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Development of a Small Animal CT using a Linear Detector Array and
Small-Scale Slip Rings
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Abstracts: We have developed a small bore x-ray CT for small animal imaging with a linear x-ray detector array and small-
scale slip rings. The linear x-ray detector array consists of 1024 elements of 400. :m*X 400 :m with a gadolinium oxysulfide
(GOS) scintillator on top of them. To avoid use of expensive large diameter slip rings for projection data transmission from the x-
ray detector to the image reconstruction system, we used the wireless LAN technology. The projection data are temporally
stored in the data acquisition system residing on the rotating gantry during the scan and they are transmitted to the image
reconstruction system after the scan. With the wireless LAN technology, we only needed to use small-scale slip rings to deliver
the AC electric power to the X-ray generator and the power supply on the rotating gantry. The performances of the small animal
CT system, such as SNR, contrast, and spatial resolution, have been evaluated through experiments using various phantoms. It
has been experimentally found that the SNR is almost linearly proportional to the tube current and tube voltage, and the
minimum resolvable contrast is less than 30 CT numbers at 40kVp/3.0mA. The spatial resolution of the small animal CT system

has been found to be about 0.9 Ip/mm. Postmortem images of a piglet is also presented.
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INTRODUCTION

Necessity of small animal imaging modalities has
been growing fast to support recent developments in
bio-technology [1]. When we use human imaging
modalities in small animal imaging, it is inevitable to
suffer from poor spatial resolution and low SNR due to
smaller physical size of the animal. To optimize the
imaging performance in small animal studies, many
kinds of small animal imaging modalities, such as
mini-PET, mini-SPECT and mini-MRI, have been
developed [2-4]. It is expected that the small animal
imaging modalities will play great roles in developing
new medicines and in investigating new treatment
technologies with small animal models.

X-ray computed tomography (CT) has been widely
used for clinical imaging owing to its superb spatial
resolution and fast scan capability. However, small
animal x-ray CT systems have not been developed
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mainly due to the high cost of x-ray detectors and
rotating gantry mechanisms employed in clinical x-ray
CT systems. If small animal x-ray CT systems are
affordable, it is expected that the small animal x-ray
CT can be greatly used for combinatory studies with
other imaging modalities.

In this study, we introduce a small bore helical x-
ray CT with the field of view (FOV) of 20cm. For fan-
beam mode projection data acquisition, we used a
linear x-ray detector array with sequential read-out
capability, and a low power x- ray tube with a static
target. We present small animal imaging results
together with performance analysis results such as
SNR, contrast, and spatial resolution evaluated with
various kinds of phantoms.

MATERIALS AND METHODS
Small Animal X-ray CT System

A schematic diagram of the developed small-animal
x-ray CT is shown in figure 1 and a photograph of the
system in figure 2. The system consists of an x-ray
source and a linear x-ray detector array mounted on a
rotating gantry, a gantry control unit and a parallel
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image reconstruction unit. The x-ray source (SM-20HF,
Listem, Korea) is a sealed tube with a fixed tungsten
anode having an angle of 12° against the electron
beam and a 0.6mm focal spot size. The maximum tube
voltage and tube current are 110kVp and 3.0mA,
respectively. Using the low-power static-target x-ray
tube rather than a conventional x-ray CT tube with a
rotating anode, we can reduce the system size
significantly. However, we have longer scan time due to
the low power capacity of the x-ray tube. The linear x-
ray detector array (X-scan 0.4f, Detection Technology,
Finland) is designed for non-destructive testing in the
range of 30~160 kVp. The x-ray detector has a built-in
sequential read-out circuit with a 14 bit A/D converter.
The number of detector elements is 1024 and the
element size is 400_mX400_m. The incoming x-rays
are first converted to visible light by the scintillator
layer and the visible light is converted to the electrical
signal by the photo diode array. The scintillator layer is
made of gadolinium oxysulfide (GOS) with the
thickness of 400.. m. Each sensitive element of the
detector provides an electrical signal proportional to
the flux and energy of the x-rays absorbed in the
element.

Fig. 1. A schematic diagram of the x-ray CT system

Fig. 2. A photograph of the x-ray CT system
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The x-ray source and the detector are mounted on a
circular gantry made of 18mm thick aluminum plate.
The ring diameter and source-to-detector distance are
1300mm and 1000mm, respectively. The couch with
the size of 600mm X 150mm was made of carbon film.
The couch movement is actuated by a servo motor
under the control of the host PC which handles the
helical scan parameters such as helical pitch and
rotating speed of the gantry.

The gantry is rotated by a 1.5kW, 3 phase 220V AC
motor with the belt and pulley mechanism. The
rotating speed of the gantry can be controlled from 3 to
30 RPM. A data acquisition system (DAS) is also
mounted on the gantry. The DAS acquires the
projection data from the linear detector and stores
them temporarily during the scan. The acquired scan
data are then transferred to the image reconstruction
unit through the wireless LAN. The electrical power for
the x-ray tube, the x-ray detector and the DAS is
delivered through slip rings. Since we use wireless data
transmission technique to transfer the projection data
to the image reconstruction unit, we are able to use
small-scale slip rings in which the number of contacts
is only 5. For the data acquisition and x-ray source
and detector control, we used a PC (Pentium IV
2.4GHz). The PC also handles the data transmission to
the image reconstruction unit through the wireless
LAN.

We used the fan-beam mode filtered back-projection
algorithm to reconstruct images from the projection
data. For fast image reconstruction, we used the look-
up table method in calculating the fan-beam mode
weighting factor and the ray indices [5]. The projection
data were acquired in the matrix form of 1024 X Nv,
where is Nv is the number of views.

Projection data with 300~1200 views has been
usually acquired, and it takes about 16 seconds to
reconstruct a 512% 512 image from 1200 projection
data (with Pentium4 2.4GHz). For the image
reconstructions, the Ram-Lak filter has been used for
filtering the projection data before back-projections [6].
The images were reconstructed in the matrix form of
512%512 or 1024 X 1024 depending on applications.
When we reconstruct the image in the 1024 X 1024
matrix form, the pixel size is 200_m. The maximum
FOV of the system is 200mm with the maximum
helical scan length of 400mm.

Performance Evaluation

All the performance evaluations of the x-ray CT
have been performed with the image magnification
ratio of 2:1, the gantry rotating speed of 20 RPM, the
detector integration time of 2.5msec and the Al filter
thickness of 0.5mm. To compensate the detector non-
uniformity and bad pixel effects, we obtained a white
reference projection data and a dark current reference
data. For the reference data, we took the average of
1200 scans. After obtaining the reference data, each
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projection data was subtracted by the dark current
reference data and then divided by the white reference
projection data.

To evaluate the SNR characteristic, we used a cylindrical
phantom filled with water as shown in figure 3(a). After
reconstructing 2D images, SNR was calculated by dividing
the mean intensity value by the standard deviation of the
intensity values in the given area.

We tested low-contrast visibility using a contrast
phantom shown in figure 3(b). The contrast phantom
consists of six inserts whose physical densities are
similar to that of water. The six inserts with Smm
diameter were immersed in a water bath made of a
40mm diameter acrylic cylinder. The inserts were made
of commercial electron density phantoms (Model 76-
430, Nuclear Associates, USA). Physical properties of
the six inserts are shown in table 1. The contrast
phantom was imaged in various dose levels, and the
minimum dose level to differentiate the low-contrast
inserts was determined.

We have evaluated the spatial resolving power of the
small-animal CT system using a 60 m thick wire
placed in the middle of an acrylic cylinder. The wire
images were acquired with the pixel size of
200x200. m2. Assuming the wire image is the point
spread function, we calculated the MTF of the x-ray CT
by taking the Fourier transformation on the point
spread function [7]. The calculated MTF represents the
total system MTF which reflects various physical
parameters such as the focal spot size, the
magnification ratio, the reconstruction algorithm and
the detector resolving power [8].

Soft tissue and bony structure visibility tests were
performed by imaging a piglet postmortem. Abdomen
image was obtained at 60kVp and 3.0mA in the helical
scan mode. The slice thickness was 0.4mm and the
helical pitch was 1.0 mm. For the helical mode image
reconstruction, we used the full scan mode image
reconstruction algorithm [9].

Table 1. Physical properties of the inserts in the contrast
phantom
index Material Physical density Mean CT#
(g/cm3) at 60kVp

A Piastic water 1.030 383.2

B Nylon 1.150 -47.7

C Polyethylene 0.950 -203.8

D Acrylic 1.180 -2.6

E Polystyrene 1.110 -166.6

F Polycarbonate 1.180 -35.5

@ ®)
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Fig. 3. Phantoms used in the performance evaluation. (a)
The uniform water phantom for SNR evaluation. (b) The
contrast phantom for CNR evaluation.

EXPERIMENTAL RESULTS

Figure 4 shows SNRs measured from the uniform
water phantom images taken with various
combinations of kVp and mA. The SNR is almost
linearly proportional to the tube current, and the
higher tube voltage gives the better SNR owing to high
conversion efficiency of the high energy x-ray photon in
the scintillator layer. If we set the low bound of SNR to
10, tube voltages higher than 60kVp at 3.0mA seems
to be appropriate for soft tissue imaging.

Figure 5 shows a reconstructed image of the
contrast phantom. As can be seen from the figure, all
the inserts except the acryl insert are differentiated
from the background water region. This demonstrates
that the x-ray CT is capable of differentiating the
contrast as small as 30 CT-numbers.
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Fig. 4. SNRs with respect to the tube current and voltage.
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Fig. 5. A representative image of the contrast phantom
obtained at 40kVp, 3.0mA and 20RPM

Figure 6(a) shows a reconstructed image of the wire
phantom. We took a line profile at the middle of the
wire and applied Fourier transform to the line profile to
calculate the MTF. Figure 6(b) shows the calculated
MTF of the x-ray CT.
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Fig. 6. (a) A representative image of the wire phantom. (b)
The MTF of the x-ray CT system.

If we assume that the limiting spatial resolution
corresponds to the point when the MTF drops to 10%,
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then we can infer that the spatial resolution limit of the
x-ray CT system is about 0.9 lp/mm. Considering that
the typical spatial resolution of medical CTs is 0.5 ~
2.0 lp/mm {10], we think that the developed x-ray CT
has enough resolution for small animal imaging

To test soft tissue visibility in small animal studies,
we have obtained postmortem images of a piglet. One
of representative images of the piglet is shown in figure
7 together with the scout viewing image. The cross-
sectional image was obtained with the helical scan
mode with the helical pitch of 2.5:1. The pixel size of
figure 7(b) is 200x200pm2 with the matrix size of
1024x1024.

Fig. 7. (a) A scout viewing image of the piglet at 60kVp,
3.0mA, 10cmi/sec. (b) A helical CT scan image of the piglet at
60kVp, 3.0mA, 10RPM, 1mm helical pitch.

DISCUSSIONS AND CONCLUSIONS

We have developed the x-ray CT system with
minimal electronic circuitry by using a linear x-ray
detector array. Owing to the serial readout capability of
the linear detector array, we do not need to have many
number of data acquisition electric circuitries which
are commonly used in conventional medical CTs. By
transmitting the projection data through wireless LAN,
we were able to use small-scale slip rings with the
number of rings being only 5. The experiment results
have demonstrated that the developed x-ray CT can be
used in small animal studies. However, we need to
have further developments to optimize the x-ray CT
system for small animal imaging especially in SNR
performance. Due to the low power of the x-ray source,
SNR of the developed system is much lower than
conventional medical x-ray CTs. Even though the low
SNR can be compromised with longer scan time, we
still have to improve the SNR performance. Since we
used the x-ray tube customized for x-ray radiography,
the span angle of the fan-beam x-ray was only 12
degrees. If we use an x-ray tube having larger span
angle, we can reduce the distance between the x-ray
source and the detector, thus, reducing the gantry size
and improving SNR performance. The pixel pitch of the
detector was 400_m which made the slice thickness of
200..m at the magnification ratio of 2:1. The slice
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thickness of 200. m seems to be rather too small for
small animal studies. If we use a linear detector array
with wider width in the slice direction, we can improve
the SNR and CNR performances significantly.

In conclusion, we have developed an x-ray CT
system for small animal imaging with minimal
electronic circuitry. We expect that the developed x-ray
CT system can be greatly used for in vivo small animal
imaging studies in the near future.
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