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LASERINO 
The first 2-in-1 instrument for a complete analysis of 

laser beams 
 

Version 3.1, January 2011 
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Wavefront sensing and beam-profiling ς in one instrument 
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Main features of Laserino 
  

V Aberrations obtained from the wavefront sensor 
V M2 measurement of the beam-quality using the beam-

profiler 
V Measurement of beam-waist, position of beam-waist and 

divergence angle 
V Fit of Gaussian profile to image 
V Real-time adjustment of laser (up to a speed of 900Hz using 

a sub-window) 
V Measure the optical quality of lenses, mirrors etc 

 
 

 

 
 

Three models for different wavelength 
ranges 

 

1. Laserino UV-VIS: 193nm to 1064nm 
2. Laserino VIS: 350nm to 1064nm 
3. Laserino NIR: 980nm to 1700nm 

Sensoft : The instrument comes with Sensoft Laserino, the Shack-
Hartmann wavefront sensor control and analysis software optimized 
for laser. The package is available under any Windows 7 operating 
system.  For software details see tables in the next pages. 
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Laserino Wavefront sensor  

 

Fast-readout digital CMOS camera with no interlacing for Visible region. 

1Kx1K pixels , pixel size 6.7m and frame rate 15fps with full resolution 

Uncooled or cooled InGaAs cameras available for NIR region  

320x256 pixels, pixel size 30m and frame rate 100 fps with full resolution 

640x512 pixels, pixel size 25m and frame rate 30fps with full resolution 

Uncooled digital camera for UV region  

2Kx2K pixels, pixel size 7.4m and frame rate 7.5 fps with full resolution 

Different beam expanders and beam-compressors available (beam 
diameter 0.3mm to 25mm) 

Shack-Hartmann analysis: Zernike polynomial coefficients and 
wavefront, Strehl Ratio etc. 

Software indication for correcting measured coma and spherical 
aberration if laser is used with other optical components 

Real-time tilt adjustment of reference and laser images, with graphical 
indication by software 

Image analysis 
Advanced SH analysis 

Advanced image analysis 
Zernike s and Seidel polynomials 

Average of SH images 

Average of coefficients obtained from SH analysis 
Continuous SH analysis Loop (5 frames per second) 

Test of beam collimation 
Computation of MTF, PSF and EE from Shack-Hartmann data (optional) 

Simulations (optional) 
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Laserino Beam profiler 

 
Fast-readout digital CMOS camera with no interlacing for Visible region. 

1Kx1K pixels, pixel size 6.7m and frame rate 15fps with full resolution. 
Small pixel size (6.7m) for accurate determination of beam diameter 
Uncooled or cooled InGaAs cameras available for NIR region  

320x256 pixels, pixel size 30m and frame rate 100 fps with full resolution 

640x512 pixels, pixel size 25m and frame rate 30fps with full resolution 
Uncooled digital camera for UV region  

2Kx2K pixels, pixel size 7.4m and frame rate 7.5 fps with full resolution 

Real-time adjustment of laser (up to a speed of 900Hz using a subwindow) 
Laser beam 3D and contour profile in real-time 

Fit of Gaussian profile to image 
Best focus determination based on analysis of beam diameter 

M2 measurement of the beam-quality using the beam-profiler 

Measurement of beam-waist, position of beam-waist and divergence 
angle 
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Summary of features: LASERINO and SENSOFT 
 

Laserino wavefront sensor  

Calibration for correcting coma and spherical aberration V  
Warning by software if optical element being tested is 
outside the range of tilt 

V  

Warning by software if optical element being tested is 
outside the range of focus 

V  

On-line tilt adjustment of reference and laser SH frames, 
with graphical indication by software 

V  

Advanced Shack Hartmann analysis V  
Image analysis V  
Advanced image analysis V  

Average of SH frames V  

Average of coefficients obtained from SH analysis V  

Continuous SH analysis Loop V  
Feed back loop to manufacturing system based on 
tolerances of computed Zernike coefficients or MTF 

V  

Automatic control of light intensity for optimum exposure V  

Laserino Beam profiler  

Image analysis V  
Laser beam profile in real-time V  
Fit of Gaussian profile to image V  
M2 measurement of the beam-quality using the beam-
profiler 

V  

Measurement of beam-waist, position of beam-waist and 
divergence angle. 

V  

Automatic control of light intensity for optimum exposure V  
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Details of features: LASERINO and SENSOFT 
 

 LASERINO WAVEFRONT 

SENSOR 
CALIBRATION FOR CORRECTING ABERRATIONS  

Calibration for correcting aberrations measured by Laserino 
(empirical, from ray-tracing or analytic) 

V  

WAVEFRONT SENSOR CONFIGURATION  

Number of bits for A/D conversion (camera dependent) 10-14 

Digital cameras supported for VIS V  

Operating system supported  W XP/W7 V  

Other CCDs on request (where possible) V  
Shack-Hartmann camera setup ς acquisition, gain, binning, 
flipping 

V  

Orientation of SH image (used for defining directions for coma 
correction) 

V  

IMAGE ANALYSIS  

Display of frames, save as TIFF/FITS format, contrast 
enhancement, brightness enhancement, zoom 

V  

Graphical real-time adjustment of the centers of reference and 
laser frames 

V  

Image arithmetic (addition, subtraction, multiplication and 
division of frames) 

V  

ADVANCED IMAGE ANALYSIS  

Interactive removal of bad spots from SH frame V  

SH ANALYSIS  

Computation of Zernike coefficients, wavefronts & Strehl ratio  V  

Selection of mirror or wavefront surface for computation V  

Automatic threshold for computation of centroids V  

Selection of annulus on pupil V  

Diameter containing 80% and 50% Encircled Energy values   V  

Rms values of the residuals V  

Rejection of spots based on ellipticity V  

Selection of Standard, Fringe, Annular Zernike or Seidel terms to 
fit to data 

V  

Maximum number of Seidel or annular Zernike terms 34 
Selection of extra Zernike terms for Least Squares fit V  

Average values computed from multiple SH frames V  

PLOTS OF SH ANALYSIS  

Laser and reference centroids V  

Combined centroids V  

Spot diagram V  

Wavefront contour plot of Real Quality V  

Wavefront 3D plot of Real Quality V  

Contour and 3D plots of wavefront V  

Encircled Energy profile  V  



www.spot-optics.com 

 

 

 

 

 

 

 

The software people for optics  

8  

Residuals V  

Average values of change of coefficients as a function of time V  

ADVANCED SH ANALYSIS  

Computation of Zernike coefficients, wavefronts and Strehl 
ratio for 3 cases in every run: Actual Quality (defocus and tilt 
removed), Potential Quality (first 7 Zernike terms removed), 
and Real Quality (user selected Zernike terms) 

V  

Computation of displacement of optical axis of Laserino with 
respect to that of optical element being tested 

V  

Plots for checking the ellipticity, S/N ratio and flux distribution 
of spots over the pupil. 

V  

Contour and 3D plots of wavefront for Actual Quality, Potential 
Quality and Real quality 

V  

 
 
Optional features: MTF, PSF and EE from SH analysis 
 
 

 LASERINO WAVEFRONT 

SENSOR 
 Optional 

MTF, PSF and EE computed from the SH analysis V  

PLOTS  
MTF as a function of normalized frequency or lines/mm. PSF and 
EE as a function of angular or dimensionless radius 

V  

 LASERINO BEAM PROFILER  
BEAM PROFILER CONFIGURATION  

Number of bits for A/D conversion (camera dependent) 10-14 
Digital cameras supported for VIS V  

Operating system supported: W XP/W7 V  

Other CCDs on request (where possible) V  

Beam profiler camera setup  ς acquisition, gain, binning, flipping V  

Stepper motor movement V  
Stepper motor diagnostics V  

IMAGE ANALYSIS  

Display of frames, save as TIFF/FITS format, contrast 
enhancement, brightness enhancement, zoom 

V  

Graphical real-time adjustment of the centers of reference and 
laser beam spot 

V  

Image arithmetic (addition, subtraction, multiplication and 
division of frames) 

V  

BEAM PROFILE IN REAL-TIME  

3D and contour plot of beam profile with indication of the center 
of the beam and of the Intensity 

V  
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2D plot of beam profile along X and Y diameter V  

Fit of Gaussian profile to image V  

M2 
MEASUREMENT OF THE BEAM-QUALITY USING THE BEAM-PROFILER  

Determination of best focus from image diameter analysis  V  

Determination of 2W vs. Z. Data can be saved and analysed off-
line as well as used for on-line computation 

V  

M2 measurement of the beam-quality (Gaussian or second 
moment) 

V  

Plot of the parameters found from the M2 fit on the measured 
data  

V  

 

 
Laserino: Specifications 

 
Wavefront Sensor 

 
1 

 
Type of elements which can be tested 

Lasers from 0.2m to 1.7m   
(Laserino UV) 193nm to 1064nm 
(Laserino VIS) 350nm to 1064nm 
(Laserino NIR) 980nm to 1700nm  
Optical elements. 

2 Diameter of lenslets  0.2mm 
3 Focal length of lenslets 22mm or 11mm 
4 Standard sampling on the pupil 30x30 spots (for CMOS Vis 

camera) 
5 Maximum sampling Up to 75x75 spots can be used 

(camera dependent) 
6 Analysis Software Sensoft Laserino 
7 Precision with which coefficients of Zernike 

polynomials are determined 
l/300 

8 Precision with which the wavefront is 
computed 

l/150 rms 

9 Beam-expanders and compressors For beam-diameters from 0.3mm 
t 23mm. 

10 Wavelength range 0.2m  up to 1.1m ( Laserino UV)  

0.4m  up to 1.1m ( Laserino VIS)  

0.9m to 1.8m ( Laserino NIR) 
Beam-profiler 

10 Sampling of imaging lens motor 21m 
11 Accuracy of determination of beam waist 

diameter 
°2% 

12 Accuracy of determination of beam waist 
location 

°8% of beam Rayleigh distance 

13 Accuracy of determination of M2: Beam quality  °5% 
14 Accuracy of determination of divergence angle °5% 
15 Divergence range measurement 632nm 0.5 mrad to 20.0 mrad (with 
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beam-expander) 
16 Divergence range measurement 1550nm 1.2 mrad to 50.0 mrad (with 

beam-expander) 
17 Max Beam diameter 23mm 
18 Clip levels User selected (continuously 

variable) 
19 Diameter computation Gaussian or second moment 

Cameras 
20 Camera for Laserino VIS 

 
10-bit uncooled CMOS, 

1280x1024 pixels of size 6.7m.  
USB2.0 control can be controlled 
from a laptop.  

21 Camera for Laserino NIR 
 

14bit uncooled or cooled InGaAs 
cameras  
- 320x256 pixels of size 

30m. Size 9.60 mm x 7.68 
mm 

- 640x512 pixels of size 25m 
and frame rate 30fps with 
full resolution.  Size 16.8 mm 
x 12.8 mm. 

Gigabit Ethernet control, can be 
controlled from a laptop. 

22 Camera for Laserino UV 
 

12-bit uncooled digital CCD, 

2048x2048 pixels of size 7.4m. 
Size 15.15 mm x 15.15 mm 
Gigabit Ethernet control, can be 
controlled from a laptop. 

Other details 
22 Dimensions 9 (H) x 22 (L) x 9 (W) cm. 

 
23 Power requirement (VIS Fiber optic light 

source). 
 

120V or 220V, 200VA  

24 Power requirement (stepper motor) 12V. 500ma.  
 

25 Height of optical axis from base 
 

65.5mm 

 
Notes and explanations: 
 

1. Lenslets with different diameters available on request. 
2. Lenslets with different focal length available on request. 
3. With the standard CMOS camera, which has a chip size of 6.8 x 8.5mm2. Pixel 

size: 6.7m.  
4. Depends on the chip size of the camera. In Laserino the camera is mounted 

externally, and can be changed easily. 
5. For details, see separate section on Sensoft. 
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6. Repeatability of measurement obtained by combining two SH frames taken in 
succession.  The error of this coefficient depends on the sampling used for 
obtaining the SH frame. 

7. Repeatability of measurement obtained by combining two SH frames taken in 
succession. 

8. See section on Configurations. This will determine the final accuracy of the 
measurements, as the SH test is a differential test. 
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Main features of Sensoft: The Shack-Hartmann analysis package for 
Laserino 

 

 
Zernike 
polynomials 

 
Seidel or Classical Annular Zernikes can be 
selected (up to 34 different terms). 
 

Output from 
analysis 

Focus, coma, spherical aberration, 
astigmatism, and other higher order 
aberrations (354 in total), 80% EE, 
wavefront/mirror surface, and Strehl ratio. 
 

Graphical 
output 

Spot diagrams, EE profile and distribution of 
residuals over the pupil. 3D and contour plot 
of wavefront or mirror surface. MTF, PSF and 
EE profile from spot diagrams. 
 

Diagnostics 
 

Given the parameters of the optical system, 
Sensoft suggests the changes required to 
correct defocus, coma (for multiple elements) 
and spherical aberration 
 

Support 
problems of 
the optical 
mountings 

Support problems of the mountings can be 
identified from the contour plots of the 
wavefront after subtracting out the lower-
order aberration terms. 
 

Reduce noise 
due to air 
effects 
 

At the telescope, in the laboratory and in the 
manufacturing workshop, air-turbulence 
effects can limit the accuracy of the analysis. 
Sensoft has the facility for averaging 
coefficients from multiple frames to improve 
the accuracy. 
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Laser beam Quality, power in the bucket, width, position 
and shape, waist, divergence. M2. 
 

Operating 
systems 
supported 
 

Any Windows operating system (WXP/W7) 
when using the standard supported cameras. 
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Wavefront sensor: example of output 

 
 
 

 

 
Beam-profiler: images of HeNe laser 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gaussian fit to laser beam profile
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Beam-profiler: measurement of M2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


