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Abstract 
It is well known that the non-destructive X-ray CT investigation of cultural heritage artifacts is advantageous for a number of 
reasons – documentation of the inner structure (damaging), preparation for restoration, dating, investigation of the manufacturing 
technology used, etc. Such kind of study is made rather rarely as CT scanners are not commonly available in museums and 
galleries. Common practice is that only carefully selected artifacts are transported to the workplace equipped with a CT machine. 
Transportation is highly demanding from the point of view of security, humidity and temperature conditions etc. Therefore, 
mobile device with several X-ray modalities was developed to provide the possibility of inspection of valuable artifacts on-site, 
in a museum/gallery. The mobile device is equipped not only with the CT scanner, but also with an XRF imaging camera. The 
XRF camera is mounted together with four axis positioning system on a goniometer, i.e.,the CT stage is installed inside of the 
goniometer aperture. This solution allows not only to comfortably make a fusion of the CT and XRF data [1], but it enables also 
K-edge imaging and imaging utilizing back scattered X-ray photons. 
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Introduction 
X-ray Computed Tomography (XCT) investigation of cultural heritage artifacts is quite a common task. For laboratory/industrial 
scanners, arrangement with rotation stage and fixed positions of the X-ray tube and detector during data acquisition is prevalently 
used. Mapping of the elemental composition of the artifact surface layer is routinely performed utilizing the X-ray fluorescence 
(XRF) technique. For the most of common materials, XRF photons have relatively low energy, prevalently laying bellow 15 keV. 
Such photons have low penetration ability, therefore one can expect that XRF signal can be obtained from depth of several 
milimeters maximally. Moreover, such low energy photons are practically fully attenuated during short transmittion path. 

XRF mapping of the material composition can be done employing a focused X-ray (or pencil beam) and a spectroscopic 
single pad detector where the investigated area is scanned using positioning system. Another possible approach is utilizing XRF 
imaging based on pixelated spectroscopic detector, where XRF data are obtained from an arbitrary selected surface area.  

It was proven [1] that the fusion of XRF imaging and CT can be relatively easily implemented. Such solution helps to 
identify relationships between the surface material composition and the geometry of the reconstructed volume. Fixed position of 
the XRF camera installed in the CT scanner was used in previous work [1], see Figure 1. An example of the XRF image mapped 
onto the surface of the reconstructed volume is depicted in Figure 2.  

 
Figure. 1. CT/XRF setup. Sculpture is on the rotation table,  
XRF camera is installed in the fixed position. 

Figure 2: CT reconstruction with mapped XRF 
image taken at azimuth angle 84 

 
Unfortunatelly, the static position of the XRF camera does not provide XRF signal from the whole artifact surface due to its 
complicated geometry – some concave shapes were not directly fully observable (although the artifact was mounted on the 
rotation stage), therefore a possibility of arbitrary positioning of the XRF camera was identified as highly demanded. Newly 
developed mobile CT scanner [2] equipped with XRF camera installed on the positioning stage is presented in this paper. 
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Moreover, positioning of the XRF camera allows K-edge imaging – related spectroscopic camera is principially the same. K-
edge imaging enables distiguishing of different materials [3] inside of the investigated object. Oviously related camera has to be 
sensitive for energies around K-edges. 

Design of the mobile CT scanner with XRF and K-edge imaging capability 
The mobile CT scanner with XRF and K-edge imaging capability (mobile scanner thereafter) was designed as modular for better 
transportability. CT imaging line is composed of the X-ray source, rotation stage and flat detector modules. The XRF camera 
module is installed together with the CT imaging line modules on a honeycomb table, see Figure 3 for the whole mobile scanner. 
All modules can be packed and transported separately. 
- Detector module comprises a CMOS flat panel and a two axis positioning stage. The flat panel Dexela 1512 has 75 μm pixel 

pitch, 1944 x 1536 pixels and 20 fps at max resolution. Vertical and horizontal axes Standa have positioning resolution of 
5 m. Vertical axis enables CT scanning of the object higher than its X-ray projection, aditional horizontal axis allows 
scanning of the objects with projected diameter almost two times larger than the detector width. See Figure 4 for the whole 
module. 

- Rotation stage module is composed from CT direct drive rotation stage and horizontal linear (zoom) axis. The stage Akribis 
ACD120-80 has a diameter of 120 mm, max torque 1.8 Nm, loading capacity 15 kg and accuracy 40 arcsec. The linear axis 
Standa has the positioning resolution of 5 m. This module is depicted in Figure 5. 

- X-ray source is assembled from an X-ray tube and a two axis positioning stage. One vertical axis enables scanning of the 
object higher than its projection, aditional short horizontal axis was added for the precise geometry adjustment. Microfocus 
X-ray source Hamamatsu L9631 was selected thanks to its relatively high power and compactness: 40 to 110 kVp, 10 to 
800 A, spot size 15 to 80 m. Note that the tube body contains also its power source. See Figure 6 for this module. 

- XRF module comprises the XRF camera mounted together with four axis positioning system on the goniometer, see 
Figure 7. Large goniometer aperture allows to install the XRF module on the platform shared with the rotation CT stage. 
The XRF camera is based on the spectroscopic Timepix 3 detector [4], 1 keV energy resolution, 100 μm thick Si sensor, 
readout speed 40 mil. hits/s, 256 x 256 pixels (each one can measure energy/time-of-arrival of each incident photon). 

 
Figure 3: Mobile scanner – a) Detector module; b) Rotation stage module;  
c) X-ray source module; d) XRF module; e) Honeycomb table. 

Figure 4: Detector module. 

 
Figure 5: a) Rotation stage; b) Zoom axis;  
c) Platform shared with XRF module. 

Figure 6: X-ray source module. Figure 7: a) XRF camera; b) three axis 
positioning stage; c) Goniometer.  
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Operation modalities 

Mobile scanner can be operated in three modalities: CT measurement, XRF and K-edge imaging. Generally, XRF imaging 
requires maximal possible X-ray tube output power, regardless to its spot size, and relatively long mesurement, to have 
reasonable data statistics. On the other hand, the output power has to be carefully adjusted in tomographic measurements, since 
it has a direct influence on the tube spot size and thus determines the achievable CT resolution. Investigated object is placed in 
between the XRF camera and the X-ray tube during the K-edge imaging. Consequently, imaging by the flat panel is disturbed 
by the XRF camera in this case. From these rasons, CT, XRF and K-edge measurements cannot be realized simultaneously.  
- Scanner arrangement during the CT measurement is depicted in Figure 8, where XRF camera is moved outside of the object 

outline to avoid possible collision;  
- XRF imaging is shown in Figure 9 – XRF camera is oriented towards investigated area and its pinhole is not directly 

illuminated by the X-ray tube. Object surface is fully observable combining positioning of the XRF camera and rotating of 
the CT stage.  

- The K-edge imaging setup is illustrated in Figure 10: the object is placed between the XRF camera and the X-ray tube. 
Camera positioning allows to scan relatively large cross section of the object.  

 

Figure 8: CT scanning. XRF camera is 
moved outside. 

Figure 9: XRF imaging. XRF camera is 
not directly illuminated by X-ray tube. 

Figure 10: K-edge imaging. Object is 
between XRF camera and tube.  
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