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Abstract 
The structure and properties of materials are fundamental to the field of 

materials science and engineering. The need to understand the 

microstructure of materials has been the driving force behind the 

development of a wide variety of x-ray based characterization 

techniques. Unfortunately, conventional x-ray CT systems are only able 

to achieve spatial resolution at the sub-millimetre scale. Thus, the 

technique is insufficient for examining the internal structure of objects 

that require resolution at micrometer and nanometre scales. Computer 

tomography is a powerful tool for imaging the inner structure for 

localizing and for the identification of the material from the complex 

surfaces of various objects. In this study, the developed methodology 

was simulated in order to build high quality by means of a 3-D 

reconstruction procedure and to extract complex shapes, from the 

background. This enables the detection of materials with different 

attenuation coefficients and defects as well as providing information 

about their spatial distribution data and the physical principles that 

underlie the construction of an object from multi-sliced CT data. 

Multiple slice scanners produce better image quality with less scan time 

and with varying applications. Virtual or real detection can be achieved 

by employing a detection principle in which the detection material is 

extensively distributed in the direction parallel to the x-ray beam. In 

order to provide increasing accuracy, measurements of the objective 

image quality parameters are made on a regular basis as part of a 

quality assurance program in order to guarantee the acceptance of a 

micro material. 
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1 Introduction 
Industrial CT scanning utilizes x-ray equipment to produce a 3D picture 

with a high spatial resolution. It can be used to represent components 

both externally and internally, and can also be utilized for metrology 

purposes in order to determine the physical composition of many types 

of sensitive material. A valid simulation is able to provide the detection 

of and the visualization of the spatial structure and identification by 

providing a more in-depth focus on the properties of the object which is 

to be tested. The material reconstruction technique presented here uses a 

micro CT, which suffers from resolution loss and streak artefacts from 

X-ray focal spot motion and subject motion. Poor resolution is an 

additional large problem especially in thin structure images. This 

problem can be greatly reduced by using a pixelated single photon 

counting device Medipix. In this case, the experimental data was 

collected using a micro channel plate stack in combination with a 512x 

512 complementary metal-oxide-semiconductor, as 4 pixels together 

collect 8 frames simultaneously, and the sample was rotated using the 

rotation stage. In principle, the detector is moved continuously and 

acquisitions are taken each time to a text file. An accurate tracking 

method was proposed for the reconstruction from projections of the 

material image in order to monitor the motion of the object in multislice. 

This depended on a fully automated segmentation and recognition 

system. One manner in which volumetric datasets can be created is by 

stacking numerous 2-D image slices together into a three-dimensional 

array and this is presented in the extraction section in chapter 3. The 

prepared program reads the image file, stores information for each 

pixel, and displays the image. This depends on our ability to 

computationally invert the Radon Transform. This perfect MATLAB 

technical operation leads to major improvements in the quantitative 

accuracy of CT images and the spatial information defined, in order to 

achieve the required high quality.  
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1.1 Scope 

Simulated images are quite useful to test a new simulation in relation to 

material identification and in the case of one which is unknown; it is 

highly likely that an overlap between the images would occur. The 

quality of traditional two-dimensional image has been efficiently 

improved by means of the final image of the object being given in 3D In 

addition; there has been a spatial resolution improvement and a scatter 

reduction by using a parallel and distributed source with a small area 

detector. It is possible to describe a correspondence between objects and 

to represent this in a three-dimensional manner. One way of achieving a 

three dimensional image is to attempt to reconstruct it from the object 

space to the image space, by computing the contribution of every 

element in the dataset to the image processes. In order to view the plane 

and by taking the volume data in slices into account and how the data is 

stored on disk, the data must be processed in as pipelined and series 

manner as possible, hence the orderings are the same. Thus, data 

samples are considered with a uniform spacing in all three directions, 

with evenly spaced intervals along the ray and the sample values are 

computed using interpolation. If the distance between the slices is larger 

than the size of the pixels in the slice, the data must be assembled so that 

the gap between the slices is the same size as the pixels and is the 

maximum value possible. It then becomes possible to display the scalar 

fields by using volume rendering, as the best method for visualizing a 

three dimensional data set. 
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1.2 Background and problem motivation 

The basic ideas underlying micro-CT, that is providing images with 

nearly perfect contrast, should be good candidates for the determination 

of the projected structure. Metal, consequently, has variations in relation 

to smaller structures and is a useful technique in 3-D visualization as it 

provides more information about spatial relationships for different 

structures. These requirements can be fully satisfied, by the proposed 

reconstruction from projections of a material image. It is possible to 

reconstruct a 2D slice very well when the angle spacing is sufficiently 

small and each projection line is defined by (l, θ), where θ is the angle 

between the surface of the detector and the X-ray beam direction. The 

angle at which the multislice diffraction effects then becomes very 

important. The major functionalities of the image reconstruction 

techniques are written in MATLAB and tested in a HP dv6 laptop with 

an Intel i5 2.4 processor and a 500GB hard drive RAMS 4GB.It is 

necessary for highly computational data to be processed in a pipelined 

and parallel manner. This offers flexibility for algorithmic optimizations, 

but accessing the volume memory in a non-predictable manner 

significantly slows down the memory performance. A balance between 

the processing speed and the memory usage must be found. The 

problems of memory usage and low execution speed are compounded 

with the ever-increasing sizes of the data sets. A Typical High 

Resolution Computed Tomography (HRCT) image set now includes 51 

slices of 512x512 pixels, and additionally the output value of a pixel 

depends, not only on the value of this pixel, but also on the value of the 

neighbouring pixels. This presents serious problems of memory usage 

and low execution speed when increasing the sizes of the data sets 

during the process, which is best, handled with great care in order to 

significantly reduce the processing time. 

 

1.3 Overall aim  

• Major improvements in micro CT images in order to achieve high 

Quality.  

• The quality of traditional two-dimensional image has been 

efficiently improved by final image of the object as 3D, by 

computing the contribution of every element in the dataset in to 

the image processes. Then display scalar fields used Volume 

rendering. 
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1.4 Concrete and verifiable goals  

For developing a technique for material-resolved X-ray micro-imaging 

using a micro-focus X-ray tube and a Medipix3 single-photon counting 

pixel detector, the experimental data sets include 51 slices of images of 

an integrated circuit. The 512x512 pixel images were collected using a 

micro channel plate stack in combination with a 512x512 

complementary metal-oxide-semiconductor, as 4 pixels together collect 

8 frames at once, and the sample was rotated using the rotation stage 

(the stepper motor has 400 steps from 0 to 360˚, one CT step was 8 motor 

steps) [7].  

 

 

 

 
 

 

 
Figure  1: Experimental data was collected using micro channel plate stack in combination 

with a 512x512 complementary metal-oxide-semiconductor, as 4 pixels together collect 8 

frames at once. 
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Figure 2:  Experimental data was collected using micro channel plate stack. 

 

 

 
 

Figure 3: CT scanners based on the Medipix3.Full-angle data refers to the setting 

where the projections are taken from all the possible projection directions around 

the object (angular span 270). 
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1.5  Measurement data 

This thesis reviews the topic of Quality Assurance for Computer 

Tomography x-ray production and the control of the X-ray beam quality 

and quantity through the use of X-ray tubes, X-ray generators, and 

beam-shaping devices. Part 2 investigates the characteristics of X-ray 

interactions, the formation of the projection image, image contrast, 

signal-to-noise ratio, and radiation dosemerty. Part 3 explores the CT 

scanner design, the acquisition and reconstruction of the projection data 

into a tomography slice, the characteristics of the CT image in terms of 

resolution. The final part deals with an X-ray –sensitive detector which 

captures the med pixel3 and, additionally, covers the technical 

implementation and the results.  
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2 Theory  
2.1 X- Ray 

X- Ray is among the oldest sources used for imaging. X-rays were first 

observed and documented in 1895 by Wilhelm Conrad Roentgen; he 

took an X-ray photograph of his wife's hand since that time. X-rays have 

the largest market share in relation to the equipment for the diagnostic 

imaging market. The best use of x-ray is in relation to medical diagnos-

tics; however, they are also used in industry and in security applica-

tions. X-rays have smaller wavelengths and therefore a higher energy 

than ultraviolet waves. Their wavelengths are in the range of 0.01 to 10 

nanometres and their energies are in the range 120 eV to 120 keV. They 

are usually described by their energy rather than their wavelengths. In 

the energy dispersive approach, small dimensions and a short meas-

urement time are required. Thus, the fluorescent X-rays from a sample 

are directly allowed into a detector that generates an electronic signal, 

and from which a spectrum is obtained by measuring the intensity at 

each energy value using a multi-channel analyzer [7]. On the other 

hand, the wavelengths for X-rays are diffracted at various angles that 

are dependent on the wavelength, and fluorescent X-rays from a sample 

are directed onto the surface for analysis. 

A fundamental part for this device is the X-ray glass tube containing a 

cathode strip which is a thin metallic thread and this is heated by an 

electric current crossing it. The heat generated is expelled and an elec-

tron is emitted from the negative electrode (cathode) of the discharge 

tube, accelerated by the applied voltage, they emit electromagnetic 

radiation when they collide with the positive electrode (anode) or the 

walls of the tube. When the X-ray beam passes through matter, some 

photons will be absorbed inside the material or scattered away from the 

original path. By measuring the intensity of the emitted energies it is 

possible to quantify how much of a particular element is present in a 

sample. Compton scatter occurs when X-rays from the X-ray tube, or 

target, strike atoms in the sample without promoting any fluorescence 

and energy is lost in the collision. In relation to X-ray detection the 

instantaneous current value of a single pulse is relative to the incident 

X-ray energy, so the X-ray energy can be found by measuring the wave 

height of the current pulse. The complementary metal oxide semicon-

ductor, (CMOS) pixel read-out chip, works in single particle counting 

mode, with the assumption that the photon/electron energy is fully 

absorbed by the sensor material. A data file typically contains a matrix 
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and where each element of the matrix is connected to a digital counter 

integrated on a readout chip. However, each element indicates the 

number of counts registered per individual pixel. Therefore, these pixels 

display higher count intensities and can be observed in the image. The 

data are recorded as frames that contain the status of all the pixels after 

a given acquisition time. Image quality has led to the development of 

automatic control system, for which the level is determined by measur-

ing the amount of X-rays that have passed through the electrically 

charged ions, thus ensuring that an image is not underdeveloped and 

ensuring that more radiation than is required is not applied [7]. 

 

 
 

Figure 4: Basic X-ray equipment. Principle of X-ray. 
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2.1.1 Principle of X-ray   

The principle of the X-ray is created by the energy conversion by 

interactions outside of the atomic centre. The nucleus of the atom 

containing the protons and neutrons is surrounded by shells of 

electrons. A primary photoelectric interaction, basic in to excited ion, 

missing an inner shell electron, decays by a cascade of transitions in 

which electrons from outer shells fall inward, terminating finally with 

the capture of a stray electron into the valence shell [7]. When the 

energy of the electrons, which is accelerated toward the target, becomes 

sufficiently high to dislodge K-shell electrons from an element then 

there is the subsequent filing of the vacant electron by electrons from 

shells with lower binding. The absolute intensity of the characteristic X-

rays is in proportion to the number of atoms of each element. X-rays are 

emitted in all directions from the anode structure but only a small 

amount of reflected X-rays are used in imaging depending on the area 

which is used and all other X-rays must be attenuated. A simple x-ray 

procedure is a uniform output beam emanating from the focal spot of 

the tube which is shaped and controlled by collimator shutters to expose 

the area of interest (object). The important point here is that the 

wavelength of these characteristic x-rays is different for each atom in the 

periodic table.  

 

 

 
 
Figure 5: X-ray characteristic. 
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2.1.2 Components necessary to produce X-rays 

The dose reproducibility with regards to the object to be examined and 

the contrast range that is required means that the generation must 

produce a definite value for the tube voltage with as little overshoot as 

possible. All X-ray equipment has three basic components [7]: 

– The x-ray tube (discussed later) 

– The operation controls 

– High-voltage generator 

 
X-RAY GENERATOR 
 An X-ray generator is a device used to generate X-rays. These devices 

are commonly used by radiographers to acquire an x-ray image. X-ray 

generators provide the source of the electrical voltage and are controlled 

in a generalized manner within a system by modifying the incoming 

voltage and current to provide an X-ray tube with the necessary power 

to produce an x-ray. 
 
X-ray tube 

An X-ray tube is a vacuum tube that produces rays. In order to evaluate 

the suitability of this tube, the influence from the focal spot size on the 

image quality is estimated and the spatial distribution of the pulse 

emitted by the tube is measured. 
 
Collimator 

The opening angle of the X-ray tube is much wider than the detector 

area. To reduce the amount of scattered radiation, a lead collimator was 

installed at the exit window of the X-ray tube. Furthermore, thin metal 

slabs of aluminium can be attached to the collimator covering the whole 

beam. Collimators do not focus the X-ray beam; they merely shape it by 

cutting off the edges of the beam. Again, collimators simply exclude the 

part of the beam that is not required to be used. Since X-ray do not have 

a mass or charge, they cannot be focused, in a way that is realistic for 

accomplish for an imaging setup. 
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X-ray beam 

The design is based on the user and the requirements of physics in 

relation to the x-ray optics and x-ray diagnostics, as well as the facility 

requirements. The characteristics, which are most relevant for the beam 

transport and the optics design as well as the beam intensity monitors, 

which are required to measure the absolute flux incident on the samples 

and the amount of flux transmitted through the samples are provided. A 

detailed understanding of these effects is critical for the successful 

design of each of the diagnostics [7]. 

 

 
 

Figure 6: Different X-ray beam characteristics. 

2.1.3 Image capturing 

Light particles such as electrons interact and they have random 

trajectories. Depending on their energy, they can deposit energy 

through three interactions: photoelectric effect, Compton scattering and 

pair creation. Thus, basic imaging systems operate by converting one 

particle type to another. These 'direct' or 'indirect' detection systems can 

be used at varying energy levels and are configured to operate across a 

number of sampling interfaces. Consider what happens in X-ray 

imaging system, within an X-ray tube, where electrons strike a metal 

target thus producing X-ray. After passing through the object, the X-ray 

strikes a vacuum tube detector known as an image intensifier. Here, the 

X-rays are subsequently converted into light photons, then electrons, 

and then back to light photons [7]. These light photons enter the camera 

where they are converted into electrons in the well of a CCD. In each of 

these intermediate forms, the image is represented by a finite number of 

particles, which results in the addition of noise. When measuring the 

light signals, the three primary sources of noise in a CCD imaging 

system are photon noise, dark noise, and read noise, and all of this is 

able to cause a certain amount of signal noise, which must be considered 

in the final SNR. 
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2.1.4 Dosimeter  

Dosimeter is the act of measuring or estimating radiation doses and 

assigning those doses to individuals. This monitoring method is used 

when a person occupies an area with a known concentration of 

radioactivity or a known radioactive field, for a known period of time. 

Dosimeters are used in radiotherapy, the calibration of the X ray tube 

output and its linearity with a tube current or a tube current–exposure 

time product, reproducibility, and the calculation of dose distributions 

and the dose delivered to the target volume. In addition, there are 

special requirements for the calibration of such instruments, and a 

higher accuracy, in a similar manner to the accuracy of dosimeter 

measurements in radiotherapy, is required for cases where deterministic 

effects are expected. Those measurements are traceable to national or 

international standards which have been programmed.   

2.1.5 Signal to noise ratio  

Images are often degraded by noise. Noise can occur during image 

capture, transmission, etc. and is usually quantified by the percentage of 

pixels which are corrupted. It is the result of errors in the image 

acquisition process that results in pixel values that do not reflect the true 

intensities of the real scene. These errors will appear on the image 

output in different ways depending on the type of disturbance and 

errors may be expected to occur in the image. Both science and 

engineering are involved in comparing the level of a desired signal to 

the level of background noise which is used to measure the signal-to-

noise ratio, often abbreviated to SNR or S/N. The signal-to -noise ratio is 

the ratio between the desired signal and the unwanted background 

noise. The mathematical method used to compare the signal and noise 

levels for a known signal level, is illustrated as:  

       
Expressed in a logarithmic basis using decibels:  

  
While this measure is sufficient for comparing the relative sensing 

quality of one implementation to another, the result of this calculation 

should not be used to set and maintain thresholds. A means of 

estimating noise on a single image used in MATLAB might be taken by 

reconstruction filter of the image (which reduces impulsive noise) and to 

subtract the original image from it. This difference would be an estimate 

of the noise. 
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2.2 Computer Tomography 

Basically Computer Tomography (CT) scans are a special type of X-ray 

procedures achieved by combining numerous X-ray images from 

different angles and using a computer to put them together. The 

principle of the computed tomography is to take projections of the 

sample at many different angles; the set of all projections of the 

structure along each line parallel to a given direction denotes one 

projection of the object, but many projections are required to provide a 

good quality reconstruction image. On the other hand, the industrial 

counterpart of computer-aided tomography, or CAT scanning, uses x-

rays to penetrate the body and produce a 3D image for the region of 

interest. The differences between CT and CAT scans lie in the x-ray 

energy, machine configuration, and data reconstruction algorithms. The 

main components of a CT scanner are an X-ray source, detector and 

rotated system and the most important artefacts in a CT image are 

related to beam hardening. Ideally, the X-ray beam should be parallel 

rather than a fan beam or cone shape as this always offers satisfactory 

projection constraints in relation to both qualities, or quantities and an 

analysis of internal features. CT scanner technology today is used not 

only in medicine but also in many other industrial applications fields 

such as, image processing, statistical data security, biplane angiography, 

graph theory, crystallography, soil core analysis, and Neutron Imaging 

etc [7]. It is possible to introduce too much information as the inside of 

the object reveals so much that everything begins to have the 

appearance of an anomaly, The energy of an X-ray is approximately 

120 kV and any X-ray passing through an object is subject to attenuation 

either in photo electric absorption or due to computer scattering. On the 

opposite side of the volume is a dosimeter which measures the amount 

of ionizing radiation which reaches it. This allows for the determination 

of the attenuation of individual beams as they pass through the volume. 

It also offers the possibility of measuring the interior reaction, damage, 

and the detection of assembly errors. Everything inside, including the 

hidden part, as well as all external features surface can be seen by using 

a colour map that shows deviations from both the internal and external 

parts [7]. 

 

 



 

Figure 7: System configuration

2.2.1 Acquisition of the CT image

The operational details of a modern multislice

high-resolution anatomic imaging capability of a CT im

defined as a two–dimensional function, where f(x,

point (x ,y), which is called the intensity or gray level of the image at 

that point. (x ,y) is divided into

of a row and a colum

classified into a class

within particular range can be obtained using Thres

involves testing against a function T for a 

p(x,y) denoting some local property of this 

defined as;  

depends on both f(x,y) and p(x,y) and 

which is:   

The intensity of an x-

source, Io, the absorption coefficient, μ, and length, l is:
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ystem configuration. 

cquisition of the CT image 

The operational details of a modern multislice CT scanner provide the 

resolution anatomic imaging capability of a CT image and may be 

imensional function, where f(x,y), is the gray level of 

is called the intensity or gray level of the image at 

,y) is divided into N rows and M columns. The intersection 

of a row and a column is termed a pixel and these pixels can be 

o a class, whose values for intensity or a colour

within particular range can be obtained using Thresholding whic

involves testing against a function T for a gray level of point (x,y) and 

g some local property of this point and whi

 Where T is the threshold image, T 

on both f(x,y) and p(x,y) and can be defined as a functi

 
-ray beam is dependent on the intensity of the 

source, Io, the absorption coefficient, μ, and length, l is: 

                                            

 

CT scanner provide the 

age and may be 

e gray level of 

is called the intensity or gray level of the image at 

M columns. The intersection 

n is termed a pixel and these pixels can be 

colour value 

holding which 

gray level of point (x,y) and 

point and which can be 

T is the threshold image, T 

can be defined as a function g(x,y) 

ray beam is dependent on the intensity of the 



 

Where I(x,y) is the beam intensity at position x,y. Careful measurements 

of the x-ray transmission through a subject sho

positions, and one means of ach

reconstruction from projection analysis which is applied to 

projections. p(x,y), is the log of the intensity ratio, and is obtained by 

dividing the value of  Io and then taking the natural log

 

A single beam path at an angle θ, 

     

The projection of the fixed angle at a single line 

    

If the beam is displaced by a 

perpendicular to θ: 

Then it becomes possible to describe the projection for the 

of parallel paths as [7]

       
 This equation is called the Radon transform and 

                   (r)=
 Thus, the inverse Radon transform 

2.2.2 Advantages of industrial CT  

• Accuracy is guaranteed by using a new level of CT scanning 

technology.  

• Internal complex part feature can 

destructive testing

• Inspection and analysis component

• Development 

• Product quality is improved 

• Wall thickness analysis

• Image processing functions al

mensions, areas, densities and composition distributions
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) is the beam intensity at position x,y. Careful measurements 

ray transmission through a subject should be taken at many 

and one means of achieving this goal is the process of 

reconstruction from projection analysis which is applied to all of the 

projections. p(x,y), is the log of the intensity ratio, and is obtained by 

dividing the value of  Io and then taking the natural log [7]: 

 

ingle beam path at an angle θ, is defined as: 

                                                            

e fixed angle at a single line is:  

                                          

displaced by a distance, r, from the axis in a direction 

                                     
comes possible to describe the projection for the whole family 

[7]: 

called the Radon transform and can also be written as:

(r)= [ (x,y)]                       
the inverse Radon transform is defined as:  

                                                       
 

Advantages of industrial CT   

Accuracy is guaranteed by using a new level of CT scanning 

Internal complex part feature can be precisely measured without 

destructive testing.  

Inspection and analysis component.  

Development costs are reduced in creating the model.  

quality is improved to reduce the risk of recalls

all thickness analysis. 

mage processing functions allow for easy measurement of d

mensions, areas, densities and composition distributions

 

) is the beam intensity at position x,y. Careful measurements 

uld be taken at many 

this goal is the process of 

all of the 

projections. p(x,y), is the log of the intensity ratio, and is obtained by 

                                                             

                                           

distance, r, from the axis in a direction 

whole family 

   
can also be written as:      

                                                        

Accuracy is guaranteed by using a new level of CT scanning 

be precisely measured without 

 

to reduce the risk of recalls.  

low for easy measurement of di-

mensions, areas, densities and composition distributions. 
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Table 1: Comparisons between ct versions. 

 

 

 

 

 

 

 

 

 
  

Generation  No  Detector  Motion Time/imag

e  

 image projection 

First Single 

radiation 

detector 

Translate-

rotate  

Five 

minute 

image time 

 

Single image 

projection 

Second Multiple 

radiation 

detectors 

Translate-

rotate 

30 s 

imaging 

 

Multiple image 

projections 

Third several 

hundred 

radiation 

detector  

 

360 degree 

rotate-rotate 

5 s or less  

Hundreds of 

image 

projections 

Fourth Several 

thousand 

stationary -

stationary   

1 s or less. Several image 

projection  

Fifth electron 

beam is 

produced 

in a 

vacuum 

pumps 

Stationary-

stationary 

50 - 

millisecond 

scan 

17 CT slices each 

second 
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2.2.3 Medipix detector  

 

The Medipix device is a silicon pixelated detector designed by CERN for 

the detection of different types of radiation. The microelectronics group 

at CERN has been designing hybrid pixel detectors since 1990; the 

original Medipix1 has been followed at the present time by Medipix2, 

Timepix and Medipix3. Thus the detector is now perfect for the 

measurement of various radiation fields, even at very low intensity. The 

optimization of this method has now opened up new applications in the 

field of conventional X-ray imaging to be the same as for material 

recognition and other applications. However, gradual improvements in 

the field of microelectronics have caused there to be significant advances 

and have made it possible to detect photoelectrons where single 

radiation quanta are detected, with excellent single-photon resolution, 

high-rate tolerance, high position and time resolution. The Medipix 

family use on-pixel pulse processing, digitization and counters to 

produce images of radiation, which is based on CMOS microelectronics 

[7]. All the Medipix family detectors are of a flip-chip pixel type, using 

the bump bond technique which can function as an independent 

detection element. The first version of the Medipix chip, based on the 

detection of photoelectrons, was constructed in 1998 for imaging 

applications and the second version, Medipix-2, was built in 2001. With 

the advances in the CMOS detector, which now has a high dynamic 

range and, in principle, no intrinsic detector noise, the energy threshold 

in each pixel for the registration can thus be set within a controlled 

window by means of a selectable threshold as a low energy threshold 

(THL) and a high energy threshold (THH). Both are set as values of the 

digital-to-analogue converter (DAC) on the chip, when the signal 

comparator thresholds are properly tuned and are fed with precise 

information on the deposited energy in each pixel. The Medipix 

detector, essentially, provides noise-free measurements, since the energy 

threshold level can be set well above the noise level of the pixels. The 

Timepix detector is a variant of the Medipix2 detector, which, among its 

other features, can measure the time-of-flight of an impinging particle 

on the pixel level during the same measurement, by using a time 

resolution. The new detection system, Medipix3, combines high spatial 

resolution imaging with direct imaging capabilities, a mass-independent 

detector response and a high dynamic range. 
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2.3  Medipix3 

Medipix3 is very attractive as a basis for the development of a radiation 

field and is based on the complementary metal oxide semiconductor 

(CMOS) pixel and a readout chip which was developed with them in 

order to reach the maximal spatial resolution, at CERN [7]. It was 

developed as the successor for the Medipix2 detector, designed to be 

connected to a segmented semiconductor sensor with a high dynamic 

range which is able to be configured by means of a single X-ray photon 

detection. It can provide electronic-noise free and fine grained colour X-

ray images which have high contrast. The detector is fully linear within 

the entire photon range. It is such that, either the dimensions of each 

detector pixel match those of one readout pixel or that the detector 

pixels are 4 times greater in area than the readout pixels and the 

response of all pixels can be equalized by controllable adjustment bits. 

This issue relating to excellent resolving power also provides excellent 

data which is over a limited angular range and which also offers ease of 

data acquisition and data processing with the high spatial resolution. A 

pixel cell has been developed containing a 4-bit DAC each for the 

threshold adjustment and in which each pixel contains comparators, 

logic circuits and two 15-bit counters. The Medipix detectors were 

mounted on an x-y translation stage, which could be remote-controlled. 

An additional rotating object could be rotated instead of moving the X-

ray source. It was possible for radiation to come from any direction and 

it is also possible to monitor and evaluate the detailed properties of the 

radiation fields produced in a typical radiation area. The Medipix device 

is attached to a water cooling system thus ensuring temperature 

stabilization within 0.1 °C accuracy so as to avoid Medipix non-linear 

behaviour against temperature changes [7].  
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Figure 8: Devices from the Medipixl family prove to be an excellent tool for 

measurement and characterization of complex radiation fields. 

 

 
Table 2: Overview over Medipix-1, Medipix-2 and Medipix-3 devices 

 

Properties Medipix-1 Medipix-2   Medipix-3 

Number of 

pixels 

64*64 256*256 512*512 

Pixel size 170 ×170 mm 55 micro meters. 55μm x 55μm 

CMOS process 1μm 0.25μm 0.13μm in an 

8metal 

Counter depth  15 bits 13 bits 15 bit 

Number of 

thresholds 

1 2 4 

Transistors per 

pixel.   

400 transistors 500 transistors 8x8 matrix of 

pixels  

Each pixel 

contains around 

1100 transistors 

Sensitive area 1.18 cm2  1.98 cm2 0.13 μm 

Properties   very high 

signal-to-noise 

ratios  

High sensitivity, 

large dynamic 

range 

and low contrast 

detect ability 

 improve the 

energy resolu-

tion in pixelated 

detectors 
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2.4 Illustrations 

The use of image criteria in the evaluation of image quality in CT was 

recommended by the European Commission in their document EUR 

16262. Producing high quality images in CT is important for image 

interpretation and to obtain the maximum diagnostic information from 

the images. When discussing CT image quality, the interest is actually in 

how a CT image represents the actual object scanned; the most 

important quality factor is image sharpness. The contrast, noise, 

resolution and other factors are strongly dependent on the image 

brightness and radiation dose [7]. The main concern in this case is in 

relation to two main features, namely, detail such as high-contrast 

resolution and secondly contrast or low-contrast resolution. 

When those investigating a CT image obtain lists of objects their queries 

require to be of a significant quality in order for them to be investigated 

as choices must be made in relation to which items should be pursued. 

Objective image quality can be classified according to the availability of 

an original (distortion-free) image, with which the distorted image is to 

be compared. On the other hand, some structural information from the 

original image is permanently lost during compression and the because 

of blurred images and these thus offer lower quality which causes an 

additional loss of data and is most likely to produce a decoding failure if 

the lost data is not retransmitted. There is no generally objective quality 

measure for CT images, but a search was made on accepted spatial 

resolution. High contrast spatial resolution is influenced by factors 

including:  

• System geometric resolution limits – focal spot size, detector width 

and ray sampling.  

• Pixel size.  

• Properties of the convolution kernel/mathematical reconstruction 

filter. 
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3 Methodology / Model 
This chapter describes the materials and methods that are necessary to 

create a tomography reconstruction from raw data. The variable m is the 

number of rows for each slice, n is the number of columns for each slice; 

N is the number of slices. The MATLAB software was used to develop 

image-processing algorithms. Procedures were developed to produce 

informative 3-D reconstructions. 

A sequence of 2D slices obtained from CT scanners is reconstructed into 

a 3D volume model. Imaging machines have a resolution of a scale of 

millimetres so that they are able to deal with many details which are 

important for scientific purposes and the interior information about a 

data set were projected and were able to be processed. Along the ray 

path from each screen pixel, interior data values are examined and 

encoded for display. In order to better understand the data being 

visualized using the volume rendering methods, it can also be rotated to 

allow a viewing of the reconstruction from different angles. The 

reconstruction of the original image can be denoted by combining all of 

the subset of filtered images [7]. The start begins with pre-processing the 

image in order to remove noise and to enhance the contrast so as to 

make it suitable for further processing. A smooth filter was used for 

noise removal. Following this, the texture features are extracted from 

the pre-processed image and a threshold is applied to yield a binary 

image an object-parallel approach; tasks are achieved by partitioning the 

associated object space which is then regularized to provide the final 

motion map.  

 

 

 

 

 

 

 

 

 

 



 

 

 
Figure 9: Design flow chart
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esign flow chart 
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3.1 Smoothing filter  

Noise removal is an important task in image processing. The filter 

function is shaped so as to attenuate some frequencies and enhance 

others and Smoothing Spatial Filters are used for blurring images and 

noise reduction. Noise reduction can be accomplished by blurring with 

linear filters or non-linear filters. The function that performs the 

filtration has been programmed specifically for removing the noise 

produced by this modality. The removal of noise is achieved by 

convolving the original image with a mask that represents a low-pass 

filter or smoothing operation. In general, a smoothing filter sets each 

pixel to the average value.  In smoothing, the data points of a signal are 

modified so that individual points that are higher than the immediately 

adjacent points are reduced, and points that are lower than the adjacent 

points are increased. Thus, the application of a smoothing filter 

generally assumes that the signal is dominated by low-frequency. There 

are three principal effects involved in applying a smoothing filter to 

multivariate data. The most obvious effect is a reduction in the noise 

magnitude; the filter will also attenuate any high-frequency components 

of the noise-free signal. Correlated noise can be considered to be a 

deleterious effect, because many multivariate analysis techniques are 

based on the principle level of correlated noise. However, the third 

effect of the smoothing filter application is more difficult to quantify in a 

general way. In the opinion of the author, in relation to the smoothing 

filter, there has been a great deal of progress and sophisticated strategies 

have been evolved in order to obtain good smoothing with reasonable 

performance. The proposed algorithm, which has been implemented, 

sets the size of the convolution kernel (default is [3 3 3]). 

3.2 Clustering  

Image segmentation is the process of dividing an image into parts that 

have a strong correlation with objects or areas of the real world. In 

segmentation, an image is divided into separate regions that are homo-

geneous with respect to a chosen property such as brightness, colour, 

texture, etc. These regions are sets of pixels also known as super-pixels 

and they can be extracted with a segmentation algorithm [7]. Clustering 

is a method used for the segmentation of the image, which involves 

subtracting the foreground from the background to provide the cor-

rected data. Characteristic feature threshold or clustering is one of the 

widely used methods for image segmentation in order to extract the 

objects from the background. It is ineffective in image segmentation 

because it does not take spatial information into consideration and 

unlike other methods it allows a region to grow and thus boundary 

detection is based on Sobel, Perwitt and Laplacian methods. These are 
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suitable in this regard as they are simple and noise free. A clustering 

technique is based on the use of an approximate matrix which indicates 

the similarity between a pair of data points and which is then repre-

sented as the nested group. Another cluster category involves the parti-

tioned algorithm, which is based on intensity. This project used a parti-

tioned algorithm which was dependent on intensity. The Partitioned 

Principle is assigned to each pixel in order to determine whether it 

belongs to the foreground or the background pixel using local informa-

tion around the pixel. In order to reduce the complexity of the obtained 

data a gray level image can be converted to a binary image. The most 

common way to convert to a binary image involves selecting a single 

threshold value (T) which then uses the intensity characteristics of the 

objects and their sizes. After this, all the gray level values below this T 

will be classified as black (0), and those above T will be white (1). The 

binary image should contain all of the essential information about the 

position and shape of the objects of interest (foreground). These tech-

niques improve people’s ability to accurately search for target items. 

                

 
 

 
Figure  10: Illustrated partitioned algorithm which was dependent on intensity. 
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3.3 Interpolation method 

The interpolated values are weighted using a normal distribution with 

its expectation value at the estimated position of the edge. For a given 

angle, the source and detector would be rotated slightly to the next 

angle and a new projection data set scanned. This is calculated from the 

estimated centre and a typical width [7]. 

3.4 3-D reconstruction  

3D image reconstruction of an object is made using the Single Photon 

Emission Computed Tomography. The camera system rotates around 

the object, acquiring projection images from evenly spaced angles. The 

system produced ideal projection images, and it may acquire the images 

while moving continuously or may stop at predefined angles to take the 

images. Each projection image is stored in a row and then the next 

projection image is also stored in the same file in that row [7]. The 3D 

position of a point can be reconstructed from two or more observations 

and it is often the case that three dimensional objects are required to be 

reconstructed from slices in series of images, and where each series 

represents a scan from another angle. This scanning procedure would be 

repeated for the angular range of interest. The use of small scales can be 

associated with the enhancement of noise, while larger scales may select 

background structures. The 3D reconstruction is performed on pairs of 

points as previously described. Reconstructs the image from projection 

data in to two-dimensional, used parallel beam projection data. The 

image reconstruction is normally performed with filtered back 

projection or iterative algorithms [7].  For 3D reconstruction, the 

Reprojection and Filtered Back-projection (3D-RP) method has been the 

most popular, and this has led to the development of 3D reconstruction 

algorithms. Interpolation is necessary during the back projection; we 

used linear interpolation. 
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Figure 11: Parallel-Beam Projections through an Object. 

 

Reconstruction process 

• The process is done as the following way.  

• First, all the projections are filtered in the frequency domain.. 

• After filtering, each projection is smeared back (or back projected) 

over the entire image. 

• The next projection is rotated by the appropriate angle and back 

projected over the entire image. Then, it is added to the first one 

• After completing the procedure for all projections, the 

reconstruction will arise 
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3.5 Volume rendering 

Volume rendering is a method for visualizing a three dimensional data 

set. It has the potential to greatly advance the field of 3D graphics by 

offering a comprehensive alternative to conventional surface 

representation methods. A volumetric dataset consists of a 3-

Dimensional array of numbers that represent a certain measurement 

made at each element location within the 3-D space and which create a 

volume rendered object from the 3-D data. Volume rendering can 

produce informative images that can be useful in data analysis, but a 

major drawback associated with the techniques involves the time 

required to generate a high-quality image. Several volume rendering 

optimizations are developed which are able to decrease rendering times. 

Rendering processing does not depend on the object’s complexity or 

type but merely depends on the volume resolution. The user must 

ensure that all the files required for rendering a particular image, such 

as texture files and ‘.inc’ files are included within the same directory. 

The user is allowed to specify the size of the image to rendering 

addition to the name of final resulting image. To increase the volume 

rendering resolution, the vol3dtool should be used for editing the colour 

map and alpha map.  

 

3.6  Gray scale colour map. 

A very useful feature of MATLAB is its ability to generate high quality 

two- and three-dimensions using simple and flexible commands and 

this image can be displayed on a wide variety of outputs such as 

graphic, surface or colour image. In this case, serialized parallel-beam 

projection data has been taken and reconstruction performed with the 

image size 512x512x512 for angle resolution. 3D colour-coded 

displacement maps allowed for both the visual and quantitative 

assessment of growth and treatment changes and will output a partial 

pixel data stream which is necessary to view the dataset from the 

continuously changing positions in order to provide a better 

understanding. The data being visualized convert values to be colour 

coded to provide information about the width of the interval and the 

minimum value. MATLAB supports a number of colour maps; and it is 

possible to select a different colour map using the Standard gray scale 

colour map submenu. 
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4 Results 
The results presented in this case are useful to act a guide in relation to 

the design of particular algorithms and the additional complexity 

involved. This thus offers consideration to more general performance 

reconstruction from a projection. The reconstruction process consists of 

complex algorithms that transform the stack of 2D X-ray images into a 

3D model, As a result, the accuracy of the reconstruction has a 

significant impact on the quality of the output 3D . The CT model can be 

manipulated in real time 3D, and it is also possible to slice through in 

any direction for internal inspection. In this case, the data set used from 

[7] consisted of ‘.txt’ files and involved 512 by 512 pixels. Many 

MATLAB functions have been applied in true 3D processing. By 

processing each of the 2D images with advanced algorithms, it is 

possible to create an empty space for 3D volume. A reconstruction 

operation must be implemented in order to obtain a 3D image from 

these projections. On each image, all the pre-processing operations were 

performed through the pixels. Each pixel's x and y coordinate on 2D will 

be transferred to the empty space. For the z coordinate, it is possible to 

use the slice number with respect to the distance between each slice if a 

pixel is adjacent to another pixel, and thus the 3D points will be 

connected together (512x512x51). Adjacent images in the sequence can, 

however, be expected to have a significant overlap, and thus many 

points are visible in both images. Based on this representation, an object 

can then be rendered from any given viewpoint, of 3D (512x512x512). 

This is an efficient program as it accelerates the process and increases 

the speed of the 3D CT reconstruction. The complete process takes about 

40 sec if resized (256x256x256), and one minute for (512x512x512). 
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Figure 12: Representation, object can then be rendered from any given viewpoint.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 13: The complexity of a three-dimensional reconstruction results are shown 

in different angle. 
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Figure 14: Displaying 3D images has the ability of rotation and viewing the 

reconstruction from different angle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 15: Displaying 3D images has the ability of rotation and viewing the 

reconstruction from different angles. 
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Figure 16: MATLAB supports a number of colour maps; you can select a different 

colour map using the Standard Colour maps submenu .all images in demos are gray 

image. 

Gaussian filter  
The first tests associated with this project examined some alternative 

MATLAB filters to see they offered any computational efficiency. Par-

ticularly Filters suppressed noise as well as deblurred and sharpened 

the image. In this way, filters can greatly improve the image resolution 

and limit the degradation of the image. But before we show computa-

tion of result, we need to understand some basic filter theory. The filter 

name is one of the averages, disks, Gaussian, Laplacian, log, motion, 

Perwitt, Sobel and unsharp filters; that is the parameters related to the 

specific filters used each time. We have seen that smoothing filters 

which are preferred reduce noise. However, the underlying assumption 

is that the neighbouring pixels represent additional samples of the same 

value as the reference pixel; there are also nonlinear neighbourhood 

operations that can be performed for the purpose of noise reduction of 

preserving edges. The tests indicated that the computational time and 

complexity was produced by applying, Gaussian filter is very effective 

in the reduction noise, but is generally perceived as not fit for medical 

image processing, and slow. 
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Figure 17:  Image boundaries should be well preserved. This means that the 

boundary should not be blurred or sharpened. 

 

 
 

Figure 18:  Illustration, Gaussian filter is very effective in the reduction noise.    
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Figure 19:  To compare the reconstruction accuracies; were produced by applying, 

Gaussian filter, So by choosing an appropriately sized Gaussian filter we can be 

fairly confident the image after filtering. 
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5 Conclusions / Discussion 
Micro computed tomography (micro-CT) is primarily the same as 

standard CT apart from the fact that it uses a micro focus tube instead of 

a traditional tube. The operation of a CT system is in three parts: 

scanning the item, processing of the scan data to yield a digital image 

(reconstruction), and analysis or interpretation of the image. The 

capability of this technology provides the ability to perform 

reconstructions of complete 3D models with billions of voxels in just 

seconds. This opens the door for numerous new applications including 

3D reverse engineering, rapid prototyping, and 3D metrology. 

Systematic actions are necessary in order to provide the quality in 

relation to the entire diagnostic process and confidence in the results 

depends on the equipment performance being optimum. The different 

radiation types have different characteristic shapes and it is possible to 

use this information for very effective background suppression with 

regards to most metal detection applications. Fully three dimensional 

CT information allows for many possibilities for analysis, non-

destructive visualization of slices, arbitrary sectional views, or 

automatic pore analysis. However, the greatest benefit is the ability to 

obtain the internal structure of the object and the possibility to change 

tolerance values and the colour code for a specific application. 

  Future work....    
• In future. Calculate real thickness of each sample must be deter-

mined by measuring its area and weight, then you can calculate 

real distribution threshold, in order to identification material ac-

cording to the periodic table. 

• Physical composition for sample, it is important to optimize the 

amount of projection magnification.  

• By using material identification we can study complex electronic 

circuit. 
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Appendix A: Documentation of own 
developed program code 
 

clc; 
clear all; 
close all; 
%loads Medipix data 
files = dir('*.txt'); 
data = cell(length(files));    
for ii = 1:length(files) 

 
    data{ii} = load(files(ii).name); 

     
end 
%===================stacking and display===================== 
data = cat(3,data{:}); 
for i = 1 : size(data, 3) 
figure(1),imagesc(data(:,:,i),[50,150]), 

title('original images'); 
  drawnow,pause(.1); 
end 

 
 %=======================preparation data======================= 
     n=51;%number of images   
     data=(imresize(data, 0.5));% resize data 
     data=mat2gray(data,[125,25]); % convert to gray Scale 
     data = smooth3(data,'box',5);%%Smoothening of original data 

 
%==apply threshold to extract object from background=========’ 

 
m = length(data); 
z = zeros(m,m,n);  
for k = 1:n  
    y(k) = graythresh(data(:,:,k));% convert an intensity image 

to a binary image 
    data1 = data(:,:,k);  
    x = im2bw(data1,y(k));  
    z(:,:,k) = x(:,:);  
    for i = 1:m  
        for j = 1:m  
            if z(i,j,k) > 1;  
                z(i,j,k) = 0;  
            else z(i,j,k) = 1;  
            end  
        end  
    end  
end   

 

 

 

 

 



 

44 

data1=zeros(m,m,n);   

for k = 1:n  
    data1(:,:,k)=data(:,:,k).*z(:,:,k);  
end  
%==============smoothening object after threshold============ 

  
data1 = smooth3(data1,'box',5);%Smoothening object  

 
for i = 1 : size(data1, 3) 
     figure(2),imshow(data1(:,:,i),[]),title('extract object '); 
     drawnow,pause(.1); 
end 

 
%=========== iradon transformation (back projection)============ 

  
rec3=zeros(256,256,256); 
for x=1:256 
       R =squeeze(data1(:,x,:));%  The next projection is  

rotated by the appropriate angle and back projected over the 

entire image 
       rec3(:,x,:)=iradon(R,[0: 270/n: 270-(270/n)],'linear' , 

'Hamming', 1.0, 256); 
end 
rec3 = smooth3(rec3,'box',5); 

  
%================volume rendering============================== 

figure('color','k'),title('3D image '); 
% Perform volume rendering 
h = vol3d('cdata',rec3,'TEXTURE','3D'); 
 view([-124,20]) 
axis equal;                                                                       

% Re-render the image 
vol3d(h); 
% Grey-scale colourmap. 
colormap(jet); 
% A very good alphamap 
alphamap('rampup'); 
alphamap(.02 .* alphamap); 
% Turn off axes 
axis equal off 

 
function [model] = vol3d(varargin) 

  
if nargin == 0 
    demo_vol3d; 
    return 
end 

  
if isstruct(varargin{1}) 
    model = varargin{1}; 
    if length(varargin) > 1 
       varargin = {varargin{2:end}}; 
    end 
else 
    model = localGetDefaultModel; 
end 

  
if length(varargin)>1 
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  for n = 1:2:length(varargin) 
    switch(lower(varargin{n})) 
        case 'cdata' 
            model.cdata = varargin{n+1}; 
        case 'parent' 
            model.parent = varargin{n+1}; 
        case 'texture' 
            model.texture = varargin{n+1}; 
        case 'alpha' 
            model.alpha = varargin{n+1}; 
        case 'xdata' 
            model.xdata = varargin{n+1}([1 end]); 
        case 'ydata' 
            model.ydata = varargin{n+1}([1 end]); 
        case 'zdata' 
            model.zdata = varargin{n+1}([1 end]); 
    end 

     
  end 
end 

  
if isempty(model.parent) 
    model.parent = gca; 
end 

  
[model] = local_draw(model); 

  
%------------------------------------------% 
function [model] = localGetDefaultModel 

  
model.cdata = []; 
model.alpha = []; 
model.xdata = []; 
model.ydata = []; 
model.zdata = []; 
model.parent = []; 
model.handles = []; 
model.texture = '3D'; 
tag = tempname; 
model.tag = ['vol3d_' tag(end-11:end)]; 

  
%----------------vol3d -------------------% 
function [model,ax] = local_draw(model) 

  
cdata = model.cdata;  
siz = size(cdata); 

  
% Define [x,y,z]data 
if isempty(model.xdata) 
    model.xdata = [0 siz(2)]; 
end 
if isempty(model.ydata) 
    model.ydata = [0 siz(1)]; 
end 
if isempty(model.zdata) 
    model.zdata = [0 siz(3)]; 
end 
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try 
   delete(model.handles); 
catch 
end 

  
ax = model.parent; 
cam_dir = camtarget(ax) - campos(ax); 
[m,ind] = max(abs(cam_dir)); 

  
opts = {'Par-

ent',ax,'cdatamapping',[],'alphadatamapping',[],'facecolor','tex

ture-

map','edgealpha',0,'facealpha','texturemap','tag',model.tag}; 

  
if ndims(cdata) > 3 
    opts{4} = 'direct'; 
else 
    cdata = double(cdata); 
    opts{4} = 'scaled'; 
end 

  
if isempty(model.alpha) 
    alpha = cdata; 
    if ndims(model.cdata) > 3 
        alpha = sqrt(sum(double(alpha).^2, 4)); 
        alpha = alpha - min(alpha(:)); 
        alpha = 1 - alpha / max(alpha(:)); 
    end 
    opts{6} = 'scaled'; 
else 
    alpha = model.alpha; 
    if ~isequal(siz(1:3), size(alpha)) 
        error('Incorrect size of alphamatte'); 
    end 
    opts{6} = 'none'; 
end 

  
h = findobj(ax,'type','surface','tag',model.tag); 
for n = 1:length(h) 
  try 
     delete(h(n)); 
  catch 
  end 
end 

  
is3DTexture = strcmpi(model.texture,'3D'); 
handle_ind = 1; 

  
% Create z-slice 
if(ind==3 || is3DTexture )     
  x = [model.xdata(1), model.xdata(2); model.xdata(1), mo-

del.xdata(2)]; 
  y = [model.ydata(1), model.ydata(1); model.ydata(2), mo-

del.ydata(2)]; 
  z = [model.zdata(1), model.zdata(1); model.zdata(1), mo-

del.zdata(1)]; 
  diff = model.zdata(2)-model.zdata(1); 
  delta = diff/size(cdata,3); 
  for n = 1:size(cdata,3) 
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   cslice = squeeze(cdata(:,:,n,:)); 
   aslice = double(squeeze(alpha(:,:,n))); 
   h(handle_ind) = sur-

face(x,y,z,cslice,'alphadata',aslice,opts{:}); 
   z = z + delta; 
   handle_ind = handle_ind + 1; 
  end 

  
end 

  
% Create x-slice 
if (ind==1 || is3DTexture )  
  x = [model.xdata(1), model.xdata(1); model.xdata(1), mo-

del.xdata(1)]; 
  y = [model.ydata(1), model.ydata(1); model.ydata(2), mo-

del.ydata(2)]; 
  z = [model.zdata(1), model.zdata(2); model.zdata(1), mo-

del.zdata(2)]; 
  diff = model.xdata(2)-model.xdata(1); 
  delta = diff/size(cdata,2); 
  for n = 1:size(cdata,2) 

  
   cslice = squeeze(cdata(:,n,:,:)); 
   aslice = double(squeeze(alpha(:,n,:))); 
   h(handle_ind) = sur-

face(x,y,z,cslice,'alphadata',aslice,opts{:}); 
   x = x + delta; 
   handle_ind = handle_ind + 1; 
  end 
end 

  
% Create y-slice 
if (ind==2 || is3DTexture) 
  x = [model.xdata(1), model.xdata(1); model.xdata(2), mo-

del.xdata(2)]; 
  y = [model.ydata(1), model.ydata(1); model.ydata(1), mo-

del.ydata(1)]; 
  z = [model.zdata(1), model.zdata(2); model.zdata(1), mo-

del.zdata(2)]; 
  diff = model.ydata(2)-model.ydata(1); 
  delta = diff/size(cdata,1); 
  for n = 1:size(cdata,1) 

  
   cslice = squeeze(cdata(n,:,:,:)); 
   aslice = double(squeeze(alpha(n,:,:))); 
   h(handle_ind) = sur-

face(x,y,z,cslice,'alphadata',aslice,opts{:}); 
   y = y + delta; 
   handle_ind = handle_ind + 1; 
  end 
end 

  
model.handles = h; 

  
function demo_vol3d 
figure; 
load mri.mat 
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vol3d('cdata', squeeze(D), 'xdata', [0 1], 'ydata', [0 1], 

'zdata', [0 0.7]); 
colormap(hot(256)); 
alphamap([0 linspace(0.1, 0, 255)]); 
axis equal off 
set(gcf, 'color', 'r'); 
view(3); 

 

 

 


