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Abstract. The automotive industry currently undergoes a significant transformation 
process from the conventional combustion technology to other drive technologies i.e. 
electric drives. The market of electric vehicles (EVs) has emerged thanks to the 
availability and performance boost of the Lithium Ion battery technology. The new 
technology enables on the one hand new car concepts, on the other demands a 
completely new power train technology. With rising production capacity of those new 
components and systems, the availability of characterization and inspection methods 
will become an important technology driver. One already intensively applied method 
is the Micro-Computed Tomography for the investigation of the microstructure and 
assembly in single battery cells. In combination with high energy X-ray sources, even 
full battery modules can be analysed with standard Computed Tomography methods. 
The XXL-CT at Fraunhofer EZRT made the next major step forward in allowing to 
inspect fully assembled vehicles three-dimensional for the first time. One unique 
benefit of this method is a non-invasive analysis of potentially damaged battery 
geometries even after a crash test, where a destructive analysis is of severe risk due to 
the high impact sensitivity of the Li-Ion batteries.  
 In this contribution, the XXL-CT method for scanning of EV’s will be 
demonstrated by real scan results of a state of the art EV. Two scan geometries are 
evaluated, i.e. horizontal and vertical vehicle orientation. The focus lies on the 
massive battery package and its influence on the overall image quality.. Furthermore, 
other applications and the development status of the XXL-CT at Fraunhofer EZRT 
will be demonstrated and discussed. 

Introduction  

Since 2013 the Fraunhofer EZRT (Fürth, Germany) provides a world unique scale of 
Computed Tomography (CT) for novel, scientifically and commercially yet unexplored 
applications [1,2]. One of these major application fields is the digitalization of cars for 
purposes of deformation analysis after crash tests [3] or the analysis of prototype cars during 
different development phases i.e. endurance tests. The unimpaired non-destructive insight 
arise potential time and cost savings for the data gathering processes in research and 
development of modern car manufacturers motivating the Fraunhofer research. With shorter 
product cycles and growing variety of models, the process of crash simulation validation can 
benefit strongly from this technology in the near future. Also for the new trends in automotive 
industry like electrical vehicles (EV’s) the XXL-CT enables uniquely new capabilities, like 
the analysis of battery modules and power train components even after real crash tests. With 
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traditional tear down methods an injury of the Lithium-Ion batteries may lead to a burn down 
of the whole car limiting the application of those methods. The research of the Fraunhofer 
EZRT is dedicated to several topics in the domain of car CT scanning, starting with data 
acquisition over processing and reconstruction [4] up to the data conversion for certain user 
groups [5] and image evaluation [6]. The data acquisition techniques developed for car 
scanning are focussed in this publication. 

1. Material and Methods  

This section describes the arrangements and scanning methods established for car scanning 
at the XXL-CT system already described in [7]. These are the street orientation region of 
interest (SOROI) and the rocket orientation (VERTICAGE) arrangements. Both procedures 
have their advantages in different application fields and for the different car types. 

1.1 Scan object 

The object to be scanned is a state of the art electric vehicle (EV) allowing the proof of 
methodology of XXL-CT for new trends in automotive engineering. Contrary to the 
combustion technology, where high X-ray absorption occurs in local areas e.g. in gear 
transmissions and crankshafts, the absorbing regions are spread along large areas in EV’s 
leading to higher influences on the image quality.  
The scanned car is a Tesla Model S P85 (2014 version) in which the battery module is located 
flat under the passenger area. It consists of over 7000 Lithium Ion battery cells of type 18650. 
The single cells are arranged in 16 modules (bricks) aligned in two parallel columns 
alongside the car chassis. With a cell diameter of 16 mm and a matrix of approx. 14 x 32 
cells in each brick a total area of approx. 1.7 x 1 m² and a height of 65 mm forms. Even 
though the average absorption coefficient of the battery module may be approximated to the 
absorption coefficient of Aluminum, its large dimension is limiting the penetration 
capability. A demand for an optimized scan orientation in CT is obvious.  
 

1.2 Street Orientation Region of Interest scanning (SOROI) 

The street orientation scan is the standard approach applied at the XXL-CT since beginning 
of operation [3,7,8]. For the street orientation scan the car is parked on two steel girders 
extending the size of the turntable to the needed footprint of the car. The steel structure allows 
adjusting the scan region by positioning the car decentered on the turntable. The overhanging 
section of the car shown in Fig. 1 is limiting the angular scan range to 216° in order to avoid 
collisions with the detector system. Due to the 4 m width of the detector, only a partial volume 
of the car can be reconstructed at once. For a full reconstruction of the car a second scan has 
to be performed with a rearranged car position. Beside the unfavorable aspect ratio resulting 
from the car geometry and the Region of Interest type of CT data the main advantage of the 
SOROI scan approach is the low preparation effort not even requiring to empty the fluids.   
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Fig. 1. Car positioning for street orientation scanning using steel girders allowing to place the car decentred 

onto the turntable. 

1.3 Rocket Orientation full vehicle scanning (VERTICAGE) 

The recently developed rocket orientation scan emulates a gantry type scanning known from 
the medical CT application where the patient is scanned bedded on a horizontal table. This 
allows minimizing the penetration paths inside the scanned object. The advantage is an 
enhanced image quality especially for all longitudinal structures like battery modules or long 
straight metal sheets. The realized approach requires the installation of the car in a structure 
called VERTICAGE specially developed for the purpose of tilting and scanning cars. The 
design of the rigid steel framework is optimized for low X-ray absorption in order to 
minimize artifacts from superposition of the frame structure. The size and load capacity is 
orientated to today’s car market allowing to scan from low weight cars to heavy pickups with 
up to 3.200 kg weight. The fixation is done using load resistance assemblies at each wheel 
and at the undercarriage of the vehicle. For the manipulation and positioning of the 
VERTICAGE, the internal 10 t crane is used. The tilting procedure is performed using the 
fixation points at one side of the VERTICAGE and sliding the other end on a permanently 
installed bearing pedestal as shown in Fig. 2 (left). 

 

 
Fig. 2. Car preparation for VERTICAGE scanning. The car is fixed to the platform of the verticage steel 

frame structure. Using a bearing pedestal, it can be tilted around the rotating point to the vertical orientation 
by the crane. 
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The disadvantage of the VERTICAGE scan approach is the high preparation effort requiring 
to empty few of the fluids e.g. window washer and optionally motor oil in combustion cars 
in order to avoid uncontrolled leaking in vertical orientation. Also, the conventional car 
battery needs to be detached to prevent the car from powering up during scanning. After 
having tilted the car into the required scan orientation, an additional stabilization period is 
required to prevent the car from sinking during the scan. The total preparation efforts for the 
VERTICAGE scanning approach are approx. 24 hrs. 

2. Experiment  

2.1 Scan preparation 

Due to the limited field of view of SOROI scans and time available for the investigation, the 
measurements were focussed on the rear end of the Tesla S containing the most absorbing 
and therefore most relevant parts, the battery module and the electric drive. As mentioned 
before all, we emptied unsealed vessels to a minimum before tilting the car to the vertical 
orientation. We monitored the sinking of the car by means of a digital gauge positioned on a 
car frame.  

2.2 Acquisition type and scan parameterisation 

All measurements were performed with the same hardware arrangement of X-ray source, 
detector and manipulation system. The detailed scan settings are summarized in the following 
Table 1. 

Table 1. Parameters of the CT-scans for SOROI and VERTICAGE measurement setups. 

Parameter SOROI scan VERTICAGE scan 

X-ray energy working point 7.9 MeV 7.9 MeV 

Dose rate at 1 m distance 22 Gy/min 22 Gy/min 

Integration time per line 24 ms 24 ms 

Scanned height 1.44 m 2.812 m 

Number of lines 2400 4687 

Number of images 2500 1500 

Resulting image acquisition time 40 h 46.87 h 

Resulting volume  Ø 3.2 x 1.5 m³ Ø 2.2 x 2.8 m³ 

 
The chosen scan parameters are corresponding to a comparable total scan time (40 hours and 
46.87 hours, respectively) and a similar effective volume size. The smaller envelope of the 
VERTICAGE results in a scan volume diameter of approx. 2.2 m and allowed using a lower 
number of projections, while the scan height have nearly been doubled to achieve a similar 
volume size as in the SOROI scan. Fig. 3 shows the different 2D projection images of the 
two scans. Both scans were acquired with the same vertical sampling of 0.6 mm resulting in 
an anisotropic voxel size of 0.4 x 0.4 x 0.6 mm³.  
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Fig. 3. 2D projections acquired during SOROI scan (left) and the VERTICAGE scan (right). 

2.3 Image processing and data handling  

The derived data undergoes several calibration and adjustment steps before it is reconstructed 
using Fraunhofer Filtered Back Projection reconstruction library. The raw dataset of the 
SOROI scan has a size of 111 GB and the one of the VERTICAGE scan has a size of 130 GB. 
The achievable volume size is even larger, thus the comparison has been performed on an 
coarse sampled voxel grid of 1 x 1 x 1 mm³, resulting in approx. 30 GB of volume size for 
each reconstruction. 

3. Results 

3.1 SOROI scan results 

An XY cross-section of the passenger cabin acquired using the SOROI approach is shown in 
Fig. 4. Due to the Region of Interest type of measurement, only the centre and back part of 
the car can be reconstructed accurately. The front part section in the left third of the image is 
just partially acquired during the scan, leading to inconsistent reconstruction data. As 
mentioned before, a full scan of the car requires the front and back part of the car to be 
scanned individually. Nevertheless, the reconstruction in this car region allows to precisely 
visualize the different metal sheets of the car body, different electrical and plastic assemblies 
and even the outer shape of the seat defined by the leather cover.  

 

 
Fig. 4. Cross-section of the SOROI result at a “quality friendly” scan region showing the usable volume size 

and details detectable with high quality (sub-image left). 
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A closer look at the regions with highest penetration lengths shows the limitations of the 
SOROI approach especially for EV’s. The cross-sections displayed in Fig. 5 (1, 2) are 
showing the expected typical artefacts deriving from too long penetration depths in the 
battery region and even in the massive electric drive and power supply section. The shape of 
the structural elements can be hardly reconstructed due to the limited information from all 
angular views.  

 

 
Fig. 5. Different cross-sections of less “quality friendly” regions showing the limitations of the SOROI 

approach for CT on EV’s. 

 

3.2 VERTICAGE scan results 

The VERTICAGE approach allows reducing the amount of long penetration paths inside the 
scanned car. As shown in Fig. 6, the detection capability increase significantly, even in 
regions of the battery module and in the power supply and drive section. The high quality of 
the results allow for an analysis of the inner assembly of the battery module down to the 
single cells location in the brick. Dislocations due to crash or endurance tests during the 
simulation of lifetime are well detectable. The high achievable quality in the XZ planes allow 
also virtually disassembling subcomponents of the power train and electrical wiring.  
Nevertheless, also the VERTICAGE approach has its limitations, which are visible at the 
axles shown in the XY cross-section in Fig. 6. The longitudinal structure and the in beam 
orientation of the dense material reduce the visibility drastically and leading to a worse signal 
than in the SOROI scan results. The necessity of an optimum car positioning before scanning 
is obviously visible by that result. 
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Fig. 6. Comparable cross-sections discussed in the SOROI results acquired using the VERTICAGE approach 

with far better image quality. 

4. Discussion and Conclusion 

The comparison of the SOROI and the VERTICAGE scan setups shows the advantage of the 
vertical approach especially for the regions with an unfavorable aspect ratio like the battery 
module. The highest demands on quality justify the large effort in car preparation, handling 
and scanning itself. However, the SOROI approach has still its advantages: besides the simple 
handling, shorter scan times at larger volume sizes can be achieved as long as too long 
penetration paths are avoided. For local area scans like the upper passenger cabin section and 
roof the SOROI approach is a reasonable choice. Further comparisons and analyses are aimed 
to be performed for combustion vehicles. A combination of VERTICAGE and SOROI 
scanning could help to further enhance the detectability, but the already high time effort for 
a single scan will not justify a second scan at the moment. Possibly, with new X-ray 
components and reconstruction methods, scan times can be shortened so that even two scans 
can be performed economically. 
The VERTICAGE setup has proven to be highly beneficial for the investigation of cars 
motivating the future development at the Fraunhofer EZRT of a rotating Gantry system. The 
simplified handling and at the same time highest grade of image quality will open new 
markets and application fields for the revolutionary digitalization technology. 
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