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There are many sources of error in a DIC 
experiment.

Image 
Correlation

• Interpolant
• Minimization
• Shape Function
• Subset size

Image 
Acquisition

• Noise
• Contrast
• Speckle size
• Aliasing

2D Position, Motion, 
and Strain

• Filtering
• Strain calculation
• Coordinate system

Experimental 
Setup

• Lens distortion
• Camera motion
• Sample motion
• Air turbulence
• Image blur
• System resolution

Lens Distortion

Camera Motion

Good Contrast

Poor Contrast

DIC Interpolant
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There are many sources of error in a DIC 
experiment.

Image 
Correlation

• Interpolant
• Minimization
• Shape Function
• Subset size

Image 
Acquisition

• Noise
• Contrast
• Speckle size
• Aliasing

2D Position, Motion, 
and Strain

• Filtering
• Strain calculation
• Coordinate system

Experimental 
Setup

• Lens distortion
• Camera motion
• Sample motion
• Air turbulence
• Image blur
• System resolution

Heat Waves Sources

• Lights

− LED:  40-100 C

− Halogen:  160 C

• Cameras

− High-speed cameras:  45-50 C

• Heated sample

• Outdoor natural temperature gradients
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Heat waves can sometimes be seen 
with the naked eye.
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Index of refraction heterogeneity between 
the sample and camera will distort the image.
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Index of refraction heterogeneity between 
the sample and camera will distort the image.
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Index of refraction heterogeneity between 
the sample and camera will distort the image.

Heterogeneous Refractive 

Index Field
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Heat wave properties are characterized 
with a model experimental setup.

NI-DAQ 

Thermocouple Board

Photron SA-Z Cameras

(250 Hz, 30 sec)

Hot plate at various distances 

between the cameras and the sample.

Stationary speckle pattern Fan

Varying focal

length lens

• 2D DIC and stereo-DIC

• Metrics: 

• Displacement range:  Umax – Umin; Vmax – Vmin

• Displacement magnitude:    𝐷 = 𝑈2 + 𝑉2 +𝑊2
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Location of the heat source strongly 
influences the results.

No Heat 50 C Mid-Heat

150 C Below150 C Above

No heat

Sample Camera
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Spatial frequency of heat waves
depends on relative hot plate location.
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Focal length and stand-off also affect image 
distortion.
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Focal length and stand-off also affect image 
distortion.

∆𝑥 ∝ 𝐿 +𝑊 න
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The frequency content of the heat waves is 
a key to eliminating them.
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Band-pass filters can reduce 
the magnitude of heat waves.
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Temporal averaging provides limited 
improvement.

Data 1

Data 2

Data 3

Data 4

Avg. Data
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Fans can break up the heated zones.
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Carefully designed ovens aim to minimize 
thermal gradients.
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 Heat waves have many sources

 Hot lights

 Hot camera

 Hot sample

 Sunlight

 Image distortion caused by 
heterogeneous index of refraction

 Magnitude of false displacements 
depends on location of heat source 
and temperature gradients

 Post-processing filtering techniques 
are largely inadequate

 Best strategy is to eliminate/reduce 
heat waves experimentally

Heat waves are often ubiquitous, 
but often overlooked
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