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Annomayun. Cospemennvle UCMOYHUKU PEHMSEHOBCKO20 U3NYHYEHUSI NO360JSI0M U3YYeHUe OUHAMUYECKUX
npoyeccos 8 mMaxkux 0Oaacmax Kaxk Ouonocusi, meouyuna, mamepuaiosedenue u mo. Tounocms npoyecca
U3MepeHUsi HANPIMYIO 3A6UCUM Ol BO3MOJICHOCHEN cucmeMbl Oemekmupoganus. Bvicmpodeiicmeyrouue
yupposvle Kamepvl SAGIIOMC KIOUEBLIMU DNEMEHMAMU HEeNpsSMOLU CUcmeMmbl OemeKmuposanus.. JlanHvle
Kamepuvl 0671a0aiom HAboOpoOM NAPAMEmPOs8 GIUSIIOUUX HA KAYECMBO NOLYYAeMblX OaHHbIX. [{6a OCHOBHbIX muna
ObICMPOOEUCMBYIOWUX KAMED, UCNOb3YEMbIX 8 CUCHEMAX HenpsiMo20 OemeKmupo8aHusl, OMAUYAIOmcst moibko
apxumexmypou cencopa: I13C u KMOII cencopui. B nacmosweii pabome mvl npedcmasisieM YCMAHOSKY 05
noayuenusi xapaxmepucmux Odannvix cencopog Visible Light Setup (VLSkyaspabomannyio ¢ Uncmumyme
Cunxpomponnozo Mznyyenus Texumonoeuueckoeo Hncmumyma Kapncpys. Cobpannas ycmanoska no3eonsem
npo6oOUMb OYEHKY MAKUX XAPAKMeEPUCIUK Kamep, KAaK. HeOOHOPOOHOCHU ceHcopad, OedheKmHubvle NuKceiu,
JIUHEUHOCb, WYMOBble XAPAKMEPUCHMUKU, CHeKMPAIbHAL Yy6CcmeumenvHocms u mo. Pesyromamuvl pabomoi
NO3BOJISLIOM MOYHYIO OYEHKY NAPAMEMPO8 KAMepbl HeNOCPeOCMBEeHHO Neped NpoGedeHUueM dKCRepUMenma Ha
CMAHYUSIX CUHXPOMPOHHO20 U3IyYeHust 61a200apsi OONOIHUMENbHO NPOU3EEOECHHOU aA8MOMAMU3AYUU NPOYECcCd

OYeHKU U 06pabomKu OaHHbBIX.

Current state of X-ray radiation sources allowsestigation of dynamic processes. Dynamic processes

studied at synchrotron radiation sources requise ffame rate from the detector system and itstahd keep
with high flux imposed by the source of radiatidrhis can be realized by using Indirect convertinga}
detectors. The main component of indirect convgrtietector is an integrating camera. Majority dégrating
cameras are based on either CCD or CMOS sensoitemtcine. One of the main characteristics of awéda

CCD and CMOS cameras are linearity, noise, sensor-umiformities, and spectral response. Camera

manufacturer provides specifications of the camesitis the required characteristics. However thecgmations
are given for the product line and not for eachvimial camera. Extracting the parameters fromithlial

devices will allow better experimental planning @wedter understanding of the final results. Moredwdirect
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converting detector system poses a modular systéimhwcan be finely configured for the demand of a
particular experiment. Knowing the specificationt the system components allows construction of the
mathematical model for the system and it's tunimgtfie experiment needs.

There are two different approaches for the cameoagparison. One can perform straightforward side-by
side test of different cameras. The side-by-sider@gch is time consuming and generally not quamtiind
reproducible. Another possible solution is a stadidad test procedure based on qualitative and tdatve
measurements. Photon transfer method (PTM) is thiad that allows cameras comparison accordingeo t
measurements of their most critical parametershénPTM the camera is considered as a black boxakride
parameters are derived based on utilization oksysheory approach.

The mathematical model of camera sensor can beibedas following:
2 _ 2.2 2 _

Uy - K Ud +0q + K(luy 'uy.dark)’

luy = luy.dark + R'up
whereazy is variance of the noise?; is dark noise variancca,zq is quantization noisgy, is mean gray value,
Uy dark IS Mean dark valug is responsivity, and is overall system gain [1]. The equation abovbased on a
physical sensor model and essentially shows theegsowhere a number of photons incident on a seusfaice
are converted into digital electronic signal witbige characteristics influencing the signal qualithe basic

idea of PTM is to measure input signal on the canssmsor and while varying it investigate the respo

characteristics of the sensor by evaluating thpuilgignal under certain assumptions.

Fig. 1. Scheme of the VLS setup

To implement the measuring principles of PTM a MsiLight Setup (VLS) was designed and assembled at
the Detector Laboratory of ANKA synchrotron ligldusce. Figure 1 shows the arrangement of the sésig
source of visible light the halogen light sourcé \Wias selected due to the simplicity of utilizatiand broad
wavelength spectrum. The narrow wavelength rangfeeis selected by monochromator (2) and directtdthre
integrating sphere (3). The purpose of integrasipigere is to remove spatial characteristics ot ligfam and to
produce uniform illumination of the calibrated pbdiode (4), which is used to evaluate amount oftqi per
unit area at a given distance. Entering the intaggasphere light undergoes multiple reflectionsnir highly
diffusing surface which results in vanished spackaracteristics of light and the distribution &iopons can be
assumed to be Poisson-like.

Two important calibration procedures were perfornmassure the high precision of the system. Tig fi
measurement performed was to evaluate time stabilithe system and homogeneity of radiation oveaat

which sensor under test will be then characteriRsbults of the measurements show temporal ingtabil
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0.61 % [2] and the inhomogeneity of illuminationeovd cm by 4 cm area was measured to be 3%. Wiash |
within reasonable range according to the standarccémera specifications produced by European Machi
Vision Association (EMVA) [3].

Another important calibration was the estimatiorpbbtodiode linearity. The measurement was perfdrme
by varying the distance between output of integgaiphere and a sensor of the photodiode. The a&i@iuwas
then carried out by fitting how close is the intgnsdlistribution to a reciprocal law of light inteity decay. The
results show high linearity of the photodiode usethe system [4].

To ensure high reproducibility of the measuremesults and to reduce complexity of operation ferend-
users the automation of the setup was performeedbas the standardized hierarchy of classes andwhiRih
allows independent access to the device componéfaye used Concert Control System [5] to integsRIp
components and to write algorithms for automati@asseement and evaluation procedures.

Two identical models of PCO cameras were used tavssystem performance. We have used high-end
PCO.edge cameras which are one of the best awaiterheras according to the dynamic range and noise
properties. The measurement results are showreifdble 1.

The results for camera characterization show tiespecifications differ from the real camera perniance.
Knowing the camera characteristics allows betteteaters and experiment tuning especially at the
measurements of dynamic processes performed aedbe of system capabilities. Designed setup allows
characterization of the cameras directly before llbamline measurements since the automation prozedu
allows the test run and evaluation to be carrietlwithin 1.5 hour timeframe. Further developmenttlodé

system will include detector optics tests and miodedf the experiment parameters.

Table 1
Measurement results for PCO.edge cameras

Parameter Specifications Camera l Camera 2
1 Quantum efficiencyy 54 % 59.8 % 64.9 %
2 Sensitivity thresholgy, min | Not Specified 2.86 photons 2.62 photons
3 Dynamic range, DR 27 000 18 198 18 365
4 Full-well capacityte sat Not Specified 31124°e 31228¢
5 Dark current noisery 1.1e 2.26 ¢ 229 ¢
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