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In this study, we describe the preliminary application for the delineation of a metal object using cone-beam 

reconstruction (CBR) based on limited electronic portal imaging device (EPID) projections. A typical Feldkamp, 

Davis and Kress (FDK) reconstruction algorithm accompanying the edge preserving smoothing filter was used 

as only a few projections are acquired for reconstruction. In a correlation study of the projection numbers, we 

found that the size of the seeds and their location depicted by these CBR images were almost identical. Limited 

views were used for CBR, and our method is inexpensive and competitive for use in clinical applications. 
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INTRODUCTION

  Recently, on-board cone-beam CT has been widely used for 

image-guided radiation therapy applications.
1-3)

 However, the 

scatter radiation can degrade the quality of a kilovoltage 

cone-beam computed tomography (KV CBCT) image due to 

the use of a larger flat-panel detector. Especially with the use 

of KV CBCT for metal object visualization, the effect of 

streak metal artifacts can be magnified in CBCT images. 

There are many metal artifact reduction techniques for KVCT 

images using segmentation,
4,5)

 filtering,
6)

 and sinogram sub-

traction.
7)

 However, the use of these techniques can be trouble-

some, because these works were case-by-case solutions for 

most clinical applications. A megavoltage cone-beam CT (MV 

CBCT) image may be a simple solution for reducing the se-

vere image artifacts in the region of high atomic number 

seeds. Descovich et al.
8)

 reported a localization method using 

MVCT scans, and these images were used to complement 

KVCT images where metal artifacts exist. However, the use of 

two complete imaging sets is not practical and the use of two 

complete imaging sets could increase the patient dose. 

  In this approach, using cone-beam reconstruction (CBR) 

based on limited electronic portal imaging device (EPID) pro-

jections, we could delineate a metal object for better 

localization.

MATERIALS AND METHODS

1. Experimental setup

  The KV cone-beam CT and EPID projection data was ac-

quired with a Trilogy linear accelerator (Varian Medical 

Systems, Palo Alto, CA USA) that was integrated in the on-

board imager (OBI). Instrumentation consisted of a kV-source 

and flat-panel combination mounted on the drum of a medical 

accelerator. The CBCT data was acquired in full-fan mode us-

ing the OBI system. The EPID based MV CBR experiments 

were performed with a 6 MV beam and a-Si flat-panel 

detector. The beam delivery was one monitor unit (MU) per 

image, with a 6-degree interval of gantry location.

  As the linear accelerator (linac) system included the KV 

CBCT imaging system and linac treatment beam at a 

90-degree gap, theoretically, the two image sets have a same 
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Fig. 1. EPID projection views from the test phantom at (a) 0
o
, (b) 45

o
, and (c) 60

o
.

isocenter coordinates. 

  The test phantom was used for evaluating our algorithm. 

Fig. 1 shows the EPID projection images at 0o, 45o, 60o from 

the test phantom. The size of the phantom was 50×50×50 

mm, and the diameter of the brass metal wire was 2 mm; the 

lengths were 10 mm and 50 mm.

2. CBR from a limited EPID view

  A typical Feldkamp, Davis and Kress (FDK) reconstruction 

algorithm9) accompanying the edge preserving smoothing filter 

was used. First, a bilateral filter10) was applied to the EPID 

projection images to reduce noise while maintaining the seeds 

edge details as only a few projections are acquired for 

reconstruction. Then, the CBR algorithm was applied.

  1) The bilateral filtering: The filter was applied by re-

placing the current value of a focal pixel with the bilaterally 

weighted sum of pixels. The bilateral filter can be expressed 

as
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  The output intensity of a focal pixel  is the sum of 

the Gaussian function    and the similarity function 

  when the input intensity of the neighborhood pix-

el     is applied.    is a normalization 

factor, and  ,   determine the amount of Gaussian filtering 

and combination of pixel values.

  2) FDK algorithm: The FDK algorithm is based on filter-

ing and back projection of the single planes and the result is 

obtained by summing up the contributions of all tilted fan 

beams. The FDK algorithm is expressed as follows:
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  The reconstructed voxels   is the sum over all pro-

jection angles   of the filtered projection   multi-

plied by a weighted projection 


 for the flat detector. D is 

the distance between the source and the origin.
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Table 1. The FWHM values of vertical lines in the coronal 

view (normalized to a CBR image from 120 projections).

FWHM
Number of projections

60 30 20 12

Upper seed 1.12 1.12 1.12 1.48

Middle seed 1.00 1.00 1.00 1.32

Lower seed 1.00 1.07 1.07 1.32

Table 2. The FWHM values of horizontal lines in the coronal 

view (normalized to a CBR image from 120 projections).

FWHM
Number of projections

60 30 20 12

Left seed 1.13 1.13 1.13 1.50

Middle seed 1.00 1.17 0.67 1.00

Right seed 1.00 1.14 1.14 1.71

Fig. 2. CBR images using limited projections (a) 60, 30, 20 and 12 projections in axial views (b) 60, 30, 20 and 12 projections in 

coronal views.

3. Evaluation

  To quantify seed evaluation according to the number of pro-

jections, we compared the FWHM (full width at half max-

imum) of the metal wires. After format conversion to down-

scale the image data, the horizontal and vertical line profiles 

were generated at the maximum signal intensity in each coro-

nal view. These values were then normalized to the metal seed 

intensity of the CBR image from 120 EPID projections. In ad-

dition to the FWHM, the seeds profiles were measured to 

evaluate a consistency of the seeds reconstruction image. 

RESULTS

  Fig. 2 shows the images that were reconstructed using lim-

ited 60, 30, 20, and 12 EPID projections in an axial and coro-

nal view. Although image quality was poor in soft-tissue re-

gions, the metal wires were clearly demonstrated as a strong 

signal intensity spot. Tables 1 and 2 list the FWHM values of 

the vertical and horizontal lines in the coronal view. The 

FWHM of middle seed from the 20 projections in the Table 2 

shows lower value compare to the other seeds. The one pixel 

difference made a large FWHM difference, because the 

FWHM calculated in the small seed length of 2 mm (6 pix-

els). However, in a correlation study of projection numbers, 

we found that the size of the seeds and their location depicted 

by these CBR images were almost identical. A distinct density 

difference between seeds and surrounding materials was a 
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Fig. 3. Seeds profiles of the horizontal line in the coronal view.

main cause of these results. If the surrounding material has a 

high density composition such as bone, the result may 

different. Fig. 3 shows the seeds profiles of the horizontal 

lines in the coronal view. As can be seen, the pixel intensity 

tends to have higher fluctuations as the number of projections 

were decreased. 

DISCUSSION

  The amount of scattered radiation in CBCT causes a degra-

dation of the image quality and magnification of the metal 

artifact. With this approach, the EPID views of the treatment 

beam were used for complementation of the delineation of 

metal objects. Highly sensitive and automated on-board EPID 

now utilizes MV CBCT imaging. The MV CBCT system em-

ploys the MV source of the linac and the EPID for imaging. 

A strong point for use of this system is a simple hardware re-

quirement and geometric coincidence with the treatment 

beam.11) Moreover, due to the development of the Si detector, 

the EPID was used for absolute12) and relative dosimetry.13,14) 

The MV CBCT was also used for dose calculations after cali-

bration of uniformity-corrected MV CBCT15. However, MV 

CBCT imaging included a high imaging dose (typically 1∼5 

cGy) and the low visibility of large low-contrast objects. 

  In the KV CBCT environment, we additionally used EPID 

projections for the demonstration of metallic objects. Limited 

views were used for CBR and our method is inexpensive and 

is competitive for use in clinical applications.

CONCLUSION

  We have demonstrated the use of EPID views in con-

junction with a CBR algorithm. In this study, a typical FDK 

algorithm was used for CBR. Preliminary results with a phan-

tom have demonstrated effectiveness of the procedure to dem-

onstrate metallic objects. However, when the cone angle be-

comes larger, the FDK algorithm degrades the image quality. 

Thus, further improvements still can be made with an applica-

tion of various CBR algorithm for better seeds localization. 
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Seed의 위치 확인을 위한 제한된 EPID 영상을 이용한 콘빔 재구성
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본 연구에서는 속 물체의 묘사를 한 비 연구로서 제한된 EPID 상을 이용한 콘빔 재구성을 수행하 다. 콘빔 재

구성에 제한된 상이 이용되었기 때문에 일반 인 FDK 재구성 알고리즘에 에지 보존 평활화(edge preserving 

smoothing) 필터가 사용되었다. 사용된 상의 수와의 상 계를 비교해 보았을 때 속 seed의 크기와 치에 한 결

과는 거의 동일하다고 명되었다. 콘빔 CT 재구성을 하여 제한된 상을 사용하 기 때문에 우리의 방법은 임상 

용에 있어 경제 이고, 효과 인 방법이 될 수 있을 것으로 사료된다. 
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