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The idea for this editions column came fromeader that was confused and frustrated by the
answers they got to a simple questiqwhat kind of astrecamera is better for RG& colour
imagind | suspect this edition will earn me hateil from at least one of the two camps,
maybe both.

In this edition we will take a look at some of the theory surrounding this question and courtesy
of a fellow astreimager and RASC member, Jason Dain, we will loak attualdata setin

addition tothe theoretical discussioMost times when you get into this discussion it is very
difficult to proveyour argument as there are only a few cameras that come in one shot colour
(OSC) and monochrome versioBsth Jason andnaveused a fantastic OSC camemsade by

ZWQ the ASI2600MC Pro and Jason is now the proud owner of a shiny new ASI2600MM Pro, a
mono version of the OSC camera using the same seassitre OSC versiomhis allowed Jason

to capture side by side data on the same target, under similaritiond, using the same scope

so we have an excellent data set to compare images from both cameras.

When you ask this question on groups such as Cloudy $\ygiut often get answers likemono
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favorite OSC is better because it is less work. Neither of these is correct and neither is helpful to

a novice trying to decide which camera to buy. There is really a whole discussion you need to

have with someone that asks thguestion. At the top of the discussion points is what qualifies

as better? Is it SNR, is it time spent collecting data, is it ease of processing, is it resolution, the

list of things needed to answer this simple question really depends on the intenasts a

capabilities of the person asking it and on a good definition as to what qualiflestias. Jason

and | discussed these questions for a while and came to the conclusion that resolution and SNR

for the same data acquisition time would be a good wayate the differences. Thinking a little

more on the topic we realized that resolution depertg=savily on seeing and that our typical

conditions would leave us seeing limited with both camefdss left us with the SNR

comparison which is what we used fourposes of this evaluatiomn a previous edition of
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difference in SNR is about the minimum the human eye can perceive so for the purposes of this
experiment,if the SNR of two images varies by less than 3 dB we will claim they are effectively

the same.

Alittle technical detail is required to get an understanding of what camera specifications are
important to the discussioand dispel a couple of popular mythishe ASI2600MC version is a
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RGGHayermask for colour imaging.he ASI2600 MM version of the camera is identical with
two differences of note. Firsthis version othe camera uses the mono version of the IMX571
APSC sensor. It is identical to theSO sensor except it does not includ8ayermatrix. This
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do a lot of hand wavig to explain why thingvary from what was expected. The second

difference between the two cameras is the type of optical window used to cover and protect
the sensor. The OSC version uses a window that provides both a UVartetRsuitable for

full cdour imaging using a refractor while the mono version uses a simple clear window that
has a broader passband than the OSC version. The opéinamission characteristics versus

wavelengthof both windowsare shown below.
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Figurel - Optical window transmission characteristics of both cameras. The ASI2600 MC (OSC) version is shown in the top
plot while the ASI2600MM version is shown in the lower plot. In both cases the X axis is wavelength and the Y axis is the

percentage of inciént light transmitted by the window.

At wavelengths longer that® ' m, the mono version of the window has a significant

transmission advantagé&.or informational purposes, the wavelength df 14 656' m and S|
emission line is located at 672n. The padsand transmission for both filters is similar with the
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mono version passing 98 percent of the incident light while the OSC version passes about 95

percent.At H' wavelengths the mono window passes about 98 percent of the incident light



while the OSC windowasses about 94 percent. The situation tilts in favour of the mono unit at
Sll wavelengths with the mono window passing 97 percent while the OSC window starts to roll
off passng 80 percent. Although this seems like a large difference it only amounis 7alB,

less than the 3 dB we would need to see to make a noticeable difference in SNR.

bSEG f S Qatcaridralg@antiim effidiehdy, the measure of how many incident
photons are converted to electrons and detected by the sensor, but to do thiseee to

compare apples to apples. Many people simply look at the QE peaks for both cameras and
attempt to draw conclusions. With manufacturer specifications for both of the cameras we can
see that the mono version peaks@teater than 90 percent and the GSensor peaks at

greater than 80 percent. Since both cameras use the same back illuminated sensor, it is a
reasonable assumption that other than sensor to sensor variations the difference is due to
losses occurring in thBayermatrix filters. This makeshe simple comparison of QE peaks
misleading since you will have to petd, green, blue and probably luminance filters in the
optical train of the mono camera to take a colour image. Now in the mono case these can be
high quality interference filterswitd SN® f AGGf S f2aa> a2YSOIKAy3
the small micrefilters used in a Bayer matrix array. The filter response of the mono colour
filters is shown below.
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Figure2 - Transmission characteristics of Optolorsg.RGB filter set used in this experiment.



The transmissiogharacteristics have be combined with the QE plot of the mono sensor to
computeoverallquantum efficiency in order to compare it with the OSC camera.
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Figure3 - Absolute quantum efficiency plot of the SonMX571 APSCsensor.

To make matters even more confusimganufacturers usually give relative quantum efficiency
information forOSC sensors where the peak QE is scaled to 100 percent as shown below for the
colour version of the same sensor.
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Figure4 - Relative quantum efficiency plot for the colour version of SonikéX571 APECsensor.

In order to convert this t@bsolute quantum efficiency the plot must be multiplied by the
absolue value for the peak (80%). Once we have the absolute quantum efficiency for both
cameras, the OSC data needs to be scaled by the optical window response and the mono
camera data needs to be scaled by both the optical window response and the LRGB filter
responsea giving the apples to apples comparison plot
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Figure5 - Fully scaled QE plots including filter and optical window effects for both the mono and OSC cameras.
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interference filters used with the mono camera are clearly superior with a 3.2 dB difference
between the two systems in the band from 42& to 475' m. For therest of the visible band

both cameras are virtually the same with less than a 3 dB difference between them. There is
certainly nothing in the specifications of these two systems, once the mono filter transmission
data is taken into account, to lead the er to expect any better performance at H
frequenciegwhere emission nebulae shipggom one camera over the other

Difference OSC relative to monc 0.7 dB -0.9 dB -3.3dB
Tablel - Difference in dB at the band centers (OSC relative mono)

Tablel shows the difference in QE at the band centers in dB, calculated by
20*|09(Q5SéQEmono)-
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image.With the majority of the resolution of the OSC camera coming from the green channel,
which has half the pixels, one would expect half the resolution of the momeawhen used



with the same optical system. The question becomes what will seeing allow? Using my Esprit

120 and the ASI2600MC Pro, my calculated resolution is 0.92 arcseconds per pixel. Since the
cameraisaOSAR S PA OS dzaAy 3 | wDIDa 2 dzil ekSIND FY | GIKNIRGE N X £
it 1.84 arcseconds. This means that under ideal conditions | should be able to resolve objects

1.84 arcseconds apart. Examine the image of Epsilon Lyrae taken with this setup.

Figure6 - Image of Epsilon Lyrae taken with AVOASI2600MC Pro and an Esprit 120 APO refractor.
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that even at 2.3 arcseconds of separatisaeing is still limiting what cabe achieved. This
means that the resolution loss due to the Bayer matrix, under most observing conditions (at

least here in the Maritimes), is swamped due to seeiMith seeing being the limiting factor
the mono camera will have about the same resolntas the OSC unit.

With the resolution question out of the way, the question becomes one of whairtissing

pixels do to the SNR0 answer this we need a little background in sampling and interpolation.
Consider a true image of an object, one that isdémited by seeing. The idea of band limiting
means that the image is blurred such that the number of pixels we have can correctly sample a



target with at least two pixels (preferably more) in any direction. This criteria means that we
are, at least,critically or Nyquist sampled. Sampling with fewer pixels will produce alias artifacts
that may or may not baoticeable Now think of a mono sensor as an array of buckets

collecting water during a rain storm. If the rain is falling at a constant rate over the array of
buckets, each one collects the same amount of water (lets use onéditthis analogypver

the course éthe storm. Using the same analogy far@SC sensor, for any one colour channel
we would cover alternating buckets so they cannot collect any watew in any direction (X or

Y), at the end of the storm, we would have a bucket with one litre followeal lmycket with no
water followed by another bucket with one litre and so on. Interpolation is the method used to
guess at how much water would have been in the covered buckets if they were left uncovered
during the storm. In this case it is as simple akilog at each of the buckets surrounding the
empty one and seeing that they have one litre in them. It is a pretty safe bet that the empty
bucket should have had one litre as well. Mathematically we could do this by linear
interpolation. When the system Isagwo dimensions we use bilinear interpolation whish
generaization oflinear interpolation to two dimensionh 2 ¢ f St Qa (GKAYy]l 2F 46KI
the rate of rain fall in not constant over the array of buckétsthis caséhe covered bucket

could have collected more or less water and we get an error from our interpolation. This is
where the concept of band limiting comes into the equation. If we take a porous sheet and
place it over the entire array of buckets and move it around randomly duringtémmsit will

act to average out the variations bucket to bucket, removing the rapid changes that occur over
short distances during the storm and again our simple linear interpolation can give us a useable
estimate of how much the covered buckets would éawollected. This is what seeing does for

our lightcollection;it blurs or averages out rapid pixel to pixel variations and allows
interpolation to produce an accurate estimate of the vataethe missingpixels due to the

Bayer matrix. There is a veryghit error produced when the illumination changes direction

from increasing brightness to decreasing brightness and there are more complicated
interpolation algorithms to handle thisituation. Thereare whole raftof algorithms some

locally adaptive ath some notthat strive to produce a more accurate representation of the
missing pixels, bugither simple bilinear or bicubic interpolation does an excellent jgben

the sampled signal is band limite8eeing works so well, in most locatiottspand Imit that

the error is reduced to where it can be ignoretth virtually no impact on SNi&enerally

speaking arnterpolator feeds the data through a low pass filter (bilinear ecutbic) to fill in

the missing dataThis is an important point when seeirggthe limiting factor; the interpolation
process will improve SNR because of the effects of the interpolation filter and this may give the
OSC devices a boost that helps to overcome the slight loss of sensitivity.

There are lots of mono to OSC camera pansonsavailable on a variety of websitglsut many
try to treat the OSC camera as if it were a mono system ignoring the requirement for
interpolation. They usually do this by creatisigper pixelsising binning and then compare the



resultant number of pxels collected by this imaginary pixel to the result of binning the same

number of pixels in a mono camera. Thi® LIS 2F O2YLI NRAazy R2SayQi 64
completely ignores the fact that if you have an evenly illuminated grey background then the

OSC pris missestwo thirds of the incident photons due to the Bayer filter removing those

from two of the colour bands. If you find it necessary to compare an OSC sensor to the

luminance of a mono camera you must create a luminance image from the interpolaitaad c

channels for the result to be comparable. The requirement for interpolation is simply inherent

in the wayan OSGensorwasdesigned.
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can detect in the SR of images taken with a mono and@SC camera where all other aspects

of the system are the same except for one sensor having a Bayer nfdteixlata set Jason

acquired over several nights consists of hours of exposure on M45 with both the OSC and mono
versions of the camera using the same scope, an Esprild®@th cases the subxposures

were 180 secondfemembering our test criteria of best SNR for the same total exposure time
we started by analyzing a single calibrated frame off both cameé&sah frame was linearly

stretched so as not to change the SNR by multiplying each pixel by a constant so an area
containing just background could be selected for measurenieme. SNR was measured in a

small 29 by 29 pixel window in several places aroundrttegeand the values presented here

are the average of 8 readingBhe signal is simply the average value of the pixels within the
measurement window and the noise is the standard deviati@able2 and Table3 summarize

the results for both cameras.

R 3694 416 8.879808 | 18.96807
G 3205 366 8.756831 | 18.84694
B 4505 444 10.1464 20.12624

Table2 - Single frame SNR data for the mono camera

R 4125 306 13.48039 | 22.59405
G 6951 462 15.04545 | 23.54811
B 4427 324 13.66358 | 22.71129

Table3 - Single frame data for the OSC camera

The SNR of the OSC camera exceeded the mono camera by a statistically significant amount in
the red and green channels while the blue charmrelpped below our 3 dB limit required to

safely say there was any differencehese results are actually expected as discussed in the text
analyzing the camera and filter combinatioridtee start of this edition. The OSC image was
debayered to produce # colour channelsAs part of this process interpolation is used to fill in

the missing pixels and the interpolation filter (bicubic in this case) removed some of the higher



spatial frequency noise producing a higher SNR value. The advantage in thedrlnelch
reduced by the higher system QE in the blue channel as shokigune5 and the additional
photons converted to electrons in the mono system just about camgethe inherent
advantage of the OSC interpolatidrhis trend continued for a stack of three images as well.

R 3680 186 | 19.78495 | 25.9267
G 3221 174 | 18.51149 | 25.34883
B 4507 205| 21.98537 | 26.84267

Table4 - Data from stack of three frames for each colousing the mono camera

R 4060 178| 22.80899 | 27.16212
G 6804 228 | 29.84211 | 29.49659
B 4374 185| 23.64324 | 27.47414

Table5 - Data from stack of three frames for each colour using tB&Ccamera

Next we looked al.5hours of stacked datwith very similar resultsthe OSC providing seeing
limited resolution with slightly better SNR.

R 9788 184 53.19565 | 34.51752
G 8175 164 49.84756 | 33.95288
B 11701 194 60.31443 | 35.60842
Lum 14408 130 110.8308 | 40.89321

Table6 - 1.5 hours (30 subs @180 secomur channe) of data from the mono camera

R 12086 187 64.63102 | 36.20882
G 19667 206 95.47087 | 39.59742
B 11561 176 65.6875 | 36.34965
DerivedLum | 19609 182 107.7418 | 40.64768

Table7 - 1.5 hours (30 subs @180 seconds) of data from @®Ccamera

Theimaging time for the mono camera to achieve the same SNR as the OSC version, using
simple RGB techniques is clearly longer, over three times longer inffaeeffect of the
interpolation filter improves the SNR enough in each OSC channel that the mmeoaca
requires a longer exposure to approach the performance of the OSC device for any single
channel.Of course no one shoots simple RGB with a mono camera, usually the technique
employed is LRGB imaging where a Emlgminance exposure is used for detaild shorter
colour frames are taken (possibly binned) to do a LRGB combingesiée this method as well



by restackind..5hours of the luminance data anav&our of each colourzgompaingthe result

to 4.5 hours (the same total exposure tin@)OSC dat Using this method we finally achieved
close toparity between the two cameras all but the green channgkeeping in mind that the
luminance channel for the OSC is derived from the three colour channels after the fact by my
processing software

R 4178 37 112.9189 | 41.05533
G 6808 42 162.0952 | 44.19541
B 3997 35 114.2 41.15332
DerivedLum | 6808 42 162.0952 | 44.19541

Table8 - 4.5 hours of OSC data

R 4505 41 109.878 | 40.81822
G 4350 38 114.4737 | 41.17411
B 4616 42 109.9048 | 40.82033
Lum 9228 84 109.8571 | 40.81657

Table9 - 4.5 hours of LRGB data collected using the mono camera

From both the theoretical analysis and the measured data we can see that the OSC camera
actually has a slight advantage over an identical mono camera. There are a couple of caveats to
this statement; first the systems must be seeing limited which neg&eSt Y2y 2 OF YSNI Q&
inherent resolution advantage, second the OSC camera image must be debayered to produce a
full colour image before things are compardtihere the mono camerahouldreally shine is in
narrow band imaging. Here the OSC camera suffers dtleettmsses from the colour filters
employed in the Bayer matrix. For RGB imaging the Bayer filters are matched by the colour
filters required for the mono camera. But for narrow band imaging, the Bayer filters represent a
loss in addition to the narrow hal filters while the mono unit only sees a loss from the narrow
band filters. Will this be enough to overcome the noise reduction inherent in interpolation
MaybeJason and | will tackle this question ifuture edition of this column.
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mono and OSC images from 4.5 hour exposul@son processed the mono version while |
processed the OSC data.



Figure7 - 4.5 hours of LRGB data takevith a mono camera

Figure8 - 4.5 hours of LRGB data taken witm ® SCamera



