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ABSTRACT

The CCD Toolkit [1] is a software tool for testing C@€Bmeras which allows to measure important charadtsrist a
camera like readout noise, total gain, dark current; bigels, useful area, etc. The application makes astitl
analysis of images saved in files with FITS format, camiyused in astronomy. A graphical interface is basethe
ROOT package, which offers high functionality and fleliipi The program was developed in a way to ensure future
compatibility with different operating systems: Windoasd Linux. The CCD Toolkit was created for the “Pi oé t
Sky” project collaboration [2].

Keywords: Gamma Ray Bursts (GRB), astronomy, CCD cameragjénprocessing

1. INTRODUCTION

The “Pi of the Sky” project [2] is conducted by Soltantitnge for Nuclear Studies in collaboration with Cenbér
Theoretical Physics, Warsaw University and Warsauvénsity of Technology. Its main goal is continuous obston
and real-time analysis of the sky in a search forcapflashes of cosmological origin. Sky images are takeG®p
cameras. Because of specific requirements, designing anapiegethe cameras is a part of the project. CCD sensor
are available in dimensions with diameter bigger thahimeh, which is crucial in professional astrononpphcations.
Low noise level and high sensivity are also very irmgurt

The main disadvantage of CCD matrix is a complicated coaitralit. A specialy formed clock signals, amplifier and
analog to digital converter (ADC) are necessary. Tiheeethe final result depends on many parameters likeojdire
amplifier, shape of the clock signals and timmings. Tieeeneed for a tool which gives fast and easy wastinate
quality of camera images in a lab. It is required to kiewel of noise, gain of all camera blocks, dark curantive
area of CCD matrix. It is possible to get most of thiormation by means of simple statistical anaysi

In our cameras the CCD matrix is controlled by an FR&uit. It allows us to modify easily the shape of C&lgnals.
After each change it is necessary to test performahtiee camera. Then camera is placed in a light-tighitl box
(about —17°C) to reduce temperature drifts, thermal ravigelight leak. Several exposures are taken and theadata
stored on a disk with the format FITS (Flexible ImaganBport System) commonly used in astronomy. Then, @i C
Toolkit is used to read the data and make the analysis.

The method of testing a camera is based on analysimaie histograms and their projections. For the noise
measurement so called “dark images” needs to be taken. Andiagle is a photo which is taken without the light from
an environment. Hence, the image contains only estfiltiark current and noise.. Initially all analysistiod images
were done using Iris [3] application step by step but thig wes very inconvenient. This is the reason whyGi@&b
Toolkit application was created.



2. REQUIREMENTS AND FEATURES

The cameras are equipped with an ADC of 16 bits of resolufioll size of the data is 2062 x 2048 pixels, but 16 pixels
at each egde are hidden and the first 16 colums are due &al@utrduffer. The illuminated area is thus 2032x2032
pixels. Hence, the size of a FITS file (raw data fitben CCD) is around 8MB (2k x 2k x 2bytes).
Basic requirements for the CCD Toolkit applications are:
PART | — dark current, readout noise and uniformity esimates:
reading FITS images from a disk
displaying images
making subtraction of two images
plotting single pixel distribution and performing Gaussianofit
plotting X-projection (profile) distribution (as above)
plotting Y-projection (profile) distribution (as above)
allowing to cut frame edges (full frame: 2062 x 2048, visiald: 2032 x 2032)
Il - gain measuement:
cutting out frame edges
dividing image into sub-regions (e.g. 100 x 100 or 1800 x 10)
plotting distribution for each region
plotting thumbnails of distributions and fitted Gaussiemves
plotting sigma in function of (meah)
fitting straight line
System requirements for the tool:
v should operate on Windows NT family system
v should use the ROOT package for graphical analysis [4]
¥v" should read images, stored in the FITS format
(one can use the FITSIO library [5] or the AstroRO@Ekage [6])
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Figure 1. User interface of the CCD Toolkit.



Taking into account that main users of our applicationedgetronics engineers used to work with PC in the Wisdow
environment, the CCD Toolkit was designed for PC ptatfand Windows XP and 2000 operating systems. We decided
to use the ROOT package library [4] which is well knowmarticle physics community (eg. CERN). To improve a
overall efficiency the C/C++ language was chosen andahees code was compiled (instead of being interpreted by
Cint). The Microsoft Visual C++ environment was useddevelopment to ensure compatibility with Windows. lswa
the best solution for the ROOT package, because CERN sifipat IDE and prepares pre-compiled DLL libraries for
each new version of ROOT. To handle images from FIES the FITSIO library [5] was used. Unfortunately voeld

not use AstroROQOT, because Microsoft systems arsupgiorted. Only versions for Linux are available. For aiptes
future portability of the application between Windows andulki systems the graphical user interface (GUI) of our
application was developed completely by using the ROOT padiagses.

To eliminate the effect of the constant offset, whgbomewhat different for each pixel and to reduce ecaused by
‘hot’ pixels (exhibiting high value in spite of darknessjsitonvinient to subtract two successive frameth(bead from
the FITS files) (Figure 1). A lot of main errors of tteal picture(s) can be caught instantly by simple displayedepvev
(Figure 2). This feature allows user to check the imaggaly and to find incorrect parts (e.g. ‘hot’ pixels).fark the
best useful area of the CCD matrix the possibilitydgfeecutting was implemented.

Figure 2. XY Image preview and grey scale palette

For the better image display an option is availabliinth automaticaly the optimum brightness range, usinglsipixel
distribution from XY histogram (Figure 3). The range idmed as mean + 3 x sigma.

Simple visual inspection cannot replace quantitative aislyf the image. To observe the dark current effect and
possible nonuniformities the application makes X anddfiles (projection) by counting average value for eachrool

and each row (Figure 3). Details of the effects caméasured by histogram analysis of either all or partiseoprofiles
(Figure 4). Dividing the image into regions and making singlel giistribution for each region (Figure 5) allows us to
find differences between regions (eg. sensivity gradient)



Figure 3. X and Y profiles (side-projections) Each poortesponds to an average
value of all pixels in a given column (X) or row (Y)
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Figure 4. Distributions of single pixel values (XY), ayggaolumn values (X), and average row values (Y).
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Figure 5. Histograms for each region after image diwisi
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The most advanced part of the application is the gaimsorement option. The method used is based on théhfdhe
number of electrons collected in a single pixel obegdtbisson distribution, which has only one free paramst that
the variance is uniquely determined by the average. @bigibes not depend off the source of electrons, whicll teul
light conversion, thermal noise or dark current.

Let us denote the number of electrons collected im@lesipixel byn. After readout, amplification and conversion it
manifests as a certain number of ADC counts (or AahyitDigital Units — ADU)v. Conversion factor of the device
(sometimes referred to as “gain”) can be definet asn/v. The number of electronsobeys the Poisson distribution
with the averagén) and the variance,?= (n). The distribution after ADC conversion is chcracted by

the average M =v+ /K (wherev, is some offset)

and the variance 02=0.2/ K= (/K =Wk — volk.
The distribution ofv is no longer poissonian, but for large it could be well approximated by a gaussian. Having
several data samples with differrent average valjesne can plot the variancg® versus the average) and perform a
straight line fito,” = a -(v) + b. The resulting coefficiertwill be just an inverse of the conversion factor:

a=1/k

The main adventage of this method is that it is enoughetth@soutput data only and no knowledge about the hardware
(like CCD and ADC conversion factors or preamplifjain) is needed to obtain the result. In practice, diffesamples

can be obtained by illuminating uniformly the CCD witlffetient amount of light. One can also use a single fraitie
some illumination gradient and divide it into severaloagi Each region should be small enough, that one can@gisum
is uniformly illuminated and large enough to ensure goatissics for estimating, and(v). In such case the values
from pixels in a given region should obey gaussan distoibwtihich parameters can be determined e.g. by leasatesq
fitting. One has to keep in mind, however, that each piight have slightly different offset, which makes theuhasy
distribution wider. Fortunately, this does not affda method, because thg distribution is usually also a gaussian.



Measured total varianag, is thus a sum of,” and the offset variana®?. It changes thé parameter of the fit, but
leaves intacttha=1/k:
Ol = 02 + 002 = (W) K = Vo /K + 0p?

In the CCD Toolkit the method desrcibed above is impleetkas follows. The CCD matrix is devided into a number of
regions. For each region a distribution of pixel valuds obtain in form of a histogram (Figure 5). A gausdian
performed for each histograms gives a couple of paramétersaveragév) and the variance,”. Plotting the variance
0.’ versus the averade) (Figure 6) allows us to make a lineardif = a (v) + b. The parametea determines the total
gaink = 1/a (conversion factor for the camera).
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Figure 6. The gain plothe variance,? versus the average) together with a straight line fit.

3. PROBLEMS AND SOLUTIONS

The first attempts to write the program were done uMdigrdows 98 SE system with the ROOT package, version
3.04.02. But the next version does not support Microsofesystother than NT family. Moreover, there were some
problems with compilation under Microsoft Visual Studio+C+ersion 6.0. Our final environment was: the ROOT
package, version 4.03, Windows XP and Visual Studio .NET ZDI08.change of programming IDE was caused by
implementation of the graphical user interface fromROOT package.

The ROOT installation is described in detail at theCRTGhome pagehttp://root.cern.chlit is important to remember to
set the proper path to the ROOT directory. It camldige by modifing system settingg/stem properties | advanced |
environment variables | sysemvariables: $ROOTSYS = C:\ROOT for example.

The CFITSIO library was used to load the image and par8dl related calculations. Initially there were @ étions but
later it was moved to C++ TImgFits class. The TImgEdstains all data about one image and has methodsafding,
substraction, cutting picture and data converting rfilldifferent histograms and graphs, dividing into regiong.dn

order to optimalize the code, the FillN method was ugditl the histograms instead of simple Fill method.



In order to display 16-bit image properly, a scale coneersiust have been performed. It was achieved by finding
minumum and maximum brightness for each image and defamraptimized grey palette. For that, modification of the
ROOT’s TASImage was necessary. A new class TASFInveage created, which inherits TASImage and TImgFits
classes. Some parts of the source code from TASImkggeiEalitor class have been found useful.

During the ROOT’s interface implementation there wasadblem with compilation under Visual Studio. A solutioasv
using RootCINT to generate special dictionary files @hhtranslate library function into API commands) foe th
ROOT's interface and classes. After proper configunatibVisual Studio all process is done automatically87,The
main disadvantage of the ROOT API interface for GUhesdifficulty to make window's drafts, buttons, etc.edras to
make all event structure and connect by the ROOT diatjonfavisual objects with events — make actions. ROOT GU
Builder was not used. Instead, all GUI was written manaslsource code.

Using GUI from the ROOT turned out to be rather compmitaCareful memory management of ROOT's windows was
necessary to avoid memory leaks. Finally, a lot efckls were added to guard the application stability. For pbkaran
attempt to make fit to an empty data set should not ¢hesprogram.

4. CONCLUSIONS

Selection of the ROOT package as a base of the CCIkiTe@s very convinient, however, one has to keep in mind
that the ROOT is primarily developed for Linux. VersidoisWindows are less supported. On the other hand, tl&TRO
offers portability and high flexibility. One can use quhad languages like C and C++ to accelerate applicatitimes.
convenience of high level language — classes and interdtstesannot be neglected. By using the FITS format,hnikic
very popular in astronomy, one gains compatibility witreey large range of applications.

In the past, requirements for a PC hardware seemeddogeae than it utterly occurred. For three images in mendsy
necessary to reserve about 50MB (3 x 8MB x 2, where gtddetor 2 is because one has to have two copies of each
image for manipulation). Today, a PC with 512MB is nothirga®rdinary and we do not need to worry about RAM
limitations.
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