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A Study on Real-Time Operation Method of Urban Drainage
System using Data-Driven Estimation

ABSTRACT

This study present an efficient way of operating drainage pump station as part of nonstructural measures for reducing urban flood
damage. The water level in the drainage pump station was forecast using Neuro-Fuzzy and then operation rule of the drainage pump
station was determined applying the genetic algorithm method based on the predicted inner water level. In order to reflect the
topographical characteristics of the drainage area when constructing the Neuro-Fuzzy model, the model considering spatial parameters
was developed. Also, the model was applied a penalty type of genetic algorithm so as to prevent repeated stops and operations while
lowering my highest water level. The applicability of the development model for the five drainage pump stations in the Mapo drainage
area was verified. It is considered to be able to effectively manage urban drainage facilities in the development of these operating rules.

Key words : Drainage pump station, GeoANFIS, Penalty type of genetic algorithm, Operation rule
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Fig. 1. Schematic of Proposed Geo-ANFIS Model
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Table 1. Applied Rainfall Event

No. Single event No. Continuous event

) 2003.08.23~2003.08.24 5 2002.08.04~2002.08.07
(264mm) (471mm)

5 2006.07.27~2006.07.28 6 2006.07.15~2006.07.18
(275mm) (365mm)

3 2010.09.21 7 2009.07.12~2009.07.14
(279mm) (257mm)

4 2011.07.26~2011.07.28 3 2011.06.23~2011.06.30
(564mm) (354mm)
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Table 2. Physical Characteristics at Each Pump Station in Mapo (Seoul Metropolitan City, 2009)

Drainage Pur'np Storage ;/olume Total pugnp 'capacity Stage in Detention pond (m) Area Benefiter Slope Impervious

station (m’) (m’/min) HW.L. LHL. (ha) Area (ha) (%)

Mapo 72,542 2,710 7.00 4.00 298.5 23.5 0.80 73.0

Dangin 2,350 1,160 6.00 3.90 89.2 14.3 2.10 58.4

Mapo Hapjeong 1,410 218 8.30 4.20 21.0 3.7 1.69 57.9

Sangsu 464 134 9.00 6.50 9.0 1.1 1.99 27.7

Bongwon 2,200 1,000 8.40 3.80 629.9 49.8 1.95 67.3

Simwon 510 160 12.40 7.00 21.7 1.5 3.09 77.5

Table 3. Details of 10 Models

Model Inputs Remark
Tl R (t-10), I (t-10)
T2 R (t-10), R (1), 1 (t-10)
T3 R (t-20), R (t-10), R (¢), I (t-10)
T4 R (t-10), G (t-10), I (t-10) R: Rainfall
TS R (&-10), S (-10), I (t-10) G: Flood Gate
P: Pump Capacity
16 R (10), P (+-10), I +-10) I: Stage of Inside Detention
T7 R (t-10), S (t-10), G (t-10), I (t-10) S: Stage of Outside Detention
TS R (t-10), P (t-10), S (t-10), I (t-10)
T9 R (t-10), P (t-10), G (t-10), I (t-10)
T10 R (t-10), P (t-10), S (t-10), G (t-10), I (t-10)

Table 4. Applied Method

CASE MF Number of MFs MF Type

1 2 linear
Gbell

2 3 linear

3 3 linear
Gauss

4 3 constant

5 Dsigmoid 3 linear

6 Cluster 6 -

Table 5. Statistical Index of ANFIS using Temporal Parameters

CASE MAE RMSE DC RPE CASE MAE RMSE DC RPE

Cl 0.127 0.298 0.954 3.072 Cl 0.127 0.277 0.960 3.385

C2 0.119 0.267 0.965 4.348 C2 0.087 0.206 0.979 3.614

C3 0.095 0.256 0.963 2.729 C3 0.119 0.220 0.978 3.571

B C4 0.127 0.306 0.957 3.463 = C4 0.125 0.286 0.963 2334
C5 0.119 0.276 0.963 4.200 C5 0.092 0.210 0.976 4.863

Co6 0.129 0.310 0.953 1.433 C6 0.126 0.300 0.956 1.515

Cl 0.111 0.245 0.969 4.300 Cl 0.119 0.288 0.960 3.037

C2 0.061 0.153 0.989 1.885 C2 0.101 0.236 0.973 1.753

™ C3 0.067 0.172 0.988 2.860 T4 C3 0.104 0.239 0.972 2.021
C4 0.108 0.254 0.971 5.047 C4 0.118 0.287 0.960 3.329

C5 0.064 0.154 0.986 3.046 C5 0.107 0.237 0.972 1.897

Co6 0.137 0.301 0.956 1.619 C6 0.125 0.291 0.959 3.715
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Table 5. Statistical Index of ANFIS using Temporal Parameters (Continue)

CASE MAE RMSE DC RPE CASE MAE RMSE DC RPE

Cl 0.122 0.268 0.961 3.728 C1 0.113 0.240 0.963 3.451

C2 0.074 0.165 0.987 1.998 C2 0.046 0.151 0.985 0.806

C3 0.081 0.171 0.988 1.849 C3 0.045 0.158 0.981 1.599

B C4 0.122 0.282 0.965 4.739 1o C4 0.078 0.256 0.970 2177
(63 0.068 0.156 0.986 1.785 C5 0.040 0.144 0.982 0.769

Cé6 0.130 0.271 0.964 7.141 C6 0.125 0.296 0.957 4.731

Cl 0.103 0.239 0.968 5.653 C1 0.093 0.206 0.976 1.663

C2 0.062 0.151 0.989 2.801 C2 0.037 0.112 0.994 0.403

C3 0.063 0.158 0.988 3.354 C3 0.043 0.121 0.994 0.636

v C4 0.109 0.256 0.972 3.540 T C4 0.089 0.223 0.979 2.781
C5 0.058 0.150 0.988 0.604 (6 0.035 0.109 0.993 0.082

Co6 0.124 0.295 0.957 2.948 C6 0.121 0.259 0.967 4.887

Cl 0.102 0.220 0.972 3.984 Cl 0.061 0.138 0.985 1.018

C2 0.031 0.096 0.996 0.448 C2 0.019 0.086 0.996 0.014

C3 0.035 0.100 0.996 0.286 C3 0.020 0.080 0.997 0.040

w C4 0.097 0.239 0.976 2.459 o C4 0.066 0.172 0.991 0.682
C5 0.028 0.094 0.995 0.159 C5 0.017 0.085 0.997 0.020

Co6 0.139 0.288 0.959 4.569 Co6 0.137 0.284 0.961 4.136

Subtractive clustering 7]H-& 21-83}9c) =81 12} Takagi-Sugeno
(linear)9} 0x} Takagi-Sugeno (constant)S H|nls}l7] $5}e]
Gaussian Membership FunctionZ-§-A] 5 Takagi-SugenoE
B3tk mye] A3 &S wslh] flste] Ao
ZHMAE), Al 2 RMSE), 27715(DC), 33+
ZHRPE)$} #2 A7EE A-8-3kth

Table 594 HoJF50], model T100] HHFZHo 2 74 2R
ot B HriAE e} AT AkE 7HAL JdSleH,
sk 7h & BARATE Bolal itk e R v
739-2] 749 model T1~modelT3% model T30] 7} & AARA
E 7R Qlovt & Aot §aL exle] B9 7R ZANE A
oA S5} 27Kk el ARte] @) el vkl St
model Td-model T6o S14], w50 ifof, odpzs
& Y| SPYEEZSE T8S model T6o] L2} 2faL
F AATE Bolal Uon FolrTh iRt ol
o] A8ket Fig. 4= model T6¢] thak 2010 7Aool chak
SATE HASAFe} vugk 2ls RPER AABkaL ok

K

3.3 Geo-ANFIS Tgio| XEzdn|

PREM ool 91703 MEHEAe §(Hapjeong), B!
(Dangin), *=(Sangsu), E-(Bongwon), “}E(Mapo), A
(Simwon)© 2 F- 6701w, g, 1, = B, vhE Wi
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7ol FZH wyEE o]831] 7REE Geo-ANFIS] EF IS
AL Sl8ke] Al vi=EZA | HIZESISITE o7 33714
S BAe] BEAAL Fede] He, WA, BRErES

AR JEHS 283 FrR-wR gy} go] FH 9
431 Geo-ANFISEES 7)) flsirde winl4dsh
ok gtk webA ofe] 717 FR-HA Y
Takslar Agste] 71 2k 9 xjot 7 & AAAIFE TAIE=
FRHARYS A o2 et} sh, o]& 913 Table
N AURIE T3 Wivg] S
QA ARFA QJEgRks st FR-HR R Ul A&
sl 72+ Avfe] el we] At vk viae] e akE Table
7 AXERITE Fig. 55 2010 Z-9AP3l] sl model G8-CS
& 7} viS=gz el Agste] oS ARE ASX|e) v]alste]
HolEr

A AFEII=o] AlularE AR ke ke g
& ek wE-HR] Bye] wxpEldstE 153l S8k vlojEo]
o} wxfepdsiet Aol sk EfdAS L el ARSSHA|
oFe T2 JEo 7 WyRHe WS ek 5 31 e
& st w2-HA] 2% 7P HAH Asxe 738k
G8-C5EE ThE vils=gzdol A8A] AS3tate] QA1E vlal
slo] mEe] S YSskalal sh= Zlojtk Fig 62 Aledvls
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Time(min)

(a) Bongwon
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(d) Dangin (e) Sangsu
Fig. 4. Results of Inner Stage Estimation in Model T6
Table 6. Details of 8 Models
Model Inputs Remark
Gl R (t-10), I (t-10), P (t-10), A
G2 R (t-10), I (t-10), P (t-10), BA R: Rainfall
G3 R (t-10), I (t-10), P (t-10), Imp I: Stage of Inside Detention
G4 R (t-10), I (t-10), P (t-10), S P: Pump Capacity

G5 R (t-10), I (t-10), P (t-10), BA, Imp

A: Area

BA: Benefiter Area

G6 R (t-10), I (t-10), P (t-10), BA, S Imp: Impervious
G7 R (t-10), I (t-10), P (t-10), Imp, S S: Slope
G8 R (t-10), 1 (t-10), P (t-10), BA, Imp, S
Table 7. Statistical Index of Geo-ANFIS
CASE MAE RMSE DC RPE CASE MAE RMSE DC RPE
Cl 0.130 0.112 0.962 7.760 Cl 0.126 0.108 0.963 13.377
C2 0.075 0.063 0.978 0.730 C2 0.065 0.052 0.982 1.491
C3 0.076 0.066 0.977 1.246 C3 0.063 0.053 0.982 0.715
@l C4 0.184 0.167 0.943 8.407 a2 C4 0.186 0.160 0.945 10.072
C5 0.088 0.073 0.975 1.767 C5 0.064 0.053 0.982 1.925
C6 0.139 0.123 0.958 9.775 Co 0.137 0.115 0.960 10.331
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Table 7. Statistical Index of Geo-ANFIS (Continue)

o2
N
E
re
-

CASE MAE RMSE DC RPE CASE MAE RMSE DC RPE
Cl 0.114 0.102 0.965 7.083 Cl 0.127 0.115 0.961 6.538
C2 0.069 0.054 0.982 1.284 C2 0.073 0.060 0.979 1.346
P C3 0.080 0.066 0.977 1.330 G4 C3 0.074 0.061 0.979 1.623
C4 0.134 0.118 0.959 9.538 C4 0.164 0.165 0.943 8.124
C5 0.067 0.056 0.981 0.717 C5 0.071 0.058 0.980 0.805
C6 0.179 0.155 0.947 5.457 Co 0.129 0.110 0.962 5.912
Cl 0.096 0.086 0.970 4.551 Cl 0.104 0.093 0.968 4255
C2 0.051 0.047 0.984 0.458 C2 0.052 0.047 0.984 0.344
Gs C3 0.055 0.048 0.983 1.382 G6 C3 0.054 0.048 0.984 0.937
C4 0.097 0.088 0.970 5.731 C4 0.097 0.088 0.970 5.733
(63 0.053 0.048 0.983 1.517 C5 0.047 0.045 0.985 0.513
C6 0.128 0.117 0.960 8.276 C6 0.131 0.114 0.961 8.419
Cl 0.100 0.087 0.970 4.423 Cl 0.077 0.086 0.971 3.847
C2 0.052 0.047 0.984 0.413 C2 0.031 0.046 0.984 0.468
&7 C3 0.055 0.048 0.984 1.380 a8 C3 0.035 0.048 0.984 1.371
C4 0.097 0.088 0.970 5.734 Cc4 0.077 0.088 0.970 5.711
C5 0.053 0.049 0.983 1.592 C5 0.033 0.048 0.983 1.596
C6 0.141 0.125 0.957 9.519 Co6 0.122 0.144 0.950 7.717
B toton ] - N tin 1 oo ion 1
o o O Estimation(gbell3) o o © Estimation(gbell3) [lo o O Estimation(gbell3)
I Precipitation 20 - 55 || NN Precipitation 20 4 I Frecipitation 20
g |zt T E 3
& 1 §5 ) g
g 1 38 El )
£ 3= 3 = 2
Time(min) Time(min) Time(min)
(a) Bongwon (b) Mapo (c) Hapjeong
8
Daggin i Sangsu i
e o o Estls;ravtla;‘:(gbe”l) 9r|o o 2:17::?::(2%”3)
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Inner Stage(EL.m)

(ww)uonepdioaid

Time(min)

(d) Dangin
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Fig. 5. Results of Inner Stage Estimation in Model G8-C5
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Watershed of Each Pump Station ‘ Input Matrix Target Vector
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Fig. 6. Meaning of Cross Validation
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Fig. 7. Estimated versus Observed Stage at Cross Validation Step for Simwon
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Table 8. Physical Characteristics of Each Pump Station (Seoul Metropolitan City, 2009)

-85t Wl AlE 2971 A

Pumb station Pump Scale Pump output Design Drainage Stage in Detention pond (m)
P (HP x ea) (m*/min) Frequency (yr) Gate (m) HWL. LHL.
1000 x 4
Mapo 450 3 2,710 10 2@2.5%3.0 7.00 4.00
Dangin 750 x 4 1,160 10 1@2.5%2.5 6.00 3.90
. 100 x 1
Hapjeong 350 x 2 218 10 1@1.0x1.0 8.30 2.80
Sangsu 100>1 134 10 1@2.7x1.3 9.00 6.50
& 200 x 2
Bongwon 750 x 4 1,000 10 1@2.7x2.5 8.40 3.80
£ £
2 2
’ 4\)30 800 1200 1600 ’ 4\)30 800 1200 1600
Data series Data series
(a) Mapo
5 5 H
° 4\)(‘)0 800 1200 1600 ° 4\)(‘)0 BAO ) 1200 1600
Data series Data series
(b) Hapjeong
' Pump_100HP ' Pump_200HP
z z
¢ *\)Aﬂ 800 1200 1600 ¢ A\)Aﬂ 800 1200 1600
Data series Data series
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(c) Sangsu

Fig. 8. Results of Optimization Simulation
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Fig. 8. Results of Optimization Simulation (Continue)
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Table 9. Details of 12 Test Case

TEST Training Checking Testing
1 2011.06.23 2;) (1 11 10(’)77226; 2010.09.21
2 2009.07.12 2;)3 11 1037226; 2010.09.21
3 2010.09.21 2;) é 11 10372268~ 2009.07.12
4 2009.07.12 2010.09.21 2011.06.23
5 2;)3 11 1057226 éN 2010.09.21 2011.06.23
6 2011.06.23 2010.09.21 2009.07.12
2010.09.21 2011.06.23 2009.07.12
8 2;) (111 ]0(’)77226 ; 2011.06.23 2009.07.12
9 2009.07.12 2011.06.23 2;)3 11 1057226 éN
10 2011.06.23 2009.07.12 2;)3 ]110(37226 g;
11 2010.09.21 2009.07.12 2;) (1 ]1 10372268N
12 2;)3 11 1037226; 2009.07.12 2010.09.21
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Table 10. Statistical Index of Test

TEST MAE RMSE DC RPE
1 0.031 0.46 0.984 0.466
2 0.038 0.054 0.937 0.694
3 0.046 0.087 0.978 0.562
4 0.059 0.103 0.883 0.782
5 0.032 0.079 0.980 0.643
6 0.056 0.093 0.924 0.820
7 0.039 0.059 0.978 0.602
8 0.050 0.088 0.936 0.786
9 0.039 0.052 0.987 0.544
10 0.064 0.120 0.851 1.005
11 0.060 0.106 0.910 0.718
12 0.044 0.076 0.951 0.549
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