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Abstract

The high-resolution micro-computed tomography (micro-CT) system has now become an important tool for biological research. The
micro-CT system enables a non-invasive inspection to screen anatomical changes in small animals. The promising advantages include
high-spatial resolution, high sensitivity to bone and lung, short scan time and cost-effectiveness. The dose received by the small animal
might be a critical concern in the research. In this article, the choice of the components, fundamental physical problems, the image recon-
struction algorithm and the representative applications of micro-CT are summarized. Some results from our research group are also pre-
sented to show high-resolution images obtained by the micro-CT system.
� 2008 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in
China Press. All rights reserved.
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1. Introduction

Small animals, especially small rodents, have been
widely used for developing animal models in biomedical
and biological research. Non-invasive imaging technologies
are recognized as useful tools to inspect small animal’s
anatomy, pathology and development. Up to now, many
imaging technologies have been developed including
micro-computed tomography (micro-CT) [1–6], magnetic
resonance microscopy (MRM) [7–9], high-frequency ultra-
sound imaging [10], micro-positron emission tomography
(micro-PET) [11], high-resolution single photon emission
computed tomography (SPECT) [12], and optical imaging
[13]. Among them, the micro-CT system is generally used
to provide high-resolution anatomical images of small ani-
mals, while micro-PET, high-resolution SPECT and the
optical imaging are used to acquire functional images with

relatively lower resolution. Compared with MRM, the
micro-CT system is a cost-effective choice for many labora-
tories. In this review article, we will discuss the choice of
the components, fundamental physical problems, the image
reconstruction algorithm and representative applications in
micro-CT imaging.

2. System description

2.1. Scanning geometry

Although some micro-CT systems use the hierarchy of
the first-generation clinical CT, currently most micro-CT
systems adopt the third-generation CT scanning structure,
where the X-ray source and the detector array rotate syn-
chronously with respect to the scanned animal [1,6]. The
scanning geometry can be roughly classified into two cate-
gories: rotational bed and rotational gantry, as shown in
Fig. 1(a) and (b), respectively. In the rotational bed design,
the small animal rotates on the bed while the X-ray source
and the detector stay still to acquire projection data from
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different angles. It is worthwhile to note that the small ani-
mal must be well confined in the rotating carrier to prevent
soft tissue movement. In the rotational gantry design, the
small animal lies in the fixed bed, while the X-ray source
and the detector rotates around the subject, like clinical
CT systems. The rotational gantry may usually guarantee
a higher spatial resolution compared to the rotational
bed design since the small animal can stay still and the soft
tissue movement can be largely reduced during the long
scan time, typically more than 5 min [1].

2.2. Basic components

2.2.1. X-ray tube

One critical part of the micro-CT system is the X-ray
tube. Generally, the bench-top micro-CT systems use a
microfocal X-ray tube, whose focal spot diameter is less
than 100 lm, in order to resolve fine details in the scanned
objects. Synchrotron-based systems, capable of much
higher resolution [14,15], are not practical for most labora-
tories. When using the microfocal X-ray tube, it is worthy
to note that a sufficiently large X-ray output should be pro-
vided by the tube to make sure that enough exposure can
be delivered in a reasonable time, and satisfactory signal-
to-noise ratio (SNR) can be achieved. The maximal power
of the microfocal X-ray tube is often limited [16], namely

P max ¼ 1:4ðdÞ0:88 ð1Þ

where d represents the focal spot diameter of the tube in
micrometer. That means, largely for an X-ray tube with a

50 lm focal spot, and the maximal power could be approx-
imately not more than 45 W. The limitation of the tube is
mainly due to the limitation of heat load capacity, thus a
tradeoff has to be made between the focal spot size and
the tube output when choosing an X-ray tube.

Once the X-ray tube has been chosen, the intensity of
the emission X-ray beam emitted from the tube depends
on the high voltage operated on the tube and the tube cur-
rent. The number of X-ray photons emitted is proportional
to the tube current, while the energy of the X-ray beam is
proportional to the square of the accelerating voltage, thus
the intensity I can be expressed as follows, neglecting the
‘‘heel effect” [17]:

I / ðkVÞ2 ðmAÞ ð2Þ

Recently, the carbon nanotube-based microfocus X-ray
tubes have been developed for micro-CT [18–20]. The re-
ported focal spot diameter is approximately 30 lm with a
high-temporal resolution and stable emission. A high-spa-
tial–temporal resolution of the carbon nanotube-based X-
ray tube is attractive for dynamical tomography imaging.

2.2.2. X-ray detector

Conceptually, X-ray detectors convert the incident X-
ray photons into collectable electrical charges and digitize
them later. Image intensifiers (XRII) have been and are still
used [5,21,22]. Since detectors have become more
advanced, most commercially available micro-CT [1] and
many laboratory micro-CT [23–26] systems utilize the
charge coupled device (CCD) coupled to a phosphor screen
via an optical lens or a fiber optic. Other types of detectors
have also been reported, including hydrogenated amor-
phous silicon (a-Si:H) detectors [27,28], amorphous sele-
nium (a-Se) [29] and CMOS image sensors [30–33].

The XRII seems to be the only dose-efficient X-ray
instrument for fluoroscopy in real-time display [34]. The
XRII absorbs the incident X-ray photons in the input
phosphor screen, then the photoemissive layer, which is
evaporated directly on the phosphor, eradiates electrons.
The emitted electrons are accelerated and focused, finally
hit on the small output phosphor screen. The XRII greatly
amplifies the brightness of the input image, however, due to
its unavoidable distortion and other imperfectness, the cal-
ibration of the tomography system using XRII as the detec-
tor becomes a tough and time-consuming task.

The CCD was first developed in 1970 [35]. With the
development of the extremely pure crystalline silicon man-
ufacture and very large scale integration (VLSI), the CCD
has gained very wide applications in digital imaging,
mainly due to its superiority in high-spatial resolution,
wide dynamic range and high linearity. The photoelectric
absorption of optical quanta generates the charges within
the semiconductor, then the charges are transferred and
readout to form the signal. Usually, the CCD as the
X-ray detector is coupled to the phosphor layer through
the optical lens or the fiber optic. However, the coupling

Fig. 1. Scanning geometry. (a) Rotational bed; (b) rotational gantry.
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procedure might cause large loss of energy and detection
efficiency during the data acquisition.

The a-Si:H detector has been considered as a possible
alternative among the flat panel detectors for the past
two decades [36,37]. In the a-Si:H detector, X-ray photon
interacts with the front scintillator layer, then the underly-
ing a-Si:H detector matrix converts the light emitted by the
scintillator into electrical signals. Typical scintillator layers
used in the a-Si:H detector include gadolinium oxysulfides
(e.g. Gd2O2S:Tb) and thallium-doped cesium iodide
(CsI(Tl)).

Due to the high atomic number and density as well as
the high resistivity, a-Se is used as the direct conversion
of X-ray into electrical signals [38]. Unlike the phosphor-
based system, where high-frequency image information
might be lost due to light diffusion, the a-Se detector shows
promising detail preservation even if the plate is made thick
enough to absorb most incident X-ray photons. The a-Se
layer attenuates the X-rays, generates free electron-hole
pairs, and has collected them at the electrodes where the
electric field is applied. The latent charge image is read
out and forms a digital image. The main advantages of
the a-Se detector include its high image quality, high real-
time readout rate and its compact size.

An evaluation of the detector performance has been
conducted between a-Se, a-Si and CCD detectors by Goert-
zen et al. [43]. They pointed out that the a-Se detector has
high detective quantum efficiency (DQE), which is excellent
for radiographic imaging. However, the sensitivity shift due
to the exposure history makes it inappropriate for tomog-
raphy application since tomography reconstruction
requires a stable detector response. The CCD detector
shows excellent stability relative to the a-Se detector; how-
ever, it has the worst modulation transfer function (MTF)
characteristics among the three detectors, which is proba-
bly caused by the blurring in the phosphor layer as well
as the optic fiber taper. The a-Si detector usually generates
noisy images at low exposure levels since it has a large dark
current component; but it has a good MTF because the
detector array is directly coupled to the phosphor layer.
The choice of phosphor layer seems have an important
influence on the performance of the detector for a-Si and
CCD. A CsI:Tl screen has a nearly doubled improvement
in DQE compared to the Gd2O2S screen, while the colum-
nar structure of the CsI:Tl helps to offset the increased
thickness of the screen to maintain the resolution. The
image quality in the reconstructed image cannot be

predicted by DQE alone. The reconstructed images using
the a-Se and a-Si detectors showed that the a-Si images
appear with much less noise [43]. The reasons might be that
though a-Si has a lower MTF, the smoothing effect imple-
ments a reduction of noise intrinsically.

Currently, the CMOS image sensors are becoming
more competitive against CCD and are attracting more
attention in the Micro-CT imaging. Compared with
CCD, CMOS image sensors have many advantages
including low power consumption, low cost, on-chip func-
tionality, compatibility with standard CMOS technology,
miniaturization, random access to image data, selective
read-out mechanism, high-speed imaging and avoidance
of blooming and smearing effects. Meanwhile, the disad-
vantages of the CMOS image sensors are low sensitivity,
high noise, narrow dynamic range and unsatisfactory
image quality [44].

The comparison for the five types of detectors is summa-
rized in Table 1 for readers’ quick reference. It can be
found that there is no perfect detector for micro-CT imag-
ing. Compromise should be made in the design according
to the specific system requirements.

2.3. A prototype system

We have constructed a micro-CT system, which consists
mainly of a micro-focus X-ray source, a high voltage power
supply, a rotational stage with customized subject holder, a
CMOS flat-panel detector and a host PC equipped with a
National Instrument PCI-1422 frame grabber card [45].
The system adopts a rotational bed configuration in which
the mouse rotates on the stage. The X-ray source used in
the system is the XTF 5011 HP with a nominal focal spot
of 47 lm and a maximal power of 50 W, manufactured by
Oxford Instruments, USA. The CMOS flat panel detector
(C7921CA-02, Hamamatsu, Japan) was equipped to pro-
vide a detection area of 52.8 mm � 52.8 mm with the pixel
spacing of 50 lm. The micro-focus X-ray source continu-
ously irradiates a subject, which is rotated in a step-by-step
manner, and the CMOS flat-panel detector acquires a 2D
projection image for each step, which is then input into
the host PC for further image processing and 3D recon-
structions. The host PC also maintains the overall system
timing and provides synchronization between individual
devices. It communicates with the high voltage power sup-
ply over Ethernet, and controls the rotational stage
through a UART interface.

Table 1
Comparison of X-ray detectors

XRII CCD a-Si a-Se CMOS

Advantage Dose-efficient High stability High MTF High DQE Low power
Low cost
Compatibility

Disadvantage Large distortion Low MTF Noisy image at low exposure Sensitivity shift Large noise
Narrow dynamic range Low sensitivity
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3. Physics of micro-CT

3.1. X-ray spectrum

The output of the X-ray tube consists of X-ray photons
with a board range of energies, which are generated by
either of the two mechanisms: bremsstrahlung radiation
(general radiation) and characteristic radiation. The brems-
strahlung radiation mainly contributes to the continuous
part in the X-ray spectrum, while the sharp peaks in the
spectrum arise from the characteristic radiation. For the
tungsten anode, there is no characteristic radiation below
a 70 kV tube voltage.

Though the spectrum of X-ray tube is polychromatic, an
effective or average X-ray energy can be given, which lies
between one-third and one-half of the maximal X-ray pho-
ton energy, e.g. an X-ray tube operating at 150 kV has the
emission X-ray energy for an effective value of approxi-
mately 68 keV. In imaging procedures, it is necessary to
reduce the low-energy photons emitted from the tube via
bremsstrahlung radiation by adding the filter because these
X-ray photons cannot pass the object and reach the detec-
tor, and mainly contribute to the dose. Empirically, for a
50 kV tube voltage, 0.5 mm-thick aluminum filter is used;
for a tube voltage between 50 and 70 kV, 1.5 mm-thick alu-
minum filter is used; and for a tube voltage above 70 kV,
2.5 mm-thick aluminum is used [17].

3.2. Spatial resolution

A number of measures have been used to describe the
spatial resolution of micro-CT, e.g. the point spread func-
tion (PSF), the line spread function (LSF) and the edge
spread function (ESF) in the spatial domain or the modu-
lation transfer function (MTF) in the frequency domain.

MTF is an equivalent of the PSF in the spatial frequency
domain. The MTF and PSF are closely related by:

MTFðkx; ky ; kzÞ
¼
R R R

PSFðx; y; zÞe�j2pkxxe�j2pky ye�j2pkzz dxdy dz
ð3Þ

where kx, ky and kz are the spatial frequencies, in cycles/
millimeter or line pairs/millimeter [17]. The spatial resolu-
tion can be denoted as the value at a specific position on
the MTF curve, e.g. 10% MTF. An expression like 5LP/
mm @ 10% MTF means that the spatial resolution of the
system is approximately five line pairs per millimeter.

The measurement of the MTF, largely representing the
system characteristics, can be implemented using the
method provided by Boone [39], which is a direct extension
of the method provided by Fujita et al. [40]. In Bonne’s
method, a simple phantom consisting of an aluminum foil
sandwiched between the slabs is used. The aluminum foil is
slightly angled with respect to the reconstruction matrix,
and the CT images are acquired. An angled slit image is
yielded to synthesize the LSF from which the MTF can
be calculated.

3.3. CT number

The CT number is the traditional CT metric to measure
the attenuation coefficient. The CT number in Hounsfield
unit (HU) is calculated as

CT number ¼ l� lwater

lwater

� 1000 ð4Þ

where lwater and l are the attenuation coefficients of water,
and the tissue, respectively. It can be seen that the CT num-
ber of water is zero. The CT number of air, which has little
attenuation of X-ray thus lair � 0, is �1000. The tissue that
has a twice attenuation coefficient of water, such as bone,
has a CT number of +1000. Most soft tissues have a CT
number ranging from �100 to +100.

3.4. Optimal X-ray tube voltage

The X-ray data are typically Poisson-statistics limited.
Grodzins [46] pointed out that the contrast resolution limit
might be expressed as

rCT number

Measured CT number
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2D � expðlDÞ

NðDxÞ3l2

s

ð5Þ

where rCT number is the standard deviation of the measured
CT number, D the subject diameter, l the attenuation coef-
ficient, N the number of incident X-ray photons, and Dx

the detector pixel sizing. Since the value of l depends on
the X-ray energy, different X-ray tube voltage has been
tested to find out the optimal contrast resolution. Eq. (5)
reaches the minimal value when l ¼ 2

D. For a 3 cm
mouse-sized phantom, the optimal energy is approximately
25 keV. Since the X-ray spectrum is polychromatic, the
aforementioned energy refers to the effective energy of
the X-ray beam.

3.5. Radiation dose

One critical concern for in vivo micro-CT imaging is
the radiation dose received by the small animal. In the
literature [6,42], typical radiation doses were measured
using small thermoluminescent dosimeters implanted
into mice, and lie approximately in the range of 0.10–
0.50 Gy. Being roughly 10% of typical LD50/30 (the
dose that kills 50% of mice within 30 days of exposure,
approximately 5 Gy), the cumulative dose for multiple
scans within a single small animal over a period of time
will be extremely high. Thus, the radiation-induced dam-
age, immune response and apoptosis might be simulta-
neously observed after being scanned. However,
animals that have been exposed to the dose of radiation
at the level of 0.10–0.50 Gy might have very confusing
biologic effects, even benefits sometimes. For example,
non-obese diabetic mice received a single dose of
0.5 Gy showed suppressed progression of type I diabetes
[41].
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Therefore, it is critical and crucial to develop micro-CTs
that would acquire high quality images under low radiation
doses. Meanwhile, the radiation-induced effect should be
taken much care of during the longitudinal research using
micro-CT.

4. Image reconstruction

In image reconstruction, the signals received by the
detector are first preprocessed to compensate for the imper-
fectness of the system, e.g. detector response heterogeneity,
X-ray flux intensity drift, defective pixel correction, dark
current subtraction and mechanical geometry calibration.
After these steps, the corrected raw data are used for the
reconstruction.

Many important categories of algorithms are used for
the reconstruction, which include the Fourier-transform
based backprojection algorithms [47–49] and statistical
algorithms [50,51]. The most popular algorithm used in
the micro-CT is the filtered backprojection (FBP). The first
successful three-dimensional reconstruction algorithm for
the cone-beam configuration is the Feldkamp–Davis–Kress
(FDK) algorithm [52], which is an FBP and a non-exact
algorithm. The FDK algorithm is widely used to imple-
ment the three-dimensional reconstruction in micro-CT
[1] mainly due to its simplicity as well as the advantage in
handling data truncation in the longitudinal direction.

The reconstruction in FDK is quite similar to the two-
dimensional fan-beam FBP algorithm. In our reconstruc-
tion, we assumed that the data came from a planar detec-
tor, which is true in most cases for microtomography,
and defined the projection angle b, the fan angle c, the cone
angle j and the source trajectory radius R, as shown in
Fig. 2. The figure also shows that a planar detector plane
(a,b) is placed on the axis of rotation whose b-axis coin-
cides with the z-axis. The data from the planar detector
are placed in pF(b,a,b). In the first step, the data are pre-

weighted, and the convolution with the ramp-filter is
applied on the pre-weighted data:

~pF ðb; a; bÞ ¼ R
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R2 þ a2 þ b2

p � pF ðb; a; bÞ
 !

� gP ðaÞ ð6Þ

The pre-weighting factor can be geometrically described
as the product of two cosine factors of the fan angle and
the cone angle as

R
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R2 þ a2 þ b2

p ¼ R
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R2 þ a2

p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R2 þ a2

p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R2 þ a2 þ b2

p

¼ cos c cos j ð7Þ

Then the pre-weighted and filtered data are backproject-
ed into the reconstructed voxels as

fFDKðx; y; zÞ ¼
R 2p

0
R2

Uðx;y;bÞ2 ~pF ðb; aðx; y; bÞ; bðx; y; z; bÞÞdb
ð8Þ

where

aðx; y; bÞ ¼ R
�x sin bþ y cos b

Rþ x cos bþ y sin b

bðx; y; z; bÞ ¼ z
R

Rþ x cos bþ y sin b

and

Uðx; y; bÞ ¼ Rþ x cos bþ y sin b

The FDK algorithm is an approximate and non-exact
method because it does not meet the Tuy-Smith sufficiency
condition [53], which states that exact reconstruction is
possible if all planes intersecting the object also intersect
the source trajectory at least once. The reconstruction
result will deviate somewhat from the measured object
regardless of the measurement resolution. The algorithm
is exact in the mid-plane, while for moderate cone angles,
the deviation is small and often acceptable. For details of
other cone-beam reconstruction algorithms using filtered
backprojection, please refer to Ref. [54].

Since the computation needed for the cone-beam recon-
struction is considerably large, many solutions have been
proposed to reduce the reconstruction time. Efforts have
been made on the algorithm, such as the divide-and-con-
quer method [55], the table-mapping method [56], and the
distance-driven method [57]. The customized hardware is
also used to achieve reduced reconstruction speed. The
use of application specific integrated circuit (ASIC) largely
reduces the reconstruction time but at the cost of limited
algorithm flexibility, while the field-programmable gate
array (FPGA)-based component is used to achieve more
flexibility [58]. Distributing the computation across multi-
ple PCs has been a popular solution in the past decade
[59–62]. Recently, the accelerated texture mapping in the
PC-based graphic boards is used as a cost-effective choice
to accelerate the reconstruction process [63]. The combina-
tion of FPGA and graphic board seems a promising
method in the reconstruction implementation in the future.Fig. 2. Geometry description for the FDK algorithm.
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5. Applications

In this section, the application of the micro-CT system is
reviewed and described. Meanwhile, the result of our work
is also presented as a representative application for readers’
reference. The high-resolution scan and three-dimensional
visualization of the system can be used for non-invasive
imaging of different organ systems for preclinical research,
including skeleton, chest, abdominal organs and brain. In
multimodality imaging, the attenuation mapping provided
by micro-CT could be used to aid the imaging of other
modalities, such as SPECT.

5.1. Bone

One predominant application of micro-CT is to
examine trabecular bone non-destructively. The large
attenuation difference between the bone and soft tissue
enables micro-CT to evaluate the bone cancellous struc-
ture. The micro-CT data are more informative and
quantitative compared with 2D histological examina-
tion, which led to 3D measurements of trabecular bone
morphology parameters such as trabecular thickness,
spacing, density and connectivity [64–66]. Examples
include the evaluation of osteoarthritis [67,68], bone
metabolism [69,70] and gene-engineered mice skeleton
[71].

5.2. Lung

Using micro-CT to investigate the mice pulmonary
structure and function is limited by the low resolution, long
scanning time and motion artifacts. Various technologies
have been used to improve the performance of micro-CT
lung imaging, e.g. respiratory gating [72–76], iso-pressure
breath hold [77]. With these improved methodologies, there
is growing interest to examine the anatomic and physio-
logic information for normal, acute or chronic diseased
mice [73,75,78–80].

5.3. Vasculature

The primary means to study the structure of the vascu-
lature structure has been by filling it with opaque materials
such as India ink or polymers for study by light or scanning
electron microscopy. However, methods like these might
obscure deep vessels and provide little quantitative infor-
mation. Having the vascular tissue filled or surrounded
with a contrast agent, e.g. barium sulfate or lead chromate
[81–83], micro-CT could be used to produce 3D images of
vasculature structure at a spatial resolution typically less
than 50 lm. Meanwhile, three-dimensional connectivity
might be quantitatively investigated.

5.4. Multi-modality imaging

The multi-modality imaging which combines micro-CT
with other imaging techniques such as micro-PET and
micro-SPECT facilitates its use as an emerging tool for bio-
logical research. Several investigators have developed
micro-PET/micro-CT suitable for small animal imaging
[29]. The micro-PET can provide metabolic information
of the tissue, while the information provided by the
micro-CT helps to delineate the anatomical structure of
the body and anatomical-functional relationship for fur-
ther investigation. Also, a combined CT/SPECT system,
which improved both the accuracy and the precision of
in vivo radionuclide measurement, was developed [84].
Dual modality CT/SPECT allows for photon attenuation
compensation since micro-CT provides the linear attenua-
tion map of the scanned small animal. The correction
might be evident when low-energy radionuclides are used,
e.g. 30 keV for I-125 [85].

5.5. Results from our prototype system

With our developed system described in Section 2.3, the
image data transferred from the frame grabber card were
first preprocessed to operate dark current noise subtrac-

Fig. 3. Reconstruction results. (a) Transverse micro-CT image of the lung; (b) volume rendering of the skeletal dataset.
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tion, flat field normalization and defective pixel correction.
The system-dependent parameters for calibration, e.g.
geometry calibration, were measured and stored on the
host PC. An FDK algorithm was implemented to perform
3D reconstruction under the cone-beam geometry. Calibra-
tion was done to correct imperfectness of the system
devices and to generate improved images with the artifact
largely reduced. The reconstructed image of the mouse
lung and volume rendering of the skeleton is shown in
Fig. 3. It can be seen from the lung image that the lung
and skeleton can be easily identified by the micro-CT.
The soft tissue, e.g. subcutaneous fat layer and bronchus,
can also be distinguished. Meanwhile, the contrast in bone
and other tissue helps the excellent delineation of the skel-
eton structure, as shown in Fig. 3(b) [45]. Further system
calibration and artifact reduction can be expected in future
work.

6. Conclusion

Micro-CT imaging is now an important new tool to
acquire quantitative 3D data for in vivo biological study.
The main advantages of the micro-CT lie in the high-spa-
tial resolution, sensitivity to skeleton and lung, and a low
cost. However, its use is limited by the relatively poor con-
trast of soft tissue and by the radiation damage.

With the development of other modalities for small ani-
mal imaging, e.g. micro-PET, micro-CT system has been
proved to be more valuable with the combination of other
systems for biological research. The reciprocal role that
micro-CT played in the combination such as providing
the high-resolution image can largely benefit the imaging
process for functional imaging. Newly invented system
components such as the carbon nanotube-based microfocal
X-ray tube and detectors with better performance can be
introduced into the micro-CT design, which can further
improve the system’s capacity. The relatively low cost for
X-ray imaging devices and board applications can enable
the micro-CT a standard configuration method in research
in the future.
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