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Topics to discuss

Motivation

Directional DIC

Next steps
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Theoretical background
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Why optical methods

Non-contact
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Why optical methods

Full field

Accelerometer No
Strain Gauge No
Laser Doppler Vibrometry Yes (kinda)
High Speed Cameras Yes
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Optical methods | Challenges

What if no speckle patterns can be applied?

Identify naturally occurring features

Automatically select the best tracking points
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Optical methods | Challenges

What if no speckle patterns can be applied?

Identify naturally occurring features

Automatically select the best tracking points

• Aerodynamic structures
• Civil structures
• MEMS devices
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Optical methods | Challenges

What if no speckle patterns can be applied?

Identify naturally occurring features

Automatically select the best tracking points

Use each video as effective as possible!
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Optical methods | Challenges

Directional DIC with 
automatic feature selection
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Testing a spider web-like structure | 
Challenges

• Low mass
• Large displacements
• Thin elements
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Challenges | Experimental

Contact LDV Optical

10

L
D
V



Thijs Masmeijer - The signaling properties of spider webs

  

 

11



Thijs Masmeijer - The signaling properties of spider webs12



Thijs Masmeijer - The signaling properties of spider webs13

 

Denoise:
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DIC
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 Flip spatial derivatives
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DIC | The aperture problem
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Can we track all locations?

We need a gradient in two orthogonal directions
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Focus on pixel subsets 
with high eigenvalues
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Automatic feature selection | approach
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Choose features with an algorithm
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DIC | Automatic feature selection 
algorithms (1/3)
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DIC | Automatic feature selection 
algorithms (2/3)

Local maxima
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DIC | Automatic feature selection 
algorithms (3/3)

Adaptive Non-Maximal Suppression (ANMS)  

For more evenly spread out features
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Demo | Identify displacements

Open Source package: PyIDI
https://github.com/ladisk/pyidi 

But can we do 
better?...

https://github.com/ladisk/pyidi
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Directional DIC | Uni-directional displacement

In structural vibration, displacement is often locally unidirectional



Thijs Masmeijer - The signaling properties of spider webs

D-DIC | The aperture problem
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Can we track all locations?

We need a gradient in two orthogonal directions
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D-DIC | Directional DIC

 

Conventional DIC Directional DIC

Masmeijer, T., Zaletelj, K., Slavič, J., and Habtour, E., "Directional DIC with automatic feature selection.”
Under review: Mechanical Systems and Signal Processing
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D-DIC | Directional DIC

Updated solving procedure

 

 

Conventional DIC Directional DIC
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D-DIC | Directional DIC

Updated parameter for quantifying expected tracking performance

 
 

Conventional DIC Directional DIC
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3040/4846

Conventional DIC Directional DIC

10,014/10,035
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Sample signal
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 Force Displacement
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Difference in noise floor
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3D D-DIC

Tests conducted. Planned for IMAC 
2025
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A better parameter to quantify expected 
performance
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Collaboration with Ladisk at the University of Ljubljana

Funding with
Boeing International Research Fellowship

Used OpenSource packages:

Illimited Lab – University of Washington
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Data acquisition LDAQ https://github.com/ladisk/LDAQ 

Displacement identification PyIDI https://github.com/ladisk/pyidi 

Modal characterization PyEMA https://github.com/ladisk/pyEMA 

https://github.com/ladisk/LDAQ
https://github.com/ladisk/pyidi
https://github.com/ladisk/pyEMA
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Simplified Optical Flow
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Assumption of uni-directionality
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For individual pixel
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Future work | Internal Resonances

 

Frequency (Hz)
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Future work | Internal Resonances

Mode I Mode II
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Future work | Internal Resonances

Mode I Mode IIMixed modes
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FRF | Comparing designs

Single impact location
Split results per leg section
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Ecc = 0.

Ecc = -0.19

Ecc = -0.26

Tracked locations near the hub

Direction 
of prey
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Experimental | Progress of analysis

48

Analyzed

Not analyzed
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Next steps | Identify signaling cues

Time domain Frequency domain
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Tested

Untested
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Conclusions

• Internal resonances
• Measured dynamics will vary at leg positions 
• Dynamics change as design changes

Careful in further analysis
• Frequency resolution is low
• After mode II comparing designs becomes challenging

50
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Numerical | Next steps

What do we now know
• The signaling capabilities are indeed dependent on 

design
• Eccentricity increases differences

But
• Every spider web is unique

Zschokke, S. (1999). Nomenclature of the 
orb-web. Journal of Arachnology, 27(2), 
542–546.

WITT, P. N., RAWLINGS, J. O., & REED, C. F. 
(1972). Ontogeny of Web-building Behavior in 
Two Orb-weaving Spiders. American Zoologist, 
12(3), 445–454. 
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Numerical | Next steps

What do we now know
• The signaling capabilities are indeed dependent on 

design
• Eccentricity increases differences

But
• Every spider web is unique
• Dynamics change as design changes

Ecc = 0.

Ecc = -0.19

Ecc = -0.26
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Numerical | Next steps

What do we now know
• The signaling capabilities are indeed dependent on 

design
• Eccentricity seems to improve signaling

But
• Every spider web is unique
• Dynamics change as design changes
• A spider can not be fully aware of the intrinsic 

dynamics of a web

Lott et al. 2022
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Numerical | Uniqueness of response
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Numerical | Uniqueness of response
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Numerical | Uniqueness of response
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Numerical | Next steps

Only include modes robust to small design changes

Conventional 
Engineering

fixed
Geometry

free
Sensing locations

Spiders

free
Geometry

fixed
Sensing locations
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Printing networks with variable 
tension gradients using single layer 
FDM printing
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D-DIC DIC 

Liu, H., Qian, Y., Wang, N., & Lee, C. (2014). An 
In-Plane Approximated Nonlinear MEMS 
Electromagnetic Energy Harvester. Journal of 
Microelectromechanical Systems, 23(3), 
740–749. 

Applying orthogonal gradients is 
challenging when:
• Structures are lightweight and 

flexible
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Wang, Y., Hu, W., Teng, J., & Xia, Y. (2024). Full-field displacement measurement 
of long-span bridges using one camera and robust self-adaptive complex pyramid. 
Mechanical Systems and Signal Processing, 215, 111451Applying orthogonal gradients is 

challenging when:
• Structures are lightweight and 

flexible
• Structure very big
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D-DIC    Trackable locations      & 

DIC    Trackable locations

Applying orthogonal gradients is 
challenging when:
• Structures are lightweight and 

flexible
• Structure is very big
• Aerodynamic structures
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Thank you
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DIC | Digital Image Correlation
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DIC | Digital Image Correlation
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DIC | Digital Image Correlation
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DIC | Digital Image Correlation
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DIC | Digital Image Correlation
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Focus on design

Sequentially increase eccentricity

Eccentricity = (upper−lower)/(upper+lower) upper

lower

Eccentricity = 0
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0

Focus on design

Sequentially increase eccentricity

Eccentricity = (upper−lower)/(upper+lower) upper

lower

Eccentricity = -0.05
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Focus on design

Sequentially increase eccentricity

Eccentricity = (upper−lower)/(upper+lower) upper

lower

Eccentricity = -0.15
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Focus on design

Sequentially increase eccentricity

Eccentricity = (upper−lower)/(upper+lower) upper

lower

Eccentricity = -0.20
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Focus on design

Sequentially increase eccentricity

Eccentricity = (upper−lower)/(upper+lower) upper

lower

Eccentricity = -0.25
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Focus on design

Sequentially increase eccentricity

Eccentricity = (upper−lower)/(upper+lower) upper

lower

Eccentricity = -0.3



Thijs Masmeijer - The signaling properties of spider webs75

Map the dynamics of webs

 

N models
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Map the dynamics of webs

Mode 3

ecc = -0.32 
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Mapping the Dynamics | Effect of Eccentricity
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Mapping the Dynamics | Effect of Eccentricity

Masmeijer, T. C. P., Méndez Echenagucia, T., Slavič, J., Loendersloot, R., & Habtour, E. (2023, 
July 2). Effect of eccentricity on sensing in spider web inspired cable nets. EuroDyn 2023.


