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NeutronOptics APS-C Compact CMOS Cameras

Our new CMOS cameras have higher efficiency and resolution, with faster readout, than our CCD
cameras. All our FS60/VS60 cameras based on the old 1" Sony ICX694 12.5x10mm chip, with an
f/1.4 lens, can be replaced by our 24x16mm APS-C IMX571 detector with a faster f/0.95 lens. The
area of the APS-C chip is x3 larger, and the aperture of the f/0.95 lens is x2 greater, so the gain in
efficiency is x6 - for the same price ! Some of the following may not apply to your particular camera.

s

Detector 1tFS60 CCD | | APS-C CMOS

e | Wesr | o |
| No. Pixels || 2759x2200 | [6248x4176 ||
| Diag. mm || 16(1") |[ 28 (APS-C) |
| Image mm || 12.53x9.99 H 23.5x15.7 ”
| Pixelsize || 4.54pm |[ 3.76pym |
| Q.effic || -~70% |[ -90% |
| Fullwell |[ ~20,000 e- |[~50,000 e- ||
| Read noise || 5e- H 1.0-3.3 e- ”
[ Dark e-/p/s |[0.0004@-10°C| [ 0.003@0°C |
| Cooling || A-27°C  |[ a35°C |
|Frame Rate|| 0.2fps || 3.5fps |
[A/D Readout||  16-bits [ 16-bits ||
| Binning || hardware || software [
’ Lens Type “ 16mm /1.4 ‘ ?!?]"gg l
| _Mount || C [ mBF |
‘ Usual Dist || 200mm H 500mm ”
| Usual FOV |[ 125x100mm | [250x200mm|
|Pixel ®FOV|| 45pm [ 50pm |
| Trigger || Software || Software |
[ Interface || USB2/GigE |[ uUSB3 |
Detei:iilz_ens B -



https://neutronoptics.com/hires.html
https://neutronoptics.com/hires.html
https://neutronoptics.com/hires.html

NeutronOptics APS-C CMOS Imaging Camera

The photo below show our 250x200mm L-shaped camera complete with the APS-C detector and its
B4C/Pb protection, with the imaging box containing the interchangeable scintillator in front of the large
mirror at the bottom. Other FOV dimensions can be provided from 125x100mm to 500x400mm.

Other CMOS detectors can be used, from micro-4/3 to Full-Frame. All are designed to image the full
250x200mm Field-of-View (FOV). The advantage of the more expensive APS-C and Full Frame
detectors is their larger size, since efficiency is proportional to the ratio of the area of the detector to
the FOV. The APS-C detector with a modern APS-C f/0.95 lens is again a good compromise,
providing a x6 increase in efficiency over our old VS60 imaging camera. The full-frame camera uses
the old Nikon f/1.2 lens, with a further small increase in efficiency, and is recommended for larger
FOV. The bigger sensors have more pixels, which doesn't improve resolution, but small pixels can be
binned to improve efficiency, signal/noise & frame-rate. If in doubt, choose a cheaper APS-C camera.

B4C/Pb 80 mm

r‘ X

Note: Trap 250x100mm

In back for lens access
90 mm

Scintillator
frame30mm_____.» B
4 mm

Field-Of-View 35mm f/0.95 lens
FOV: 250x200mm with extension
FOV: 200x140mm without extension
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Installing the Front-Surfaced Mirror into the imaging camera

Large imaging cameras are shipped with the mirrors packed separately for safety.

Place the foot of the mirror against the labelled B4C ledge on the camera back

The plastic protected face with its instruction label must be on top

Push the top of the mirror into the top labelled B4+C holder

When the camera assembly is complete, peel off the protective film

The front aluminised face is protected by a transparent SiO layer for 95% reflectivity
Do not touch or dirty the surface. If necessary, clean gently with window cleaner

If necessary, use cyanolite glue spots for security, or glue a B4C strip to hold the mirror

Lok wnhrE

Adjusting the Lens Focus (First read the Software Installation & Operation)
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NeutronOptics APS-C CMOS Camera Operation

Install the ASI Camera Driver & Software for Windows, Linux or Macintosh


https://www.touptek-astro.com/downloads?atfWidgetNav=box_win
https://www.touptek-astro.com/dl_software/ToupTekToupViewSetup.exe
https://www.touptek-astro.com/dl_software/ToupTekToupViewSetup.exe
https://www.sharpcap.co.uk/sharpcap/sharpcap-downloads
https://www.touptek-astro.com/dl_software/ToupTekDshowAstroSetup.exe
https://www.touptek-astro.com/dl_software/toupcamsdk.20250120.zip
https://www.touptek-astro.com/dl_software/ToupTekASCOMSetup.exe
https://neutronoptics.com/ascom.html
https://www.touptek-astro.com/manuals
https://www.touptekphotonics.com/download
http://neutronoptics.com/ascom.html
http://neutronoptics.com/ascom.html
http://neutronoptics.com/ascom.html

Installing the Recommended SharpCap4 Viewer

Use SharpCap4 from the DVD or download it from https://www.sharpcap.co.uk/sharpcap/downloads
SharpCap was designed for low-light imaging for amateur astronomers, with more complete controls,

including many you will not need for x-ray or neutron imaging. Prefer the 64-bit version for memory
management. The camera will be automatically recognised if it is plugged in, and you just need to
choose it from the


https://www.sharpcap.co.uk/sharpcap/sharpcap-downloads
https://www.sharpcap.co.uk/sharpcap/sharpcap-downloads
https://www.sharpcap.co.uk/sharpcap/sharpcap-downloads
https://www.sharpcap.co.uk/sharpcap/downloads
https://docs.sharpcap.co.uk/
https://docs.sharpcap.co.uk/
https://docs.sharpcap.co.uk/
https://docs.sharpcap.co.uk/
https://remoteastrophotography.com/2022/05/preview-fits-files-using-quicklook-for-windows
https://remoteastrophotography.com/2022/05/preview-fits-files-using-quicklook-for-windows
https://imagej.net/ij/download.html
https://apps.microsoft.com/detail/9nv4bs3l1h4s
https://github.com/siyu6974/QuickLook.Plugin.FitsViewer/releases/
https://store.astrosharp.co.uk/Store
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This screen capture of SharpCap4 shows the full 250x200mm FOV, cooling to -10C below ambient.
The image is shaded on top because the screen illumination through the lens trap is not uniform.

) SharpCap Pro (v4.1.13170, 64 bit) - ATRZ600M - Ci\Users\Alan Desktop'SharpCap Captures - o x

File Cameras Capture View Tools Sequencer

Live View "3 Start Capture "4 Quick Capture ~ e () Pause «l] Snapshot i Live Stack @ [l Target Mame:

ting  Help

- B oo M- b @~

Camera Controls [ ] Muki Column ¥ R
(%) Capture Profiles

(~) Capture Format and Area
Colour Space | MONO16

Binning ixl
Hardware "
Binning 0

Caplure Area  (Select ROI|| 6224x4168  ~
Output Format | FITS files (* fits)
() Gamera Gontrols =

Exposure  50.0ms [ LX Mode

Quick Picks | O Aue
Analogue Gain El 100
FromeRse [ agmum
Auto Exp Targel 120
Auto Gain with
Auto Exposure | Off
USB Speed 9

Black Level 0
Status LEDs | Off

Exposure/Gain
Shit 0.00

Temperature: 10.5
Fan On
‘Cooler On

arget

i

ower

Previewing - 846 frames (0 dropped) in 0:02:04, 7.0 fps Memory: 1 of 41 frames used, Disk: 22 GB free Cooler: 77%, Temp: -10.5°C, Target: -10.0°

Binning sums or averages intensity in adjacent pixels 2x2, 4x4 etc., increasing the pixel size (higher
signal, signal/noise, full well etc). If the binning is done in-camera (hardware), the data transfer speed
is also increased. Resolution is ultimately limited by beam divergence or scintillator thickness.

Frame-rate can also be increased by selecting an ROl Capture Area. You can select a pre-defined
ROI, kept in the Windows Registry, or a custom ROI. This is useful to speed up focussing.

Hints on getting Optimal Performance


http://rsbweb.nih.gov/ij/docs/menus/process.html#"noise"

Very Low-Light Laue Imaging with SharpCap

16-bit high dynamic images. 8-bit gives faster readout

Increase software binning up to 4x4 or 8x8 to increase signal
Alternative hardware binning speeds up transfer

Use "Sum" with software binning for very weak signals

A limited Region-Of-Interest or Binning will speed up transfer
FITS or TIFF files allow 16-bit output (with imageJ or QuickView)

LX mode is for long exposures (minutes)

Exposure times are not limited to Quick Picks

Experiment with high gain at the expense of higher noise

Image Treatment with ImageJ

Imaged will open the 16-bit raw FITS files, filter noise, modify intensity/contrast, and save them in
various formats. An ImagelJ installation is included on the NeutronOptics software CD under "Extras".
Copy the ImageJ folder to your C: disk, launch ImageJ and do Help/Update imageJ.

_é Image) — Y
File Edit Image Process Analyze Plugins Window
] Q,‘ (< ‘ C_‘Z’|/, A.‘ii‘t‘ ‘\|A‘p Qm]‘_fﬂ D= Image) Website...

Scrolling tool {or press space bar and drag)

b

Dev. Resources...
Macro Functions. ..

Examples v

Update ImagedJ._.

You can use ImageJ's "Process/Noise/Despeckle” to filter out electronic noise and "Process/
Subtract Background" with "rolling ball radius 25-50 to remove some of the diffuse backround.

But we recommend you systematically use the following


https://imagej.net/ij/download.html
https://github.com/siyu6974/QuickLook.Plugin.FitsViewer/releases/
https://imagej.net/ij/
https://imagej.net/ij/
https://imagej.net/ij/
https://imagej.net/ij/
https://imagej.net/ij/
http://en.wikipedia.org/wiki/FITS
http://en.wikipedia.org/wiki/FITS
http://en.wikipedia.org/wiki/FITS
http://neutronoptics.com/resources/Laue-background.jpg
http://neutronoptics.com/resources/Laue-background.jpg
http://neutronoptics.com/resources/Laue-background.jpg
http://neutronoptics.com/resources/Laue-background-removed.jpg
http://neutronoptics.com/resources/Laue-background-removed.jpg
http://neutronoptics.com/resources/Laue-background-removed.jpg

Removing Diffuse Background with ImageJ

Download https://www.neutronoptics.com/downloads/Subtract%20Diffuse%20Bkad.txt and put it into
the ImageJ\macros\toolsets folder as below. (You can read it with a text editor if you wish).

& T c “\Program Files Portable\lmageJ\macros\ioolsets
Ch\Users\alanh\Documents\Zoom
@ Mew Q{) LD
-~

Marne Date modified Type Size

D Arrow Labelling Tools.ijm 11/07/2016 13:26 1M File 52 KB
[ AsCap.tat TXT File 31KB
Qf' ASCap-good.bd TXT File I KB
Qf' Barrel Distortion.td TXT File TKB
D Drawing Tools.ijm 1M File TKB
D Magic Montage.ijm 1M File 11 KB
Qf' Scale Bar Tools for Microscopes.bd TXT File 50KB
[ stack Tools.ijm 11/07/2016 15:26 1M File 2KB
|Qf' Subtract Diffuse Bkgd.bxt 18/12/2022 12:18 TXT File 2KB

Launch imageJ, click the red >> arrow on the right of the menu, and select


https://www.neutronoptics.com/downloads/Subtract%20Diffuse%20Bkgd.txt
https://www.neutronoptics.com/downloads/Subtract%20Diffuse%20Bkgd.txt
https://www.neutronoptics.com/downloads/Subtract%20Diffuse%20Bkgd.txt

You will get a parameters box as below. Choose e.g. radius 10 and subtract percentage 0.950

&l Gimme numbers

Please input a median radius |1EI

Input a percentage of intensity to subtract |D.95EI

OK | Cancel|

On clicking OK, you will immediately get the image with the diffuse background subtracted as below

4 Image

File Edit Image Process Analyze Plugins Window Help

+
B o|a|o| /] 4|%|\|A| o] ¢ d| s s]o] x| | |=
"Straight”, segmented or freehand lines, or arrows (alt or long click to switch)
f 51111-120-35-30-G400-605.fits_med 10 - [m] X = m} x

778x520 pixels; 16-bit, 790K

Note the light leak (oblique bar) in the centre of both images, with the huge signal improvement.

The left image below shows a very poor image with isolated bright pixels with no obvious Laue
pattern. The right image shows the astonishing effect of this macro written by M. Cammer.



http://microscopynotes.com/imagej/medianfiltering/

10
Imaging with Fast Neutrons (2.45MeV or 14MeV)

Fast neutrons are very much harder to detect than
thermal neutrons because they are not captured by
nuclei to provide ionising fission fragments. However,
scintillation in ZnS can be achieved with knock-on
protons rather than 6Li fission, though long exposures
are needed. RCTriTec fast neutron scintillators use
high density polypropylene PP/ZnS as a source of
knock-on protons. Small D-D and D-T neutron
generators are a promising development for low-cost
neutron radiography, though the fast neutron flux is
low. Even so, one of our 250x200mm cameras has
already been used with an AdelphiTech 2.45 MeV D-
D neutron generator to obtain radiographs with long
exposures (~10 min), though the resolution is low due
to the 2.5mm PP/ZnS scintillator thickness (left).
Unless you have a particular need to use fast neutrons (eg for high penetration), you should
consider installing a simple hydrogenous moderator on your fast neutron source.

Special Fast Neutron Test Samples

Fast neutrons are strongly attenuated (scattered) by hydrogenous materials, so a thick (1-2 cm)
polypropylene "Siemens star" is used to estimate resolution. A contrast object containing
polypropylene, Fe) B4C and Pb can be used to distinguish between fast/thermal neutrons & gammas

Imaging with X-rays and Gamma radiation

X-rays are converted to visible photons by scintillators containing heavy metal oxides. NeutronOptics
uses the most sensitive CAWO (Agfa-Gevaert) OG2 scintillators for our x-ray cameras, with
resolution of



https://www.rctritec.com/en/isotopes/scintillators-for-fast-neutrons-1
https://www.rctritec.com/en/isotopes/scintillators-for-fast-neutrons-1
https://www.rctritec.com/en/isotopes/scintillators-for-fast-neutrons-1
https://adelphitech.com/products/
https://www.cawo.com/products/intensifying-screens/
https://neutronoptics.com/resources/ACS(C%EF%BD%93I150um).jpg
https://scholar.google.fr/scholar?q=columnar+CsI+scintillators&hl=en&as_sdt=0&as_vis=1&oi=scholart
https://neutronoptics.com/advantages.html
https://neutronoptics.com/advantages.html
https://neutronoptics.com/advantages.html
https://neutronoptics.com/advantages.html
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Tomography and the SharpCap Sequencer

For tomography you collect a series of images, calling a script to rotate the sample after each image
by using the SharpCap Sequencer. For example, we take 360 2x2 binned exposures of 1s, writing
individual files to "MyFile???.FITS" then executing script "orient.bat" and waiting 2 seconds before
starting the next exposure. Substitute any application for "orient.bat" to control the turntable.

To Edit the Sequencer, select Camera, Cooler or Repeat and drag the relevant Command Boxes to
the central Sequence box. Click on a command to set its properties in the right box. Once you have

saved a Sequence file, you can edit it with a simple text editor rather than this dialogue box. Note that
post-processing with dark and flat frames is done with MuhRec Tomographic reconstruction software

For tomography, a precision sample turntable is needed to rotate the sample in increments of eg 0.5
degree between images. For samples of up to 30 Kg, we recommend the Newport Micro-Controle
URS turntables which start at ~



https://docs.sharpcap.co.uk/4.1/#"Sequencer"
http://neutronoptics.com/muhrec.html
https://www.newport.com/f/urs-precision-rotation-stages
https://www.newport.com/f/urs-precision-rotation-stages
https://www.newport.com/p/SMC100PP
https://www.newport.com/p/SMC-PS80
https://www.newport.com/p/SMC-USB
https://www.newport.com/p/RV120BPP
https://www.newport.com/p/RV120BPP
https://www.newport.com/p/RV350BPP
https://www.putty.org/
https://docs.sharpcap.co.uk/4.1/#"Scripting"
http://neutronoptics.com/software.html
http://neutronoptics.com/software.html
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Newport Micro-Controle Tomography Turntable

Installing a Newport Micro-Controle Turntable for Tomography

We recommend the Newport Micro-Controle URS turntables which start at ~


https://www.newport.com/f/urs-precision-rotation-stages
https://www.newport.com/f/urs-precision-rotation-stages
https://www.newport.com/f/urs-precision-rotation-stages
https://www.newport.com/p/SMC100PP
https://www.newport.com/p/SMC-PS80
https://www.newport.com/p/SMC-USB
https://www.newport.com/p/SMC-USB
https://www.newport.com/p/SMC-USB
https://www.newport.com/p/URS150BPP
https://www.newport.com/p/RV120BPP
https://www.newport.com/p/RV120BPP
https://www.newport.com/p/RV120BPP
https://www.newport.com/p/SMC-RC
https://www.newport.com/p/M-SK-M4A
https://www.newport.com/p/9204-M
https://www.newport.com/p/M-423
https://www.newport.com/p/SM-25
https://www.newport.com/p/M-SK-M4A
https://www.newport.com/p/9204-M
https://www.newport.com/p/M-423
https://www.newport.com/p/SM-25

13
Mounting the sample base plate and Z,X,Y stages onto the turntable

The Newport URS150BPP turntable is
shown with its URS150 mounting plate
plus a manual 9204-M Z-elevator and M-
423 X-Y translations with SM-25 Vernier
Micrometers.

The mounting plate is bolted to the
turntable using 4x M4x10mm hex bolts.
then the Z-stage is bolted on top using 4x
M6x12mm bolts. The X-Y stages are
bolted on top using M4x10mm bolts with
washers. Displace the top of each stage to
obtain access to these bolts via the two
large holes in the top of the stage.

Instructions for mounting the micrometers
are provided with the stages, with video
instructions for stacking stages and
swapping micrometer orientation.

You will probably want to change the +-
165° hardware limits on turntable rotation.

The nominal positioning precision can be
obtained if the turntable is bolted to a
horizontal surface using the 4x M8 bolt
holes at its corners.

Installing the Controller Software and linking to the Camera Software


https://www.newport.com/p/URS150BPP
https://www.newport.com/p/URS150TP
https://www.newport.com/p/9204-M
https://www.newport.com/p/M-423
https://www.newport.com/p/M-423
https://www.newport.com/p/SM-25
https://youtu.be/KVCJVNYmth0?t=12
https://youtu.be/KVCJVNYmth0?t=12
https://youtu.be/KVCJVNYmth0?t=12
https://youtu.be/jS3x_r3XlKs?t=2
https://youtu.be/jS3x_r3XlKs?t=2
https://youtu.be/jS3x_r3XlKs?t=2
https://youtu.be/jS3x_r3XlKs?t=2
https://youtu.be/jS3x_r3XlKs?t=2
https://www.newport.com/medias/sys_master/images/images/h40/h93/8797298098206/URS-Rotation-Stages-Limit-Switches-Position-Change.pdf
http://neutronoptics.com/downloads/SMC100-V2.0.0.3.zip
https://www.newport.com/p/SMC-USB
https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html
https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html
https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html



