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Abstract— The daily-to-day of medical practice is marked 

by a constant search for an accurate diagnosis and therapeutic 

assessment. For this purpose the doctor serves up a wide varie-

ty of imaging techniques, however, the methods using ionizing 

radiation still the most widely used because it is considered 

cheaper and above all very efficient when used with control 

and quality. The optimization of the risk-benefit ratio is con-

sidered a major breakthrough in relation to conventional 

radiology, though this is not the reality of computing and digi-

tal radiology, where Brazil has not established standards and 

protocols for this purpose. This work aims to optimize compu-

tational chest radiographs (anterior-posterior projection-AP). 

To achieve this objective were used a homogeneous phantoms 

that simulate the characteristics of absorption and scattering 

of radiation close to the chest of a patient standard. Another 

factor studied was the subjective evaluation of image quality, 

carried out by visual grading assessment (VGA) by specialists 

in radiology, using an anthropomorphic phantom to identify 

the best image for a particular pathology (fracture or pneu-

monia). Quantifying the corresponding images indicated by 

the radiologist was performed from the quantification of phys-

ical parameters (Detective Quantum Efficiency – DQE, Modu-

lation Transfer Function – MTF and Noise Power Spectrum - 

NPS) using the software MatLab®. 

Keywords— Computed Radiography, Visual Grading As-

sessments, Modulation Transfer Function, Noise Power Spec-

trum, Detective Quantum Efficiency. 

I. INTRODUCTION  

It has been proposed in the last decades, as detectors of 

radiation, the alternative use of radiographic films. These 

new transducers are associated with digital imaging sys-

tems. In this mode of obtaining the image, a reusable sensor 

absorbs radiation generating an electrical signal or light, 

which is digitized and transferred to a microcomputer, 

where the images are reconstructed, stored and displayed 

[1,2]. The integration of radiology computing market forms 

the basis for a filmless radiology service. Filmless radiology 

refers to a hospital which has a comprehensive and integrat-

ed network environment whose film was completely or 

largely replaced by electronic systems that acquire, archive, 

make available and display images [3,4]. This new technol-

ogy helps to reduce the repetition of exams, which carries 

an unnecessary financial expense for the institution and 

harm to patients by the additional radiation provided by the 

excess of repeated examinations. 

The optimization of cost and risk-benefit ratio is a part of 

the main objectives of a Quality Control Program (QCP) 

and should be carefully considered especially in relation to 

the thoracic radiology [5]. The chest X-ray is the most ac-

complished by the world's population. Each individual car-

ries at least one chest x-ray during life, especially for dis-

eases related to respiratory problems [6]. At the Hospital of 

Clinics of Botucatu (UNESP-HCFMB) are performed on 

average two thousand chest x-rays per month. However, 

nowadays, there are few institutions that have letters of 

radiographic techniques for conducting examinations as 

requested by current standards [7]. Dealing with computa-

tional radiology may be considered a gap in the clinical 

routine, because institutions that use this method of diag-

nostic imaging employ the same techniques of image pro-

duction of screen-film system. It is important to note that 

the exiting national rules do not describe protocols to be 

used in the process of optimization of computed images. 

The protocols used to optimize this method of diagnostic 

imaging are based on international protocols [8]. Within this 

context, we propose in this research to optimize images of 

the chest for Computed Radiography (CR) as contributions 

to the construction of protocols for optimizing images for 

different pathologies (pneumonia and fracture) to be im-

plemented in clinical routine, supplying a gap in the radiol-

ogy sectors that employ this method of diagnostic imaging. 

II. METHODOLOGY 

To achieve the purposed objective, were determined im-

ages of CR obeying the logarithmic mean exposure (lgM) 

which by definition has a value of 1.96 for any Speed Class 

(SC) applied [9,10], however was established for the re-

search a variation of lgM from 1.8 to 2.0, because the refer-

ence is recommended by the manufacturer. 

lgM is a feedback response appropriate to the level of 

exposure in the clinical routine, so it indicates how closely 

the dose used in the detector is to the expected dose. The 
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determination of SC and the radiographic technics such as 

Kilovoltage peak (kVp), the Milliamperage x time (mAs) 

and Source - Filme Distance (SFD), associated with IgM 

were purchased from the assessment of the SC and the cali-

bration of the X-ray beam respectively. 

The equipments used for this research was the Siemens 

model: 844002, Agfa HealthCare 85-X and the ionizing 

chamber Radcal 9015. 

 

A. SC Evaluation 

The term speed indicates for the system the expected 

value of signal on imaging plate (IP). It means that, if cho-

sen a low SC, the signal expected that will achieve the de-

tector is high, so it decreases the sensibility and the gain 

factor on the photomultiplier tube and them the signal rec-

ognized will be low.  Conversely if the SC is high, the op-

posite will happen, therefor these chances on SC shift the 

histogram of the image, and if chosen an incoherent SC it 

may compromise the quality of the image [11]. 

To analyze the SC were used an homogeneous phantom 

(PEP) figure 1.a, and varied the SC on 100, 200, 400 and 

800 and on each image of the PEP was applied the NPS in 

order to check whose presented a less noisy comportment. 

The determination of NPS will be presented on section E. 

 

B. Calibration of the beam and dosimetric systems and 

images evaluation 

In the procedure of calibration of the x-ray beam, the im-

ages were scanned using SC 400. The PEP was used to 

calibrate the x-ray beam with the dosimetric system. Figure 

1.a shows the schematic illustrative of the calibration pro-

ceedings. 

On this proceedings it was selected a voltage range of 70 

– 120 kVp, with step of 5 kVp, aperture field 30 x 30 cm 

and SFD of 180 cm. The mAs are related with the lgM.  

Each value of kVp was associated with a determined 

mAs in order to verify the corresponding lgM. So it was 

obtained about four mAs values for each kVp. Forward was 

built a relationship between Kerma (Kinet-

ic Energy Released in Matter) and signal to noise ratio 

(SNR). On this step the PEP was replaced by an ionizing 

chamber, with the purpose to register the corresponding 

kerma of each techniques, then, on each image was selected 

a region of interest (ROI) to estimate the SNR. 

 

The techniques selected on this proceeding were applied 

on an anthropomorphic phantom, figure 1.b, and the images 

were evaluated by a specialist of the radiology area for 

different pathologies (fracture and pneumonia). On this 

proceeding it was used the Visual Grading Analysis (VGA) 

[12,13]. 

        (a)                                                                 (b) 

 
Fig. 1 Homogenous Phantom a), Anthropomorphic Phantom b). 

 

C. Objective Evaluation of Image  

At this stage of the research was quantified the physics 

parameters associated with the selected images indicated by 

the radiologist. This quantification was performed using an 

Analitic-Realistic phantom (RAP-PEP), shown on figure 2 

[12,13,14,15]. This phantom was x-rayed with the tech-

niques previously determined, described on section B. From 

the images of the RAP-PEP the physics parameters evaluat-

ed: MTF, NPS and DQE. 

 

 
Fig 2 Analitic-Realistic Phantom 

 

D. MTF Measurement 

The acquisition of MTF was performed by the edge 

method [16]. To achieve this purpose, it was selected a ROI 

of the resolution board presented on the RAP-PEP, that 

contains an edge and them was applied the Hough trans-

formed to determine the angulation of this edge and correct-

ed so that the edge gets 90 degrees. Them was performed 

the average of each column of the ROI obtaining the Edge 

Spread Function (ESF), vectoring the image. This vector 

was derived to obtain the Line Spread Function (LSF). So 

applying the Fourier Transform (FFT) the MTF was meas-

ured to quantify the resolution of the system.   

 

E. DQE  Measurement 

The frequency-dependent bin NPS (f), is defined as the 

variance per frequency bin of a stochastic signal in the spa-

cial frequency domain. Although it may be computed as the 

Fourier Transform of the autocovariance function by use of 

the Wiener-Kintchin Theorem, the NPS is most commonly 

computed directly from the square Fourier amplitude of 

two-dimensional image data using [17]: 
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The NPS is often used as an input to the computation of 

detective quantum efficiency (DQE). In the DQE computa-

tion, it is necessary to correct for the gain of the system, and 

the NPS (given in units of digital value squared times mm
2
) 

is divided by the square of the mean value of the pixels used 

for analysis (in units of digital value). This ratio is referred 

to as the normalized noise power spectrum (NNPS), and has 

units of mm
2
: 

NNPS ( , ) =     (   )  (                 )                                (2) 

 

The frequency-dependent DQE (f) is now able to be 

computed [18]: 

DQE (f) =S2     ( )

   ( )    

       = 
    ( )

      ( )    
                          (3) 

 

where     ( )  is the frequency-dependent MTF, 

   ( ) is the frequency-dependent NPS,     ( ) is the 

frequency-dependent  normalized NPS, E is an estimated 

value of the men pixel value to an exposure value and q an 

estimated value by means of computed spectrum modeling 

of the beam conditions evaluated.
  

                                                   
 

F. Implementation of the optimized technical equipment to 

other conventional X-ray, using the same CR system 

One way to achieve equivalence of quality of the beam 

is from the half-value layer (HVL) and the intensity of the 

beam from the equation 4 [14]. 

 

     
     

     
                                                          (4) 

 

where the index 1 described on equation 4 are given to 

the equipment where the techniques were optimized, while 

the index 2 refers to the equipment where the techniques 

will be implement, R means the efficiency of the equipment 

and the BF means the Bucky Factor. 

III. RESULTS 

In the analysis of which SC would provide a behavior 

less noisy, the SC 400 appeared to be better than the others, 

figure 3, so all images were acquired using this SC. 

 
Fig. 3 Normalized Noise Power Spectrum for SC. 

 

Figure 4 represent the ESF evidencing the edge selected 

by the ROI, figure 5 show the LSF obtained by the deriva-

tion of ESF, and then applying the FFT was measured the 

MTF as shown on figure 6. 

 
Fig. 4 Edge Spread Function  

 
Fig. 5 Line Spread Function 

 
Fig. 6 Modulation Transfer Function of 2 techniques selected 

 

For acquire the DQE, first was necessary obtain the NPS 

through equation 1 and normalize it by equation 2, the re-

sults of NNPS is show on figure 7. After obtained the NNPS 

we measured the DQE, by equation 3, and the results of 

DQE are on figure 8. 
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Fig. 7 Normalized NPS 

 

 
Fig 8 Detective Quantum Efficiency 

 

Figure 9 shows the implementation of the optimized 

techniques to another CR system. 

 
Fig. 9 Equivalence of techniques 

IV. CONCLUSIONS  

From the development of the physics parameters pur-

posed on this research along with the choices made by the 

radiologist , it was possible to compare the images regarded 

as best qualities by both methods and optimize these tech-

niques with that whose submitted lower dose, complying 

the main of this research.  
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