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ABSTRACT 

Purpose: The purpose of this study is to automate the field size verification to 

facilitate mechanical check aspect medical linear accelerator (linac) quality 

assurance in a MATLAB-based algorithm on electronic portal imaging device 

(EPID) images. 

Methods: A total of 5 reference datasets (i.e. field sizes of 5 cm × 5 cm, 10 cm × 

10 cm, 15 cm × 15 cm, 20 cm × 20 cm, and 25 cm × 25 cm) and 15 test datasets 

(i.e. reference field sizes plus 1 mm, 3 mm, and 5 mm increments) acquired by 6 

MV Elekta Linac were used in this study. The proposed algorithm implemented a 

full automatic threshold with a value of 230 as a segmentation technique. The 

automated results were compared with manual results obtained using a ruler.  

Results: The automated results are comparable to manual results (i.e., the 

difference of both is within 2% or equal to 3 mm). The range of minimum to 

maximum difference between automated and manual was 0 - 3 mm and the 

maximum difference found in the 15.3 cm field size setting.  

Conclusions: We have successfully developed an automated procedure of field 

size verification and confirmed that the proposed algorithm provide a fast and 

accurate results.  

Keywords: Collimator, Field Size Indicator, Linear Accelerator, Quality 

Assurance, Radiotherapy 

 

I. INTRODUCTION 

 

The international growth in the number of cancer 

and deaths worldwide caused by cancer encourages 

the stakeholders to take into consideration the most 

efficacious treatment techniques and modalities [1-3]. 

Since the potential of radiation was discovered in the 

late 1890s, scientific and technological developments 

regarding the use of high-energy ionizing radiation to 

kill cancer cells rapidly followed this discovery, and it 

led to radiotherapy [4]. At the time, the progress was 

focused on the construction of innovative radio-

therapeutic modalities [5]. The first medical linear 

accelerator (linac) was used to treat patients by 

delivering megavoltage X-rays in early of 1950s [6]. 

Nowadays, design, components, safety and control 

features of medical linac have evolved in order to 

provide stable, reliable, flexible, and cost-effective 

radiotherapy treatment modality [6-8].  
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Radiotherapy has been an effective treatment for 

many cancers. In order to meet the goal of 

radiotherapy, it is crucial to monitor the performance 

of all medical linac components. The medical linac 

must be controlled periodically to assure that 

performance parameters have not deviated from their 

baseline value in accordance with the time of the 

device acceptance. For the purpose of quality 

assurance (QA) of medical linac, the American 

Association of Physicists in Medicine (AAPM) issued 

the report Task Group 40 (TG-40) [9]. In 2009, AAPM 

released an update of TG-40 in TG-142 [10]. 

Dosimetry, mechanical, safety, and respiratory gating 

aspect were included in the QA procedure. However, 

there are certain aspects of the QA procedure that 

occasionally followed further exploration as needed to 

ensure that users can perform QA efficiently and 

identify the errors [11]. The collimator is included in 

the linac equipment that needs to be checked 

periodically.  

 

Field size and its shape are crucial in accurately dose 

delivery in radiotherapy. A conventional treatment 

machine shapes the radiation field by a set of dense 

metal collimator and configures into rectangular 

fields. A combination of these collimator jaws and 

secondary customized blocks produces the desired 

radiation beam [12]. In consequence, most 

recommendations for QA of medical linac require 

verification of collimator field size indicator. AAPM 

suggested that the field size indicators are checked 

monthly by comparing the indicated field size to the 

measured value on QA BeamChecker Plus or a graph 

paper [9, 10].  

 

The current field size indicator QA at Ken Saras 

Hospital, Central Java, Indonesia, is performed using a 

print-out of electronic portal imaging device (EPID) 

images to identify the errors manually using a ruler. 

The manual observation can be less accurate, time-

consuming, and not practically performed as a routine 

test in clinics. Conversely, using commercially 

available QA software (i.e Siemens Medical Solutions) 

leads to increase in substantial funds. Previous 

researchers developed software or methods for the 

purpose of field size QA programs [13, 14]. Abdallah 

and Boshara [13] used texture analysis to assess 10 cm 

× 10 cm field size from a radiographic film image [13]. 

The computerized assessments were then compared 

to manual measurements. Njeh et al. [14] reported the 

simple QA test tool which can be used in conjunction 

with either EPID or computed radiography (CR) to 

visually verify linac light and radiation field 

congruence with respect to the purpose of positioning 

the patient. Both measurement results were within 

the tolerance level recommended by the AAPM (i.e. 

tolerance level of 2 mm) [9, 10]. However, 

radiographic films provide limited accuracy and 

cannot be processed digitally. Even more with the 

drive toward film-less radiation therapy setting, so 

that the recent field size checks replaced film to EPID 

[14,15]. To the best of our knowledge, there has no 

studies on the automation of field size measurements 

from EPID images. Therefore, the objective of the 

current study was to develop a simple and efficient 

algorithm in MATLAB for mechanical check aspects 

of monthly QA (collimator field size indicator) based 

on EPID images for various field sizes. 

 

II.  METHODS AND MATERIAL  

 

A. Image acquisition procedure 

This study was conducted at Ken Saras Hospital, 

Central Java, Indonesia.  A total of 20 EPID images 

were classified into reference and test datasets. The 

images of reference dataset (i.e. field sizes of 5 × 5 cm, 

10 × 10 cm, 15 × 15 cm, 20 × 20 cm, 25 × 25 cm) were 

presented in Figure 1. The test datasets were 

implemented to assess the error in the proposed 

algorithm. A total of 15 field sizes were taken from 

reference field sizes plus 1 mm, 2 mm, and 3 mm 

increments. All EPID image datasets were acquired 

using 6 MV Elekta Linac, between September – 

October 2020. The acquisition procedure was 
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performed by positioning source-to-surface distance 

(SSD) at 100 cm, gantry and collimator were set to 0 

degrees. Shadow tray was used to set both reference 

and test field sizes. Acquisition protocol was set so an 

image was acquired for the appropriate field size. The 

image datasets were then saved in TIFF format.  

 
Figure 1. Reference datasets: (a) 5 × 5 cm, (b) 10 × 10 

cm, (c) 15 × 15 cm, (d) 20 × 20 cm, and (e) 25 × 25 cm 

of rectangular field sizes. 

 

B. Proposed algorithm 

The automated procedure for verification of field size 

indicator was developed on MATLAB R2015b. Figure 

2 presents the flowchart of the proposed algorithm. 

There were several steps in the automated verification 

of the field size. The first step was to input all 

reference and test images. The next step was image 

segmentation [16]. We used a threshold with a value 

of 230 in the segmentation stage due to it was not 

sensitive to background noise. The image was then 

converted from grayscale to binary image and so the 

foreground object can be calculated in terms of its 

area. The last step was calculation the side boundary 

of the rectangular field size. The displays user 

interface of the algorithm is shown in Figure 3. 

 

 
Figure 2. Workflow of the proposed algorithm 

 
 

Figure 3. The screen display of the proposed 

algorithm user interface (a) initial reference image of 

5 × 5 cm field size, (b) 5 × 5 cm reference image as a 

result of thresholding and after filling the all pixels 

within the field size boundary with a value of 1, (c) 

initial variant image of 5.1 × 5.1 cm field size, and (d) 

5.1 × 5.1 cm variant image after threshold procedure.  

 

C. Manual verification 

The final result from the developed algorithm was a 

rectangular field size dataset in the x- and y-axis. The 

results of automated measurement were compared to 

manual datasets which were verified visually by a 

senior medical physicist of the hospital. Manual 

measurement of field size was performed by print the 

EPID image on a sheet of paper. The distances of each 

side were measured using a ruler. The measurements 

for each field size were repeated for 3 times, then the 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 2 

Siti Hanan Int J Sci Res Sci & Technol. March-April-2022, 9 (2) : 55-60 

 

 

 
58 

averages and standard deviations of the measured 

field sizes were calculated. 

 

III. RESULTS AND DISCUSSION 

The results of manual and automated procedures for 

both reference and test datasets were tabulated in 

Table 1. Overall, the difference between manual and 

automated measurements was less than 2%. In certain 

field size settings, manual measurement gives greater 

results than automatic measurement. The maximum 

difference between automated and manual 

measurements was 3 mm or still less than 2 %, found 

in the 15.3 cm field size setting. Therefore, results 

obtained from this study indicate that all field size 

setting was still within the tolerance level of 2 mm [9, 

10]. The correlation of manual and automated 

measurements is presented in Figure 4. It is found 

that both has linear correlation with R2 > 0.99. The R2 

values is close to 1 means that the automatic method 

has very strong relationship with the manual 

measurement. 

When tested using our laptop supported by Intel® 

Core™ i5-4210U CPU @ 1.70GHz 2.40 GHz and 

RAM of 8 GB, our proposed algorithm run less than 4 

s, so that it is obviously faster than manual 

measurement. We realize that the speed of running 

the program is greatly influenced by the specifications 

of the device used. Manual measurements can take 

longer (i.e. longer than 60 s) because it needs to print 

the EPID images then positioning the print-out image 

carefully so that the border of the printed image 

matches to the ruler. 

This study aims to develop an automated procedure 

for field size measurement of medical linac so that an 

effective and time-saving QA can be performed in the 

clinical routine. Previously, an automated 

measurement of field size was proposed and validated 

on 10 × 10 cm of field size obtained from radiographic 

film and processed using image texture analysis [13]. 

Different from Abdallah et al. [13], in the current 

study, we used EPID as an image acquisition tool. 

EPID is primary designed for verification of patient 

setup and to measure the x-ray intensity transmitted 

through a patient during treatment session [17]. 

Therefore, due to the EPID image has a sub-

millimeter spatial resolution and high contrast 

resolution, EPID image is an ideal tool for verifying x-

ray field size rather than radiographic film [18]. The 

original image format obtained from EPID is in TIFF 

format. We used a threshold with the value of 230 as 

a segmentation technique to separate the main object 

and background and then assign object fill with a 

value of one. The segmentation stage in this study was 

run automatically. 

Table 1. The results of x-axis and y-axis for various field sizes of automated and manual measurements 

Adjusted field size 

(cm) 

Field size (cm) Difference 

Automated verification  Manual verification (mm) (%) 

5.0 × 5.0 5.0 × 5.0  5.0 × 5.0 ± 0.057 0 0 

5.1 × 5.1 5.1 × 5.1 5.1 × 5.1 ± 0.057 0 0 

5.3 × 5.3 5.3 × 5.3 5.4 × 5.4 ± 0.000 1 1.9 

5.5 × 5.5 5.6 × 5.6 5.7 × 5.7 ± 0.028 1 1.8 

10.0 × 10.0 10.0 × 10.0 10.0 × 10.0 ± 0.000 0 0 

10.1 × 10.1 10.2 × 10.2 10.2 × 10.2 ± 0.057 0 0 

10.3 × 10.3 10.3 × 10.3 10.5 × 10.5 ± 0.057 2 1.9 

10.5 × 10.5 10.6 × 10.6 10.7 × 10.5 ± 0.000 1 0.9 

15.0 × 15.0 15.0 × 15.0 15.0 × 15.0 ± 0.057 0 0 

15.1 × 15.1 15.1 × 15.1 15.2 × 15.2 ± 0.000 1 0.7 

15.3 × 15.3 15.2 × 15.2 15.5 × 15.5 ± 0.003 3 1.9 

15.5 × 15.5 15.5 × 15.5 15.6 × 15.6 ± 0.000 1 0.6 

20.0 × 20.0 20.0 × 20.0 20.0 × 20.0 ± 0.057 0 0 
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20.1 × 20.1 20.2 × 20.2 20.2 × 20.2 ± 0.057 0 0 

20.3 × 20.3 20.5 × 20.5 20.5 × 20.5 ± 0.000 0 0 

20.5 × 20.5 20.6 × 20.6 20.7 × 20.7 ± 0.057 1 0.5 

25.0 × 25.0 25.0 × 25.0 25.0 × 25.0 ± 0.000 0 0 

25.1 × 25.1 25.1 × 25.1 25.3 × 25.3 ± 0.000 2 0.8 

25.3 × 25.3 25.5 × 25.5 25.5 × 25.5 ± 0.057 0 0 

25.6 × 25.6 25.7 × 25.7 25.7 × 25.7 ± 0.057 0 0 

 

 

Figure 4. Comparison of manual versus automated measurement  
 

The results of automated measurement were then 

compared to manual measurement observed by senior 

medical physicist. We found that the differences 

between results of automated and manual measurements 

were within 2%. The automated and manual 

measurements have a very strong correlation with an 

R2 > 0.99. 

We found our algorithm gives more accurate results 

than manual observations. In several field size settings, 

manual measurement provides a higher value than 

automated measurement. This difference may be 

affected by user subjectivity during the assessment of 

the field size boundary with an observation limit of 1 

mm. Conversely, our algorithm allows assessment of 

the edge of field size in an automatically approach with 

a pixel value was less than 1 mm. Therefore, our 

proposed algorithm would greatly assist medical 

physicists in conducting a simpler and more efficient 

field size verification by pressing a single button.   

 

IV. CONCLUSION 

The MATLAB algorithm developed in this study 

provides a simple way for effective measurement of 

field size verification. The results revealed that both  

 

automated and manual verification still within the 

tolerance level by AAPM TG-40 and TG-142 (i.e 2 

mm). The percentage difference between manual and 

automated measurements was within 2%. The proposed 

algorithm was able to obtain accurate results and can be 

easily performed as a routine test in clinics. 
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