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Research on the inversion of water quality parameters in small and micro water bodies based on
smartphone and artificial neural network
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and Engineering, Hohai University, Nanjing, Jiangsu 211100, China )

Abstract : Environmental monitoring using smartphones for parameter inversion is gaining increasingly popular,
particularly in the field of optical active parameter inversion using visible light reflectance. This paper utilized
smartphones to capture water images using polarizers, mobile phone telescopes, filters of different specifications, and
24-color standard color cards. Through stepwise regression and artificial neural network methods, we performed inverse
monitoring of optical parameters (chlorophyll and turbidity) and non-optical parameters (DOC) in small water bodies
in the Yangtze River Delta region. The results showed that the DOC concentration ranged from 2.73 to 16.90 mg/L,
turbidity ranged from 6.53 to 91.10 NTU, and chlorophyll concentration ranged from 0.36 to 245.47 pg/L. Stepwise
regression identified five image feature parameters of DOC concentration: R1', B/G2', R2", R4", B/G6'. Turbidity image
feature parameters were B/R3', G5", R6", and chlorophyll a were B/G1', R2", B/G4'. Combined with the artificial
neural network model, the water quality parameters were successfully inverted, with NSE values of 0.62 for DOC
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concentration, 0.65 for turbidity, and 0.67 for chlorophyll, indicating high inversion accuracy. This study established a

method for inverting water quality optical parameters using smartphones and explored the feasibility of inverting non-

optical parameters, providing a foundation for the development of smartphone applications and the inversion of water

quality parameters.

Key words : smartphone; water quality parameters; non-optically active parameters; artificial neural network; stepwise

regression; small water bodies
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Fig.2 Framework for applying smartphone to inverse water quality parameters in water bodies
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Table 1 Experimental material and Specification of filter

S R Hirs Ve g FiA% (nm)
FHLE 20 fiF % 1 380~2 500
BHETHL OPPO Reno3 2 450~2 500
FHL A lisa Y 3 470~2 500
FHLIE T =4 — 4 490~2 500
FHUm ARG B 52 mm 5 535~2 500
24 EbRER R — 6 565~2 500
B K im 7 580~2 500
Bk 5mL 8 600~2 500
FLAS R 18.5 mL 9 610~2 500
i PVC B — 10 630~2 500
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Fig. 4 Images of different lenses and color correction in the same water body
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Fig. 5 Schematic diagram of artificial neural network topology
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Table 2 Summary of water quality parameters

. DO TN TP S RS DOC
RbEH HH T(C) pH My s
(mg/L) (mg/L) (mg/L) (NTU) a(ug/L) (mg/L)
STNIE] 27.87 17.26 8.98 1.98 — — 245.47 7.51
BT 5 A f/ME 17.87 4.06 7.12 0.24 — — 0.36 248
N=58 SERH 22.40 10.48 8.12 0.60 — — 65.51 441
Frife 2= 2.80 2.96 0.55 0.36 — — 71.22 1.21
S TNE] 36.30 19.97 9.24 6.36 0.37 68.33 162.39 16.90
o111 ] /MA 17.20 3.25 5.40 0.64 0.11 8.97 4.64 2.73
N=45 SEME 27.30 9.25 7.83 1.91 0.20 32.00 46.97 8.38
FrifEd 2 6.46 4.19 0.98 1.16 0.08 15.59 50.73 3.95
e KAE 36.03 16.17 9.77 10.59 0.29 91.10 7.51 15.13
Mg 7-11 A BME 18.53 1.84 7.35 0.37 0.07 6.53 2.48 3.90
N=10 e 27.75 8.01 8.15 3.28 0.16 40.60 4.41 6.88
PRz 6.35 5.47 0.81 3.65 0.08 26.24 1.21 3.23
W BT a REAK 15, R EEFRD TP FEACRAEM N 7-11 H, FEAR N 40, HABHSEREARLS— J i,
1.00
T T 0.51
0.80
DO DO 0.2 0.61 0.60
* P<0.05
pH . pH 0.56 040 xx p <001
sk P <
L 020 P <0.001
TN * * * TN
~ 0.00
TP & ® TP
~-0.20
DoC . * + DOC 0.68 -0.40
o * * # w3k M 059 -0.60
-0.80
MR %a | 4%
~ o o z o 9) ~ < 100
= ;
&

6 KESHBXERE

Fig. 6 Heatmap of water quality parameter correlation
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Table 3 Results of stepwise regression analysis of water factors

ISR bR B 5 FHIES 5L R
M y=110.186-23.738B/R3'-341.165G5"+86.138R6" B/R3', G5", R6" 0.51
Chla y=-212.106-145.344B/G1'+752.193R2"+98.768B/G4' B/G1', R2", B/G4' 0.51
DOC =-13.09+54.74R1'+4.09B/G2'+27.95R2"-31.94R4"-3.5B/G6' R1'. B/G2'., R2", R4". B/G6' 0.41
TN y=5.67+12.1R1'-9.61R7'-5.35B/R7"+0.18B/R10" R1', R7'. B/R7T". B/R10" 0.24
TP y=-0.23-0.56R1"-1.33R2"+0.15B/R5" R1", R2", B/R5" 0.25

HE « BHRRHIE S HCE UG DT 5 + S8+ TPk AT, W B/R3 3R 3 08I A Bl 5 R — R I HAE, G5" 3R 5 5Bk T

FPPBIRGESS G iliE .

BT BRI RAESBORUK BoEdE . A
TARZNLE S R | P23 a WJE . DOC ¥
BER RO, I AR RE A TR R . R
BEARURE AN G e i XA 4508 L ok 8 1 2. gk 4
JIT7R, X 1ok B 0 Ao 2 R 5 A e 8 ) 24 25
3-10-1 1 3-14-1 ZCR b b, PIZ845# 3-10-1
Y EARZNAT ZEUNSE Jy 0.65, 14 NSE J 0.89 ;
I £ 45 44 3-14-1 (1) BA& NSE & 0.71, i 5 NSE
7 0.84, PIFMEILEF/E NSE 2257 Ak, {HIEARR
2% 24544 3-10-1 B A7 5 Ik RMSE #il MAE, [ 2
AHIFFE T A AL e AR (1 7 ),

P TI4EE a B MERATRL, 2 W 28 2k
3-18-1 F1 3-19-1 RUR Al L8254 3-18-1 1Y B ik

NSE 4 0.71, Wli4E NSE H 0.74 ; MZ45H 3-19-1
SR NSE 4 0.67, X4 NSE 7 0.85, {HJ&A5
W28 485K 3-19-1 MliA4E FEA T RMSE #1 MAE,
HAANZALRE J 00, PR AR Ry e R, L
BAL S E LA RO W 8 iR .

X T DOC ) i 28 I 46 52 T8, ot 2 ) 4% 45 44
5-21-1 B Al HUEA NSE 4 0.62, {4 NSE
90.82, B4 HAE o 28 R 248 Fre (AR | SR g Y4
BRI 9 FR .

3 i

AT IR RETHLAT & iR . TS
TEER . 24 EAREE RN/ MIOKIASARR, S5

4 REATHE RSN R

Table 4 Results of turbidity different artificial neural network structures

KRG bR 5 45Ky S A& NSE BARMSE  BAMAE K4 NSE  JH{4E RMSE k4 MAE

1 3-09-1 0.55 11.94 6.86 0.67 8.82 6.86

2 3-10-1 0.65 10.51 429 0.89 4.96 429

3 3-11-1 0.64 10.75 7.75 0.66 8.92 6.53

4 3-12-1 0.63 10.80 731 0.82 6.57 5.26

o

5 3-13-1 0.57 11.75 8.71 0.65 9.07 7.63

6 3-14-1 0.71 9.54 6.93 0.84 9.55 5.40

7 3-15-1 0.61 11.16 8.17 0.76 7.52 6.24

8 3-16-1 0.62 11.06 8.02 0.62 9.43 6.94

1 3-14-1 0.67 35.74 23.57 0.78 30.78 21.48

2 3-15-1 0.66 36.38 26.54 0.73 32.35 24.00

3 3-16-1 0.68 35.51 23.73 0.79 28.26 19.49

N 4 3-17-1 0.70 34.37 23.61 0.79 28.53 21.18
5 3-18-1 0.71 34.07 23.60 0.74 31.68 23.60

6 3-19-1 0.67 36.32 23.68 0.85 24.46 17.40

7 3-20-1 0.69 34.72 23.55 0.77 29.91 21.41

8 3-21-1 0.65 37.21 2242 0.83 25.39 16.67

1 5-17-1 0.49 241 1.83 0.73 1.91 1.47

2 5-18-1 0.54 2.29 1.56 0.77 1.75 131

3 5-19-1 0.59 2.16 1.62 0.75 1.83 1.43

boc 4 5-20-1 0.64 2.02 1.42 0.74 1.87 137
5 5-21-1 0.62 2.08 1.41 0.82 1.54 1.07

6 5-22-1 0.58 2.18 1.52 0.84 1.48 1.11

7 5-23-1 0.52 2.33 1.60 0.76 0.59 1.41

8 5-24-1 0.51 237 1.65 0.67 2.11 135
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