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The existing data detection research focuses on obviously abnormal data with abnormal time-domain
waveforms. However, there is chaotic data in frequency-domain characteristics with normal time-domain
waveforms in the monitoring data, which can’t accurately reflect the dynamic characteristics of bridge cables.
Aiming at this problem, the existing abnormal data detection is extended to data quality evaluation, and obvious
abnormal data and frequency-domain chaotic data are detected at the same time. The data quality evaluation
method of bridge cable dynamic response monitoring is established by using a convolutional neural network
(CNN) and data frequency-domain features. The implementation process includes: the time-domain data
sequence is transformed into a power spectral density function (PSDF) by fast Fourier transform (FFT); the
Gramian angular field (GAF) method is used to visualize the PSDF sequence, and a CNN model is built to
evaluate the data quality automatically. Taking the cable acceleration monitoring data of a cable-stayed bridge as
an example, the proposed method is validated. The results show that compared with the time-domain sequence
detection method, the PSDF sequence detection method can better distinguish normal and pseudo-normal data,
and has a higher evaluation accuracy; the accuracy of the CNN model, established by using the monitoring data
of two sensors, to evaluate the quality of all 26 sensor monitoring data is above 94%. In addition, the evaluation
model, established by this method, is applied to the monitoring data quality evaluation of another similar bridge
with an accuracy of 95%.

Keywords: bridge health monitoring ; data quality evaluation; convolutional neural network; machine vision
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Fig.1 Quality evaluation method of monitoring data for

dynamic response of bridge cables

1.2 GAFE®EL
ST 543 CNN 75 ML 28 R 5% 1 PR 4928y
AT B0 O 3 4 4951 I 19 PSDF ¥4 1 91 H 4 4% 3
I #1135 (GAF) A% , 9% 5 5 PEL 1% A CNIN A5 0 3
FFIZRANAR 25 . GAF 76 M AR bR 2 vh X B4 7 4] it
7 4 h | 75 Gramian K8 4 o () 55 A (45 02 £ 8 00 =
1R . 28 58 SR FE 9 S= (51,5554 ), X B4
BT IS — Ak (BT T e X el [ — 1, 1] 0],
IR — AL FAN S = (5.5, 54)e WA (D) 2
(2) 85 09— b 10 5501 25 0 Sy 0 35 10 A s B i 78
G g AR, LR A B R I ] ) S
¢ = arccos(5,), —1<<5,< 1,51‘65 (1)

[h
=—,t,€D 2
r D S (2)

5N S T BB 5 2, 9 %R TS, BB TG D
B[] BB 1) A B 5 p R A s r AR . — HE R 7
B ) Gramian %5 M4 G & X R

cos(¢1+¢1) COS<¢1+¢d)
_ COS<¢2+¢1> COS<¢Z+¢<|> (3)
cos( s+ ¢1) cos( s+ )

FEAE MR G, X R 2 i 4R 0 R R B E 4
J, 15 [R] B 5 % F 2N AE A T R s R
o [A] 44 E h  Z 5 B 26 G P o GAF Jrik ] DL
BA BICAFL =2 ) A i () A 8 2, 45 21 A9 40 B G ol U e
SR s i B 2 BT R o R R RE AOK PSDF
ol 7 8 e i GAF B, 3 T GAF i 17 8 dh 5%
e S5, A R0 T BSOS BB B R RRIE AR T
CNN A2 ) 2 2] R o 356 3% — AN J B[] 2 11 ok
K43 KOs 50, A0 46 1 200 N EUIEFEAS A5, B4 GAF
EURELAT 24 (0 K JE o R T B AR AL I 1 i A, X 8]
BAR T AT R4 ¥ R o3 BERBEARE] 100 X 100,



% 5 SR, 5 AR AR B v R F Nk 211
o
135° 45° 3 b
50 - s
h “ q |:> |:> 12 :4‘ 5-8°9-1213-16 17-20 21722 2
I Ll “ ‘\ | = e 3,55 o
- e 225 m
PSDFJF41 HRABFREY GAFIEI& o 337m
2 GAFBEFiEEA

Fig. 2 Illustration of the encoding map of GAF g1z 16 2N0_

2yt me i

1.3 ERMEN KR

VR R b 22 25 1 A0SR B R & W 4%
(CNN)TE R 53 Bt b B A Jmy &8 42 52 B0 AU 3 = /0
23 (A 3 F SR R A A Y0 T R B CNIN S R
FRAHOC S B 3R 1 R L 45 12 28 RS2 100 X
100 [y A2 S 58 2 2 056 LB BUZ R RS
94 X 94 X 6, £ 45 6 T 4 R E 50 AL,
RAF R 7 X755 3R R M E KAL)z, R RS
H2X 25 42 R 2 B ZE EAR R B )
42 X 42 X 9,445 9N T H Rz B i &R, R
H6 X655 2N RMAL)E, FRFERS N
IXBHOBRAVEEE B TER TR H6 X
10 73 25, 0 T % & F 28 B0 0 B0 e on & AT
3K

®1 CNNHEESH
Table 1 CNN model parameters

25 A Rk (1583 Pt RSP (183%)

1 LIPS 100X 100

2 HRZE1 94X 94X 6  HREL 7X7
3 RRMALZ 1 47X47X6  FREEL 2X2

4 HRUZE2 42X42X9  HPUZ2 66

5 WRMmA)Z2  14X14X9  FREE2 3X3

6 R 1764%1

7 i th 2 61

2 SCBISEIE - R 2R N B R

ST U UE B 0 B R T A v 0 v
PEICT JEASHRLAT (R i o R . Gn Rl 3 BT
IR IZ M R — A A3 ] DY 2 T BRI, B E
JE W R GE A 1 26 A 0 B A SRk A 3 0 e R A%
SRS 1 SR RE AR Sy 50 Hz, 4% 3 18 1 22 25 0 & F g
SE 3R

Wl P R E S 1200, R B ) v
Sh g R T R AR R4 o B SR 1200 1Y S
it B s S R 4 5 41, A FRET 45 21 20 8 e i el 58
J¥ 51 1 PSDF J7 51 . 4% bk Jr ik f PSDF %4
FE 8 ek GAF E% , 40 R 468 Fid 34 )5 GAF &
1853 BEF S 100 X 100,

2.1 CNN#HREEIGHEA
ol JFH AL J8% 2% 38308 7 A0 21 A9 W I B #  CNIN

- ; '3‘ ‘L,g.-L 13 ‘LT4 = == il
——m om . _18. 21

5579 137
B AR R

B3 SRR R N E A R 5
Fig. 3 Cable acceleration monitoring system of a

cable-stayed bridge
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Fig.7 Data quality statistics of each channel
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