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Abstract. Noise becomes a critical factor in Computed Tomography (CT) because most detailed applications 
on soft tissue show a low contrast nature. Noise establishes an inferior limit to the contrast detectable by the 
observer. Various pixel noise models had been devised taking into account operational parameters on Single and 
Multi Detector Slice CT. The aim of this work was to obtain a predictive operational model for image noise 
addressed to pediatric protocols, taking into account scanning factors with a Single Slice CT unit dedicated to 
pediatric applications. A multiple linear regression model is proposed to predict noise in images of uniform 
phantoms equivalent to head and abdomen. A model for reported volumetric Computed Tomography Dose Index 
(CTDIvol) was obtained too for tradeoffs analysis approaching optimization purposes in pediatric applications. 
Eight independent variables were considered: phantom diameter, reconstruction mode, tube current, tube kVp, 
collimation, Field of View (FOV), reconstruction filter, and post processing filter. Results show good agreement 
with measurements, with adjusted coefficients of multiple determination of 0.936 and 0.744 for noise and 
CTDIvol models respectively. Tube current, object diameter, collimation and reconstruction filters were the most 
influencing variables. The model application contributes to identify each factor’s influence enhancing the 
operational possibilities approaching optimization of noise and dose tradeoffs. Acceptable noise levels and 
optimization strategies can be devised from models obtained towards lower tube current values combined with 
greater slice thickness and kVp taking into account the doses to pediatric patients. 
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1. Introduction 
 
Collective dose due to CT examinations are increasing worldwide [1-4], and pediatric applications and 
young patient examinations deserve special attention on this matter [5].  
 
The lower the dose, the worse the image quality, the second being quantitatively described by noise, 
spatial resolution and contrast. Noise becomes a critical factor in CT because most detailed 
applications on soft tissue show a low contrast nature. Noise establishes an inferior limit to the 
contrast detectable by the observer. Taking into account a systemic approach named AMAR (acronym 
for Attributes of the patient, Modulation of scanning parameters, Advances in technology and 
Required clinical image quality) [6], we selected the factors to be considered in our model. 
 
Through this work we aim to obtain a predictive operational model for noise and dose, taking into 
account the scanning factors of a CT Single Slice unit (CTSS) dedicated to pediatric applications. 
Linear regression models were obtained for noise and CTDIvol estimation respectively. 
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2. Materials and Methods 
 
A SHIMADZU SCT-7800TC tomography device was used, which is dedicated to pediatric 
applications. Independent variables were selected for the experimental design according to the AMAR 
approach [7],   denoted as pi: phantom diameter in mm (p1), nominal tube kVp (p2), tube current (p3), 
collimation (p4), field of view -FOV- (p5), reconstruction mode (p6), reconstruction filter (p7), and post 
processing filter (p8). In table 1 the experimental factors and levels considered are shown. 
 
Table 1: Scanning factors and levels considered. 
 

Factors Levels 
p1 [mm] 160 / 320 
p2 [kV] 120 / 135 
p3 [mA] 50 / 100 / 250 
p4 [mm] 1 / 3 / 10 
p5 [mm] 160 / 250 / 500 
p6 STD / HR (a) 
p7 RF1 / RF2 / RF3 / RF4 / RF5 / RF6 (a)
p8 SF1 / SF2 / SF3 (a)

(a) Levels are named as operationally defined by manufacturer 
 
A multiple linear regression model was considered for experimental design for both noise and dose as 
presented in eq. (1). 
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where: p0=1, M  represents  the  model response variable, f  is  the  total  amount  of  scanning  factors 
(f = 8), βi are model parameters including constant and linear terms for every i = 0…f, pi are 
independent variables, ξ is an uncorrelated model residual sequence with zero mean and variance of 
σ2.  
 
Quantitative variables were transformed according to eq. (2). The factors p6, p7 and p8 are indicator 
variables and they were transformed into binary variables before their inclusion into the model (from 
now an additional sub index will be added to indicator variables according to level, e.g. X83  represents  
SF3). 
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where  ( ) 2minmax XXX d += . 
 
All images were acquired with scanning time of 1 s and tube rotation of 360º and a gantry tilt of 0º. A 
calibration was performed prior to measurements as recommended by the manufacturer. The phantom 
was positioned ensuring an exact centering within 1mm of tolerance (i.e. the iron pin for centering -see 
Fig. 1- was positioned within 1mm around the x-ray tube rotation axis). The head (Ø160mm) and 
abdomen (Ø320mm) sections used belong to the phantom provided with the CT unit (see Fig. 1) 
which was water filled. 
 
Normality and variance homogeneity of dependent variables as compared to independent ones were 
verified using Kolmogorov-Smirnov and Levene’s tests respectively. The bivariate correlation 
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Tube voltage did not appear as an important contributor to this dose model because the CT unit used is 
limited to operate only at 120 kVp and 135 kVp, lower kVp values should contribute to expected 
lower dose levels with similar behavior as has been observed in other CT units [8-10]. 
 
The dose is inversely proportional to the object diameter and the effect of the latter is comparable with 
that of collimation, the tube current (represented by corresponding weighting function in Fig. 2) is the 
most significant factor with a direct proportionality with dose. Quantitatively speaking, tube current 
modulation offers the major contribution to dose control. Collimation and object diameter figures that 
are lower than mean values (in the experimental space) give a higher quantitative contribution to dose. 
Larger collimation with lower tube current, whenever possible, will contribute to lower doses for 
pediatric patients. 
 
Figure 2. Exponential weighting functions of dose’s model. 

 
 
Further research must be performed in order to find models of higher order and interactions included 
which might better describe the variability of the volumetric absorbed dose. 
 
3.2 Noise Model 
 
Results of the ANOVA achieved a significance of 4.8 x 10-5 for the MLR noise model of ln(rk), a high 
correlation between measured data and estimated values is shown by the adjusted correlation 
coefficient C2

n=0.953; the assumed noise model estimator R̂  includes the following predictors: X1, X2, 
X3, X4, X62, X72, X73, X74, X75 and X76. A multiple exponential noise model is obtained as presented in 
eq. (5). 
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where b0 =-4.561, b1 =0.343, b2 =-0.285, b3 = -0.489, b4 = -0.561, b62 = 1.934, b72 = 0.425, b73 = 0.480, 
b74 = 0.787, b75 = 1.525, b76 = 0.821. The noise model, as presented in eq. (5), describes well the 
variation with respect to object diameter changes. The quantitative contributions to noise estimates in 
used phantoms are presented in Fig. 3 in form of exponential weighting functions of noise. 
 
Model parameters show that the high resolution reconstruction mode (HR) increases noise with the 
highest weighting factor, and less influence is observed by reconstruction filters where the filter RF5 
must be avoided whenever possible among these. The component Tn = 0.01 (Tn=e-4.561) has an 
important influence in noise decreasing. The values of relative noise rk can be calculated through 
multiplication of the quantitative contribution of exponential weighting functions for each Xi and 
multiplied by Tn. Noise has an inverse proportionality with kVp, collimation and tube current, the 
latter with higher influence, a direct proportionality is observed respect to object diameter as expected 
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[9]. Low values of kVp, collimation and tube current simultaneously contribute significantly to 
increase image noise at low object diameter (observe Fig. 3). 
 
It is possible to minimize image noise by modulation of operational factors taking into account the 
quantitative contribution of corresponding weighting functions. It is well known that an increment of 
mAs is on detriment of patient caused by absorbed dose [7, 11, 12]. Otherwise, lower mAs with both 
higher kVp and collimation over mean values will contribute to lower noise and volumetric absorbed 
dose for a given FOV and object diameter (see Fig. 3). 
 
Figure 3. Exponential weighting functions of noise’s model. 
 

 
 
4. Conclusions 
 
Statistical pixel noise and CTDIvol models were obtained with a systemic approach named AMAR. 
The models obtained are useful to identify each factor’s influence, enhancing the operational 
possibilities for noise and dose tradeoffs optimization. Tube current, object diameter, collimation and 
reconstruction filters were the most influencing variables. 
 
Taking into account the experimental space of models, good variability description of noise and dose 
is expected in highly uniform anatomical structures. Correction functions must be considered for 
validation purposes regarding: (1) patient-to-object equivalent diameter transformation, (2) 
heterogeneities due to different tissues in axial images and (3) beam hardening effect (e.g. skull effect 
in head images) with respect to PMMA phantom’s identical scanning techniques. 
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