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Comprehensive Evaluation of Waste Water Quality Based on
Quantitative Inversion Model Hyperspectral Technology
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Abstract; A comprehensive inversion of the water quality information of sewage water was realized
through the combination of hyperspectral technology and water quality comprehensive evaluation method.
Taking the sewage sample collected by a sewage treatment plant in Shaanxi as the research object,
principal component analysis ( PCA) was used to comprehensively evaluate the sewage water quality to
obtain a comprehensive evaluation factor for water quality. At the same time, the original wastewater
spectrum was obtained by the ASD FieldSpec 3 hyperspectral instrument. After data preprocessing and
different mathematical transformations, four spectral indices were obtained; spectral reflectance (SG) ,
reciprocal logarithm (LR), standard normal variable (SNV) and continuum removed (CR). Based on
partial least squares regression ( PLSR), stepwise regression ( SR) and extreme learning machine
(ELM ), a hyperspeciral model of inversion water quality comprehensive evaluation factor was
constructed. The results showed that the original spectral data of this group of water samples and the
spectral data modeling by standard normalization transformation had good modeling results, and the
prediction effect RPD of the model was above 2. 5. Among the three models, the PLSR model and the
ELM model had good modeling prediction effects, while stepwise regression modeling results were
declined compared with PLSR model and ELM model, the R’ and Rlz, of the REF — SR and SNV — SR
models were all above 0. 8 and 0. 85, and the RPD was above 3. 0, which still had a very good inversion
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prediction effect, and it achieved the optimization of the model and the optimization of the characteristic
band, and SNV~ SR — ELM (R =0.956, R, =0.954, RMSE =0.500, RPD =4.651) was the best
model. The establishment of SNV — SR — ELM model provided a way for the optimization of hyperspectral

inversion water quality model and the rapid evaluation of sewage water quality.

Key words; comprehensive evaluation of water quality; hyperspectral; pretreatment; partial least

squares regression; extreme learning machine
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Tab.1 Main water quality parameters

ZH K Rl =i} YUE b iy g
NH,' -N & &/ (mg-L°") 34.853 1.723 1. 499 0 0
B (NTU) 51.40 62. 40 70.3 5.11 2.98
B (CaCO, & HE) /(mg-L™1) 251.70 147. 02 148.20 101.15 103. 50
TR/ (mmol - L") 1.09 1.13 1.13 1.17 111
K* %4/ (mg-L™") 16. 11 16. 07 17.67 17. 41 17.52
Na* &/ (mg-L™") 71.52 59.55 61.87 58.55 58.67
Ca®* &/ (mg L") 5.68 6.06 6.02 6. 48 6.18
Mg®* %/ (mg L") 1.31 1.73 1.59 1.45 1.41
CO}™ #ri/(mg-L™") 150. 87 88. 13 88. 83 60. 63 62. 04
PO, &/ (mg-L7") 0.70 3.57 4.26 2.96 2.97
MY R A/ (mg L") 351 323 317 344 343
MEEYEE/ (mg- L") 62 140 125 49 28
COD/(mg-L~") 425 140 134 23 20
BOD/(mg-L°") 86 8.5 13 0 6.2

460 80 - 1200 1600 2000 2400
K mm
FL A Bst IR ok S ) Al 4k

Full-band original spectral reflectance curves
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Fig.2  Spectral reflectance curves after different pretreatments
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IR TS HOT B S5 B8 SR UK, T AE 440,760,900 1 000 nm
b A #5822 1 K B S BORE O 1 1 IR O BURR . A
Bl 2c.2d AT LLE B, 4 R 4548 CR R £k 2 it
LR 4B 5, K T 1000 ~2 000 nm &b 1) 5% 3% %
B, (45 0% 335 0 i AR A5 8 B &, n] LU B 7E
1400 nmiff 35 40 A1 1900 nm B 3 bt A5 25 6 3% ) W
WU B X, IR UE T CR P AL BE B % 58 % 3
T 288 174 W2 LAC R S S5 R AIE 15 5 O T fh £ 45 D B 2 (]
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KR G S — A 1 4 Bl OK TS e R bR AR 2 AR
M2 % 40, FL Dy L2 5 A 22 AR 8 5% ) /K IR J5 4t 1)
KT B —Ff oK s R AR N — Ty R AE T
IR T A T K 26 K 5 PR 22 18] O A A ) R
JE AR S, PRI AE T 7K BT SR AT TE A B K 3 2 K T
DRI~ 40 ) R A S A — R T

%43 43 #7 ( Principal component analysis, PCA)
SR Z TG4 A 7k, 35 O R T 4 1
T IR 25 5 2% 1) 2 A 78 i IH 0 25 1R 2 B
IR g — A6 A8 i #E JR G A8
MR PR 45 25 A A8 i Z (RS A7 FE A S, DTG 552
U A B LA £5 65 728 £ 2K 2 B J5E 0 A k19 246 KR
SER EFEE R EARES ™
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JEBE 0 DIKARFEAR [ P AN TS e debn e i X, (=12,
o P GEBERTIX P AN TG YR bR AR A DG PE B ST,
FHABHE L m(m < P) DLW, X m D525
A6 B REAS S W IS B BT R Y 4 K0 B

TE R 0 V5 K K B 7K 2 B i 14 Al 57
(7K 5T 2 B HE AT 43 B, 14 A0 37 48 B 4399 S COD
(X,) .BOD(X,) NH,;-N & (X,) Na" & (X,) .
PO, FRE(X,) KAk (X,) Ca’" & i (X,) Mg"
(X)) IR REY RS R (X))  BREY S &
(X,)) .COT™ HE(X,) JhE (X)) ¥ (X,) &
BERE(X,,) o HAKKBESEE 1, 18 Hg i85
SPSS 23. 0 4% T K it Z $ k47 F o b, i
A2 AMFIEE R T 1, H BT sl R 55 95.954%
BICHT 2 A~ 05343 1 v] DR 3R 3 48 A, P AR 4 X
2 AN RRAE A 1 5Tk R AT 2 K R 0 25 A R BT, R
87 Bk T HEAT % 1t 4y HT iP5 /K T S 80 oy
DURFFAE L 45 SR 0L 2% 2, K B ZR & VP4 B 7 B IC,
IR T AT 7K R b o LR 310
2.3 PLSR Z# K Wil

i fe /N 3 1] U5 PLSR B A F 43 43 B L i 7Y

2019 4
F2 HEERBKE
Tab.2 Eigenvalue contribution rate

£ R FHAE{E TURAR/ % RIF TR/ %
X, 9.774 69. 817 69. 817

X, 3. 659 26. 137 95.954

X, 0. 565 4.036 99.990

X, 0. 001 0.010 100

x3 KESGRRE

Tab.3 Water quality classification standards

KR LRGP R+ 7K J5E 2 5
< -3 I
(-3,-2] I
(-2,-1] I
(-1,0] v
>0 A%

FHIE 43 B A 22 O0 26 1k 81 A 45 19 A . 35 1] The
Unscrambler X 10. 4 4% 2 9% B (400 ~2 000 nm)
4 FiOLTEHE AR (SG LR SNV (CR) 124 A 28 &, LK
JRgi & VEAN B TR O IR R o Gk g 2 O AR R 2
(RMSE) Filge 5 250 R* % 3 B0/ 1 1 7 ik o o
T B T8, # 7 PLSR [l 9 485780 ) A 1) % 5%
UESS R W 4,

x4 KBHERHRE /D ZREE
Tab.4 PLSR model of water quality indicators

e EW B K uE G

i TR R} RMSEC R  RMSEP RPD
SG 9 0.906  0.748  0.869  0.755  2.737
SNV 9 0.943  0.567 0.913  0.674  3.047
CR 9 0.753 1.248  0.762  0.923  1.654
LR 6 0.737 1.226 0.705 1.201  1.706

th 4 45, 3T 4 ot #845 (SG SNV [CR,
LR) FF 57 9 4 B BE K B2 80 R i /N R
(PLSR) #7501, SG SNV 45 HLA7 AR 1) 2 S, i 4
P E R B R IITE 0.9 LB B UESE Y e E R L
RS 37E 0.85 LU b, AHGE 43 47 58 25 45 SR 7E 2.5 U
b, B ARG R 5E RN AE )7 . b SNV — PLSR 46
RUPNAT B 19 RY R, (RPD {8 i d /My RMSE i, 3
(B 4504 0. 943 .0.913 3. 047 .0. 674, 5 PLSR #i &l
H R B . CR — PLSR 5 LR — PLSR %1 f) 5%
AR BRAR, FURE O RE AR B A TR B0 — A S
fili bt o 33 2 W 0T JEURA KO8 25 4dk S [7) B4 4k B L %
ARG AN — R RS T A R S, B T
Kb B RUE S 75 X B RORS B 4R e A BB, B
Aokt , PLSR 52 Rk T 7K 5 25 4 B A PR T 10y J2 3
BARAF X — P E T PLSR A U 76 Ab B 5 O 33
K50 A A 35 L
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ANECE PR B AR AT IR DR B Y R
BeAS &, N B, HBI BRI A 35 0 A R A B kA

[ U5 77 A, L BEAT A 2 5 09 A R A A [l U 7 A
S BRA AE , 58 O K0HE 1 O e e A4, 45 21 1 S AL 1) i
BAR AR . A SCiE 4P B 4 FOGIEIE bR (SG LR
SNV .CR) E 2y B 28, K B 23 45 PR I 1 [ A
o AR ARG BR B W2 K20 B 0.15 F
0.25, i * fR e i e s B AR T i ST AR AR IR S ¢

xS KEiERE SR A
Tab.5 SR model of water quality indicators

JeildE by BBEH Fr P K /nm HBE R RIES R $iE4E RMSEP %14 RPD
1 996 0. 046 0.516 2.297 0. 124
2 996,400 0. 497 0. 694 1.309 1.593
3 996,400,671 0. 583 0.707 1.288 1. 689
4 996,400,671 ,970 0. 645 0. 780 1.143 2. 101
5 996 400,671,970 430 0.728 0. 878 0.874 2.908
) 6 996 400,671,970 430,708 0. 781 0. 896 0. 856 3.115
3¢ 7 996,400,671 ,970 430 , 708 , 1118 0.791 0. 891 0. 847 3.069
8 996 400,671,970 430, 708 . 1 1181910 0. 815 0. 852 0. 997 2.637
9 996 400,671 ,970 430,708 .1 118 .1 910 .1 098 0. 842 0. 873 0. 929 2.845
10 996.400 671,970,430 708 .1 118 .1 910 .1 098 .1 106 0. 85 0. 868 0. 940 2.794
11 996,400 671,970 .430,708 .1 11819101 098 .1 106 .1 924 0. 854 0. 869 0. 933 2.805
12 996 400,671,970 430 708 .1 118.1910.1 098 1 106.1924.1102  0.857 0. 869 0. 928 2.808
1 846 0. 154 0.267 1.987 0.377
2 846 836 0.276 0. 457 1.621 0. 765
3 846 836,766 0. 497 0.751 1112 1.530
4 846 836,766 400 0.513 0. 765 1. 081 1.596
5 846 836,766 400 672 0.572 0. 808 0. 951 2.043
SNV 6 846 836,766 400,672 636 0.775 0.910 0. 697 3.378
7 846 836,766 400,672 636 .1 008 0. 820 0.924 0. 660 3.596
8 846 836,766 400,672 636 .1 008 812 0. 831 0.910 0. 682 3.371
7 846 766,400 672,636 .1 008 812 0. 827 0. 894 0.725 3.084
8 846 766 400 672 636 .1 008 .812.1 012 0. 834 0. 893 0.738 3.084
9 846 766 400 672 636 .1 008 812 .1 012 837 0. 839 0.912 0. 688 3.398
1 992 0.013 0. 363 2. 191 0.014
2 992 970 0.328 0. 498 1.551 0. 871
H 3 992 970 400 0. 496 0. 545 1.596 0. 846
4 992 970,400 412 0. 580 0. 576 1. 408 0. 846
1 996 0. 128 0.274 1.869 1.344
2 996,762 0.311 0.264 1. 605 0. 489
3 996,762 .2 000 0. 341 0.275 1.585 0. 658
4 996,762 .2 000,402 0. 429 0.311 1.541 0. 641
5 996,762 .2 000,402 .1 982 0. 495 0. 327 1.525 0.772
CR 4 996 .2 000,402 .1 982 0. 494 0.324 1. 531 0.786
5 996 .2 000,402 .1 982 .1 996 0.519 0. 325 1.552 0. 879
6 996 .2 000,402 .1 982 .1 996 584 0. 552 0. 388 1.452 0. 826
7 996 .2 000,402 .1 982 .1 996 584 433 0. 602 0. 474 1.354 1.014
8 996 .2 000,402 .1 982 .1 996 584 433 807 0.703 0. 617 1.152 1.298
9 996 .2 000 4021 982 .1 996 584 433 807 906 0.724 0. 639 1.116 1. 344
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Fig.3 Inversion model for comprehensive evaluation of water quality
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