
The First Explorations of  Color X-ray Imaging 
on a 19th Century Painting

Introduction
X-ray imaging is a powerful tool to 
reveal hidden layers of paintings. 
However, the regular X-ray imaging 
produces only  a black and white image 
where the level of gray corresponds to 
the total X-ray attenuation at a 
particular point (pixel).
The drawback of such an approach is the 
inability to distinguish diferent kinds of 
pigments. In other words, a thin layer of 
Lead white may have the same level of 
gray in the X-ray image as a thicker layer 
of Zink white. This limitation could be 
overcome by several approaches. One of 
them is so called k-edge imaging.

K-edge imaging

The k-edge imaging is based on 
fundamental properties of atoms. The 
chance that an X-ray photon is absorbed 
by the given element suddenly increases 
at a certain energy of the photon. This 
sudden increase of photon absorption is 
called k-edge and it is unique for each 
element. Identifying such energies 
where the X-rays are more attenuated 
can reveal diferent materials (pigments) 
in the sample.
Regular X-ray imaging detectors (CCD, 
CMOS, flm, etc.) do not provide any 
information about the energy spectrum 
of detected radiation. Therefore, the 
common approach to the k-edge 
imaging requires mono-energetic beam 
of X-rays with tunable energy. Such 
beams are however available only at 
synchrotron accelerator centers and 
access to them is limited.
We have used a method based on novel 
X-ray imaging detectors that allow to 
measure the energy of radiation after 
passing through the painting and thus 
recognizing elemental composition of 
the pigments.
A polychromatic source of X-rays (X-ray 
tube) can be used and the whole 
measurement does not require access to 
an accelerator.
The whole setup can be implemented 
in-situ in a museum or gallery.
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Timepix detector
Timepix QTPX-262k is a novel type of X-ray imaging device that provides energy information about the detected 
photons. It is an array of 512x512 pixels. Each pixel is of 55x55 µm 2 in size and contains integrated electronics that 
processes every single photon event detected in the pixel. The energy of impinging photons could be estimated by 
setting an energy discrimination threshold in pixels. Scanning with the threshold provides full information about the 
detected X-ray spectrum. The measurement hence does not require any mechanical or physical parts to be altered to 
measure the changes of the X-ray beam as a function of energy.
The resulting measured spectrum has to be diferentiated in order to obtain the fnal measured spectrum of X-rays. An 
open beam spectrum (no sample present) is measured prior the imaging of a sample.

Measurement
The area of the Timepix detector is 2.8x2.8 cm, therefore, a scanning device was build to enable imaging of larger 
areas. Area of 30 x 40 cm can be measured.
The scanning system combines the Timepix detector with the Oxford Instruments Apogee X-ray tube (1 mA @ 50 kVp).
A regular B&W X-ray image was taken over the maximum scanning range. The measurement took about 50 minutes. 
The color mode image was applied to about 1/3 of the scanning range. The total measurement time of the color image 
was  about 11 hours. The spatial resolution of both color and B&W images was at the level of 40 µm. The measured X-
ray spectra were processed using in-house developed software algorithms. 

Results
E l e m e n t a l c o m p o s i t i o n w a s 
determined in the X-ray spectra 
measured in individual pixels.  Colors in 
the scan of head were associated to 
diferent element groups:

Elements with  k and l edges:
below ~10 keV (e.g. Zn):

between 10 to 18 keV (e.g. Pb):

above 18 keV (e.g. Cd):

Basic chip parameters
Pixel size: 55x55 µm2

Pixel array: 256x256 or 512x512 pixels
Sensitive area: 1.4x1.4 cm2 or 2.8x2.8 cm2

Readout: 1 Gb/s Ethernet
Frame rate: ~120 fps

Typical sensor
Material: pixelated Silicon diode
Thickness: 300 µm
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