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Burst detection in district metering areas based on long
sequence time-series forecasting

WEN Siqi, LONG Tianyu
(College of Environment and Ecology, Chongqing University, Chongqing 400044, P. R. China)

Abstract: For the rapid detection of burst pipes in water supply networks of district metering area, a new
prediction-classification-correction three-stage Infomer-Z-score algorithm was proposed. The Infomer-Z-score
algorithm solves the problem of low data processing efficiency and abnormally low water consumption in
traditional methods. In the prediction stage, the deep learning Informer algorithm was used to predict long
sequence time-series of pressure data for the pipe network so as to improve the accuracy of water pressure
prediction and the efficiency of data processing. In the classification stage, the robustness of water pressure data
over time was improved by using a multi-threshold classification method. In the pipe burst simulation test, the
Infomer-Z-score algorithm achieved a 99.5% (DA) detection accuracy with a 90.9% true positive rate (TPR), and
a 1.7% false positive rate (FPR). Long sequence time-series pressure forecasting can be used not only for burst
detection, but also for effective pressure control in the network to reduce the risk of bursts.

Keywords: water distribution system; pipe-burst detection; deep learning; statistical process control; pressure

control

WrfE HH1:2021-09-06 M4 H AR H #1:2021-12-20
EEW B FEHARR R4 (41877472)
Supported by National Natural Science Foundation of China(41877472).
TEZ A SCEF(1996—) , 5B AW 58 4, B 5T 245 K4 WAL AL J7 7], (E-mail ) cquwenxiaoshuai@163.com.,
WIEE : e K (1960—), 2, {128 S, 32 2058 5 1) S UK 9508 5 /K 34635, (E-mail) longty 128 @cqu.edu.cn,



% 5 LB, AT KA A A 5 T 6 it 2 X 2K E RO R IR R 63

I T B A D Sy kT R AR IR A T A AR TS K, — BUR AR RS K S5 e R IE R AR TS TR 2 S K
BE R [R) B  2 3 R ) AR A T B TR B S R T AR R B 3 X3 o 45 B (district metering
areas, DMAs) LA S AE A 57 DX 36 1 d X A 007 46 W5 4% 3 45 (supervisory control and data acquisition, SCADA) [
I ™, A2 ) AT DA T S IF 68 3t i R ) A% J i A i ek S i 8808 3K 2l (data-driven) (9 5 V5 R i & R )
SRR HEAT A B, DR Tl R T A S (B RO A R M R B T 2k

245 VU3 0 B8 A0 K Bl 2 R R A T - A S B, TN R X R Ok TE R s AT I A AR 2R AT
WU T 3 248 D) 2 AR 4 o0 00 ) 250 s R 47 o) A e S5 o SO0 1) 80 A0 00 A7 6T B, - B A 3 22 T 1) 2 S L ) i 4 ) i
R AR . Wang 557 0N 43 25 B B 0 BE A 1 48 Hh = B B BN B Bl Oy s TE AR G P B B ) L 3
I — AR W B B B 58 B R G SR T R RS A S B B TR S HE AT R — 25 0 T £R
T ) B o

FL 000 B B ) v 3R R N A 45 R 4% (artificial neural network, ANN) & & , Mounce % "E 2002
ARE — YR N T 28 0 25 1 5 AT T K B A 800 o 22 J5 70 T2l r N T4 28 IO 24 A58 A8 gl K o ] T
WA B B 3 A7 70 A2 0 4%+ 43 5 % E N TR 28 X 2% 1Y) 2 B0 RS, H IR B /R ORI B B8 8 U T IR 5 3 3
) WRME o 5 R BE G TR BE A% 2] 1 A KT R S0 Bk 22 0k A BR pl 22 I 4% RNIN B i I 92 42 I 2% LSTM
J5iE% . {HJ& RNN LSTM £E iH 5 i B2 U (9, — B 2] i A EE 58 A 1 b — B 20 4 i s, e ik 52 0 R
THERHL Y AT T3 5 58 4503 WS TH 5302 72 vh (45 8 25 2R 4 45 RNIN S 5300k XK s (] )7 5] B340
) I 5% 22 3 K

Google BF 57 F BAAE 2017 4F 42 H v 2 S AL (Attention) HIL T 312 T H & A9 Transformer B %1 3 ¥E 47 HL
BT &, 0F BBUE TR RO ORI HLH x5 A S B TR ik 547 40 B 3 3 % A (Embedding) 3k %
s BHEFF FALE S B o Zhou R T — 43T Transformer A4 Informer F F FUM < B 8] (4 B (8] 7
F1) 38 i el o 1 2 1 ML (ff ] ProbSparse self-attention) ff i |~ Transformer i F 4 A ] 77 1 £5 4 o 3 F 530 &2
F BE R A o TR S T g N S 0 A ) A

TE I R 3K 2l 75 vk TR 00 8 A8 I 38 R SR AL e A L 1% vk AR R AR A DN L o TE R K B Y S
A AH AN 4 TR T 1E 7K B 0 U ER A AR o SR A R IR T B R R W R A A s R ] A )
HB IR IR 2T 25 2 DRk AR o e A, 7 FH R g 8080 3 T DA A8 I 9 et /s T OE R K i RS R S 30
73k v B ) ST VA A R 7 A LR 2 B O DL R AR R A

K, B AR T — b B oK 3 1Y 4R 45 R 1 Informer-Zscore B4k L 1% 7 R AL HE TN - 432 - R =
B Be o R i B B9 07 2 T A W a4 A8 RN R HSCR AT PR, LIRS 3532007 R A B
1 ARAE
1.1 T B B

RNN,LSTM FI Transformer . Informer &b ¥ i ] J37 51 £ 4 b A% ot b #0 R H 4w 65 2% - % 653 #% (Encoder-
Decoder) [ R B 2% > HEZR | BV 4 A — BBt (8] 79 510 808 | dn s — BB 8] 7 5 550805 |, £ D Sequence #] Sequence 1
WS m) R, b 4 B 2% Encoder A4 4E FH 2 X5 i ABS (8] )7 810 25080 2R A7 G bt |, 41 O3 1) SRR AR O 7 4 R — > 1) 4
(PR context) . fif i #% Decoder [ 1E I J& 12 WL fif 15 context, 4= B H P F Hh 62 . RNN 5 LSTM A 1] @
TE T 4 1 i B context (Y b 72 v Bl & B[R] 4fE #8 I 7 40 38, 38 J7 context Y i B b it X R WA F B .
Transformer 5] I 155 T 45 FFAiE 18] (1 78 72 77 (Attention ) 3 7F 2 5% A7 1 context (193 A% rp G T AR 35 1) 6
43, {8 Transformer (1912 5 &8 KK, WAE & i 22, Jo v F0 < s (8] 77 91 0% 406 o 49 i A — A~ - 47 il
P RNN 5 LSTM 23 M 3k Bl 2 1% 7 8 A1) AT 8%, 24 /0 1 KA I 22 52 A 1 fie IR 19 15 45 L s Transformer
SR - T TR A T R DG R B R v s i T R R JEUR 3 B B A [R] 4 3] E Y ) R KR )
TR Z BT A ) ) 1 56 R RE 2 A S IR Z .

Informer 572 7F 4 14 5 fff % (1) 1 % P f HH ProbSparse Self-attention HILi| , A H 2% 1& v & 1 AL v 57 ik
I KA FR 43, %) Transformer 1 /9 attention T35 4 B/, N A7 o5 FHA {045 i 11 1) 18] 1 71 %) AL 4 IF 8] 52 1)
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1.1.1 % 5 % Encoder &3 %r N\ 3R 4
(D)~ E 1 220 4 i #% Encoder 15 B A (Embedding) i35 23 20, B 2 i #5171 i AR 4 o

P, 2=sin( p/10 00> mosa ), "
Py, =c0s ( p/10 000, o
Xf[eed’en:au;+P(L((l*1)+[)+2p[ S(L\(t—l)ﬂ)]p’ (3)

s P o fir 8 4 1 (positional encoding ) {7 . (B RCHE 7 4 Bif 18] J2 41 v 1 o 8 A HE I £ ) L p o 10 K08 16 %
A B T 152 9 05 4058 AT o 1 RS REAIE 1O 40 S LA AT BE S O i AT 90 1 i IR 435 8 30 (1) o A
I 18 7 970 e o 2 B pr 0 P A 2, R () W B B P AR, R (3) X o K Encoder (R A
0 T T 0 oca A9 A T 6] 90 50400 388 2o — 248 25 B Con 1 B S5 10 85 405 A ) 0 L P, AT
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1.1.2 % A5 % Encoder &7 %3 74 3f 5

Z=Softmax v, 4)
Vd
X/, =MaxPool (ELU (Convld ([ X/ Tu)))e (5)

7 (4) Z 4 ProbSparse Self-attention HL il 24 20T A9 73 2B I HLHIAUAE , P O K. VI A X o AR 2R
P AR B 5 Y 15 R A IA) W) & (active query) VB[R] & (key) fH 9] 42 (value) , BV 4 AR 8] B 51 A 8 28 f9 2 20 (5 B LA
KA B e 51 B HE 2 18] A5G 6 25 . Multi-ProbSparse Self-attention 5t /2 Embedding 2 J& 1Y %y A $4¢ i 5 ) 2
FEY)E R n 4, 43 3 8 ProbSparse attention 2 J5 F-& I —ii .
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K (6) M i 5 2% Decoder ) iy A 2K
Xt ae = Concat ( X en, Xg ) Rt ha) st (6)
T X w0 N G IT 25 Decoder BY 5 A TB A, X e N 915 7% Decoder §i A H A B I 43, Lo HIZTH K, X
h i it 2% Decoder i A P B HE 3535 43, Lo HE 55 58 0 K B2 o B Decoder i A — BE B [H] 15 81 Xleq o, FEL I 2F2 38 23
i 0l 55, B AR B B ARG B Sk 30000 gk 38 55 A9 Decoder B9 # 43 o f# % 3 A2 P [F] #F 38 i ProbSparse Self-
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1.2 SEME
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(cumulative sum CUSUM ) ff 5 8 I v (1% s 453 35 550, 3 00 1 H 58 4 B8l 5 H A 1 =2 ) i 22 0 SRBUVR, 2RI
S TS BEE B A U R Ry S o E A 5 Palau 5T Hotelling T J7 125 SR 4G I 48 00 v 9 58 e A il 2
705 N T 1) B g ok TR il 4 o B %) S i Bl o oy T T T O 2 — 1 B 1 S (R TR )
[A] 5L, SPC Jy i H P 5 H %% 28 F) L W] ( Western Electronic Company rules, WEC) il z F5 i 53 4% ( Z-score ) FLAL i
5 TR BT R, B S A SR SR s 1 2 1% B s O D S B L {1 WEC Dy R ) S (B R T
Hi 3% Z-score 22 [ {H By SPC Jy 2 > A I #t ) B B vt 90 1) 5 1
U 0 v e A AR T LI ) B4 R KPR 7 B X2 AN K T T o X M 22 AR K T L o
P TR 1 He ) 5k 22 RO S i B i AT B
R=X,~X. (7)
HH T 5% 22 06 2 BE G I 18]S W 2R A7 e 3l i EL A K AT Sy 0 S S0P S B T Ak 25 W RE R TR N Wi B . BT
ARV HE 8% 22 1 BRUSE [R) BE R A7 30 4, DRy A% SRt 118 548 SR 42 8] B ol 5 miin, 5 R 19 s ) 3% 22 e 46 0 288 K
BE 51 1) 455 (00:00, 00:05, «++, 23:55) , — Mg n K AGEHE , BiF L SR 2245 B 40 R 7R, RsE 2y 288
R, -+ R,

o

Rl,zxs Rn,zxx

M A3 AT R AT A Ak 25, B A R S I 2 1 B 22 (R, B — R A 288 ANk 22 I 1Y 22 BAE 43 2K 0T i
AR5 A8 9 A4 1% 5 e L R 2 R 1 73 2 (Z-score) J5 v, BV FH 2 A 18 23 B3R 7R — N TR 1 Bl sl SHEARTE )
V- AR 1 B o 22

z= . ®)

o
2 (R IR ¢ 20 B 7, 5 320 18 I B ik 22 AR AR B (R 1Y) 22 S, AR 40 0 D00 a1 SR A o 23 8k 2 M T T A TE R
(L BT, D0 Bl AL AR
R,-Z.Var[R,]<r,<R,+Z.Var[R,], 9)

R, Z o 2 bR S B S 3 A, — % AT U 2.00.2.65.3.00.3.50 A M B K BY 2R 06 B . 20 36 B 3 /I K R
5 D D R R RO R ORI N RV A R L 2R A R AR S A G STk [14], I 5
B {E Ry 3.00, ELAARSR U, X5 F A8 I A 1 R D) A% s UL TN = 0 B R R R AR K R R it
KA A8 7K F 3k e, A A B XU T LT 3B T 2 R R R A I AT 3 S M e A L 00
FARAL T BUNE R, R Wl e & 4B TR E R, WED i TR &G HEA .

R T A A Bl M e R K SO 1 R Ao (S SO S R R, 4 2 B B A 2 3 S R ot
{HL B A 2 i % 412 BV A S Ay e A R I B ) 8 10 min
1.3 RIEME
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I 5 2 W o BB 02 vh a3 28 B B 2 2 U 19 S A A 28 i A AE A REAE B H (ELEAT T — AP B B o S PR
T U WA T 3 26 T B B I M — S A I B BEAR AT e G IR D S RS R T B B BUR R S
AORR IR TN o R T 4% B8 A S 3o 23 e B B i) 7 (AR IR A, 3 HLAR 380 1 368 2 FH K s 00 1 ) 2 I
e 0E B B9 K TR A S % 22 B 72 R AR L B R A R D 22 B R A O k. TN (ELAG IE A 5
%FHZ

A1
X' =X,+—R, (10)

[\S)

X =X, +R. (11)

A X TR WA KA FEBO R =B -2 R T AR 25 19 — 0 2 — o X FRoR R AU AOE(E , 5 T
TOUN A+ B 220 5% 25 B (B o A LB AEDRE A0 A A B 220 09 TE 8 T K R g 18 g A B0 R — B 20 %) T Be B AL rh | 3B
of ¥ Bl B AR T 2SI B A R S i K RS O BHE Y 34 SR o
1.4 iEMIER

K HF A 43 1% 22 (mean absolute percentage error, MAPE ) >k P-4l 4 i [8] 57 1) T 0 B B 11 o ff 1,
JH B BH 1 %R (true positive rate, TPR) {5 FH £ K (false positive rate, FPR) . illl i # % ( detection accuracy, DA)
VAN 3 28 B BT T S 500 G A5 R

MAPE=120 N X~ % (12)

N i-1 X,
TPR = x100%. 13
TpEN 0% (13
FPR = x100% . 14
FpeTN 0% (%

TP+ TN

DA = X 100% (15)

TP+FN+ TN +FP

A : TP (true positive) , 327 5 i & 2 IF H 4% 1F 8 5 ; N (false negative) , F i & A= {H A 9% 46 I 2] ; TN (true
negative) , 3¢ 78 2 0T & A R G0t R 4G I B J5 5 FP (false positive) , 38 78 25 B R & A= {0 28 G 46 0 2 35 0
MAPE 75 T H 5 B0 50 (B 22 18] 1 22 5% /N, TPR e om T A7 050 h 8 28 G0 A6 D00 1 Ok 1) EL ), FPR 2R 7R 1 4
WO L, DA R BT A 2000 T R GEIEH A Wi L 6] . B MAPE (FPR /N, DA [ TPR B K, i 46 I 7 v Bk
A5

2 Z#RE5iTie

2.1 EWENSHIE

I T ENPANET 897K 713125 0 WNTR ( water network tool for resilience )" 3l 5 #0L k7K 4 W 59 7K o3 #4 o
WNTR &5 T python i 5 4 5 B9 T I 40 T H , 7 EPANET (09 L6l FH2 4t Z 066, 1 B i T2 pythoni& & 4
55 TR A 2] Sk A0 B 52 I TR in 5 .

XHL TSR A 2 Jung S5 K 1) Apulian B 9 (AN & 2 fif 7R ), Apulian B 8% 772 FH 1 45 Fi s 48046 )
BRI ZE A TAKIE AR 23 s DA R34 KB, ETEEHA N300 mm, L HERN
100, 150,200,250 mm, 7K 2 @& #2224 51.4 m, 5 S8 F X @ A2 N 9.6 m, RG24 B R K &y 282 Lis. 7E4
P P 1R S A R I, A A T A (Y 1) e ) A SRR L Al A SR T T A A P (T 9
15.21.22) 1% 8% 5 5 min i 5% — WE J3 B0 |, 8 N 45 4 LA K TR ) A% St (o7 e n 11 2 T s, o 1 268040 B FH K B
A AR

i ] WNTR K J7 384048 5 2021 4E 1 A 1 H 2 20214F 4 A 12 H 3£ 102 d 89 K TR 3 808, Horb 2021
ETH1THEI4H 10 H (100 d) A K E 3808 JIOREE LA, 7E4 A 11 H A4 H 12 B 255 00 11T OB i, &
TF22 IR G T, R E E G RS 0T 5 1.9 15,21 1 22 BRI 7 B0 AT 0 I R S 4
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B30 UL B4 LR I (8] 3 87 K806 A, 30 3 o i BB T 1) P 50w s A I ) 5 A K086, T g A [ e 220 B )
Flo A W R AR AR 5 min i g — O T Bl B OIS SR I I 7 s A O — D EEAR (sample)

23

O FEhfEeE

El2 Apulian 87K ERMUR KT/

Fig.2 Apulian network layout with meter locations

40 B KA 288 A TR I 80 8 52 50, 1858 I I ) B { propasees pie ) 5 B 9 H DB I A R 51
{plphplo ) pLpd i |y e { P p3 e o b, Ho i p A28 KR 3 (R, R b A 55 JL K i LK R 7
b A R R T B2, R B 9% 2 T K T B R A D B e i 0 2 % 1 KRR 1 e
{0
2.2 Wi

T By B SR F Informer 437 LA £E 3 4 B 0 1 1) A1) 644 56 06 22 CRT A 2 BEAS ), T 11 5 oF ¢ i s I
B (i 11 2 A REAS ) o Ol T % AN R AS S BUE 2 10 T S, 24 T I A U6 7 90 000 O R A 14 3 281
FE W22 T2 < 1) RE A IR ] 44 B0 £ — 1 I 20 7 d B0 PR 7K T 9 038 5 2) BE AR B6F T ¢ 10 6 7 d [ B 20 Fi /K R
FIRCHE 3 REAR IR 1] M AT 10 £+ 1B 20 5 7 d JHK PR 7 e

F1 ENHBEEREE
Table 1 Pressure data characteristics and input and output of the informer model
FEAFEAE LN AR RN
t—-1-7(24h), t-1-6(24h), t-1-5(24h), t-1-4(24h),
t-1-3(24h), t-1-2(24h), t-1-1(24h)
t-7(24h), t-6(24h), t-5(24h), t-4(24h), t-3(24h),
t—-2(24h), t-1(24h)
t+1-7(24h), t+1-6(24h), t+1-5(24h), t+1-4(241h),
t+1-3(24h), t+1-2(24h), t+1-1(24h)

De— 1828981 7 d 180

2) e Z B ET 7 d R B

3)e+ 1VHFZIAYEG 7 d R ) Bodl

FA FE S B0 FEAR — I 21 A HRAE  REAS O BR 25 R % 5 20 ¢ A9 FZK HE 7 {8 . Informer #5584 5 A 24 h 95
J 1 1] P 51 (288 AR AS ), T 422 T 2K 30 min (14 1E & K R8s (6 MFREAS ) o )T 51 (288 M FEA ) 1Y
i A JET KAT A BB B A REAS T TR B B ) 51 20 G 0 R E 3R R K AT Sy 0 TR o T B Be
Informer A Z 841 F FT 7R s seq_len=288 .label len=12 pred len=6.d model=512.d_ff=2 048 activation="'gelu'.
enc_in=22 .dec_in=22.c out=1.e layers=2.d layers=1;batch size=32.learning rate=0.000 1.

BRI R4 (R 70 Kb 20 160 DMAEA ) B&IEHE (70 ~ 90 d 1 5 760 ANFEAS ) (iR 4 (90~100 d
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2 880 MFEA) R I H B BE (101,102 d 576 MFEAS) o BRIFEUIZR4E il 4h 22 ) TR IE4E BT 3R 2,
i I I R SR AR IR AR A 15 22 U B M, IR G i R A AE I AR D DE Al SR 2R T R T o R
N FH B B B A 7E 23 2B B T 5 TUI AR R AT 0 L B I AR A
23 BERMNERSH

SLHGAE 2021 4F 4 1 11 H 5 4 1 12 H [B) BEAT 22 Y45 S5 S0 AT A0L , R A5 S IOHe IR A 11 /N L RR S )
[, 229 45 0O v AR e A JE e UL 81 322 82 19 S R K S 1 I8 2l s T e W i I R 1 A SRR AN T A B
SENTF Y KA b R 22 BRSO R — IR U TE AN TE 5 IR 00 8 TR 25 R A R . R LB/
SRR 2 R

x2 BEEMERRNERER
Table 2 Data of burst pipe node and detection

WA i  RENRRI ST MR 55 R
Gy B TPRRERD AR s e KAzt m%za“
14 2020-04-11 00:05:00 00:30:00 12.4 91.2 TP 15
15 2020-04-11 02:00:00 02:20:00 15.6 88.6 TP 15
16 2020-04-11 04:00:00 04:30:00 10.1 93.2 TP 15
8 2020-04-11 06:05:00 06:25:00 5.6 95.6 TP 22
7 2020-04-11 08:03:00 08:19:00 5.2 959 TP 15
6 2020-04-11 10:06:00 10:30:00 4.1 96.8 TP 15
20 2020-04-11 12:05:00 12:30:00 6.2 94.8 TP 15
17 2020-04-11 14:00:00 14:15:00 4.5 96.0 TP 21
5 2020-04-11 16:05:00 16:30:00 3.8 98.1 TP 1
22 2020-04-11 18:03:00 18:25:00 4.2 96.7 TP 22
21 2020-04-11 20:00:00 20:25:00 5.1 95.9 TP 21
10 2020-04-12 00:05:00 00:30:00 4.4 96.6 TP 9
19 2020-04-12 02:00:00 02:20:00 4.6 96.4 TP 1
3 2020-04-12 04:00:00 04:30:00 4.1 96.8 TP 9
2 2020-04-12 06:05:00 06:25:00 3.6 98.3 TP 1
4 2020-04-12 08:03:00 08:19:00 4.2 96.8 TP 9
11 2020-04-12 10:06:00 10:30:00 4.1 97.0 TP 9
12 2020-04-12 12:05:00 12:30:00 4.3 96.8 TP 9
13 2020-04-12 14:00:00 14:15:00 4.2 96.7 TP 22
1 2020-04-12 16:05:00 16:30:00 3.3 98.9 TP 1
5 2020-04-12 18:03:00 18:25:00 2.8 99.3 FN -

6 2020-04-12 20:00:00 20:25:00 3.1 99.1 FN -
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Fig.3 Node 1 pressure chart on 12 April
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Fig.4 Node 1 residual plots and testing on 12 April
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