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fiber Bragg grating sensors, etc.

Direct measurement /  Strain-based method / Vibration-frequency method / Vision-based 
method

pressure sensors, etc. accelerometer fixed cameras and UAVs

 Feature tracking 
 Optical flow 

method 
 Deep-learning

UAV platform drift

UAV-based vibration measurement

1.1 Research background



Mode Shape Identification Using Acceleration 
Sensors

Ch ie n -Ch ou  Ch e n , We n -H w a  Wu , M in -Ra y Le u , a n d  Gw olon g  La i. Te n s ion  d e t e r m in a t ion  of s t a y ca b le  or  e xt e r n a l 
t e n d on  w ith  com p lica t e d  con s t r a in t s  u s in g  m u lt ip le  vib r a t ion  m e a su r e m e n t s . M e a su r e m e n t , 8 6 :1 8 2 –1 9 5 , 2 0 1 6 .

1.2 Research 
background



1.1 Research 
Background



Current Existing Problems

 Non-ideal pinned boundary conditions
 Diffi culty in measuring cable length
 Diffi culty in installing acceleration 

sensors

2.1 Pipeline overview



Mask2former

Vibration extraction 
flowchart

2.2 UAV-based vibration displacement 
extraction



2.3 Effect of UAV Drift on Cable Vibration Measurement



h t tp s ://g it h u b .com /N icola s9 1 B/im a g e S ta b iliza t ion /b lob /m a s t e r /
im a g e S ta b iliza t ion .cp pCa i, En jia n , Yi Zh a n g , Xin zh e n g  Lu , Pe ip e i Li, Ta is e n  Zh a o, Gu a n g w e i Lin , a n d  We i Gu o. "A t a r g e t -fr e e  vid e o 
s t r u c tu r a l m ot ion  e s t im a t ion  m e th od  b a se d  on  m u lt i-p a th  op t im iza t ion ." M e ch a n ica l S ys t e m s  a n d  S ig n a l 
Pr oce s s in g  1 9 8  (2 0 2 3 ): 1 1 0 4 5 2 .

Global image motion caused by camera shake

Both the background and the cable are 
moving

Only the 
background is 
moving

Background and the 
cable are moving

2.3 UAV drift 
suppression



SSD-CEEMDAN drift separation 
flowchart

2.3 UAV drift 
suppression

CEEMDAN 
decomposition

CEEMDAN yields K IMFs and residual 
r(t)：  
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component:
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Observation 
model：
Joint least-squares objective function ：
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Two-layer variable elimination strategy：
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2.4 Effective vibration length 
identification



The cable mode shape can be approximately expressed in the form of a simple harmonic 
function:  ()sin( )nxAkx 
At least three independent measurement points are theoretically 
required.
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To avoid insuffi cient spatial 
sampling:  eff

max

L
n
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To stably capture mode-shape variation within a half-wavelength, the spacing can be further specified 
as:  eff

max3
L
n



The measurement-point spacing should not be too small; otherwise, the local sinusoidal curve 

may become nearly linear, increasing fitt ing errors. Ideally, the measurement points should cover 

the node-to-antinode region, or at least a segment with evident curvature variation.

2.4 Measurement point layout



The effective bending stiffness of stay cables is jointly affected by end constraints, pretension, 

and inter-wire slip.
Effective bending stiffness ≈  40% of full-section bending stiffness 
[1-2]The full-section bending stiffness of the stay cable can be expressed 
as:  2

max ( )s i iiEIEIAy
The hexagonal close-packed arrangement of the stay cable is:

1 + 6 + 1 2 + 1 8 + 2 4 + 3 0 = 9 1

When the wire bundle works fully 
compositely:  6 4

max1.08610mmI  5 2
max2.0610NmEI

Using a 40% reduction coeffi cient, the effective bending stiffness of the stay cable is:
 4 2
eff8.2410NmEI

[1 ] Gu o L. L., Liu  H . B., Ch e n  Z. H . Exp e r im e n t a l r e s e a r ch  on  t h e  b e n d in g  p e r for m a n ce  of locke d  coil w ir e  r op e  a n d  

Ga lfa n  s t r a n d . Con s t r u c t ion  a n d  Bu ild in g  M a te r ia ls , 2 0 2 1 , 3 0 4 : 1 2 4 6 6 7 .

[2 ] S h im a d a  T. Es t im a t in g  M e th od  of Ca b le  Te n s ion  F r om  N a tu r a l F r e q u e n cy of H ig h  M od e [J]. Dob oku  Ga kka i 

Ron b u n s h u ,1 9 9 4 ,5 0 1 : 1 6 3 -1 7 1 .

2.5 Effective bending stiffness 
calculation



Under-construction experimental 
bridge.

The bridge has a total length of 

approximately 147 m, a deck 

width of approximately 17 m, 

and a total structural weight of 

about 2600 t. A total of 84 stay 

cables are installed, each with 

an outer diameter of 

approximately 9 cm. The cables 

are made of high-strength hot-

dip galvanized aluminum alloy 

steel wires, with a tensile 

strength of 1670 MPa and an 

elastic modulus of 1.90 × 10⁵ 

MPa. Each cable consists of 91 

steel wires with a diameter of 7 

mm, wrapped with a hot-

extruded HDPE sheath.

3.1 Project overview



Stay Cable Segmentation Based on 
Mask2Former

3.2 Stay cable 
segmentation 



Measurement point vibration signal.(a)Point 1; (b)Point 2; (c)Point 3; (d)Point 4; (e)Point 5; 
(f )Accelerometer

3.2 Vibration 
extraction



Table 1 Comparison of identified modal frequencies by different methods

Vibration testing comparison. (a) Time-domain; (b) Frequency-domain

Optical flow method, accelerometer, and proposed method 
comparison

3.2 Comparison test



Drift signal removal. (a) Original signal; (b) signal after drift 
removal.

3.3 UAV drift 
suppression

UAV drift signal separation. (a) UAV drift signal; (b) cable vibration signal after drift 
removal.



1st to 4th order modal shape fitting results

1 0.996172 0.103337A sin x

d = 1 1 .1 1 0 6 2 6
m

 20.9281580.206753A sinx

 30.4830700.310130A sinx

 40.2151070.413507A sinx

x= { 1 1 .1 1 0 6 2 6 ,

1 2 .6 1 0 6 2 6 ,
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1 5 .6 1 0 6 2 6 ,

1 7 .1 1 0 6 2 6 } m

3.4 Mode shape fitting



Finite element simulation of the First four modal 
shapes

3.4 Finite element mode 
shapes



Table 3 Normalized amplitudes for different modes at each measurement point.

Table 4 Statistical summary of measured values, predicted values, and residuals for each measurement 
point.

Table 5 Statistical summary of mode shape fitt ing accuracy at each measurement point .

3.4 Cable No. 15 fitting analysis



Statistical comparison of mode-shape fitt ing errors under different cable conditions: (a) SSE; (b) 
RMSE.

Comparison of measured and predicted mode-shape 
amplitudes.

Table 6 Identification results of effective vibration length and fitting errors under different cable 
conditions.

 The first-order mode is most sensit ive to sag 
effects. Use the 2nd–4th modes for effective vibration length identification.

3.4 Multi-case fitting analysis
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 Comparison of cable tension calculation results using the actual length and effective vibration 
length.

3.5 Cable tension results



Table 7 Comparison of cable tension calculation results using actual length and effective vibration 
length.

Errors were reduced by 7.36%, 6.79%, 9.18%, and 5.88% compared with actual-length-based calculations

3.5 Cable tension results



Main conclusions

Using the effective vibration length and the second-order frequency, the relative 
errors of four cables were reduced to 1.69%, 1.07%, 3.70%, and 2.85%, with error 
reductions of 7.36%, 6.79%, 9.18%, and 5.88% compared with actual-length-based 
calculations.
(2) SSD-CEEMDAN effectively suppresses UAV drift.

(1) High-accuracy cable force estimation was achieved.

The proposed drift separation method adaptively removes low-frequency UAV drift 
without preset cutoff  frequencies, while preserving the dominant modal vibration 
components.

(3) Multi-order mode-shape consistency improves _eff identification𝐿 .

Joint fitt ing of multiple modes improves the stability and uniqueness of effective 
vibration length identification, providing reliable support for high-precision cable 
force inversion.

4.1 Main 
conclusions



Future work

Pre-applying strip markings during cable manufacturing can improve field 
effi ciency and provide denser spatial constraints for mode-shape fitting .

(2) IMU/GNSS-assisted UAV drift correction.

(1) Pre-applied cable markings.

Integrating IMU and GNSS data can help reconstruct UAV motion trajectories and 
further reduce drift-induced errors in low-frequency vibration identification.

(3) Extension to other structures.

Future work will validate and extend the proposed method to other structures, 
such as bridges, towers, and buildings.

4.2 Future work



Thank you！
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