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ABSTRACT

Signal-to-noise ratio (SNR) and sensitivity study of Computed Radiography (CR) 
system with reduction of exposure time is presented. The purposes of this research are 
to determine the behavior of SNR towards three different thicknesses; 5, 10 and 15 
mm-and the ability of the CR system to recognize hole type penetrameter when the 
exposure time decreased up to 80% according to the exposure chart (D7; ISOVOLT 
Titan E). It is shown that the SNR is decreased with decreasing of exposure time 
percentage but high quality image is achieved until 80% reduction of exposure time.
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ABSTRAK

Nisbah isyarat terhadap gangguan (SNR) dan kepekaan system Computed 
Radiography (CR) dengan pengurangan masa dedahan telah dikaji. Tujuan kajian ini 
adalah untuk mengkaji hubungan SNR terhadap ketebalan yang berbeza (step wedge',
5, 10 dan 15 mm) dan kebolehan sistem CR mengenalpasti penetrameter beijenis 
lubang apabila masa dedahan dikurangkan sehingga 80% berdasarkan carta dedahan 
(D7; ISOVOLT Titan E). Kajian menunjukkan bahawa SNR berkurangan dengan 
berkurangnya peratus masa dedahan dan kualiti imej yang baik dapat dicapai pada 
80% pengurangan masa dedahan.

Kata kunci : Computed radiography (CR), nisbah signal kepada gangguan (SNR), 

INTRODUCTION

Industrial radiography has integrated into new era since there are many development 
and improvement in NDT method using microprocessors and computers that called 
digital industrial radiography (DIR). This phenomenon brought significant changes to 
conventional radiographic examination because there were no films and film 
processing needed. There are many systems that have been developed in digital 
industrial radiography such as Computed Radiography (CR), Direct Radiography 
(DR) or flat panel and radioscopy. Each method has it own advantages and 
limitations.
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Computed Radiography or CR is an advanced technology that replaced film in 
conventional method to phosphor imaging plate (IP). This IP technology was first 
introduced by Fuji Film in 1981 (Kato, 1994). Basically, CR utilizes the principle of 
photostimulable phosphor storage medium that combined advanced photographic 
technologies with digital computer technologies. There are two-steps in developing 
CR image which is not directly compared with conventional X-ray films. When the 
radiation passing through the IP, the latent image will be stored (the intermediate 
semi-stable phase) in a radiation sensitive photo-stimulable phosphor layer. The 
image information is converted into light in the CR scanner by laser stimulation and 
transform into a digital image. The IP is reusable after being erased with surplus light 
(Marstboom, 1999).

The challenge of this system is on the image quality. An important criterion 
for accepting a new imaging modality is the quality of the images for this system 
(Giger 1984). Noise is one of the primary factors contributing to the degradation of 
digital radiographic images and, consequently, limiting the ability to detect radiologic 
objects (Anon, 2009). Noise is a random fluctuation in an electrical signal. To 
quantify the effect of the noise on the actual wanted signal, the so-called signal-to- 
noise-ratio (SNR) is defined as the ratio of signal power to the noise power of the 
signal (Eq.l).

SNR =  (1)

SNR is used in digital radiography to quantify how much a signal has been 
distorted by noise. It is considerable important in digital radiography in order to 
determine the radiographic image quality. According to EN 14784-1 (2005), SNR is 
defined as the amount of mean value of the linearized signal intensity and standard 
deviation of the noise at this signal intensity. The value of SNR greatly depends on 
the dose of radiation and the CR system properties. If the system is linear, the SNR 
can be calculated using Equation 2,

SNR = —  fe ( lO )  (2)

where G2 is the gradient D (optical density ~ 2) and od is the granularity at D. SNR in 
CR system should be normalized (SNRn) before it can be applied to measure the 
effect of different radiation dose on IP. For this purpose, duplex wire method is used 
as a an image quality indicator (IQI) to measure the basic spatial resolution (effective 
pixel size) and to normalize SNR (Eq. 3),

SNRn = SNRMeasure (88.6  nm/SRb) (3)

where SRb is the basic spatial resolution.

Besides SNR measurement, the sensitivity of the radiograph images is essential in 
order to determine the ability of radiography to detect flaws as well as image quality. 
It is expressed numerically in terms of smallest detectable variation in specimen 
thickness as a percentage of the total thickness. Image quality indicator (IQI) is a



devise that usually used for this purpose are in form of either wire or hole type. 
However, currently there is no study on determination of sensitivity for digital 
radiographic image.

in this present work, we have studied the effect of SNR and sensitivity of 
digital radiograph image towards reduction of exposure time for several different 
thicknesses. The exposure parameters were based on the standard exposure chart 
which referred to specific X-ray machine used.

MATERIAL AND METHOD

Information about CR system and the samples used in this study is tabulated in Table 
l.The experimental setup is shown in Figure 1. Steel with thickness 5, 10 and 15 mm 
were used to determine the value of SNR depending on their exposure time. In this 
study, the X-ray exposure parameters were fixed at 120kV and 140kV and 3 mA for 
current. The latent image on IP is then scanned using HD-CR 35 NDT scanner 
supported by D-Tect software and the results images were save as .XTF file format. 
The images were then viewed using ISee! software to determine the normalized SNR 
according to EN 14784.

Item Item Specification
Computed radioeraphy Manufacturer / Distributor Durr NDT, Germany
(CR) Model HDCR 25

Analogue digital converter 
(bit)

1 2

Smallest Pixel pitch (pm) 25
Imaging Plate Size (inch) 18x24

Type white
Sample for thickness Step wedge Steel
measurement
IQI Duplex wire EN 462-5

Hole type ASME
X-ray machine Model ISOVOLT Titan E

Manufacturer German
Focal size (mm x mm) 3.0

Table 1. Basic specification of CR system, X-ray machine, imaging plate and sample.
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Fig. 1. Schematic diagram of radiography testing setup using X-ray and imaging
plate.

RESULTS AND DISCUSSION

The non calibrated radiographic image shows the position of duplex wire type and 
hole type of image quality indicator (IQI), region of interest (ROI) and other 
identifications on the sample during the exposures (Fig. 2). The IQI is placed 2° to 5° 
tilted from sample edge for spatial resolution assessment in accordance to EN 4625. 
The normalized signal-to-noise-ratio ( S N R n ) was measured using ISee! software with 
20% spatial resolution separation which is 0.2mm (Fig. 3). All measurements have 
been done with a window size of 20  pixels width (20  values per group in horizontal 
direction) and 200  pixels height (200  group for median in vertical direction) in 
accordance to EN 14784-1.

Fig. 2 Unnormalized radiograph image



Fig. 3 Window size for SNRn measurement by using ISee! Software

Figure 2 shows SNR for series of percentage of exposure time reduction (%) at 120 
kV and 140 kV. The results show same behaviour which the SNR is decreasing when 
the percentage of exposure time reduction increased. Furthermore, the SNR at 120 kV 
is higher than at 140 kV for each thickness 5, 10 and 15 mm-. At 140 kV, the intensity 
of radiation becomes high thus caused low SNR while at 120 kV; the intensity 
becomes low and resulting higher SNR. This phenomenon refers to the absorption and 
scattering effects of radiation that occurred in the sample which is depending on 
thickness of the sample and energy of the radiation. At high energy and thick sample, 
the intensity is high. In this case, the sample will have high potential absorption and 
scattering effect thus resulting low SNR value (Anon, 2009).

Percentage of exposure time reduction, V. Percentage of exposure tim e reduction. %

Fig. 4 Graph of normalized signal-to-noise ratio (SNRN) against percentage of 
exposure time reduction (%) for (a) 120 kV and (b) 140 kV.

Table 2 summarized findings on identified sensitivity in accordance to ASME V 
Article 2. The radiograph images can achieve quality level IT for each 5 mm and 10 
mm of thickness for both 120 kV and 140 kV respectively. For 15 mm of thickness, 
the radiograph image at 140 kV can achieve quality level IT until 20% of exposure 
time but 40% for 120 kV. Anon (2009) have suggested that to achieve the best image 
quality, the maximum X-ray tube voltage should be as low as possible and 
consideration should be taken into account to get IT quality level image in 
accordance to EN 14784-2



Step wedge 
Thickness, 

mm

Standard X-ray exposure parameters

EN 462-5 
(Duplex 

no.)

IQI
(hole
type)

Penetrating 
energy, kV

Current,
mA

Percentage of exposure time, %
100 80 70 60 50 40 30 20

S 10 D 15 120 3 T T T T T T T T
10 9 D 17 T T T T T T T T
15 8 D 20 T T T T T T
5 10 U 15 140 3 r T I T T T T .. T
10 9 1) 17 T T 1 r T 1 ...... v T
15 8D 20 T T T T T r ...... T

Table 2. Image quality level of step wedge at different percentage exposure time.

CONCLUSION

This study concludes that the SNR is decreased with decreasing of exposure time 
percentage for certain thickness of samples. Sensitivity in digital radiograph images 
shows very high quality image at minimum reduction of exposure time.
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