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Application of Spot Quality Evaluation in Subgrade Settlement
Monitoring and Measurement System

Min Yongzhi, Sun Tianfang

School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, Gansu, China

Abstract Monitoring and measurement systems for railway subgrade settlement using a chain of cameras can realize high-
precision, non-contact railway subgrade settlement monitoring with the image measurement method. The precision and
sensitivity of image measurement requires accurate and rapid evaluation of system performance, and regular maintenance
should be changed to dynamic maintenance. Herein we propose a strategy for determining system performance using the
spot-image quality and introduce four parameters, viz. edge definition, relative brightness, image information entropy,
and light vertical degree, to evaluate the quality of light spots. The weight of each parameter can be constructed using the
analytic hierarchy process and the entropy method. A comprehensive evaluation model for spot quality is constructed.
Simulation and field experiments are conducted. The simulation shows that the proposed model can track changes in the
spot-image quality score with good sensitivity. The field experiment shows that this model can be used to accurately
evaluate spot quality. In addition, when the quality score is set at 0. 95, the positioning error exceeds 1 mm (the allowable
error range in subsidence for settlement measurement). The system requires maintenance when the light spot-image quality
score continuously misses the threshold and exceeds the resting time. This method realizes system-state real-time
monitoring and dynamic maintenance.

Key words subgrade settlement; image measurement; equipment maintenance; spot quality evaluation; analytic hierarchy

process; entropy weight method
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Fig. 1 Surface settlement monitoring system of image-based ballastless track

BAAS W Sk PN R T SR RN B 2 s . S i i
TS & O G £ S A WORE 1T AL TR (R S BE
TURE & A2 IO G R 00 BN Ly, T80 IR 3 5 1 1 O B
P, UL 5 B 88 07 B8 Lo, 306 B8 2] 58 i 2 i ot 3
P, 38 of A HL R A2 HE LA S P IR OGBS . 8t
BE o 2 R SRR OB L PL(X, YY),
P, (X, Y,), Wi o5 25 40 B AT 453 th 72K 5 % 5 5 )
Mtk RE (AX=X,—X,,AY=Y,— Y,), kKT

AW GO VORE B L 46 4
4 55 - B 25 I o, 0 0 T
B 5 2 AR BT 2R A U R P A6 09 0
Pt

U B P T 0L 25 0 1
Sk VST BE Lo 0 0 P B~ RIS,
P I O 4 O 5 B 4

M8 M 2% 0 B (o — X P (y— Y =,

0415003-2



|
|
|
|
|
| date
|
|
|
|
|

processing =:l:( -~ s ‘?\1 L, —
. ~ dot laser
communication| image AN ~ AY] |
acquisition NN | 3
devices 8 s e —C—
Nj~r |
N

£ 605 F4H/2023 F2 A/HAESBFFHE

P2 B f R T A 0 3l A i B T

Fig. 2 Principle diagram of a subgrade settlement measurement unit
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Fig. 5 Laser spot image collection results. (a) Spot image when the target surface is 20 m away from the laser; (b) spot image when the
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&5 ATAL, 3 BB BE a2 B OB BE o W
TR ER: &/ 4 C R A L SN 7 S UK S|
W, 25 S BOGBE S 5 38 BOR 22 K, 52 AOKE B S Bl
£ 1) 5 B 448 0, G BRE v 2 B T T U 5, O 4 T AR
JIN TG 5 T 5 PR TR R O OB A B ARG, O BE
SRR, & 5(g) TR .

ZEA IR 3 BT B % S5 Y0 A W0 R S v ST
ok ) TR A DG R, v B T D, T 5 AR B K b
AR AT X T B e AR TR, R v R W R ot
BT DTSR EIRZ . Dy D, DX 5 PF 4 43 %X
QI LA B A,

1 l 3
4
A,=| 4 1 61 (2)
1 1
= =1
3 6

B KEFMEAE N A = 3. 0536, C = 0. 0462, 18 3
— BRI, X N ARRAE ] i — eSS R WL (1.2
HEJZ X% H bR 2 0 52 AL ) hy

W,,=[0.2176 0.6910 0.0914 ]. (3)
4.2 FHEREEXHEN B H B 4E BE

AHBIL B 2 % 3 U W I R 4 O 1 AR Sy
e, 0 R G BE GO BE Hh O B R O AR
W S DR L. 3.1 TR E T AR RS
B, VAR WG BE R o &, A )T 75 B A A B P
B B 3Fh LR & S50 A .

BT 3D T A0 B 85 B2 K, B 25 m 35 m . 45 m
3N w1 A ) R B P B G B, fEEERP TR
£ 3TROLEE RS , i TS bR T N S EOLEE T & R
DR A2 L SR RN A W 7 gy ORE L B O e T R
e 0T I 7 T AR UL R AT B AR 0 A B A 3 N 4
FE SEERE S R T A A S T K R R 5 YA
7 il A EBORE W 75 3 A, TR T2 CMOS Jo 4%

0415003-5



£ 605 F4H/2023 F2 A/HAEBFFHE

o P YR B U B 7 A M R ARUER M R T AR AL
T A SR Ry 24 B A HSF 7 A 1 M R S ) e e R AR AL
i A B T A R L R 2R A SO ok gk
JEBEE 55 B AR G (0,0.01).G (0, 0. 02) 5 3
WA 25 R 5 IR MR 3% 5% ISR R O 22
0.01.0. 05 14 Ji R W2 75, B 5K G EE IR AT A2 L 7 5K %
M BT R . T RHOREE T i S 40, IR o (R
A E B IE R LB L

DU G Ry JE R, 0 B i A Mt s RS ) ' BE o
S8 AT a X bR, K a=9,0="7,3E LEN

B2 A= (20— 20 (3 — yu P Ho B (20 y0)
55 a OEBE MRS b3k A6 7 FMR A Bk Pt
(Zuor Yoo ) 955 @ EHE R I S0 52 i rh b o Hovpr, o
B S — L ST 45 AN 2 BT R o N S0 45 B A o 3
22057 HE P A5 4 T B 5 01 S A 15 22 1 78 1k
25t 6 TR

2 ASOGBEIEMER I AN R ) 5246 45 R

Table 2 Experimental results of adding noise to the 4" spot image

Experiment number Is L. H(G) S (L5 Yun) (2405 Yao) A
E41 5.3520 0.8959 5. 1080 0.9178 (476.95,672.66) (477.87,672.82) 0.9338
E42 5.1779 0.8673 5.1756 0.9171 (475.24,672.80) (477.87,672.82) 2.6300
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E45 5.1538 0.8717 5.2081 0.9090 (475.06,672.62) (477.87,672.82) 2.8171
E46 5. 3181 0.9008 5.0190 0.9161 (476.50,672.81) (477.87,672.82) 1. 3700
E47 5.1492 0.8591 5.2332 0.9115 (475.04,672.72) (477.87,672.82) 2.8317
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Fig. 6 Changes of spot quality parameters with positioning errors. (a) Relationship between edge definition and positioning error;

(b) relationship between relative brightness and positioning error; (c) relationship between image information entropy and

positioning error; (d) relationship between vertical state of light and positioning error
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Table 4 TImage quality score of light spots

Experiment number E41 E46 E44 E43 E42 E45 E47
Positioning error 0.9338 1.3700 1. 6580 1.8621 2.6300 2.8171 2.8317
Score 0.9821 0.9838 0.9725 0.9650 0. 9583 0. 9491 0.9442
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Fig. 8 Process of image quality score change
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