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Abstract: In order to improve the operation and maintenance management ability of drainage pipe
network, and the structural and functional defects of pipe network can be effectively monitored and
identified, a fault diagnosis method of drainage network based on liquid level monitoring data and CNN-
SVM was proposed by analyzing the specific requirements of drainage network monitoring tasks. Softmax
classifier was replaced by SVM classifier to improve the classification performance of CNN and avoid the
disadvantages of SVM in data feature extraction. In view of the complexity of drainage pipeline monitoring
environment, the drainage pipeline defect test device was designed and combined with the Internet of
Things monitoring system to collect data. The results showed that the model was very effective in the
diagnosis and troubleshooting of drainage pipe defects, with an accuracy of 94.20%, 91.57% and 85.34%
under the tasks of ten classification, thirteen classification and full classification, respectively. Compared

with other diagnostic models, the CNN-SVM model had a 16.94% higher accuracy than the second-best

E&UB: BXREAMNFESEYHIAE (51978278)
BIEI1EE: BE E-mail: chenbing@scut.edu.cn

<30 -



www. cnww 1985. com

SEMEAE S R Tk s M B CNN-SVM &4 He K & W & /G 5 B

%395 %23

CNN-LSTM model in all classification tasks requiring the highest classification accuracy, and also had

obvious advantages in accuracy rate, recall rate and F1-Measure, which verified the generalization and

effectiveness of the proposed model.
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Fig.1 Schematic diagram of drainage pipe test device
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Fig.2 Structure of drainage pipe network monitoring

system
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LT A R, AT DG LA ) ik it — 2 R
FEHE DA A 5 A T B
4.2 CNN-SVMZBLSHT &R 54
4.2.1 CNN-SVM f AR A REEA

PR RE ARG 3 o2 T =2k ey
H =4 A s A CNN-SVM 34 3: M B R A7 25, V]
Y4 5K 4E FE ) 703, ¥ B MiniBatchSize i
32;MaxEpochs A 500; 2% 2 %4 0. 01; SN 44
B0 0. 15 £ 3 400 & RO 2R 5 5 > %8 0. 01
0. 1;Dropout 24 0. 2; #5 2 e B ReLU UG PR,
H: A5 K same F T, PR R HEA TIN5, I R 45
W4,

%4 CNN-SVM SRS BT AL
Tab.4 Diagnostic performance of CNN-SVM model

%
miH a2 + =42 e
MiRES 94.20/94.35 | 91.57/91.84 | 85.34/82.93
LIRS 96.93/97.04 | 95.48/94.66 | 84.17/71.81
P mp: 81.06/77.61 | 81.08/81.03 | 73.51/65.45
F1-Measure | 85.21/80.45 | 84.99/84.66 | 76.04/66.83

T BTG 20 30 A 2R A AR AR AT & 5
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¢ 4 A1, CNN-SVM 7E 8 4 F I R0
KA BVETE 250 2SO0 Tt H A 85. 34% A ERf
OMAE T 5028 1 = 20N O T e R 0] LA
K5 94. 20% S 91. 57% . TIZALRIYI kRS 1%
B Fl-Measure 78 HA7 5 5 BIAF AR DL K B4
HIFaEME . X 2] CNN-SVM #5220 7] A5 34w B T HE
KA DRI AN B 1 5325, 0T ELRB RS o b i 531 S
BEah s S E R

R T B E T B O VR I B SR R AR B B
8 TEARIR PTHRE AR S LSTMP (GRU™Y
1D-CNN">' CNN-LSTM " U A~ 25 #1132 W A R 9 47
XL 2 WoRE 4 R 3R 5 s .

x5 TNEMEEZ EHHEEE LR

Tab.5 Performance comparison between different

models %

CNN- CNN-

m H syp | LSTM | GRU | IDCNN | /o
F432 | 94.20 | 82.07 | 84.14 | 81.10 | 91.10

YRR | =325 | 91.57 | 74.59 | 76.35| 79.15 | 87.82
42032 | 8534 | 56.26 | 57.36 | 61.16 | 68.40

RS 96.93 | 69.15 | 69.91 | 58.64 | 91.21
FEACIE S 81.06 | 55.89 |53.58| 53.63 | 75.66
F1-Measure 85.21 | 56.33 | 53.68 | 54.21 | 79.41

TE: BRUESRRIN, HABAE b0 T I8 R R 25

WO LSS AR s AT IDCNN R, >R ]
SVM 432223 B 4t Softmax 7325 4% 1 CNN A5 480 M i
T TE T R A D MR R A
KA R LL K F1-Measure 73 342 7+ T 13. 10% .
38.29%.27.43%.31.00%. WLEH, To%k5+

SO R R S M B AP R I
TBE R A ROCR A BT R B, o CNN=-SVM [ £ 432
R B B M AR R, FEMERR R A T B (E HL R Y
CNN-LSTM #5817 T 13, 84 AN 43 s AU R R T
8. 86% ; MM 1E 73 2ME B R BN + 3 24551 K
1% 3 [B13R | F1-Measure {5t Ht CNN-LSTM % /1>
E S ANE 3 A T IR A S AR CNN-
SVM AU B 55 R v EL A B AR 3, K i
I T B A S ) T i R 5 R AR R Je o R B AR
25 W 2% ) BN B BURAE 19 0 5 B AT e o i) B 7 45 A
PERL Rz A
4.2.2 CNN-SVM AR AN [ BB 12 Wi Ol
CNN-SVM 7EA ] 43 24T 55 T B MK AR P41 25
RILFE 6, TR ATERIE 5 T 2% B P TE AN ] 73 254
55 ¥ AT A 0 R IR B R T
96% , AT LLAE A YA 1 12 B HE A Bl 2B T 1 7
FRBEEIN , 07 B BRE FR T [R] A 32 b T KA A A 4t
TR R I RE ], 76— BRI T TR
W, T LA+ = 0 2B 00T B B i R R T
K& o 80. 76%, 1E 4> 43 2 1) A BR AR 28 W B Ry
56. 57% , {8 B A A7 763X B AS [ B & 9 4, CNN-
SVM [ 4T 48 bt 247 B 8 0 F HAL L . 2B
P B 2 B 43 A, CNN-SVM 54k 76 HE /K 45 0 B e )
WIS B 5 v A R R [R] s BT v A
HER AR TR 3 1250k 0] AR 18 R A B b
I 388 3 857 M S 0 T R AR DA X A
By AL IR /A

%6 CNN-SVMA[E 5 EAES T oMK ETNIEHR

Tab.6 CNN-SVM test set evaluation indexes under different classification tasks %

. ok =% 25
\ P TES B A BN W& [ PN Wiz
HETR 100.00 96.17 87.62 100.00 96.54 80.76 100.00 97.63 56.57
AEHR 99.53 95.00 91.37 99.80 96.65 86.20 99.28 96.29 55.61
FERCIE: 100.00 96.57 68.13 100.00 87.00 70.10 100.00 86.98 45.16
F1-Measure 99.77 95.78 78.06 99.90 91.57 77.32 99.64 91.40 49.84

5 % X R RIS B 4 0 25 &, i L B B 1 32 Ak

O T Wik R Kz CNN-SVM F 3 J3 27 > fi
FE A R A T HE /K 7 B ) 2 W HE
H SVM B4 CNN BLHL H 1) Softmax 53285 7870 & 15
T A U 28 I 4 1) RREAE B CRE T A B S F 1)
EHUEEPER RS 3R T CNN 42845 B LU S SVM

GEWAS

@  HE T HABZ B A CNN-SVM HA ¥
T S mi2 Wbk e, 78 HERG 2R RS H0R A BR DL &
F1-Measure 55 2 70 P 5 b5 B0 T HoAth 24 >
A
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