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Fig. 1 Flow chart of Kalman filter
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Tab.1 Comparison of EPA results and results
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1 7.006 6.971 6.971 0.275 0.240 12.67 0.240 12.67 0.342 24.36
2 13.525 13.493 13.503 0.578 0.545 5.61 0.556 3.77 0.656 13.54
3 3.589 3.641 3.614 0.583 0.635 8.90 0.608 4.25 0.688 17.94
1 4.675 4.654 4,673 0.258 0.237 8.25 0.256 0.81 0.101 60.90
5 2.864 2.866 2.867 0.719 0.722 0.34 0.722 0.42 0.945 31.35
6 1.825 1.823 1.827 0.758 0.756 0.25 0.760 0.20 0.425 43.96
7 9.811 9.776 9.801 0.264 0.229 13.15 0.254 3.79 0.307 16.34
8 3.078 3.120 3.085 0.733 0.775 5.72 0.741 1.03 0.600 18.18
9 1.036 1.035 1.038 0.536 0.535 0.23 0.538 0.39 0.491 8.41
10 1.450 1.440 1.450 0.594 0.585 1.67 0.594 0.07 0.234 60.64

27 5.028 5.042 5,028 0.250 0.264 5.65 0.251 0.21 0.206 17.60
28 4.022 4.027 4.023 0.847 0.852 0.50 0.848 0.04 0.672 20.68
29 5.839 5.830 5.838 0.261 0.252 3.44 0.261 0.23 0.141 46.00
30 15.383 15.351 15.380 0.258 0.226 12.63 0.255 1.21 0.343 32.77
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Fig.2 The difference between the leakage calculated

by empirical formula, SKF and IAKF algorithms
and the leakage simulated by EPA

ZE Eal g, A A W A Kalman 38 & 3415
B W R B AT R AH AT LA S TR A R
ic F SKF B3k 5 6 R 401 1) U 2 it 22 Je) 4301 22
SR SRR AE TRE T 90 e {8 . HAE UL & o
UL W 75, BT LSRR 58 AT B 5 S B A 22
BER AP 2 50 ) s A 12 25 B M R/ N O 2 AR
RS, MEE AL AT 10 A SRR R M N
0.02 L/ssJ5 10 A~ 17 si s 2k & 22 {H ALK 0. 01
L/s. AHXFT SKF 58k, fiff ] TAKF 555 19 50
SEAR TR . 1T 10 A SRR RN 0. 01
L/s,JG 10 A7 sl K B 22 HAU N 0,001 L/s, 3
T SKF &k, X1F 2 T 76 IAKF S s
AR I 5 26 AN T — A [T {17 2 B 2 3 QA AR
FHEAT 6T I R 1 GE TR PE AT T SRR A T 5 &
1E Xl A FE MRS (4 5 22 D, RIS Y Ty 22
R, BEHOR . E M4 & T Kalman 38 RS B .

fE SKF Bk kR b xf 28 D, .R, 1Y
Tk BOGE AR 5 R GRS WU Y B — g {E O
AT ER . X FEAE—EiRE, MR
S D, R, AT LLSERE TR, 0 7R 2 8 U 5 vk
(4 BRASCR A L MR ). 1T TAKF 533
PP T X — AR L B AR AR B R Bl
DB Ao R g R PR S A, DTG ol AR T AN A ANGE
T A I i L

HH TR IR 2 DB I A B A Ty R I [ J5 PN Y 3
HEIE 2 R — AR I 0 — A& 1 R R
DAL SR fie e R AN 5 B R BORT i A7 K AN
17T L — LA 3807 0 SO0 0, gt T DA PR s B 1 D
WEAA X A0 R T H 5 7 vk B B R S /N T
% e FLIE T S B 4 1 R AL S B0 L
RIOR S U WADAFAE R 25, (A AR 2 T W sl &
TSR0 A S [ B S I B LG Bl iR 22 1

WA, 8 S W VTS A A P T R LR R AR E R 1R
2,

6 it

a. 45 & Kalman 3§ 3%, 1 & 7 % T SKF,
TAKF U8 55 % 1 /K 8 ) 3R G 302 1 0, 4
— B0 T B R N e R Y kL S5 R R
AH W P ARk R T T O W e K T AT A R B
IAKF Bk R85 R B AL T SKF Bk,

b. B LKA 2 17 MR 2 B Ok L I R AR A
b, 3 R e T O S AR R S PR IE 1T RS —
FEMR2E . B IR B R — A & 2 AR Ltk R
G5, [ E— 25 T 32 47 23 A i) o A M 7 R 0L
L SR = 0 VT B 5 e e B = T D
E SN 1) 58 30 RS TR T bR SR 3 4t L AT
Ao Bk o e A

SE 3k

(1] %, koY &9 M Kalman 38 9% 5% 1 540t
KA W I 2 = ()], WA R U Tk R 24 4, 2017, 49
(8):60-64.

(2] WA, ¥, 74,4 5T 83N B R/R 20
T SRR R BN A LT, dR R 50T E ,2021,43
(6):46-52.

[3] WARREE . RITL. HrE HENIRE KRR SIEN
b R VTR T A B[] . TR %<, 2020, 48
(4):55-61.

(4] 28, T RR S U8B0 TH0 00 J7 1 78 T 42 )
g D], K H KK, 2012:88.

[5] JH3E ik EE, kM, %. BT Sage-Husa BIZME A iE
N7 J7 AR R 2 B e S [T 0. P AL Tk Koe 2 4l
2013,31(1):89-93.

[6] FUAD A GHALEB, ANAZIDA ZAINAL, MURAD
A. Rassam,et al. Improved vehicle positioning algo-
rithm wusing enhanced innovation-based adaptive
Kalman filter, Pervasive and Mobile Computing
[J1,2017,40:139-155.

(7] skEJe, EH 8. 2L TR RBIAM IR E A&
SO BB k[T ] MRl 5 MR 5. 2018,37 (1) 141-
144.

[8] GEORGE GERMANOPOULOS. A technical note
on the inclusion of pressure dependant demand and
leakage terms in water supply network models[ ]].
Civil engineering systems,1985,2(3):171-179.

(9] J5Wlmg , FRA (. vtk /R 2 0B K BRI ALTE K
IUAR T8 S50 ep i R T, K L RE VR R 2, 2014, 32
(4) :37-40.

(F#% 97 7O



55 41 B4 6 1) GG A T IR IS AN AT B9 BRI R T Y « 97

Fa AR K X7 PR T AR K OK B
3 ok v A B ) O S 0 UK R R v, B
— W REmRAE A AT R X,

B 3k

== [1] AVNIN, FISHBAIN B, SHAMIR U. Water con-
Bs EmftkEMBELRPES sumption patterns as a basis for water demand mod-

Fig. 5 Simplified topological structure of water eling[ J]. Water resources research,2015,51(10) .
supply network in a city 8165-8181.

m, K E I EHENH 21. 89 m T & 24. 37 [2] PETERS L A H, CHANG H. Urban water de-

m. HCETE, 784 M 4% — vk AL K AR A5t 7K 46 Fn mand modeling: Review of concepts, methods, and

Kb 4 T AR, AT AR A IO K Y D U organizing principles[ J]. Water resources research,

2 A B K A o ) B 45 T P K 2 0 ZOLL,AT(5) s WO5401.

\ : [51 WAL B A% 2 1 2 3EF B 46 0t 2 0 15 4
J=Ya , & 42 )2 T B A : oK,
RIS, MRS BT R S O P A BRB AT, P02 4 T BB B0 2004, 36

(6):1-12.
6 4it Ci] TR BB B, T FAHP R 6 XK
A3 B I A K I U 04 R e PR 2R AR [ ). 4R K HE K,
AT AR ¢ 448 28 28553 43 A AN 1) FH K 2022,58(3) :116-122.
FROE KA B ST AN K AR 42 00 T K" S (5] TZ, A%, W, & WAk & W fHEom s R
I PR I R I A TR AN IX T B fosr[J]. P E VRIS A R 2017, 35(5): 123-
At DX sk 2 05 300 FH 7K R e %) [ R0 [) Bl b B0 T K 124.

Study on Peak Staggered Storage of Secondary Water Supply

Based on Cluster Analysis
WANG Qing-yi' s WANG Tong", KANG Bing-qing”, LI Zhong-yu",
XU De-lun",ZHAO Hong-bin", HONG Lei",LIU Jia-xiang”
(a. School of Civil Engineering; b. Key Laboratory of Water Supply and Drainage,
Ministry of Housing and Urban-Rural Development,Chang’an University, Xi’an 710061, China)

Abstract: With the development of urbanization in China, secondary water supply has become a key part of urban wa-
ter supply, but the utilization efficiency of water resources is low. This paper proposes the Demand Side Management
(DSM) model based on the users perspective. Starting from the user's Demand Side Management, the low water tank in
the secondary water supply system at the end of the pipe network is taken as the research object. Using adaptive FCM
clustering analysis and grey relational analysis, the paper analyzes the characteristics of user water use in different types
of small areas, excavates the potential of regulation and storage and studies the peak-shifting scheme, and determines the
appropriate peak-shifting scheme, so as to achieve good peak-shifting by demand-side management.

Key words: secondary water supply; low water tank; water use characteristics; adaptive FCM clustering analysis;
grey correlation analysis method
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Calculation of Water Supply Network Leakage Based on Kalman Filter Algorithm

WANG Yi-lin,DONG Shen,LV Mou,ZHAO Huan

(School of Environmental and Municipal Engineering.Qingdao University of Technology.Qingdao 266520 ,China)

Abstract: With the acceleration of urbanization in China, the demand for water resources is increasing, and the leak-
age of the water supply pipe network has caused waste of water resources. Therefore, leakage control is imminent. The
first is to accurately calculate the leakage of the pipe network, but the current methods have certain deficiencies. Based on
the Kalman filter, this paper establishes an analysis model of pipeline network leakage, and uses the empirical formula of
node leakage, standard Kalman filter (SKF) and innovation adaptive Kalman filter (IAKF) to calculate the leakage of the
pipeline network. respectively. Taking the actual pipe network project as an example, the EPANET simulation was car-
ried out, and the calculation results were compared. The results show that using both filtering algorithms is more accu-
rate than the nodal leakage formula, and the result of the IAKF algorithm is better than that of the SKF algorithm. This
provides a theoretical basis for accelerating the research on leakage control technology and implementing scientific and ef-
fective leakage control methods, which has certain significance for urban water saving and sustainable development.

Key words: water supply network leakage; Kalman filter; innovation adaptive Kalman filter; EPANET





