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Abstract 

Automatitation method in defining the quality of CT image is needed to optimize CT Scan treatment 

planning. So, the optimization of treatment planning can also be done automatically. There are various 

methods proposed to define the quality of an image. The purpose of this study was to find the simple and 

precision method to define CT image. We compared the performance of Automated Noise Measurement 

(ANM) and Automated Universal Image Quality Index (UIQI). We also compared them with the Manual 

noise measurement method based on the level of convergence in homogeneous images. The first step of 

Automated Noise Measurement was to create binary density slice using threshold values. Then, a masked 

image was performed by masking the original image and binary image. The standard deviation of every 

pixel for a certain kernel size was calculated by using a sliding window operation. The fourth step was to 

make a noise histogram from the noise map and determine the final noise in the image as the histogram 

peak. Then this calculation was normalized by the peak of the Hounsfield Unit (HU) histogram. All these 

steps were done with various kernel sizes for different slices in-homogenous phantom. In the Automatic 

UIQI method, the steps in the ANM method are carried out until the masked image stage, then UIQI is 

calculated for the masked image. The results show that automatic UIQI was more convergence in defining 

image quality than manual noise measurement and automated noise measurement by the lowest standard 

deviation which was only 0.00032867. 

Keywords: CT Image, Automated Noise Measurement, Manual Noise Measurement, Universal Image 

Quality Index (UIQI) 

 

Perhitungan Noise Otomatis vs Universal Image Quality Index Otomatis: Metode Mana yang 

Lebih Baik untuk Mendefinisikan Kualitas Gambar CT?  

 

Abstrak 

Diperlukan metode otomatisasi dalam menentukan kualitas gambar CT untuk mengoptimalkan 

perencanaan pengobatan dengan CT Scan, sehingga optimalisasi perencanaan pengobatan juga dapat 

dilakukan secara otomatis. Ada berbagai metode yang diusulkan untuk menentukan kualitas suatu gambar. 

Tujuan dari penelitian ini adalah untuk menemukan metode sederhana dan resep untuk menentukan 
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gambar CT. Kami membandingkan kinerja Automated Noise Measurement (ANM) dan Automated 

Universal Image Quality Index (UIQI). Kami juga membandingkan dengan metode pengukuran noise 

manual berdasarkan tingkat konvergensi pada gambar yang homogen. Langkah pertama ANM adalah 

untuk membuat irisan densitas biner menggunakan nilai ambang batas. Kemudian, masked image 

dilakukan dengan menutupi gambar asli dan gambar biner. Standar deviasi dihitung untuk seluruh piksel 

pada ukuran kernel tertentu dengan menggunakan sliding window. Langkah keempat adalah membuat 

histogram noise dan menentukan noise akhir pada gambar sebagai puncak histogram. Kemudian 

perhitungan ini dinormalisasi dengan puncak histogram Hounsfield Unit (HU). Semua langkah ini 

dilakukan dengan berbagai ukuran kernel untuk irisan yang berbeda dalam phantom homogen. Dalam 

metode UIQI Otomatis, langkah-langkah dalam metode ANM dilakukan hingga tahap masked image, lalu 

UIQI dihitung untuk masked image. Hasil penelitian menunjukkan bahwa UIQI otomatis lebih konvergen 

dalam menentukan kualitas gambar daripada pengukuran noise daripada pengukuran noise manual dan 

pengukuran noise otomatis dengan standar deviasi terendah yang hanya 0,00032867. 

Kata Kunci: Citra CT, Pengukuran Noise Otomatis, Pengukuran Noise Manual, UIQI  
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I. INTRODUCTION 

Computed Tomography (CT) Scan has 

been widely used in the world for medical 

purposes due to its ability to produce cross-

section images of the body [1,2]. However, the 

question “how accurate the CT image to 

represent the patient body” still cannot be 

solved. For years, people are researching to 

quantify image quality to answer that question 

[3-5].  

There are several methods proposed to 

quantify image quality. One of them is 

universal image quality index (UIQI). 

Universal Image Quality Index model 

describes images as a combination of three 

factors: loss of correlation, luminance 

distortion, and contrast distortion [6,7].  

The ability to detect object precisely are 

dependent on the contrast and noise in the 

image. Noise measurement can also be used to 

describe the quality of the image. Noise 

measured by calculating the standard 

deviation of Region of Interests (ROIs) 

selected by the operator [4,8]. Christianson et 

al. already proposed a method to measure 

noise in CT images automatically [5,9]. This 

method does not rely on manual selection of 

ROI’s in uniform areas to measure image 

noise [10-12], because this method can 

measure the global noise of a CT image. We 

proposed an improvement in the detection 

patient body in the CT image so that the noise 

map can be more accurate by eliminating 

outside the patient’s body.  

Anam et al proposed an improved 

algorithm [13] that next we called Automated 

Noise Measurement (ANM). Nevertheless, 

the automated noise measurement had to be 

evaluated compared to other methods to 

quantify the quality of the CT image. The 

purpose of this study was to find the simple 

and precision way to define CT image. We 

compared the performance of Automated 

Noise Measurement (ANM) and Automated 
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Universal Image Quality Index (UIQI). We 

also compared them with the Manual noise 

measurement method based on the level of 

convergence in homogeneous images. 

 

II. METHOD 

The methods consist of three main parts 

of the calculation: Manual Noise 

Measurement (MNM) [5], Automated Noise 

Measurement (ANM) [7], and Automated 

Universal Image Quality Index. We compared 

the performance of these three methods in 

defining the quality of homogeneous CT 

images. 

 

Manual Noise Measurement (MNM) 

CT Images used in this study were 30 

samples of 155 slices of homogeneous 

phantom image. The manual noise 

measurement was given by calculating the 

average of standard deviation [8,12,14-17] of 

36 ROIs of every slice (see Figure.1) by using 

MATLAB. 

 

Figure 1. Areas to be Calculated in Manual Noise 

Measurement 

 

Automated Noise Measurement (ANM) 

To calculate ANM, we built a program 

in MATLAB that follows these steps     

[7,18-19].  First, we create a binary density 

slice using threshold values so that we can 

obtain Figure 2(b). Second, we create masked 

image (Figure 2(c)) by masking original 

image (Figure 2(a)) and binary image (Figure 

2(b)). Then, we calculate the standard 

deviation of every pixel for a certain kernel 

size by using a sliding window operation. 

After that, a noise histogram was made from 

the noise map (Figure 2(d)). The final noise in 

the image was determined as the peak of the 

histogram (see Figure 3). The last step was 

normalization of calculation by the peak of the 

HU histogram. All these steps were done for 

all 30 samples slices for three different kernel 

sizes, including 2.9 mm, 8.7 mm, and 26 mm. 

 

Automated Universal Image Quality Index 

(AUIQI) 

UIQI is calculated as the product of 

three components: correlation coefficient, 

mean luminance, and contrast luminance 

[6,20]. Mathematically, this product is written 

as  

𝑄 =
𝜎𝑥𝑦

𝜎𝑥𝜎𝑦
.

2𝑥̅𝑦̅

(𝑥̅)2+(𝑦̅)2 .
2𝜎𝑥𝜎𝑦

𝜎𝑥
2+𝜎𝑦

2 (1) 

Q represented the UIQI value, x represented 

the original image while y represented the 

binary image. So, 𝜎𝑥𝑦  was the standard 

deviation between image x and image y, 𝜎𝑥 

was the standard deviation of image x, 𝜎𝑦 

was the standard deviation of image y, 𝑥̅ was 

the average of grayscales of image x, and 𝑦̅ 

was the average of grayscale of image y. All 

of the calculations were made using 

MATLAB. The Automatic UIQI method 

combined the ANM method and the UIQI 

calculation. We created the masked images 

automatically to do segmentation between 

organ and background. Then we calculated 

UIQI automatically by MATLAB program 

that we developed. 
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Figure 2. (a) Original Image; (b) Binary Image; (c) Masked Image; (d) Noise Map 

 

III. RESULTS AND DISCUSSION  

The manual noise measurement result 

was shown in Figure 3. The mean value was 

18.63738 HU with a 0.653067 standard 

deviation. 

 

Figure 3. Manual Noise Measurement 

 

Figure 4 shows one of the sample's noise 

histogram which was used in automated noise 

measurement. The final automated noise 

measurement was defined as the peak of this 

noise histogram. For example, in Figure 4, the 

noise value was 9.5 HU, which was the mean 

value of the bar with the highest frequency. 

All automated noise measurement results 

were shown in Figure 5. For kernel size 26 

mm, the mean value was 14.842857, with a 

0.4376836 standard deviation. For kernel size 

8.7 mm, the mean value was 14.32857, with a 

0.320713 standard deviation. Meanwhile, for 

kernel size 2.9 mm, the mean value was 

11.707142, with a 0.4729173 standard 

deviation. 

The results show that different kernel 

sizes give different values of Automated 

Noise Measurement (ANM). If kernel size is 

too small, large noise will not be calculated. 

This result [5,21] so that the ANM of small 

kernel size is lower than the others. However, 

if kernel size is too big, the boundary will also 

be calculated. Therefore, kernel size has to be 

chosen based on organ size [5]. 
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Figure 6 shows the universal image quality 

index measurement. The mean value was 

0.48979534, with a standard deviation of 

0.00032867. Because the object is a 

homogeneous phantom, the calculation with a 

lower standard deviation is better [1,22-25]. 

 

Figure 4. Noise Histogram 

 

Manual Noise Measurement has the 

highest standard deviation, following by 

ANM (kernel size 8.7 mm), ANM (kernel size 

26 mm), ANM (kernel size 2.9 mm), and 

automatic UIQI. So that, Universal Image 

Quality Index was more convergence in 

defining image quality than manual noise 

measurement and automated noise 

measurement. Other research which was done 

to the common picture also stated that 

automatic UIQI was better than noise 

measurement [20]. 

The automatic UIQI for the first slice 

and the last slice were significantly different 

from the others because the X-ray source was 

set to give good contrast for the center of the 

phantom [26]. Therefore, the automatic UIQI 

of the images on the edge of the phantom was 

different.  

Automated UIQI is simpler than MNM 

and ANM. The algorithm is much easier than 

the others, while MNM is too much manual 

work by the user than ANM and Automated 

UIQI [27].  

 

 

Figure 5. Automated Noise Measurement 

 
Figure 6. Universal Image Quality Index 

Measurement 

 

We have not made a comparison to the 

real patient CT image. If we did the algorithm 

to the real patient CT image, there would be a 

little bit different in ANM calculation on the 

edge of the patient's body or the edge of the 

patient organ because of the limitation kernel 

size [5,7,14,28-29].  

Najjah et al also find that UIQI is easier 

and consistent than calculating noise in 

defining quality images [20]. Our result is 

agreed with this finding especially in CT 

image. CT images can be treated as other 

common images to determine the quality 

image.  

This automatization is very simple and 

easy to be implemented in medical physics to 

define image quality. The medical physicist 

may improve their treatment planning by 

knowing the CT-image quality. 
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IV. CONCLUSION 

Automated Universal Image Quality 

Index (Automated-UIQI) was more 

convergence in defining image quality than 

manual noise measurement (MNM) and 

automated noise measurement (ANM) by the 

lowest standard deviation which was only 

0.00032867. Therefore, this simplified 

automated noise measurement method is 

better than ANM. The algorithm of 

Automated UIQI is also simpler than the 

others. Implement this automation may give 

an improvement in optimizing dose 

calculation for the patient.  
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