRHrEE

KR 2 ZHICBHA AR RGO 0.0, R TKIER. BSER pH. M PSR 2 s
Dra e, FANC GPS SRR, STHLKBR BRI SE SRR S RO B IR, v 1% I aR i ALl ADC #2111 5
Hrer i N5 Ete, BT RERSESuE . iS5 148 50 ESP32 5 BERSC R4 1 Fs(9].

Table 1. Pin connections of water quality parameter detection

3z 1. KRS B MIERE S | IER X R

LioRllE>S0 ESP32-S3 3| EEANTT R #HIE
KR 1018 ADC B ~10°C~+60°C
3 1033, 1026 ey + A
pH & 1036 ADC U 0~14
W 1048 LEEPETTPN
GPS &1L RXDO, TXD0 UART # M5
CoD BIEN ADC U 5~25 mg/L
HA CIE: ADC BN 0.2~2.0 mg/L
RIRTELivEN BN ADC U 0.01~1.5 mg/L
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3.1. pH {EMELR
pH AR FEL B -0 B K AR PO R B, SR pH L ARAE RS, i 3.

Figure 3. pH detection module
[ 3. pH MR

3.2, GHEERMARIR

S LA N P P 0 R PR TR, SRS s B AR IS, sl 4 P, I GEICH BRI
IKAR A ) B R

Figure 4. Turbidity detection module
4. HERMARIR

3.3. HEEREMER

L AN LB TN R /K AR S HLRE 7, DABRRIW KR 2l i S5 2L R, SR ki 3 R A
2%, Wi 5 iR

Figure 5. Conductivity detection module
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3.4. BERMFEER
FRIRASHI R B 2R AR s, Al 6 FTaRs e

Figure 6. Temperature detection module
6. IREAMIER

3.5. GPS Eft&ERiFt

GPS EN AR SEIL & e AL ThRE, Ko WE B (st B A7 B, /K B SR B 40 e,
T AE 8 L5 Rk
3.6. ARG ERIZIT

AR AR A IR IO AE B N 15 24 4T3, SRR 1 W L RFEAEM . 1000 mAh 3.7 V #5R&
Yrea i SN e A BN, AT SCELGREREE . HREFE. SV RRIE AL — i fE, REMRE LR B
Pl e o i, WEIE 7. I S 2 ARy BRI E 50 g, ANOERE, ATKEERPHRESEIL

H 25 B E e ot e, & B AN IR AL B3 . /NTRL P AR TR | 95 N 278 H A R R TAE i 6
wmE 7 Fios.

Figure 7. Photovoltaic power supply module

7. SRR

3.7. REBIFRRET

AR ) TC LB K T BT, ESP32 PR WiFi BLEUE R a5 7, 756 WiFi Eik
I3, {8 Wi EATE0E A 5, O R A, & AR /NX R 5 XTI AR R X,
B WiFi Ei s, RETHE T 4G BRAY REED, TR Air7244 G ik, SZEl 4P 1 5dE
e, PRUEEARE ) _EAE[10].

4. &
K RGEF F 4y AR I R BE R ¥t KHE ThingsCloud Y9I 27 &, S2HL 7 280 Bdi R4
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AR A ST 58 T4 BB R AL, LR AR 8 FR(11] [12).
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Figure 8. Software flow framework diagram
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4.1. RRRRRER

PR IRAS B AN SO 5 I Bl AR, IR, 12C. A5 HIAERE 1R SR AR A 1 SR e Bdis , JF
5E A E T e 46 o
(1) IRIR AL s
oOfe: B 12C B2 B0 B 50 B R AR, SE R AL e, 15 BB IR B
fH5%RH IR .
void get_temp(void)
{
/1 BRI SR AR it
MX temp humi Write nByte(0x29,date buff templ,2);
MX temp humi Read nByte(0x29,date buff temp humil,2);
/] JRIER O TR, JRURMETEOR T 100 1%
temp=(date_buff temp humil[0]*256)+date_buff temp humil[l];
temp=temp/100;
}
void get humi(void)
{
/1 BEHGR L SR b
MX temp humi_Write nByte(0x29,date buff humil,2);
MX temp humi Read nByte(0x29,date buff temp humi2,2);/ JR UG/ #: A%RH, JFRIGEBKT
100 %
humi=(date_buff temp humi2[0]*256)+date buff temp humi2[l];
humi=humi/100;
}
QyKFAL KA
20D fE: BN 12C B LEBUKR M IRGEE, TR EUKRIEEE, SCRIE AR KA.
void get WTM(void) {
/1 TEDKFRRE AR 4, BEHGR B K
MX WTM_Write nByte(0x29, date_buff WTM, 4);
MX WTM_Read nByte(0x29, date buff WTM data, 4);
I FERTKFREE ARTT/NEGR 7Y, R AR b 25 A I I £
WTM=date buff WTM_data[2]+ (date_buff WTM_ data[3]/256.0);
if (date_buff WTM data[l1]==1) WTM =-WTM,;
}
(3) PH f&
BOTRE: T 2 ARHERTE, ¥ ADC SRAER B 4G f S B #4009 PHAE, [RS8 (RE ARG, fRIE
b L AL AR A
float Calculate PH MultiPoint(uint16_t adc val) {
float ph = 0.0f;
/] B2 RRCHE, SERCAS AR B T R
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if (adc_val <= 860) {// = PH B ifE: 9.18 -> 6.89
ph =9.18f + (float)(adc_val - 860) * (-0.007897f);
}
else {// 1% PH BfLifE: 6.89 > 4.0
ph = 6.89f + (float)(adc_val - 1190) * (-0.004019f);
H
/1 EARBRWE, PCRIUE PH B FEA 200 Hl N
if (ph > 14.0f) ph = 14.0f;
if (ph <0.0f) ph=0.0f;
return ph;
}
(4) R 3 24 TR A A A
BobIIRe: WM EC ARIRAR IR B A e D8, $REVE R SIREEE, R REIPRE.
void EC _NTC Decode(uint8 t *pData) {
if(pData[ 1] == 0xAA) { // ¥R [t
/] RS R, R EEOK 10 £
uintl6_t cond raw = (pData[2] << 8) | pData[3];
EC NTC data.conductivity = cond_raw / 10.0f;
/] ENTIR BRI, SRR E TSR 100 £
uintl6_ttemp raw = (pData[4] << 8) | pData[5];
EC NTC data.temperature = temp_raw / 100.0f;
EC NTC data.status = 1;
}
else if(pData[0] == 0xAC) { // IRZIR[A
EC NTC data.error code = pData[1];
EC _NTC_data.status = (pData[ 1] == 0x00) ? 2 : 0xFF;
}
}

4.2. A ERT

ViRPFEE T MR STHMERE ERNEE, I A ThingsCloud 1 & & 5 ik«
https://www.thingscloud.xyz/, %~ R J5 NV 6B W . Bki% 27 G456 & 50K -5 S 58E: 7625 M5 i,
AT R E R G R, RE0K A 2O 6 1 S S SR U . fEE SR, PR IK S 5855
Y, SRR SR e S RS . AN ERRTE : BRI R, KSR IE &
XKoL, EAIERTIBN LN AloT FHARIH, mfmiH AR AT H TJgEhl 6. ARG mER
s T G 02 FHRE T, GRS E BRI, 7R & RS R R R B AR B AloT 7K
WARARA, Sz R MR &Sy, I AR RGWN LRI ERm, WK 9 B,

BEANSHG, WA EERGENSMIIEE: SR/KESH: KR PHAE. M, B SR04
oo WREAAGE: KRN IR E, RIS S DR nTEE LSRR E
Ho HEEH. GHELEEINR, REREERN.

DOI: 10.12677/sea.2026.154056 610 OISR


https://doi.org/10.12677/sea.2026.154056
https://www.thingscloud.xyz/

Xk 5%

M

ThingsCloud

pET
@ A&k
O x®”
G FrfiRE
@ igmxm
g a4

Q RESE

B e

B mwaE

B FiftEs

B #rEE

R B v AP E Qv @umexe @ g
«EEIREEE
C)
DM e
WS 9zotgabk REET: M o@EK O BESE
eF @ B me B 6% WM 5 BaK  BR =R AP WAL 9F
ElE s
AR (WTM) Lo A PH (HH) @ 1RSSR () (oN'-&g g (T0) O K -
23.2< 6.668955 0 1
w2 ® Ok~ HEW Y ) Qu - mE foyre
118.737975 32.137975 59 17.03
8 3%
27.49

Figure 9. Upper computer interface

E9. EHAE

5. SCHIR B s34

N T BAEAR RERIThRE S MRS B 2 BT HESR, RATEE TR, X RS TR T T
SETH AR, B FE A ARG BN e R AR AR g, AT T SRt AR s N A
K10 2 R G0 B L BRI L

Figure 10. Physical picture of the system
& 10. RGYE

KA WA P & RGO REFR AR, N T 0AIE R GRS IIAE B, AN SCHC B 1 A [ 94< FE I b v
IR, 7 S AR RS S AR HERG A5 KT 20 BT DG AT R RN, X B AT I &5 1, S0E A R 48 1
AR o R RE R 45 BoR Bl tn 11 fiR.

AR HAR B E SRR R - MR AT HEAS: #ESS pH4.00. 6.86+ 7.20+ 9.18 Ay G AW, 0.5NTU.
0.8 NTU. 5NTU FpifEiEHM, LK 84 pS/em. 147 pS/em. 245.5 pS/em bk B S REH, HEHC
SERAZAERIMG Ay HQA0d 5485 =K i 0 A AUV E bR e IR 2%, W IR S B8R A HERf M o AR IRtk
BAT SN AR RS ) S AR AR AT UE, PRSIV E A pH B F SRR SR HE, TR AR ERER 1
Wl 22, DRUEIN I SR EAER . FEARFERD NN : AR A 2R G AR IR SRR K 5 AR A 43 A AN R 4R S ] Isf
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TRNAN FIAR BE OB AE DRI, A B AR 8 5 (5 45 2 0B, B ORAL IR SE IR ), 73 RA R
R e S A A IME, BRI AR I 3 Wk, BOPBMEE & NRas R, b RELIR 2=
I . RZEGH T XS LEPTALINAEAR, TR RGBS AR S 5 (2 1] (400 R 22 S A X R
72, B UESS TS BOAS RS 1 A2 75 2 BOTHEDR . MRS SRR 2 o

PH (PH) Q) 1 &5
6.757373
1
E (TD) Ol -
1
1EbEE
HEERSER (£C) QW -
21.5
1
b1 4 QK -
27.49
1
(b)
Figure 11. Water quality test; (a) Measured example; (b) Test results
11 KBUMR; () SEMSERL; (b) MIRLER
Table 2. Comparison of test results
2. MRERxEER
MRS PR RE HITRE FEXRE
pH & 4.00 3.98 0.02 0.50%
pH & 6.86 6.85 0.01 0.15%
pH {8 7.20 7.18 0.02 0.28%
pH 18 9.18 9.16 0.02 0.22%
MENTU) 0.50 0.49 0.01 2.00%
M (NTU) 0.80 0.79 0.01 1.25%
HE(NTU) 5.00 4.97 0.03 0.60%
13 % (uS/em) 84.00 83.70 0.30 0.36%
HL 3 28 (uS/em) 147.00 146.60 0.40 0.27%
5% (uS/cm) 245.50 244.80 0.70 0.29%
JKIE(C) 15.00 14.98 0.02 0.13%
FKHE(C) 22.50 22.47 0.03 0.13%
7K (C) 30.00 29.96 0.04 0.13%

AR BT/, ARG TUK RS G Z #R L THE PR MR 2, pH EECKHI4E5 1% 2 42
0.02, TFAWIFERI£0.1 IRZVEHE; W R KA IRZ R 0.03NTU, WAFE#IHERF£0.1 NTU %
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ZEaH BSRE KR Z S 0.36%, FFABRITERE + 1% FS RZEJEH: /KRB A0 iR 2 2
0.04°C, WRERIFERM + 0.1 CREEHE. I SRR EEMFE LB K A RIE)
(GB5749-2022) /¥ Wl ZE>R, AT DAL 7K 5 M 0K~ 4 Al T PRI A FR

6. &t
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N FMT G, T TH PR AL 1R T 2 SH R R SR TR, @ R AR B
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PAEFRAE) (GB5749-2022) ) MM EEK, AT LAZE 7K 5T e il TR - A P 5 (R AR AR

E&InE

VL7548 T 37 W B 3R BHE R0 H (KJ2026100, KJ2025083) #6381 5 A0 & iR 2 R )i H
(YCBE202506).
&E ik
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