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Speckle is well known to be a product of both the spatial coherence of an illuminating wave and the surface roughness of 
the object it is illuminating. In many scanning applications, the surface roughness of the object to be scanned is a fixed 
parameter leaving only manipulation of the illuminating wavefront as the best means to reduce speckle and increase the 
accuracy of the laser scan. Unfortunately, reducing the spatial coherence of the laser has the effect that the laser can no 
longer be focused to a tightly defined spot. These standard speckle reduction techniques would therefore reduce the 
spatial resolution of any line scanner which employs such methods. For line-scanning applications however, the light 
must only be focused tightly in one dimension leaving an extra dimension available to reduce speckle through wavefront 
manipulation. 

The routine used to solve for sub-pixel interpolation is given by the following steps: 

1) Find the pixel with the maximum intensity 

2) Use the following equation (Eq. 1) based on a parabolic equation to determine the sub-pixel position of the peak 
intensity 

 

௣ݔ∆  = ଵଶ ௬భି௬య௬భା௬యିଶ௬మ (1) 

 

where ∆ݔ௣ is the distance from the maximum in pixels ݕଵ/ݕଷ is the intensity of the pixel from the left/right of the 
maximum intensity pixel and ݕଶ is the maximum intensity.  

 

1.1 1-D Beam Homogenizers 

Two-dimensional speckle reducing beam homogenizers suffer from the problem that they reduce the focusability of an 
incident laser and therefore hinder the attainable focus resolutions. Thankfully, in situations where a laser-line is 
required, one can take advantage of a system that reduces the spatial coherence in only one dimension. The principle is 
the same as 2-D but leaves a planewave-like solution in one direction while destroying the spatial coherence in the other. 
Figure 2(a) gives the schematic diagram of this process using a widely available 1-D lenticular array. In one dimension, 
the lenticular array converts the plane wave into a series of cylindrically expanding wave fronts thus reducing the spatial 
coherence of the wavefront. This element alone serves to partially reduce the speckle seen in the visible line but the 
temporal coherence also plays a role [5]. This is the first step to reducing the speckle of a laser-line scanning system 
while maintaining the minimum focus size for higher spatial resolution. 

 

 
Figure 2. (a) Schematic of a 1-D rotating beam homogenizer used in this paper. The lenticular array extends all the way 
around the rotating disk. (b) Raytracing principle behind a 1-D diffusor. 
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Figure 2(a) demonstrates how the rotation of the diffuser eliminates the integrated temporal coherence of the laser beam. 
Some systems do this by strongly modulating a large mode area VCSEL which time averages the laser coherence in 
conjunction with a 1-D beam homogenizer. The system produce here relies on a time-varying wavefront deformation 
and a time-integrated varying speckle pattern over the course of the exposure of the CCD. 

 

2. RESULTS 
2.1 Initial measurements 

The lenticular array used in these experiments was Edmund Optics part number 43-029. It is a molded optic made from 
acrylic with a pitch of 142 cylindrical lenses per inch each with an effective focal length of 0.254 mm. A 20 mW 405 nm 
laser diode was focused into a single mode fiber (Thorlabs S405-XP) to both clean up the beam profile and deliver the 
light from a remote location to the desired position in the line generation system. The light was then collimated by a 50 
mm focal length spherical lens before entering into the system illustrated in Fig. 2(a).That line was then delivered 50 mm 
to the probe to be measured where it was refocused into a line. The camera used to acquire the profiles was an IDS UI-
3580ML color camera with a 2560x1920 resolution and a pixel pitch of 2.2 microns. Both the red and blue color 
channels are partially stimulated by 405 nm light so a sum over these two channels was used for the line profile. 

 

 
Figure 3. (blue line) Effects of speckle on a copper surface using only the 1-D homogenizer without rotating. (red line) 
Same as blue line only rotating the homogenizer. 

 

Figure 3 clearly demonstrates the system’s ability to clean up speckle through the use of the time dependent 1-D 
diffusor. This effect however comes at the unfortunate cost of broadening the width of the line and thereby reducing the 
lateral resolution of the system. The cross sections in Fig. 3 were measured while keeping the probe stationary and the 
noisy narrower curve corresponds to measuring the cross section with no time-dependent averaging while the wider, 
smoother profile is taken with the lenses rotating. 

While the initial results of the rotating time-averaged 1-D beam diffuser are promising, the ability to cleanly 
manufacture a stable structure still needs improving. It was realized during the experiments with the diffuser however, 
that a complicated structure for the time-averaging could be built into certain types of scanning measurements. In 
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