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Abstract 

Computed tomography (CT) was introduced to medical practice in 1972. It generates 

images recognized by high diagnostic potential. CT allows investigation of structures in the 

human body inaccessible by conventional image dmethods, replacing invasive methods in 

many cases. Noise is a kind of variation of brightness observed on CT images, and it is 

inherent to this method. The magnitude of the noise is determined by the standard deviation 

of CT numbers of a region of interest (ROI) in a homogeneous material. The aim of this 

study is to analyze the noise in head CT images generated by different acquisition protocols 

using four voltage values. Five different scans were performed using a female Alderson 

phantom and their images were analyzed with the RadiAnt software. With the average HU 

values and standard deviation of each scan, the values of noise were calculated in some 

ROI. The obtained noise values were compared and it was observed that the 140 kV voltage 

promotes the in the lower noise in the image, resulting in better image quality. The results 

also show that the parameters, such as voltage and current, can be adjusted so that the noise 

can be decreased. Thus, acquisition protocols may be adapted to produce images with 

diagnostic quality and lower doses in patient. 

Keywords: Computed Tomography, medical images, noise.  
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1.- INTRODUCTION 

 

A computed tomography (CT) system consists, basically, in an X-ray tube that rotates 

around the patient emitting radiation. A detector set positioned on the opposite side of the 

X-ray tube captures photons passing through the patient without interacting, and a 

reconstruction algorithm, composed by sequence of mathematical instructions, converts the 

signals measured in different angles of incidence of the X-ray beam by detectors in an axial 

image [Garib et al. 2007;  Goldiman 2007].  

 

The image obtained is shown as a matrix in which each pixel is associated with a numerical 

value, called CT number. This number is expressed in Housfield units (HU) and it is related 

to the average linear coefficient of attenuation volume element (voxel) belonging to the 

irradiated slice that is being irradiated and is represented by a pixel in the image [Mourão 

2015; Dance 2014]. 

 

Generated images in a CT test have some advantages over radiographies, such as the ability 

to distinguish structures of organs and tissues with minor differences in density, in 

particular soft tissue. CT images have not geometric distortion and the image represents a 

cross section without anatomical structure superimposition.  

 

Quality of the CT image is influenced by the parameter of the acquisition protocol that is 

related too with the patient dose.  There are parameters related to the reconstruction and 

image display, and the clinical characteristics (patient size, patient cooperation in relation to 

the movement and contrast medium administration procedure) that affect the image quality 

but not affect the patient dose. The acquisition protocol of a scan should always be adjusted 

so that the image had at tem same time diagnostic quality and reduced artifacts and noise 

[De Pina 2009]. 

 

Noise is an index related to the graininess observed on CT image, how lower is the noise 

more homogeneous is the representation of the structure. It is a result of the quantum nature 

of X-ray photons, and the reconstruction image process generates a local static fluctuation 
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in CT numbers, in a region representative of homogeneous material. Noise magnitude is 

determined by standard deviation of the CT numbers on the region of interest (ROI) in a 

homogeneous material. The predominant source of noise is the fluctuation of the number of 

X-ray photons detected. Therefore, it depends on the detector efficiency and the flow of 

photons that reaches the detector.  

 

There are others factors that may influence noise value, such as the tube voltage, cathode- 

anode current, beam filter, slice thickness, body volume and composition of the region 

under study and the reconstruction algorithm. The aim of this study is to analyze the noise 

in head CT scans generated by different acquisition protocols [Mourão 2015, Hoffman 

2011]. 
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2.- MATERIALS AND METHODS 

 

Scans were performed in a General Electric CT scanner, Discovey model with 64 channels. 

Five head CT scans were performed using a female phantom Alderson Rando®. This 

phantom is composed of a human skeleton covered by a material physically and chemically 

similar to the soft tissues of an adult human body. The body trunk is divided in axial slices 

of 2.5 cm thick. Figure 1 shows the phantom with the head positioned in the gantry 

isocenter. 

 

 

Figure 1.- Alderson Rando phantom positioned in the CT scanner. 

 

Scans were done for a distance of 125 mm starting on the head top, Pitch 0.531, Table 

Speed 10.62 m.s
-1

, tube rotation time of 0.5 s, X-ray beam thickness of 20 mm and 

reconstruction of the image of 3.75 mm. The acquisition parameters variables for each scan 

are shown in Table 1. In the table they are also given the CT Dose Index values estimated 

by the scanner software, CTDIvol and DLP.  

 

Tomographic image analysis was performed using the RadiAnt software, a viewer of 

medical images in DICOM format. For each scan protocol, three ROIs were selected in 

three different images, in the top, middle and base of the head scan. The ROI size has about 

100 pixels. Figure 2 shows three axial images (top, middle and base) extracted from head 

CT scan with the ROI positions, anterior (A), central (C) and posterior (P) . 
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Table 1.- Variable parameters of acquisition protocols. 

Scan 
Voltage  

(kV) 

Current  

(mA) 

CTDIvol  

(mGy) 

DLP  

(mGy.cm) 

1 120 150,00 26,07 433,47 

2 120 101,00* 17,08 288,98 

3 100 125,40* 13,65 226,92 

4 80 193,72* 12,11 201,44 

5 140 101,00* 24,14 401,47 

* automatic mA, average value. 

 

 

 

Figure 2 – head axial images, top (a), middle (b) and base (c). 

 

 

For each analyzed image (top, middle and base) in the scan, there were obtained three 

average values in HU and their standard deviation (SD). With these data, noise was 

calculated using the equation (1). 

 

                                               𝑁𝑜 𝑠𝑒  (
𝑆𝐷

𝐻𝑈𝑎𝑣𝑒𝑟𝑎𝑔𝑒 − 𝐻𝑈𝑎𝑖𝑟
) .  00%                                          (1) 

 

 

Where HUaverage is the average number of  CT ROI in Housfield scale and HUair is the CT 

number of the air (-1000). 
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Noise value is given by the SD divided by the ROI CT number subtracted the air CT 

number, because the lowest Hounsfield scale value is the air and its value is not zero, it is   

-1000 HU. So, the size of the ROI measure starts in -1000. This value must be subtracted so 

that it has a zero reference for the lowest recorded value. The final value of the noise is 

given in percent. 
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3.- RESULTS 

 

The calculated noise values for the studied scans are shown in the Tables 2, 3 and 4, 

corresponding to the top, middle and base images, respectively. 

 

Table 2.- Percentage noise values in the top image.  

Scan 
Position 

Average SD 
A C P 

1 0.67 0.67 0.65 0.66 0.01 

2 0.93 0.89 0.82 0.88 0.06 

3 1.05 1.13 1.02 1.07 0.06 

4 1.24 0.95 1.06 1.08 0.15 

5 0.76 0.70 0.81 0.76 0.06 

 

Table 3.- Percentage noise values in the middle image.  

Scan 
Position 

Average SD 
A C P 

1 1.06 0.80 0.73 0.86 0.17 

2 1.10 1.12 0.95 1.06 0.09 

3 0.97 1.15 1.23 1.12 0.13 

4 1.56 2.29 1.39 1.75 0.48 

5 1.07 0.92 0.53 0.84 0.28 

 

Table 4.- Percentage noise values in the base image.  

Scan 
Position 

Average SD 
A C P 

1 0.71 1.03 1.16 0.97 0.23 

2 0.99 1.52 1.16 1.22 0.27 

3 1.23 1.67 1.44 1.45 0.22 

4 1.39 2.17 1.30 1.62 0.48 

5 0.53 1.27 1.08 0.96 0.38 
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Table 5 shows the average noise and the standard deviation for each scan using the values 

shown in the Tables 2, 3 and 4. These values were used to do the graph presented in the 

Figure 3. 

 

Table 5.- General percentage noise values.  

Scan 
Image 

Average SD 
Top Middle Base 

1 0.66 0.86 0.97 0.83 0.16 

2 0.88 1.06 1.22 1.05 0.17 

3 1.07 1.12 1.45 1.21 0.21 

4 1.08 1.75 1.62 1.48 0.36 

5 0.76 0.84 0.96 0.85 0.10 

 

 

 

Figure 3.- Graphical comparison of noise percentage. 
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4.- DISCUSSION 

 

By the analyses of the noise in performed scans it is observed that the top images have a 

lower noise values than the middle and the base in all scans. Probably this has been caused 

by the small head diameter in this region.  

 

The use of automatic adjust made increase the noise values, compared with the first scan in 

which it was used a fixed current, but in general the percentage noise value is low in all the 

scans, varying from  0.83 to 1.48%, and the images have a good diagnostic quality. 

However, considering the scans 2, 3, 4 and 5, independent of the observed image (top, 

middle or base), the higher voltage value applied in the tube generated the  lower noise 

value. 

 

The use of automatic current in the scan 2 (120 kV) promoted a reduction of about 36.67% 

in the current value. This reduction in current promoted a proportional reduction of dose, 

according to the dose estimation given by the scanner software. 

 

This behavior is in agreement with the expected since the number of photons that reach the 

detector will be greater at more penetrating beams and for this reason the voltage 140kV 

promoted the lowest noise value for use in automatic mode. The greatest variation of noise 

was found for the scanning with 80 kV (1.48%) and with this scan the patient dose would 

be the lower. The dose reduction estimated by the scanner software is about 53.55% 

compared to the fixed current scan, used how routinely used in the Radiology Service.  
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5.- CONCLUSIONS 

The obtained noise values were compared and it was observed that the 140 kV voltage 

promoted the slightest noise in the image, resulting in the best image quality. The results 

also showed that the parameters, such as voltage and current, may be adjusted, so that the 

noise can be decreased. Thus, it is possible to get images with diagnostic quality and lower 

doses in patient by adapting acquisition protocols.  

 

It should also be appreciated that the dose received by the patient will also be larger, so that 

the parameters must be adjusted to obtain a final image with a low noise and a smaller dose 

deposition to minimize the increased probability of injuries to the patient. 
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