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Application of Curve-Fitting Algorithm in Leakage Control of Courtyard Pipelines in High-
Rise Residential Communities

TIAN Zehui, LI Lihong” , WANG Jin
( Tangshan Water Supply Co. , Lid. , Tangshan 063000, China)

Abstract Water supply pipe networks serve as vital infrastructures in urban and rural areas. However, leakage issues offen appear
during prolonged operation. Among these concerns, dark leakage within the garden pipe network stands out as a complex and elusive
problem, characterized by a multitude of causes, challenging detection, prolonged leakage periods, and substantial water loss. These
characteristics result in immeasurable losses for water supply enterprises, making the control of pipe network leakage a pressing and
longstanding issue in the water supply industry. Regrettably, the leakage within the garden pipe network, considered the "last mile" of
the secondary water supply, has often been overlooked by water companies and property management firms. To address this problem,
this paper proposed a novel " curve fit" algorithm, which leveraged big data and computer technology to achieve accurate prediction of
garden pipe network leakage events. The algorithm’s effectiveness was demonstrated through its application and validation over a span
of more than three years by a water supply company. The results show the algorithm’s accuracy and practicality in predicting leakage
events, providing invaluable technical support to effectively mitigate courtyard pipe network leakage.
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A Scatter Plot of Historical Water Supply Data Generated by MATLAB
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Tab. 1 Prediction of Equipment Active Power in Community A during February to June in 2021 (n=3)
2021-02-09 2021-02-14 2021-06-01
i FPrE BUE TP BINE R %ﬁﬁﬁ TONE  BOE W %’.ﬁ"ﬁ(ﬂi
iR TS
1 3.49 - 3.61 3.21 12.26% 0 3.31 3.65 -9.30% 0
2 6. 11 - 5.89 6.63 -11. 14% 0 5.48 5.90 =7.20% 0
3 9.39 - 6. 05 4.73 27.91% 1 4.30 5.05 -14.88% 0
4 6.16 - 6.76 5.72 18.22% 0 5.12 5.07 0.97% 0
5 7.55 - 5.60 4.59 22.13% 1 5.03 5.61 -10. 26% 0
6 6. 65 - 5.45 4.99 9.25% 0 5.20 5.27 -1.35% 0
7 6.16 - 5. 64 4.27 32.09% 1 4.92 5. 60 -12.04% 0
8 6. 10 - 5.85 5.59 4.63% 0 5.19 5.06 2.55% 0
287 4.79 - 3.62 3.35 8.01% 0 3.81 3.68 3.48% 0
288 4.03 - 3.61 3.21 12.26% 0 3.68 3.56 3.38% 0
SR CEN 51 30
W& B 82.29% 89. 58%
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Tab.2 Comparison of Prediction Data for Different n Values

o i WO BB WA RESTS% WA EST5%
Ja RE/d M KEud At
3 5 108 100 92. 6%
4 7 106 97 91.5%
5 9 104 95 91.3%
6 11 102 95 93.1%
7 13 100 98 98. 0%
8 15 98 97 99. 0%
9 17 96 94 97.9%
10 19 94 91 96. 8%
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%3 B/DNX 202143 H 17 H—27 H4AE DD 2852055 W T {3 BURE
Tab.3  Sampling of Actual Monitoring Values of Active Power of Equipment in Community B during 17 to 27 March 2021

Yy Yig Yy Y Yy Y Y Yy Yos Yo Yy
1. 961 2.468 2.300 2.423 2.753 2.794 3.216 3.262 3.773 4. 059 9.778
1. 871 2. 106 2.451 2.391 2. 896 2.577 3.119 3.276 3.442 3.882 10. 149
2.011 2.536 2.548 2.468 2.851 2. 406 2.873 3.465 3.201 3.903 9.927
1. 875 2.051 2.201 2.438 2.622 2.620 3.080 2.927 3.529 3.967 9.782
2.195 2.303 2.033 2.556 3.027 2.537 3.294 2.996 3. 461 3.978 10. 443
2.273 2.424 2.199 2.877 2.623 3.356 2.987 3.486 3.856 10. 539 1. 829
2.326 2.526 2.407 2.643 2.715 3.395 3.256 3.761 4. 186 10. 085 3.379

R4 EHEADNNRN—KENTIIE

Tab. 4  First Moving Average of Equipment Active Power

Mg’ My My My My My M3 Mg’ My

2.243 2.397 2.492 2.657 2.921 3.091 3.417 3.698 5.870
2. 143 2.316 2.579 2.621 2. 864 2.991 3.279 3.533 5. 824
2.365 2.517 2.622 2.575 2.710 2.915 3.180 3.523 5.677
2.042 2.230 2.420 2.560 2.774 2.876 3.179 3.474 5.759
2.177 2.297 2.539 2.707 2.953 2.943 3.250 3.479 5.961
2.298 2.500 2.566 2.952 2.989 3.276 3.443 5.961 5. 408
2.420 2.526 2.589 2.918 3.122 3.471 3.734 6.011 5.883

K5 WHA IR RS E
Tab.5 Double Moving Average of Equipment Active Power

M Mz M5 M5y M53 My M3y

2.377 2.515 2,690 2.889 3.143 3.402 4.328
2.346 2.505 2.688 2.825 3.045 3.268 4.212
2.502 2.572 2.636 2.733 2,935 3.206 4.127
2.231 2. 404 2.585 2.737 2.943 3.176 4.138
2.338 2.514 2.733 2.867 3.049 3.224 4.230
2.455 2.673 2.836 3.072 3.236 4.227 4.937
2.511 2.677 2.876 3.170 3.442 4.405 5.210

RO WA DIIFA T E
Tab. 6 Predicted Values of Equipment Active Power

F22 F23 F24 F25 F26 F27
2.721 2.939 3.383 3.493 3.966 4.290
3.046 2.853 3.216 3.321 3.748 4.065
2.864 2.582 2.858 3.278 3.670 4.157
2.800 2.874 3.153 3.154 3.650 4.071
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(#£5%0)
F22 F23 F24 F25 F26 F27
2.941 3.092 3.393 3.093 3.654 3.988
2.789 3.511 3.295 3. 684 3.857 9.428
2.743 3.398 3.614 4.072 4.319 9.222
F7 REARUIIRMEW G E
Tab.7  Curve-Fitting Degree of Equipment Active Power Curve
Tt H 3H 22 Him2E% 323 Hfm2ER 3724 Hfm2e® 3725 Hm2ER 3720 HfmZER 3127 A%k
1 2.66% 9. 42% -3.59% 8. 02% 2.35% 127.90%
2 -15.37% 9.32% 1.87% 3.63% 3.59% 149. 70%
3 -16. 00% 11.31% 21.23% -2.33% 6.34% 138.78%
4 -6.40% 7.16% -7.15% 11.91% 8. 66% 140.31%
5 -13.72% 6.53% -11. 69% 11.91% 8.87% 161. 85%
6 20. 30% -14.93% 5.82% 4.67% 173.21% -80. 60%
7 23.76% -4, 18% 4.07% 2. 80% 133.53% -63.35%
SR S 32 25 26 46 156 193
W& e 89% 91% 91% 84% 46% 33%

3 A 26 HiX&ARMLEE N 46%,3 A 27 SR thgE (& 2) afEH 3 A 22 H—
Hi A RS N 33% , 4L 2 d KT 25 HARHZREA RS, MM 3 A 26 HIFLh, 520
75% , 0T IADE RSB A AR g5 Ak Bl skt m, il S BTG B K 4
PR IR A B 0 2 d, SRk ER L bR A H TR OK 2R, VB TR, AE5 K

AN 47 ~50 v, TR 2 vh 2L BSR4 Lk, 7 3 A 28 A AR ER
FIFH MATLAB A% 3 H 22 H—27 HSZM&dE 55, DN100 45738 i A4 b7k . 32 20T 2 d ek
20
18
16 |
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212
=24
ﬁlo =
R sl FFHE WK b1
fhud i

1 :2021-03-02—2021-03-28 SZiBcds 5 1 Bcs st e
B2 SCIUECHE S A % L i £k

Fig. 2 Comparison Curve Diagram of Measured Data and Predicted Data
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Tab. 8 Curve-Fitting Degree of Equipment Active Power Curve in Community a during July 13 to July 17 in 2023
- 2023-07-13 2023-07-14 2023-07-15 2023-07-16 2023-07-17
mn
TE TONE m2E SSIME TN R2ER S TOUE fm2ER SSNME TOUE 2R SHE TOUE W2
1 3.76 3.84 -1.9% 4.00 3.88 3.0% 4.02 4.22 -4.7% 9.09 4.13 119.9% 8.34 8. 11 2.9%
2 3.88 4.25 -8.7% 3.8 3.93 -1.7% 3.94 3.91 0.8% 9.12 3.95 130.6% 8.27 7.99 3.6%
3 3.79 4.02 -59% 3.77 3.97 -5.0% 4.23 3.98 6. 4% 9.03 4.17 116.5% 9.07 8.10 12.0%
288 3.7 3.63 4.1% 3.76 3.86 -2.6% 8.99 3.90 130.6% 8.47 7.93 6.9% 2.25 10.35 -78.2%
W& 84.72% 88.19% 26.39% 40. 63% 98.96%
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Fig.3 Comparison Curve of Measured Data and Predicted Data in Community a
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Tab.9 Curve Fitting Degree of Equipment Active Power Curve in Community b during June 24 to June 28 in 2023
iE 2023-06-24 2023-06-25 2023-06-26 2023-06-27 2023-06-28
i
SEE TONE m2EA SEIUME TRINME R2E SCIUME TROUME m2eR SENME TROUME W2ER SSNMH TROUE fm2e
1 2.72 249  9.2% 2.58 2.96 -13.1% 3.58 2.89 23.9% 4.85 3.55 36.6% 6.05 4.87 24.1%
2 2.18 210 3.8% 2.54 2.31 9. 7% 3.46 2.57 34.8% 4.65 3.44 35.2% 3.52 4.95 -28.7%
3 2.70 2,47 9.6% 249 2.87 -13.1% 3.17 2.8 11.2% 5.15 320 60.7% 4.37 4.8 -9.9%
288 2.59 2.8 -10.5% 3.35 3.10 8.2% 4.45 3.44 29.1% 6.72 4.39 53.3% 6.78 7.05 -3.8%
W& 89.93% 75.35% 52.43% 21.88% 84.03%

— 198 —



WATER PURIFICATION TECHNOLOGY

Hr

KoHOR

Vol. 43 ,No. 4,2024
April 25th, 2024

¥ :2023-06-23—2023-06-28 Sl HE 5 Bt % 1t

B4 b /NSRS B A 0T 2k

Fig. 4 Comparison Curve of Measured Data and Predicted Data in Community b
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Tab. 10 Curve Fitting Degree of Equipment Active Power Curve in Community ¢ during March 3 to March 7 in 2023
H i1 2023-03-03 2023-03-04 2023-03-05 2023-03-06 2023-03-07
P55 S WO G2 ST BOMME 2R STIIGE BUMGE M2 SO BN 2R ST BONGE s
1 2,27 241 -5.9% 2.05 2.40 -14.8% 2.19 2.36 -7.6% 3.01 2.06 46.2% 2.97 2.67 11.0%
2 2.28 2.28 0.2% 2.38 229 4.1% 2.17 264 -17.9% 2.67 2.29 16.4% 2.99 2.51 19.1%
3 2,67 2.24 19.5% 2.03 2.58 -21.3% 2.16 2.43 -10.9% 2.76 2.25 22.4% 2.68 2.33 14.9%
288 2.82 209 34.5% 2.08 2.49 -16.4% 2.89 235 22.8% 3.30 2.94 12.2% 2.95 3.17 -6.7%
B 85.76% 87.15% 63.54% 69.79% 94. 44%
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Fig. 5 Comparison Curve of Measured Data and Predicted Data in Community ¢
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Tab. 11 Curve Fitting Degree of Equipment Active Power Curve in Community d during June 21 to June 25 in 2022
H i 2022-06-21 2022-06-22 2022-06-23 2022-06-24 2022-06-25
JPS semifl MG MR2ER SOIGE BONGT e SO BUONM MR2EE SSOE BONGE e SOOI WM s
1 3.53  3.49 1.3% 3.49 3.89 -10.4% 2.90 3.89 -25.3% 3.32 3.02 9.9% 5.45 2.96 84.1%
2 3.45 3.30 4.7% 3.82 3.53 8. 0% 3.03 4.06 -25.4% 3.38 3.331= -0.1% 5.69 3.25  74.9%
3 3.50 3.07 14.1% 3.18 3.38 -6.1% 3.58 3.19  12.2% 5.64 3.57 57.9% 5.55 5.20 6. 8%
288 3.22 2.98 8. 1% 3.19 3.15 1. 4% 3.33 3.27 1.9% 5.60 3.36 66.7% 5.46 5.13 6.3%
Wa g 92.36% 96. 88% 65. 28% 64. 93% 46. 18%
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Fig. 6 Comparison Curve of Measured Data and Predicted Data in Community d
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