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ABSTRACT 

The present work focuses on the Recovery of CT images from truncated projections. Truncation 

artefacts occur when an object gets extended out of the scan field of view of the scanner. A new method has 

been proposed to perform good CT reconstruction from two incomplete scans of a large object. The recovery 

method includes direct FDK reconstruction from truncated projections, cropping of ROI data from reconstructed 

images from truncated projection and minimum Euclidean distance based image stitching of ROI images. After 

that various image quality parameters have been determined to ensure the good quality of the recovered CT 

image. 
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1. INTRODUCTION 

Computerized Tomography (CT) is a powerful tool to investigate the internal 

structure of samples and CT is used widely in medical and non medical diagnostics field [1- 

4].The promising feature of CT image reconstruction gets shady when it faces the truncation 

problem of projection data. A large object gets out of the view field of the scanner [5] and the 

projection data gets truncated. This issue can be resolved by collecting two sets of “truncated 

data” for the specimen. The truncation situation is represented in Fig. 1.  

 

 

Fig. 1: Truncation CT scan Set-up at the Initial Point  

There are some conditions which must be satisfied to reconstruct image from a stack of 

projection data [6]. The conditions are: a) projection data are obtained from various directions 
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with equal angle intervals for a total of 180 degree, b) equally spaced projection data are 

obtained for all projections, c) projections must cover the whole object and d) any discrete 

point in the cross section of the object must give its value to the projection data in any 

discrete angle. Data truncation violates condition no "c" and hence the artefacts. There are 

two things which contribute to the truncation artefact, these are a) sudden discontinuity or 

cut-off of the projection which produces high frequency spurious oscillation in the 

tomographic image and amplitude for that oscillation is proportional to the magnitude of 

discontinuity and b) the narrow convolution kernel of the Radon formula. Our aim is to 

recover a good quality CT image from images obtained from truncated projections.  

 

2. LITERATURE REVIEW 

The Correction of the truncation projection from hardware point of view needs to 

extend the detector plane and this is very much cost prohibited. Experts in medical imaging 

area have reported some algorithms to encounter the truncation artefacts. Kinhan and Rogers 

[7] recovered the unmeasured region of a single projection by obtaining the line integral of 

the image, reconstructed from truncated data sub set. Drawback of this method is high 

computational load and need of massive memory [8]. Manglos [9] used iterative Maximum 

Likelihood Technique with cone beam geometry to remove the truncation artefact. This 

method is only useful when amount of truncation is low. Kudo et.al [10] derived a correction 

term (known as boundary term) from Grangeat’s formula for truncated helical projections in 

the year 1998. Zoy, Pan and Sidky [11] reconstructed the Region of Interest (ROI) image 

from truncated projection. Adaptive Detruncating Method which utilises the extrapolation 

scheme for projection completion was proposed by Sourbelle et.al [12] in the year 2005, this 

method also fails for higher degree of truncation .Other existing methods like symmetric 

mirroring algorithm fails when there is high attenuating material. Sinogram interpolation 

technique departs the CT number significantly from the ground truth. The Projections on to 

Convex Set (POCS) methods fail to reconstruct satisfactory images when there are no 

suitable constraints in the domain [13]. 

Earlier simulation work for dual scan image recovery from truncated projections has 

been carried out by Sarkar et al. [14].The present work is geared towards developing an 

efficient way of reconstructing CT images from truncated data that is collected by industrial 

CT scanners.  

3. EXPERIMENTAL SETUP 

We have done two incomplete scans for each sample extending out of the Scan Field 

of View (SFOV) of the CT scanner. The truncation is in radial direction. The top view of the 

scan setup is represented in Fig. 2 with parallel beam X-ray geometry for better 

understanding. The lower portion of the object is out of the SFOV at the initial point in scan1 

and for scan 2 the upper portion of the object is out of the SFOV at the initial point. 
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                                                               (a)                                                     (b) 

 

Fig. 2: a) Truncated Scan 1, b) Truncated Scan 2 

Experiments have been carried out with Procon X-Ray CT mini machine[15, 16] 

installed at "Divyadrishti Prayogshala", IIT Kanpur. The CT system has an X-ray tube of 7 

micro meter focal spot. The detector part consists of flat panel detector of 1024 x 1024 photo 

diode detectors. The overall area of the detector is 12.1 x 12.1 cm
2
. The maximum allowable 

source to object distance for the CT setup is 46.64 cm. The detector makes a cone beam angle 

of 2 x 7.9
0
angles on the X-ray source. The source-detector system is fixed and the object 

holder has the ability of 360
0
 rotation. The SFOV is circular in nature. A photograph of the 

CT system and schematic diagram is presented in Fig. 3. Matlab version 2014a [17] has been 

used for the purpose of image processing. 

 

                          (a)                                                                           (b)  

Fig. 3: a) Procon X-ray CT mini, b) CT Scan Geometry 

4. PROPOSED METHODOLOGY 

The proposed recovery method includes the following steps  

Step 1: Direct FDK (Feldkamp-Davis-Kress) [18, 19] 2D image reconstruction from two sets 

of truncated projection data using Volume Player Plus image reconstruction software [20].  

Step 2:  The first 5% of the pixels from truncation boundary is affected by truncation noise. 

The next step is to rectangular cropping of those reconstructed images from step 1 along the 

truncation boundary to get ROI images I1 and I2.  
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Step 3: The images I1 and I2 have overlapping portions. Determine the row or column of the 

I2 image matrix, which has lowest Euclidean distance with the last row or column in the I1 

image matrix in the truncation direction. MATLAB in built command pdist2() has been used 

for these purpose. 

Step 4: Concatenate matrix I2 starting from previously determined row or column with I1 in 

the truncation direction using built in MATLAB command horzcat() or vertcat() for 

horizontal or vertical concatenation respectively. The concatenated image is our final 

recovered image. 

5. EXPERIMENTAL RESULTS 

The merit figure Nmax which is the maximum gray level value has been determined 

for the CT images. This 1/Nmax is an indicator of error in CT images and it is based on 

earlier works [21-24]. The Feature Similarity Index (FSIM) and correlation coefficient 

between the full scan reconstruction image and recovered image also have been determined 

[25]. 

A rectangular wooden sample has been scanned with the following experimental 

specification, voltage = 120 kV, current =100 µA, exposure time = 300mSec. The sample 

photograph, reconstructions from truncated projections, full scan reconstruction of the object 

and the recovered CT images are shown in Fig. 4 respectively. 

 

(a) 

 

 

                                         (b)                                                              (c) 
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                                         (d)                                                               (e) 

Fig. 4: a) Rectangular Sample, b) Reconstruction from truncated data set1, c) Reconstruction 

from truncated data set2, d) Full Scan Reconstruction, e) Recovered Image 

The 1/Nmax for both of the full scan reconstructions and recovered image, FSIM and 

Correlation values between the full scan reconstruction image and recovered image are listed 

in the Table 1.  

 

Table 1: Comparison of Recovered Image with Full Scan CT Image 

Parameter Full Scan Reconstruction Recovered Image 

1/Nmax 3.42 3.61 

FSIM 0.9337 

Correlation coefficient 0.9120 

 

6. CONCLUSION 

The proposed method has been tested for 20% lateral truncation. The rms distance 

value for the recovered image (with respect to the full scan reconstructions) is 0.006.The low 

values of rms distances along with the error indicator 1/Nmax indicate that the quality of the 

recovered images is comparable with the quality of the full scan CT image. The FSIM values 

and the correlation coefficients also assure that the recovered image is close match with the 

full scan reconstructed image. This establishes the fact that our proposed method reduces 

truncation noise successfully and quality of the recovered Image is good. 
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