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Laser speckle is an interferometric effect that results from the interaction of coherent waves.

Applications on: Material characterization; Velocity estimation; Speech reconstruction;

Laser speckle imaging (LSI) is used for microcirculation assessment in highly vascularized 

tissues. The red blood cells movements produce variations in the speckle interference 

pattern.
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Background Introduction



Macrocirculation

Determine if laser speckle can be used 

to assess macrocirculation parameters.

Which light wavelength produces better 

results.

Use the same processing method used 

for LSI in order to facilitate system 

integration.

Microcirculation

Study of the effect of static scatterers 

on the laser speckle contrast and 

correlation.

Characterization of laser speckle 

correlation as method to determine the 

static scatterers concentrations.

Contrast algorithm optimization study.
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Goals Introduction



Laser speckle contrast (K) is usually computed using the image standard deviation and/or 

image intensity mean.

The contrast can be related with the scatterers decorrelation time (τ) by:

Beta (β) is a correction factor that accounts for experimental imperfections.

Rho (ρ) is a quantity that accounts for the presence of dynamic scatterers.
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Speckle Contrast Laser Speckle Imaging

Velocity 

distribution 

model



Determine which wavelength preforms better to extract macrocirculation parameters.

Test based on an LSI prototype and a moving phantom:

Prototype Phantom

Experimental bench test Macrocirculation methods
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Phantom movements:

Frequencies: 1, 1/2, 1/4 and 1/5 Hz.

Amplitudes: 2, 4, and 8 peak to peak voltage.

Signal processing

2D correlation coefficient between

consecutive images.

Multi-Wavelength study - bench Macrocirculation methods
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Prototype specs:

Sources: Green - 532nm and 4.5mW.

Red - 635nm and 4.9mW.

Infra-red - 850nm and 3mW.

Phantom specs:

4 white translucid silicone membranes.

Area of 30mm x 60mm.

Connected to a piezoelectric actuator.

Transversal movement.



2 Subjects: 27 years old female and 24 years old male.

Assessment of radial artery.

Lack of PPG synchronism.

Application of 2D-Correlation coefficient.

Multi-Wavelength study – in vivo Macrocirculation methods
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Use of the most suitable laser light wavelength in 10 Healthy volunteers, 3 acquisitions per 

subject.

Signal processing:

Overall frame spatial contrast:

Evaluation metrics:

Hear rate determination using FFT.

Spectral similarity (SI)

Pulse waveform extraction (PWE) study
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Macrocirculation methods



Different light wavelengths show different speckle granularities and different blurring degrees.

This differences occur because each wavelength has different skin penetrations.

Images of the silicone layer phantom.

The infrared image is much more blurred than the other two cases.

Multi-wavelengths results - bench
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Macrocirculation results



Overall errors between 9% and 20%. No differences between the three wavelengths.

Lower errors for slow movements and better consistency for green wavelengths.

Good profile reconstruction.

Multi-wavelengths results - bench Macrocirculation results
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HR identification with errors less then

0,5 bpm for green laser and less then

1,3 bpm for red laser.

Infra-red laser showed poor results.

Graphical analysis show that

green laser can reconstruct a

more reliable pulse

pressure wave.

Multi-wavelengths results – in vivo Macrocirculation results

23/03/2018 12



PPG data synchronized with the speckle data makes possible to compare both signals 

directly. In this test only the green laser was used because it presented the best results.

Similar waveforms for both PPG data and speckle contrast data.

Pulse waveform extraction results
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Macrocirculation results
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HR determination error do not

increase with the increasing

Of its absolute value.

Errors are always smaller than 

3 bpm.

The mean SI is above 0.6 and, 

for a specific case reaches 

almost 0.9



During this test LSI data was recorded from a sample with different concentrations of static 

and dynamic characters.

Phantom composed by two phases:

Acrylic microchannel with 0.5mm depth, 

and variable width (2 to 5 mm).

Silicone layers doped with

different concentrations of TiO2.

Dynamic scatterers simulated by milk 

flowing through the channel.
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Microcirculation studies



Complete phantom

Phantom Microcirculation methods
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Speckle correlation was computed in small windows of 5x5 pixels (similar to contrast):

Where <> represents the spatial average and “o” stands for the element by element 

multiplication.

The correlation is related with the scatterers concentrations by:

An increase of the static scatterers concentration results in an increase of the speckle 

correlation.

Signal processing Microcirculation methods
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Algorithm optimization is a key factor when online applications are necessary,

or large amount of data is analyzed.

4 Implementations were used in MATLAB: 

Analytical Computation

Filtering implementation (imfilter)

Moving sum implementation (movsum)

Correlation implementation (conv2)

Contrast algorithm optimization study Microcirculation methods
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Visible increase of correlation when the static scatterers increase.

Visible decrease of the correlation with the increase of dynamic scatterers.

The error bars show that fluids with more dynamic scatterers produce laser speckle signals 

with higher reliability.

Speckle Correlation Microcirculation results
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The variations of fluid flow (phi) do not produce a relevant effect in the speckle correlation.

Speckle Correlation Microcirculation results
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Spatial contrast strongly influenced by variations in the static scatterers concentration.

The contrast values are also sensitive to the changes in the fluid velocity which is the basis 

of the LSI theory.

Speckle Contrast Microcirculation results
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The results show that the novel proposed implementation has achieved the best performance 

for all the tested cases. 

Contrast algorithm optimization Microcirculation results
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Macrocirculation: LSI was used to extract the pulse pressure waveform with encouraging 

results. Shorter wavelengths have obtained the best results.

Microcirculation: Speckle correlation could be used to estimate the relation between dynamic 

and static scatterers. This metric is independent of the flow velocity which is the major 

conclusion of this study.

Limitations
Macrocirculation: The low frame rate of the video camera and the movement artifacts are a 

major problem of the application of this technique.

Microcirculation: The lack of quantification on the concentration of dynamic and static 

scatterers impedes this study to compute the rho value. Also the phantom should be 

improved in order to be more homogenous.

Conclusions
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Thank you.

pvaz@lei.fis.uc.pt
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Laser speckle imaging (LSI) is used for microcirculation assessment in highly vascularized 

tissues.

The red blood cells movements produce variations in the speckle interference pattern. If 

these patterns are imaged by a system with finite exposure time (T > 0) the image 

became defocused.

Technique based on image contrast measurements.

Novel applications on low vascularized tissues (high concentration of static scatterers).

- The presence of static scatterers influence the speckle contrast values.

- Possibility to explore macrocirculation extraction parameters.
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Biomedical Applications Introduction



Speckle general equation relates contrast values with decorrelation times using the imaging 

system exposure time, β and ρ. The following equation corresponds to the evaluation of 

integral of slide 5 using a Lorentzian velocity distribution model.

τ is posterior related with the scatterers velocity using the light wavelength:

Microcirculation analysis Laser Speckle Imaging
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Speckle contrast is computed in small regions with or without overlapping.

Contrast Algorithms Laser Speckle Imaging
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Advantages of using LSI to macrocirculation assessment:

Truly non-contact method.

Can be used to measure biomedical parameters at long distances.

Possibility to extract joint features from macro and microcirculation parameters from 

the same data set.

Issues to be addressed:

Determine the best light wavelengths for macrocirculation measurements.

Sensitivity of LSI to macrocirculation processes.

Macrocirculation Methods 
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Phantom movements:

Frequencies: 1, 2, 4 and 5 Hertz

Amplitudes: 0.5, 1, 2 and 4 Vpp

Movements applied to the phantom during all the experiments and correspondent peak 

velocity:

Vibration frequency determination Macrocirculation methods
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Power spectral density (PSD) of the pixels temporal evolution.

PSD computed in small image windows with different locations and sizes.

Sizes: 3x3, 9x9, 17x17, 81x81 pixels.

Locations:  9 zones - Green squares.

Vibration frequency determination Macrocirculation methods
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Application of the 2D-correlation coefficient.

Test of enhancement image processing techniques:

Binarization

Histogram equalization

Application of bad-pass filter to improve 

signal reliability.

In vivo processing

23/03/2018 31



Green light presents more heterogenous results because light dispersion is anisotropic.

All the light sources achieved errors in the order of 1.3 mHz to 0.5 mHz and for the larger 

windows (81x81 pixels).

Vibration frequency determination Macrocirculation results
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Laser speckle can be used to record the pulse pressure waveform and extract 

macrocirculation parameters.

The green light proved to be better in extracting this information.

Both 2D correlation coefficient and overall contrast can be used to extract the pulse 

pressure waveform.

Issues:

Low camera sampling frequency compromise the extraction of the pulse waveform rapid 

features like the systolic peak or the dichotic notch. Low laser power decrease the global 

contrast of the images.

Remarks Macrocirculation results
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6 layers with different static scatterers (TiO2) concentrations have been produced:

4 Different milk concentrations 50%, 75%, 100% and 200% (addition of powdered milk).

5 Different fluid flows:

Experimental parameters Microcirculation methods
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A value of mean correlation and standard deviation has been computed for each 

configuration. 

Moreover, speckle contrast has been computed using the three main algorithms, spatial, 

temporal and spatiotemporal.

s-K element size 5x5 pixels.

t-K element size 1x1x15 pixels.

st-K element size 3x3x5 pixels.

Again, a value of mean and standard deviation was computed for each configuration.

Signal processing Microcirculation methods
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The temporal contrast is less influenced by variations of the static scatterers.

It presents a strong variation only when the flow is zero.

Its absolute values do not correspond to the spatial contrast values.

Speckle Contrast Microcirculation results
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The spatio-temporal contrast presents the best compromise between low static scatterers 

influence and good absolute values.

Speckle Contrast Microcirculation results
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This study proved that variations in the concentration of both dynamic and static scatterers 

cause alteration of the LSI data.

The fact that the speckle correlation is not sensitive to fluid flow variations can be 

considered as the main finding of this study. This characteristic is very important in order 

to validate speckle correlation as a metric to estimate the concentration of static and 

dynamic scatterers.

Spatial speckle is strongly influenced by the variations of the static scatterers concentration, 

highlighting the necessity of a different metric to account for this issue.

Temporal speckle behave better when static scatterers are present, however its absolute 

values do no agree with LSI theory.

Remarks Microcirculation results
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