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Abstract
Water quality data are often interfered with attribute noise in the process of collection and
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transmission, which seriously affects the accuracy and reliability of the data, and thus reduces the
effectiveness of water quality evaluation and classification. Therefore, a data attribute noise re-
pair method based on the Differential Creative Search (DCS) algorithm is proposed and applied
to water quality evaluation. The method designs an efficient attribute noise repair framework
through the theory of differentiated creative search, identifies attribute noise samples through
intuitionistic fuzzy sets, calculates the weight of each attribute by using entropy weighting
method, and obtains the noise scores of the attribute values, which efficiently identifies the at-
tribute noise in the data. In order to verify the effectiveness of the method, comparative experi-
ments with six other attribute noise preprocessing methods were conducted on eight public da-
tasets and applied to the problem of surface water quality assessment in the Qilipu section of the
Yellow River Basin.
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Figure 1. Main process of attribute noise repair method based on DCS
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4.1. BEKiR

4.1.1. AHEESE

JIRE SEIG R, ok [ UCH (https:/archive.ics.uci.edu/) P B A AN [EJEME . AEIFEAEE A FZE
FECE) 8 NATFEHREIAT IR, BIRERMG RN 1. 78 8 MIRLE LN T AR LA 1) & 14
A, RIS EHEE P BELERE 5% 10%-. 15%. 20%- 25%- 30% & P8 7 0 v e 7

Table 1. Dataset description
1. HIESEHA

Ktk FEAE FHIEECRE KAHE BIGNEA LR
Haberman 306 2 225, 81
Diabetes 768 8 2 268, 500

Heart! 1190 11 2 561, 629

Wdbce 569 30 2 357,212

Wine 178 13 3 59,71, 48

Vowel 871 3 6 72,89, 172, 151,207, 180

Aggregation 788 2 7 170, 34,273, 102, 130, 45, 34
Ecoli 336 8 8 143,77,2, 2, 259, 20, 5, 52

VE: Heart /& Statlog. Cleveland 1 Hungarian 3 />0 JRES5 HoHs 52 & 10 )

4.1.2. HRKKREIE

2023 4E 1 H 1 H~2024 4= 5 H 21 H o [ BR300 35k 2 A7 1 38 Tl a7 3o B A O 1 b 2 /K K B 2508
RGeS AR, L 2489 SHHE, ISR sSKT AL 5 2%, AN 1T 25764 £5). 1T 2K(1466
) IV (223 2%). VK21 %) 5V (15 %), WaEg Gulim e igds, 256K 280k
JEO, GEPEKIR. pH ME. AR BSR. ME. SERBRES. A5, a8 BE 9 ANKEEREN
PR IR, SR PPN 2R o AR (R /K FRE 5T EAR i) (GB3838-2002), #Ii[Kl1- 1] 734 5 M54,
BARS Ghr e W35 2.

Table 2. Standard limits of some basic items of surface water environmental quality standards

3 2. WM FRKIFE REAER AT B ERE

i H 1% I 2% HIES IV 2% S

N3t PR PS5 7K A P 7 R A 7 -
FPHEOGRTE <1 AP <2

K
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pHE 6~9
by 7.5 6 5 3 2
R Eh fa < 2 4 6 10 15
HE< 0.15 0.5 1.0 1.5 2.0
R< 0.02 (1 0.01) 0.1 (HIFE 0.025) 0.2 (WiFE 0.05) 0.3 (Wi 0.1) 0.4 (£ 0.2)
A< 0.2 0.5 1.0 1.5 2.0

4.2. TEfriERR

TRVEFEFE211H TGt A FRSEREA R 20 K6 0L, — 70 KRB HEFE WAL 3. TP M TN 705 38R IE K
(D) R (2 ) T EH IREAEL, FN A FP 43 3R 1F 2Bl 67 S T+ 52 AR A8

Table 3. Confusion matrix

3. CRIEEM

EIEITE S TR IE2E T $ 2k
FSRIES TP (True Positive) FN (False Negative)
RS FP (False Positive) TN (True Negative)

I REFERE, PSRN o R EEMERE ISR AR, WA B2 (Recall) . #EHf % (Accuracy) . i %
(Precision). F1-Score &, TH&E AN AW

Recall = i
TP+ FN
Precision = i
TP + FP
Fl— Score = 2 - Recall - Precision (25)
Recall + Precision
TP+ T
Accuracy = IV (26)
TP+ FN+FP+TN
AUC:l 1+ w___FP (27)
2 TP+FN FP+TN

AR Fl-Score. 520 #H TAERHIEHIZ T HITHIAL AUC (Area under curve, AUC) LA SRR 3 Firi
R 73 ROV Fa AR AT VP . F1-Score [R5 & T REEAIH B2, J& & WAy, WL
fli 73 A0t DEER PR L. AUC 232 E TARREMZE TR, &5 HIERMEOERERA K,
RES [R] IS PP AL 70 SR8 0T PSR 2 288 0o HEB R R SR B 2 R ROREAR B0 SRR BN L], T B
HPPAN L RE
4.3. LRI

EEA ORI L) DCSANR 73k A %, % DCSANR 5 ANCES [17]. EF [22]. AENN [23].
BBNR [24]. ENN [12]. RPCA-SL[16]%5 6 Fil s Ab B 7 vEXT Sl 347 A R 5, R KNN 2028883174
Ho IR A HPTAE IGE, BRI R IEE N R A LS R .
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A4 BN T B ROTIEAEA TR S LIS IS [ B MR AT R R UER R . ANRFATLUEH, B
HWERE KB IN, TR R R AR 2 UL R S 78 5% KR, 4k DCSANR J5i:
X 8 MR B IEREE HAITIEE G, A 6 MEURER KNN 73 KUEM 215 B & £E 10%. 15%- 20%.
25%F1 30% I KR, 3 24 4. 64 5 AL S NEIEAER KNN - 8 UER R UG R 7ERTH %L
P4 I, DCSANR X J& PEM: A5 5 J5 HO0E KNN 70 28 1Ef 28 i, 1831 0.8314, XK B DCSANR X &
B P 7 T A SRR A BT B R

Table 4. Classification accuracy of 7 methods under different noise levels

4. FRIBAEKET 7 #7350 ERE

nt
AR S 7?;; DCSANR ANCES EF AENN BBNR ENN RPCA-SL
5% 0.8361 0.8033 0.6994 0.7287 0.7450 0.7516 0.7614
10% 0.7049 0.6721 0.6994 0.7483 0.7581 0.7582 0.6602
15% 0.7393 0.7230 0.7125 0.7190 0.7256 0.7354 0.6831
Haberman
20% 0.7213 0.7869 0.7092 0.7322 0.7354 0.7452 0.7284
25% 0.8525 0.6721 0.6961 0.7386 0.7386 0.7386 0.6984
30% 0.8033 0.6885 0.6964 0.7322 0.7418 0.7452 0.6768
5% 0.7078 0.7044 0.7019 0.7044 0.7044 0.7122 0.7435
10% 0.7208 0.7013 0.6967 0.6992 0.7083 0.7070 0.6823
15% 0.8117 0.7258 0.7058 0.7006 0.7032 0.7032 0.8138
Diabetes
20% 0.7792 0.6897 0.6522 0.6641 0.6823 0.6862 0.7757
25% 0.7468 0.6875 0.6810 0.6888 0.6875 0.6784 0.7281
30% 0.7338 0.6766 0.6797 0.6706 0.6563 0.6316 0.6786
5% 0.8319 0.7649 0.6740 0.7009 0.7126 0.7059 0.8298
10% 0.8025 0.7402 0.6773 0.7093 0.6992 0.6916 0.8135
15% 0.8445 0.7257 0.6774 0.6824 0.6748 0.6782 0.7812
Heart
20% 0.7899 0.7257 0.6261 0.6320 0.6404 0.6379 0.7221
25% 0.8109 0.7165 0.6396 0.6169 0.6127 0.6043 0.7139
30% 0.7815 0.6311 0.6412 0.6009 0.5892 0.5892 0.6979
5% 0.9561 0.9314 0.9296 0.9314 0.9314 0.9296 0.9404
10% 0.9323 0.9198 0.9086 0.9139 0.9104 0.9086 0.9369
15% 0.9316 0.916 0.9104 0.9069 0.9052 0.9261 0.9274
Wdbc
20% 0.9018 0.8968 0.8981 0.9016 0.9016 0.9015 0.9012
25% 0.8526 0.8874 0.8873 0.8856 0.8838 0.8541 0.8921
30% 0.8404 0.8492 0.8908 0.8591 0.8591 0.8592 0.8824
5% 0.8722 0.8722 0.7144 0.6756 0.6865 0.6803 0.8683
Wine 10% 0.8444 0.8689 0.7032 0.6975 0.6751 0.6743 0.8571
15% 0.8167 0.7567 0.7483 0.6746 0.6635 0.6690 0.8079
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20% 0.7333 0.7161 0.6749 0.6746 0.6356 0.6579 0.7499
25% 0.6889 0.6389 0.6913 0.6802 0.7081 0.7024 0.7091
30% 0.6980 0.6247 0.6971 0.6859 0.6748 0.7081 0.6887
5% 0.8908 0.8803 0.8601 0.8508 0.8508 0.8462 0.8542
10% 0.8563 0.8656 0.8566 0.8497 0.8462 0.8496 0.853
v | 15% 0.8506 0.8618 0.8589 0.8520 0.8543 0.8485 0.8482
owe
20% 0.8621 0.8360 0.8463 0.8360 0.8359 0.8302 0.8299
25% 0.8391 0.8242 0.8221 0.8175 0.8222 0.8245 0.8404
30% 0.8218 0.7981 0.8142 0.8108 0.8085 0.7981 0.8094
5% 0.9962 0.9975 0.9962 0.9962 0.9962 0.9975 0.9924
10% 0.9921 0.9892 0.9822 0.9873 0.9898 0.9906 0.9898
) 15% 0.9886 0.9814 0.9822 0.9885 0.9885 0.9911 0.9837
Aggregation
20% 0.9753 0.9627 0.9530 0.9657 0.9695 0.9720 0.9624
25% 0.9573 0.9414 0.9462 0.9562 0.9549 0.9549 0.9401
30% 0.9386 0.9305 0.9361 0.9373 0.9373 0.9386 0.9357
5% 0.9104 0.8735 0.8483 0.8513 0.8601 0.8424 0.9020
10% 0.8209 0.8533 0.8362 0.8362 0.8302 0.8097 0.8282
Eeoli 15% 0.7910 0.8059 0.8244 0.7887 0.7798 0.7799 0.8036
coli
20% 0.8060 0.7680 0.8040 0.7680 0.7560 0.7589 0.7802
25% 0.8060 0.7648 0.7654 0.7801 0.7591 0.7382 0.7579
30% 0.7164 0.7649 0.7411 0.7322 0.7145 0.6880 0.7145
Mean 0.8314 0.8003 0.7832 0.7825 0.7813 0.7798 0.8120
0.7 Haberman Diabetes I Heart Wdbc
0.65 0.9 v//‘\@ 095 x%
E 06 £os g &
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Figure 2. F1-Score comparison of 7 methods under different noise levels
2. FEIEEKFET 7 #7558 F1-Score JELE
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kAHE %

2 M 3 JBIR T 7 P iAEA R A AP T A L84 4 B F1-Score #1 AUC fH. Kl 2 WTLLE
i, DCSANR 7E F1-Score bRITEZAHaE LA BT H AR 4b#E 777, K DCSANR X} & PE =
BRI MEERR, HHBA RS EBER. hE 3 /AN, METHA %, DCSANR fE Heart.
Wdbe. Wine $#E £ #IRR S =) AUC {8, BORFEEESRTE 10 Kb, HAEA[FIME A AT (8 48 1
HRREA AR = A AR
4.3.2. MIRKKRIEMEER

F 5 BN T T KINN 402888 15 bk 75 L3 7 256 B 3t 3 B B T b 2% 7K K R B0
(https:/szzdjc.cnemc.cn:8070/GJZ/Business/Publish/Main.html)#E 1T AL PR K] 7 2R HERAIZE . F1-Score 1 AUC =
AN EPRIZEF . DCSANR [RILEAR, 4> FHER2 L ANCES $#2/ 1 9.3278%, Fl-Score fl AUC 15y
e IX K] DCSANR S 75 Ja P 75 (14 1 3 7K 7K ot a4 B AR .

Table 5. Evaluation results of surface water quality of Qilipu section in the Yellow River Basin

5. FARE - B ETE Rk RITMN R

Jrik DCSANR ANCES EF AENN BBNR ENN RPCA-SL
HETAZR 0.8896 0.8137 0.7425 0.7449 0.7453 0.7493 0.8507
F1-Score 0.7916 0.7269 0.6270 0.6133 0.6141 0.6125 0.7531

AUC 0.8631 0.7452 0.6573 0.6535 0.6546 0.6514 0.7840
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Figure 3. AUC comparison of 7 methods under different noise levels
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Par
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433. ZiteR
Rk USR] 4 5 RSB 45 R Ge it R, SR Friedman £330 [25]F1 Nemenyi 355 K055 (25]
RISAIE T 1 DCSANR J7 %5 HA A TEREZ 57 -

Table 6. Friedman test and Nemenyi post hoc test results
%% 6. Friedman 38 F1 Nemenyi /5181845 R

AT I FE PR K
DCSANR 2.1771

ANCES 3.7500 1.5729 4
EF 4.604 2.4269 4
AENN 45313 2.3542 4
BBNR 4.6875 2.5104 fH4s
ENN 4.6042 2.4271 fH4
GE 3.6458 1.4687 4

e, ARAEFI8 FUERR S AN BT HE Y, e AL PR SR AR X PERE . B AR BRI
ETTEM B — AN m S, RIS TR e — A AR, g5 R 6, HHATTIE
MHER AR, MIECE{E. DCSANR WP PAE N 2.1771, HEA &AL, B EA R rIvEGe.

HIR, {$H Friedman A3 50K H 8 J715 2 MR TAFE RS 2T o BB T J7ETE R R B 75 TH 1) 1%
REMIF]. SEIRFRSy, 76 8 NMATFHIEE L AIIANT 5% 10%- 15%- 20%- 25%F1 30%3L 6 FlA Al =
AP JEYERE RS, WA T 48 /ML R e . B TR SO R A, X 7 AR o RV REIEAT TR
LA AT, JRLS T S I EAEAR MR AT R 4 R . F (M —1,(M =1)*(N -1)) ', M AR
B, NOUHdERSESE. B, 7R 5%REMKT T, F(M-1,(M-1)*(N-1))=F(6,282)=2.1308 . iflid
Friedman #5623 4018 T, =10.2071> 2.1308 , [KICASREREZ EUR G, HikZ AR EER.

5 i » K Nemenyi F 5 560 K PP AL 2 (M PR 2 5« IR A2 C.D. = ¢, M (M +1)/6 N =1.3004 .
DL DCSANR Ay EZ i ik, S5 EIEN PR P EZ SR T IR A 2% . AR4E Nemenyi F/G 050, A SCH
H ¥ DCSANR 5HAW 27 B3, etk TIA k. BARGRIE 6, Hr “H27 RIRIE 5%
EVEKCE IR SRR SR LIOMERER A W E R, “UEA” RORTE 5% B E MK R R VAT
A ERIVEREA BB R

5. ZieE5RE

ARSI T — P T 2 A RIS VE IR 2 (DCS) S J M 5 A2 =70 F B T KRV B FE AR TR
KR v e A R B AE R PE AT T S e L il A S R RE T RO R, Bt T s
Mg FEBEREAELE. 4 BB R, 3T VRSN HE TEA SRk . 8 R A R R
S I B PR R T A, R T A A B A R A A R A B A S R A
8. fEJE AR R DCS SR T AL PR . X L SEER IOAIE T TR T iR AR,
E 22> o S HSCHE 4R A0 BT AT L B M R AR B e B XS TR AR

B oW

V3 B0 U N AW TSR EE M BRI S WU o RIS R ) R DR A 4 ARl 5% PR 6 S I
53R, AT SRR AT TR T RS 2 1 EAE A
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