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• Analyzed through the use of statistics - mean and 

variance of intensity

• 630 nm, He-Ne Laser, with a power of 

approximately 2 mW, spatial light modulator

Scintillation refers to the degree 

and quantity of dark and light 

spots on the target, as displayed 

in the above figure.

Physical 

representation of 

beam wander.
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The MATLAB code used in this project accomplishes several things

• Can produce surface plots of intensity over the pixel field

• Time sequence of intensity for a specific pixel in the frame and for 

frame by frame, histograms of the same intensity values

• Plots the maximum intensity location in X and Y versus time

• Conducts a statistical analysis of the intensity of laser light to include

-mean and variance of intensity of laser light (for pixel and frame)

-maximum intensity for the frame over time

-Normalized intensity and variance

-Positions of the maximum intensity for each frame

-Mean and standard deviation of X and Y locations for the                

hhhhhhhhmaximum intensity

On the left, laser, expander, and SLM aligned with the 

DCx camera, to the right, displays the path of the laser as 

it travels from the expander to the SLM and then to the 

DCx camera (intensity sensor) for recording.

The figure to the left shows the DCx Camera positioned on 

the tripod. The figure

The figure above to the left is a picture of the laser and the picture in the 

middle is the SLM screen applied. The correlation width is 4096. The figure 

to the right is a surface plot of intensity. Dark red indicated higher intensity 

while blue is lower intensity.

The above MATLAB plots are the 

frame intensity for SLM screen 16, set 

3, at 100 meters. A clear unimodal 

distribution can be seen for intensity. 

This is an intensity sensor image of 

the laser being used in this research. 

The figure to the left would be the 

ideal result with a black screen

The correlation width is 16.

The correlation width is 128.

• GOAL: Reduce the variation of light fluctuations on the target 

and reduce intensity  loses on the target

• Will propagate Gaussian and Bessel Beams

• Target will be a light intensity sensor, a CCD camera

• Ran the experiment on 13 different occasions for a total of 

108 runs (6 screens *3 screen sets* 2 Types (Gauss and 

Bessel)* 3 distances = 108 trials

Beta 5 D=5m SLM 16 D=10m

Beta 0.25 D = 5mBeta 0.45 D=10m

Beta 1 D=10

SLM Beta

1 5

4 1

16 0.45

128 0.25

1024 0.05

4096 0.025Approximate relationship between Bessel 

Beta values and SLM Correlation Width. The 

specific values used in this project are 

tabulated to the right.

Gauss 50 m set 2 SLM 4 Gauss 50 m set 3 SLM 128Gauss 100 m set 3 SLM 16
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Bessel Set 2 Quad Results

Gaussian Set 3 Quad Results
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The above and the data table accompanying them, represent the measure of 

beam wander for three trials. The dots in the graphs show the pixel location of 

the maximum intensity for one specific frame. The X and Y axes represent the 

pixel and the z axis is the frame number.

• The research needs to be continued to expand on what was learned 

from this project in order to maintain intensity while still reducing 

variance

• Analyzing information for pixels is unreliable and unnecessary 

compared to analyzing information from each frame

• From the research, using different screens with the same statistical 

values will produce statistically similar results. 

The sets of quads are from top left to 

bottom right, Pixel Variance, Pixel 

Intensity, Frame Variance, Frame 

Intensity.

For Gaussian set 1, the results are from 

top to bottom variance of intensity for a 

pixel and then frame, intensity for pixel 

and then frame.
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An “X” mark signifies that the variance was reduced in half, or 

more, of the trials for that specific set. For example, with a 

Gaussian beam, using screen set 1, at a distance of 50 meters, the 

variance of intensity was reduced in half or more of the 6 trials. The 

6 trials being screens, 1, 4, 16,128, 1024, 4096.

Expander

He-Ne 

Laser

SLM # Distance Xbar Ybar STD X STD Y STD Hypot DistX(μm) DistY(μm) Hypot Dist(μm)

set2

4 50 732.55 521.9 3.49 7.99 8.72 16.23 37.15 40.56

set3

16 100 360.85 1137.22 52.87 141.83 151.37 245.87 659.52 703.86

128 50 317.14 343.73 168.53 184.56 249.93 783.65 858.21 1162.17

Gaussian Set 1 Quad Results
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