DataRay Software

DataRay's full-featured, easy to use software is specifically designed to enable quick and accurate laser beam profiling. The soft-
ware, which supports the WinCambD, BladeCam, and TaperCam series of cameras, does not require any licenses. All features are
freely available. This software controls DataRay's Line Laser Profiling System, Large Beam Profiling Systems, and M? measuring
systems allowing for a large variety of beams with specific analysis needs.
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Ready

Data can be exported in many formats (CSV, TIFF, BMP). DataRay unique file formats allow for all settings to be restored when
recalling data. Logging on a per frame or specified time interval allows for simple analysis of long term testing. PDF reports can
be automatically generated.

Feature Highlights

Software Aperture/ISO measurements

= Auto Aperture size or user set B i i Bt s o W S ST S

= SO 11146 compliant measurements 2@ xX%xiN F OO &

= Optional 99% inclusion region

= Scale factor option for improving ISO1116 accuracy
= See SPIE Optical Engineering paper

4xSigmal[a]
Clip[b] 13.5%

Ready #1IR-BB.4

Maj-ISO 1394.2 um
Min-ISO 1394.1 um

ELP -4.83 deg.
Ellip. 1.00
Orient. -4.83 deg.

Crosshair 0.0 deg.

Xc 990.0 um

Yc 2035.0 um

Gentroid: [absolute] Rc 2263.1 um
ADC Peak % 82.1%
Plateau Uniformity 0.13

Image zoom 1
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https://www.spiedigitallibrary.org/journals/Optical_Engineering/volume-56/issue-4/043110/Scale-factor-correction-for-Gaussian-beam-truncation-in-second-moment/10.1117/1.OE.56.4.043110.full?SSO=1

M? and Divergence Measurements

= Fully automated M? and divergence measurements with M2DU stage accessory
= Option to use 3™ party stage for manual measurements

= |SO11146 compliant measurements
= Report generation/data export

= OpenGL based plots with intuitive pan/zoom control

M2 Measurement x Divergence Measurement X
MA2_u 1.11+/-0.11 MA2_v 1.08+/-0.11 Div_NA_u 0.000 Div_NA_v 0.000
2Wo_u 57.0 um 2Wo_v 55.4 um Div_u -0.78 mr Div_v -0.76 mr
Zo_u 17.13 mm Zo_v 17.48 mm Div_u -0.05 deg. Div_v -0.05 deg.
Zr_u 3.41 mm Zr_v 3.29 mm Pt_X -2.52 mr PLY 3.83 mr
Div_u 16.74 mr Div_v 16.82 mr Zo_u 1338.87 mm Zo_v 1379.04 mm
Div_NA_u 0.008 Div_NA_v 0.008

<_0.00mm 0.00mm 50.00mm-—> <_0.00mm 0.00mm 50.00mm-—_>
Vi SeEEs Setfull Mowe . Setfull Mowve
range Hame Axis Enable range [~ Axis Enable
% I ]fs
283 M2 [ v 104 Divergence [ v
[ Track axis orientation b [ Track axis orientation
258 117
233 o 11 Cllp
se clip widths () ¢ Use dlip widths ()
208 @ UseIS0_major/minor 1.04 @& Use S0_major/minor
183 Result 097 Result
B 158 ® M2 {Hyperbolic) mm - 0.91 ¢ M2 (Hyperbolich
133 (" Divergence 0.84 @ Divergence
=
108 \ A/ (" Focus Finder 0.77 " Focus Finder
832 - Manual mods o7t Manual mods
L]
58.2 [ 0.64
<< Decrement Sample << Decrement Sample
115 130 7145 160 175 190 205 220 235 250 807 877 7102 1039 116 123 130 137 T
m Increment Sample >> . Increment Sample »>
Results Results
Wavelength = 675 nm Total epan = 20.8 mm Major=x Waist agymmetry = 1.029 ‘Wawelength = 675 nm Total epan = 139.8 mm Major =
ClipLevel = uv@135%  Cumert Z location = 26.5 mm Waist Relative Astigmatism =-10.227%  Div. Asymmetry = 0995 Clip Level=uv @135%  Currert 2 location = 208.3 mm
15011146 Compliance Motes 150 11146 Compliance Notes
MNotes and Feport Generation MNotes and Report Generation
Single Mode Fiber. 675 nm. EditNotes Divergence of 675 nm filber EditNotes
Generate Generate
Repon Feport
Setup ‘ Start ‘ Re-Calc | ‘ Recall ExportData | Exportto GSY | Close Dialog | Selup | Start | Re-Calc ‘ ‘ Recall ExportData | Exportto CSY ‘ Close Dialog ‘

Included Power Mode

= Encircled power

= Default 86.5% to@EE xcxgxpxul F OO R
= User selectable power level 4xSigmala]
= Irradiance (with relative power user input) Clip[b] 13.5%
= Mean diameter of enclosed area Ready #1IR-BB.4
Inc. Power Major 1.40 mm
Inc. Power Minor 1.40 mm
Inc. Power Mean 1.40 mm
Inc. Power Area 1.53 mm*2
Inc. P 8.7e-001 W
Inc. Irr. 5.67e-003 W/cm*2
Mean Theta 3141.59 mr
Xc 990.0 um
Ye 2035.0 um
centroic: [absolute] 2263.0 um
ADC Peak % 82.1%
Plateau Uniformity 0.13
Image zoom 2

£5 DataRay 8.0C09; Recalled(LCMC31 "A noisy.wcf”) WinCamD 1 of 1 Average= 5 Exp@0.075ms Filter=02%

File Device Palettes Average Filter Camera View Setup Support
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WI=670.0nm, Pixels=550:5.50, image = 1536 by 1536, Full Camera #1
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Profile Fits

= Top Hat Fit W2 @ 13.5 % R
= Goodness of fit To:::: masm 25?89::; G_2W 3571.4 um
= Standard deviation ATy - - .
= Point of Max Deviation ~
= Non-uniformity J

= Fitted diameter
= Goodness of fit
= Standard Deviation

j
|
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\
l
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= Point of max deviation / L
Scale = T/50.0 umidiv [Peak=549% B=/5%
2Wva @ 13.5 % 2425.9 um
2Wvb @ 50.0 % 1658.4 um
GFit 86.0% G_2w 2671.6 um
N
7R
[
| \
) i
{ \
{
i
/ N\
\
Scale = T750.0 umidiv [Peak=549% B=257%
Beam Wander
= Tracks X and Y centroid wander e _ -

= Replay recorded data
= Mayx, Last, Mean deviation

= Samples every frame or per user entered time interval
= Auto-scale or user set scale

Derker points canespond to older data
Scale redius = 10 pm

Semples taken = 456

Max deviation = 6.7

Lestdevi

st deviation = 5.1 ym
Mean = 3.0 um FMS = 3.20 i (x=2.55 =193 )
Time intorval = minimum
92

[ Clear 1 Replay. | To ClipBoard

Normalize i Feplay Fast i

ToExcel [ Sequence OF | Exportto Paint
% AutoScale Enter Radius
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Multibeam

= Supports independent tracking of up to 8 lasers
= User-selected partitions
= Heuristic algorithm for auto-partitions

= Accepts user inputs to tweak algorithm

4 7B H X XaXpXu

gam=& § - B
Clipla] 13.5%
Clip[b] 13.5%
8_beam.wcf
e w|  ote 080 265
— w  aonse 2080 s
— w|  aotee 20080 2391
0w w| s 215 2158
g 10 100 os7
o oo 0010en s40sdeo. 6281 deg
xc w| sz o183 2078
e w| ez aso2s wanze sz
o w . = = = = — =
Centroid: [absolute]
Image zoom 1
2Wua @13.5% 1609.4 um 2Wva@135% 1609.4 um
2Wub @135% 1609.4 um 2Wb@13.5% 1609.4 um
seaie - 0u Uiy = = POV, GO0 scave a0y Uy T T

= Supports up to 4 cameras running in parallel

= Supports up to 8 cameras connected to one PC. Easy to switch between cameras

%, -GTI0RM, Niecis=11.00.1 100 Imaqe - 2048 by 2065 Fas: Camcra 72

G EE Y =T WA |

Ready
Major 4569.6 um [ Major 2842 8 um
Minor 2644.7 um | Minor 1725.2 um
Mzan 4493.9 um | Maan 26541 um
Efi_2W 29651 um | Eff_2W 2177.8 um
Ellip. 0.00| Ellip. 0.00
Orient, 2.48 deg.| Orient. =33.24 deg.
Crosshair 2.5 deg.| Crosshair 2.5 deg.
] Xc -1843.7 um | Xc 2259 um
Yc -3328.5um| Yc 803.4 um
Controld: [absolute] Delta| Centroid: [abselute] Dealtal
Peak % £2.5% | Peak % 84.5%
Exp. 20,1 ms [Auto) Exp. 5.28 ms (Auta)
Gain 1.0 Gain 1.0

(Trigger off) delay = 0.000 ms

IR Click]

Major 3117.6 um
Minor 2715.3 um
Mean 3048.8 um
Eff_2W 2881.1 um
{ Ellip. 0.00
Oriant. 1.10 deg.
Crosshair 2.5 deq.
Xc 1138.2 um
: Yo =1302.0 um
Centroid: [absolute] Delta
Peak % 48.2%
Exp. 1.02 ms [Auto)
Gain 1.0
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Fluence

= Display peak fluence over user defined peak pixel area

= Fluence over user defined square or circle

= Display Peak/Average, Peak/Defined, and Average/Defined ratios
= Pass/Fail limits enabled

Fluence Setup Dialog *

Peak Fluence Aperture Fluence Test Limits

Average: Min — Max — Enahle

| 0.00 | 0.00 [~ On
Defined: Min — hax — Enable
| 0.00 | 0.00 [~ On
Peak:  Min — Max — Enahle
| 0.00 | 0.00 [~ On
Feakfswerage: Min— Max— Enable
| 0.00 | 0.00 [ On
FPeak/Defined: Min — Max— Enable
Feak Fluence Aperure FPixels | 00 | 700 ™ On

Feak Area = 1.210e-6 cm2

Defined Fluence Area

Restare ‘ Clean ‘ Save |

Shape (@ Round ( Sguare

Argaunits= (@ cmé (" mm2

Cancel Fluence Diameter = 100 um

Logging
= Create CSV files with any or all calculated values
= Use only user-selected values for more concise reports
= Log over arbitrary time periods
= Log with arbitrary sample periods

2 |DataRay LogFile version 4.0

3 |Started Friday August 11 2017 at 09:51

4 | Type = WinCamD

5

6 |Sample # Time In Seconds 2Wua 2Wub 2Wva 2Wvb Xc Yc Ellip.
7)1 3.532 852.499 452.654 945.297 493.748 -222.999 316.393 0.856
8 |2 7.063 853.658 504.663 926.158 435.215 -222.035 315.169 0.853
9 |3 10.596 846.127 505.566 848.766 440.910 -220.363 314.156 0.851
10 |4 14.131 881.229 551.340 850.357 430.487 -219.807 314.841 0.835
115 17.632 824.160 486.188 945.297 494 445 -218.739 314.577 0.828
12 |6 21.163 887.207 553.928 871.835 427.847 -217.532 313.422 0.841
13 |7 24.666 866.786 505.332 916.487 430.959 -217.085 313.782 0.852
14 |8 28.196 883.936 482.120 915.623 515.045 -215.788 317.236 0.855
1519 31.730 870.274 469.673 926.555 526.289 -225.066 327.348 0.878
16 |10 35.233 882.587 527.629 903.411 534.813 -222.936 328.645 0.887
17111 38.762 865.965 449.085 903.900 480.525 -219.109 324.129 0.894
18 |12 42.264 875.028 514.971 939.509 494.496 -217.451 322.094 0.897
19 |13 45.796 870.004 540.515 849.211 432.830 -215.629 321.398 0.891
20 |14 49.330 886.092 525.003 859.292 440.182 -214.290 320.804 0.882
21 |15 52.865 919.435 489.894 873.983 434.188 -212.907 320.306 0.867
22 |16 56.398 906.439 499.878 889.468 422.011 -210.662 318.863 0.866
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PDF Report

= PDF report generated with user entered notes
= Standard reports for current screen display

= Reports available for

= \M?
= Divergence
= Line Laser Profile System

Strip Chart

Generate up to 2 strip charts

= Each with up to 3 parameters
Sample over arbitrary time or frame counts
Calculate mean, min, max, and standard deviation—calculated and updated during live measurement
Export to CSV or Excel
Strip Chart PDF Report Generation

DataRay Report

08/11/2017 11:42

DataRay 8.0C09 Exposure:35.056 ms Gain:1.0 Filter:0.2% Wavelength:635.0 nm Pixels:17.00x17.00 um Resolution:640x480

Notes: IR-BB Sample Report. MWIR Laser.

2Wua @135%

600.1 um

2Wub @ 50.0 %

360.6 um

Cale = 7500 U,

PeaK=TIZ% B=51;

2Wva @ 13.5%

727.7 um

2Wvb @ 50.0 %

405.7 um

Cale =750 U

2Wua: 600.1 um
2Wub: 360.6 um
2Wva: 727.7 um
2Wvb: 405.7 um
Eff 2W: 644.3 um
Xc: 260.7 um

Yc: 155.2 um

Peak= 3% B=5T

Strip Chart Dialog X
4320
4310 Ll A Lo, sl Lo A
o -
4300
4290
4280
bm 4270 I
1260 !
AZSDII i alng fay | n il
4200 Lo | § : :
o A A AT &
7E5 183 229 306 _382 459 535 EB12 EBB8 TBS
‘ . 3 ‘TII’HE (s)
Set Interva Set Recording Perios Results 1,
® Minimum @ Rolling (2000 pts) | Metric: | M2IoF [ minor ][ mean -]
— Color: Red Green Blue
" Frames: 0 " Points:| 0 Mean: 43104 um 4234.1 ym 4207.5 um
. . SDev: +-1.3um +/- 7.4 um +- 1.6 um
@ T (K @ T Min:  4306.6 um 4227.3 um 4293.8 um
[EZE) == Max:  4315.1 pm 4283.3 pm 4306.3 pm
925
92
9s
Ell | i
905 1
% oo |} N | m /L Iy
895
839
88.5
88
\ \ | \ | \ \
7E5 183 229 306 382 459 535 EB12 EBB8 765
Time (s}
Notes and Report Generation Results 2
Mo notes entered. Edit Notes Metric: |ADC Peak % ﬂl rrrrr ﬂ ‘ rrrrr ﬂ
Generate Color: Red Green Blue
Report Mean: 89.2 %
—_— SDev: +/- 0.6 %
Min: 87.8 %
Max: 91.0 %

Stop | Restart ‘ Clear ‘Expurttw CSV‘Expurttw Excell Cancel ‘
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Interfacing

= Easy to use ActiveX OCX object
= Examples in Visual Basic, Visual C++, LabVIEW, MATLAB, Python
= Drag and drop GUI elements

- o x

[ 171

I write_camera_datai Frant Panel *
File Edit View Project Opemate Tools Window Help
$ [@| @[] [ 15pt Appiication Font |~ |[$= |[76a~ [+ |6~ | o1 Search A [?]

2Wua 2425.8 um
1326.7 um

Clip[a] 13.5%

Clip[b] 50.0%

Crosshair -20.5 deg.

Major 2776.8 um

Minor 2425.3 um : ~—— 2636.5 um

Mean 2717.4 um

Xc -34.1 um

h i 221.4 um

Centroid: [relative]

Save Image Data

Folder Path File Name FileType 'kt o
J CalUsers, [first test Jew @

Line Laser Profiling System

= Measure line lasers

Line Laser Profiling System Dialog *
= Intuitive plots : .
p Centroid Offset Tilt Caompensated
. L it 80 T T Over 50%
ine ti 60 | | of line: Results
. i 40 Max: Mean SDev
= Line thickness 20 | 47 pm v 21.6m +-9.4m
. 0 1 Min:
L
= |ntensity Hm -ig ur"’ -6 um Width 1144.2um  +/-28.2um
. . . - I
= Sensor residual tilt correction -60
80 l' Length 188,64 mm
-100
Line Tilt -0.15°
20 40 60 80 ‘I1nli'l1(1) 120 140 160 180 200
Width
133 Over 50%
1.30 of line:
1.25 1 Max: Clip[A] used to determine line length and
120 1232 um width,
115 Min: Clip[B] determines percent of line for
mm 410 1 1023 pm calculating displayed meansdev/min/max.
1.05
1
085
0.90—/ |
20 40 60 80 ‘I1nli'l1(1) 120 140 160 180 200
Marmalized Intensity
100 T, Over 50%  Summed Intensity Red
a0 of line: Peak Intensity Green
80 Peak Max:
70 99 6%
% 0 Peak Min:
50 44.3%
40 Sum Max:
30 3 100.0%
20 Sum Min:
10— I [ 47.0%
20 40 60 80 ‘I1nli'l1(1) 120 140 160 180 200
Stage ‘¥ Display Motes and Report Generation
f : * Offset O Absolute Mo notes entered.
Position I
Sensor Tilt Compensation
Start End P
* On " Off
Current Set e Generate
B Report
Configure E
Start | B | Recalc | Sxport to Excel Export to CSV | Save Load Image Cancel |
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Software Feature Summary Table

Features Overview

Intuitive Easy to use software with no license requirements

HyperCal algorithm to minimize noise

Extensive set of ISO quantitative measurements

Supports WinCamD-UCD, WinCamD-HR, WinCamD-XHR, BladeCam seires, WinCamD-LCM, WinCamD-FIR-8-
14HR, WinCamD-IR-BB

Simultaneous 2D and 3D displays using OpenGL

Supports up to 4 cameras in parallel

Supports up to 8 cameras connected to one host

Multibeam mode supports up to 8 beams on one sensor

Camera ROI (capture block) support

Automated or user-set software aperture

Beam wander logging and plotting

Strip charts with statistics for any calculated parameter

Pass/Fail on all results items

Full featured logging capabilities into CSV files

Full featured logging capabilities that are reloadable

PDF report generator

Supports Line Laser Profiling System (LLPS), Large Beam Profiling System (LBPS), and M2DU
translating stage for M2 measurments

ActiveX interface that allows for full remote control

Examples in LabView, VB, Visual C++, Python, and Matlab

Automated M? measurement featuring scaling factor correction for more accurate 1ISO11146 measurements

Supports user entered pixel multiplication factors for correcting for external optics

Option to lock settings with password

Power/Energy Results

Total power or energy (must be calibrated by user)

Average Fluence

Peak Fluence

Fluence over defined area

Area calculations

Peak and Centroid locations

Arithmetic centroid and geometric centroids with user adjustable clip level

Beam diameter -user-selectable clip level, second moment (4 sigma), ISO11146 compliant

Average diameter (based on x/y widths)

Encircled power smallest aperture 86.5

Encircled power smallest aperture (User selectable level)

Elliptical orientation

Ellipticity

Plateau Uniformity

Peak to average

Effective Slit option

Profile calculations

1D line fits

Height

Width X/Y

Centroid
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Goodness of fit

Roughness of fit

Gaussian fit

Uniformity calculations

Top Hat fit

Displayed beam width marker

Displayed clip level

Other Quantitative Items

Frame Averaging

Background subtraction offered

Effective Slit Option

Noise qualifier (standard deviation of baseline area)

Beam Stability Result

Pointing Stabilty of Centroid

Mean Centroid

Max Radius

X/Y centroid/peak Strip chart plots

Sample/Time controlled

Pass/Fail limits

Auto scaling

Beam Width/Diameter Strip Charts with Results

Beam Diameter plot

Mean/Std Dev/Min/Max results displayed

Ellipticity

Beam Profile Display Options

Utilizes advanced hardware accelerated graphics engines

Simultaneous 2D and 3D beam display windows

Common color palette for 2D and 3D displays

Pan to any detector location

Multiple palettes selectable

Adjustable Crosshairs that can track peak or centroid

Adjustable manual apertures

User set grid/targets

3D Features

Integrated Mouse actuated zoom/tilt/rotate controls

Integrated Mouse actuated pan/zoom/tilt/rotate controls

Multibeam mode

Users can subdivide the imager into separate beam measurement regions. All enabled results are computed
inside of each partition

Can be done manually

Can set parameters to heuristic algorithm for easy and quick multibeam measurements

Statistical Analysis

Any measuremed parameter can be selected for Strip Chart which allows

Choice of intervals

Manual start/stop

Time from 1 second to 1000 hours

Frames from 2 to 2048

Measurements reported

Current frame data, Mean, Standard Deviation, Minimum, Maximum of each calculation performed

File types

Unique DataRay file-types which store all settings

Math program and Excel compatable csv results files
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Graphics in tiff or bmp file format

Export multiple frames to same file

Pass/Fail and Report PDF Report options
generation

Set Maximum/Minimum limits on all calculations and statistics

Red/Green font color indication on result items

Continuous Logging

Time Interval Logging

Periodic Sampling

Automation Interface Active X object for simple, straightforward interfacing

(ActiveX OCX)

Integrated Help Context Sensitive Help

Signal Conditioning for HyperCal algorithm takes a rolling average of a many background frames to reduce the thermal,
Enhanced Accuracy electrical, and fixed pattern noise.

Auto baseline subtraction

Up to 20 frames can be averaged for a signal-to-noise ratio

Continous averaging can further increase signal-to-noise on stable beams

Area filtering from 3x3 to 9x9 pixels

Adjustable profile filtering

Other Gain Control

Exposure Control

User Programmable ROI

Pixel Binning/Sampling (camera dependent)

External Trigger Input (TTL or optical(LCM only)) - camera dependent

Gamma correction (for TEL series and THz measurements)
Bad Pixel Correction (FIR and IR-BB)

Pixel scale settings

Magnification settings

Autoexposure control

System Requirements PC computer running 64-bit Windows 7, Windows 8/8.1, or Windows 10

GHz Pentium style processor, dual core recommended
Minimum 3-4GB RAM

Accelerated Graphics Processor (must support OpenGL 3.3 or later)

Hard drive space suitable to hold the amount of video data you expect to store. (50-100 GB
recommended)
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