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ABSTRACT 

 

Purpose: To compare the methods of automated noise measurement at the 

polyester resin (PESR) phantom images and clinical abdominal images. 

Method: The PESR phantom was scanned with a Siemens SOMATOM Emotion 

6 CT scanner for various tube voltages, i.e., 80, 110, and 130 kV. Noises from 

images of the PESR phantom and 27 clinical abdominal scans were 

automatically measured. The methods used for automatic measurements were 

methods proposed by Christianson et al (2015), Malkus et al (2017), and Anam 

et al (2019), respectively.  

Results: Three methods of automatic noise measurements can distinguish the 

noise of the three tube voltages. The measured noises from three methods 

decrease with increasing tube voltage. It can also be seen that the highest noise 

in PESR phantom images is Christianson et al (2015) method, and the smallest 

noise is Malkus et al (2017) method. The highest noise in clinical abdominal 

images is Malkus et al (2017) method, and the smallest noise is Anam et al 

(2019) method. 

Conclusion: The algorithms to automatically measure noises proposed by 

Christianson et al (2015), Malkus et al (2017), and Anam et al (2019) have been 

compared. Although the three methods can distinguish noise for different 

exposure factors, the magnitude of the noise from the three methods can vary. 

Until now there is no standard for automatic noise determination. 
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I. INTRODUCTION 

 

Computed tomography (CT) scan is a diagnostic 

modality that uses a combination of X-rays and 

computer to provide excellent images in axial, sagittal, 

and coronal planes [1]. CT images are used to diagnose 

diseases, to perform screening purposes, and to plan 

radiotherapy procedure [2]. CT is used because it has 
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several advantages, such as it produces high-quality 

images with fast acquisition times and relatively low 

cost [3]. There are several input parameters of CT to 

obtain optimal image quality, such as tube voltage, 

tube current, rotation time, slice thickness, field of 

view, gantry tilt, filter, and reconstruction algorithm 

[4]. 

To maintain CT image quality, it is necessary to 

perform quality assurance (QA) procedures regularly. 

Good image quality provides useful clinical 

information to radiologists to accurately diagnose 

abnormalities within patient [5]. One of the 

important image quality parameters in CT is noise 

level and noise texture [6-8]. 

Noise is a fluctuation in the pixel value of an image in 

a homogeneous area. Pixel value in CT is expressed as 

CT number. CT number indicates value of the X-ray 

absorption coefficient on an object that has been 

calibration with water and it expressed in Hounsfield 

unit (HU). Noise is usually measured using the 

standard deviation (SD) of the pixel values within 

homogeneous area. When SD is high, the noise also 

gets higher [8-10]. Several factors affect noise, such as 

tube voltage (kVp), tube current (mA), tube rotation 

speed (s), pitch, slice thickness, and reconstruction 

method [9,11]. 

Determining noise is usually measured manually 

using the region of interest (ROI) in a homogeneous 

area [12-15]. Measuring noise is generally carried out 

in the phantom’s images and not in clinical patient 

images. It is noted that for dose optimization, 

measuring dose and noise in phantoms are not 

sufficient, therefore measuring of the noise in clinical 

patient image is needed. However, manual noise 

measurement in patient images is impractical in busy 

CT center. In addition, manual noise measurement 

tends to generate variability among medical staff 

because deciding the ROI location at the most 

homogenous is subjective. Therefore, an automated 

method of measuring noise is needed. Currently, 

several methods for measuring noise automatically 

from patient images have been proposed, such as by 

Christianson et al (2015) [16], Malkus et al (2017) 

[17], and Anam et al (2019) [18]. 

Christianson et al [16] developed an automated 

method for measuring noise on abdominal-thoracic 

phantom and abdominal CT images. This method uses 

the global noise index (GNI) meaning that noise is 

identified as the most frequent SD from the SD map of 

the soft tissues. The method might not work well on 

non-abdominal images because the soft tissue does not 

cover a large area. Subsequently, Malkus et al [17] 

proposed an automated method that is able to 

measure noise in other than abdominal images, i.e. by 

the most frequent SD from SD map of the air 

surrounding the patient. It is reported that the 

method can be accurately used as a substitute for 

noise inside the patient. Another method was 

proposed by Anam et al [18] which the proposed 

algorithm can be implemented on CT images of all 

body parts. Noise is automatically measured as the 

minimum magnitude obtained from the SD map 

within the patient images [18,19]. 

However, there is no study to compare the available 

automated noise algorithms for determining noise 

measurements on the same image. This study aims to 

compare algorithms of automated noise measurements 

on the images of polyester resin (PESR) phantom with 

a diameter of 32 cm and clinical abdominal scans. 

 

II.  METHODS AND MATERIAL 

 

A. Automated noise measurement 

All images generated from the scanning process were 

saved in the Digital Imaging and Communications in 

Medicine (DICOM) format. Then, automated noise 

measurements were carried out with various 

measurement algorithms (Christianson et al [16], 

Malkus et al [17], and Anam et al [18] methods) 

already integrated in IndoQCT [20]. A graphical user 

interface (GUI) to automatically measure noise 

measurement is shown in Figure 1. GUI provided 

kernel settings used in each algorithm.  
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B. Christianson et al (2015) method [16] 

Automated noise measurement by Christianson et al 

[16] used the global noise index (GNI) method. To 

obtain the GNI, soft tissue of the image was 

segmented with the threshold from 0 to +100 HU. 

Furthermore, the SD map was developed using of 

sliding window kernel that covers the entire image 

according to soft tissue mask. The SD in every sliding 

window kernel position was calculated using equation 

(1). 

𝑆𝐷(𝑥, 𝑦) =  √
1

𝑛 ×  𝑛
∑ (𝐼𝑏,𝑖 − 𝐼�̅� )2

𝑛 × 𝑛

𝑖=1

 (1) 

where n × n is the size of the sliding window kernel. 

 

The histogram was made from the SD map data. GNI 

was determined by identifying the SD at the 

histogram peaks corresponding to a homogeneous soft 

tissue. Figure 2 shows the automated noise 

measurement steps proposed by Christianson et al 

[16]. 

 

C. Malkus et al (2017) method [17] 

In this method, the SD map was obtained from the air 

outside the patient. The air region was obtained by 

automated segmentation. Dilation process was made 

on the segmented image to enlarge the area of patient. 

Next, the image was converted to the negative image. 

The original image was masked with this negative 

image. After that, the SD map was created in the area 

of air outside the patient. The GNI was obtained from 

air SD map at the highest frequency as in the previous 

method. Figure 3 shows the automated noise 

measurement steps by Malkus et al [17]. 

 

 

 
Figure 1. GUI for automated noise measurements using three different methods. 

 
Figure 2. Steps of automated noise measurement by Christianson et al [16], (a) original abdominal image, (b) SD 

map within soft tissue, and (c) peak histogram showing noise 
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D. Anam et al (2019) method 

Automated noise measurement by Anam et al [18] was done by segmentation of all part of patient image. The 

SD map then developed by calculating the SD value for each pixel with a sliding window operation performed 

using a specific kernel size. Then, estimate the noise was determined as the smallest SD from the SD map. The 

position of the smallest SD was determined by equation (2). 

[𝑋𝑚𝑖𝑛, 𝑌𝑚𝑖𝑛] = 𝑎𝑟𝑔𝑚𝑖𝑛 (𝑆𝐷𝑛) (2) 

The example of an automated noise calculation process using the Anam et al [18] method is shown in Figure 4. 

 

E. Phantom and patient images 

In this study, we measure noise images of phantom and patients. The phantom was made from the polyester 

resin (PESR) and methyl ethyl ketone peroxide (MEKP) as catalysts [22-24]. The phantom was with a thickness 

of 15 cm and diameter of 32 cm is shown in Figure 5. The phantom was scanned with Siemens Somatom 

Emotion 6 CT scanner with various tube voltages, i.e., 80, 110, and 130 kVp. In each phantom image dataset, 5 

slices were selected for examination. Meanwhile, one slice abdominal image from 27 patients were 

retrospectively analyzed. The exposure parameters used are shown in Table 1. 

 
 

Figure 3. Steps of automated noise measurement by Malkus et al [17] on abdominal images, (a) original 

abdominal image, (b) patient’s segmentation image, (c) dilation of segmented image, (d) negative image, (e) SD 

map in the air region, and (f) histogram of the SD map for areas in the air region. 
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Figure 4. Automated noise measurement by Anam et al [18] method on abdominal image, (a) SD map images, 

and (b) ROI in the most homogeneous image area (smallest value from SD map) 

 
Figure 5. The PESR phantom with a diameter of 32 cm. 

Table 1. Scan parameter 

Scan parameters Phantom images Clinical images 

Scanner Siemens Somatom Emotion 6 Siemens Somatom Emotion 6 

Tube voltage (kV) 80, 110, and 130 130 

Slice thickness (mm) 1 10 

Tube current (mA) TCM TCM 

Rotation time (ms) 600 600 

FOV (mm) 500 253 – 370 

Pitch 0.6 0.6 

Scan protocol Abdomen routine Abdomen routine 

 

 

III. RESULTS AND DISCUSSION 

 

Figure 6 shows the comparison of noises in the PESR 

phantom images measured using Christianson et al 

[16], Malkus et al [17], and Anam et al [18] methods 

for tube voltages of 80, 110, and 130 kV. Three 

methods can distinguish the noise of the three tube 

voltages. The noise in PESR phantom images and 

abdominal images has a dependence on tube voltage. 

The measured noise decreases with increasing tube 

voltage. It can also be seen that the highest noise in 

PESR phantom images is Christianson et al [16] 

method, and the smallest noise is Malkus et al [17] 

method.  

Figure 7 shows the box-plots of noise from abdominal 

images for Christianson et al [16], Malkus et al [17], 

and Anam et al [18] methods. It shows that the 

highest noise is in the Malkus et al [17] method, then 

Christianson et al [16] method, and the lowest noise is 

using Anam et al [18] method. 
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Table 2 shows the calculation time for each method. 

It can be seen that Anam et al [18] method has the 

shortest time compared to the other methods, and 

Christianson et al [16] method has the longest time 

compared to the other methods.  

Manual noise measurement in CT images is 

subjective, since it is affected by the ROI positioning 

by medical staff. Therefore, more objective and 

effective measurement is needed. Several methods for 

automated noise measurement have been proposed 

(Christianson et al [16], Malkus et al [17], and Anam 

et al [18]). The current study compares noises 

measured using three methods of the PESR phantom 

images scanned with three different tube voltages and 

noises of 27 abdominal images.  

 

 
 

Figure 6. Graphs of noise in PESR phantom at the 

three methods for various voltages 

 

 
Figure 7. The relationship between the noise from the proposed method in the abdominal image. The box-and-

whisker graph shows the median and 25th and 75th percentiles of each method. Outliers are indicated by the ○ 

sign that exceeds 1.5 times interquartile length. 

 

Table 2. Time required for noise measurements 

Images 

Processing time (s) 

Christianson et al 

(2015) 

Malkus et al 

(2017) 

Anam et al 

(2019) 

PESR phantom at 80 kV 6.38 5.28 2.55 

PESR phantom at 110 kV 6.14 4.87 2.41 

PESR phantom at 130 kV 6.21 4.95 2.45 

Abdomen 6.28 3.64 3.35 
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We found that measured noise has an inversely 

proportional with tube voltage. As shown in Figure 6, 

the noise decreases with increasing the tube voltage 

from 80 to 130 kV. All of the automatic noise 

measurement methods show this trend. This 

phenomenon of noise dependency on tube voltage is 

well-understood [24,25]. The three algorithms 

(Christianson et al [16], Malkus et al [17], and Anam 

et al [18]) have indeed reported that they can detect 

changes in noise due to changes in exposure factors 

such as tube current, tube voltage, phantom diameter, 

and the reconstruction algorithm. Thus, the results of 

this study have confirmed that automatic noise 

measurement can detect changes in noise due to 

changes in exposure factors, such as tube voltage. 

Figure 6 shows the noise in the PESR phantom image 

using the Christianson et al method [16] gets the 

highest noise. However, for abdominal images, the 

highest noise is using the Malkus et al [17] method as 

shown in Figure 7. The smallest noise in PESR 

phantom images is Malkus et al [17] method, in 

clinical abdominal images is Anam et al [18] method. 

Each algorithm has advantages and disadvantages. 

Until now there is no standard in this automatic noise 

calculation. Therefore, further studies with a larger 

number of images need to be carried out. 

The speed of the calculation process is one of the 

important factors to determine the usability value of  

the algorithms. The differences in the speed of noise 

measurement in Christianson et al [16], Malkus et al 

[17], and Anam et al [18] method are around 7, 6, and 

4 seconds, respectively.  

 

IV. CONCLUSION 

 

The algorithms to automatically measure noises 

proposed by Christianson et al (2015) [16], Malkus et 

al (2017) [17], and Anam et al (2019) [18] have been 

compared. It is found that three methods of automatic 

noise measurements can distinguish the noise of the 

three tube voltages. The measured noises from three 

methods decrease with increasing tube voltage. The 

magnitude of the noise from the three methods can 

vary. The highest noise in PESR phantom images is 

Christianson et al (2015) [16] method, and in clinical 

abdominal images is Malkus et al (2017) [17] method. 

The smallest noise in PESR phantom images is Malkus 

et al (2017) [17] method, in clinical abdominal images 

is Anam et al (2019) [18] method. Until now there is 

no standard for automatic noise determination. 
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