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A. FOREWORD 

 
 
The Quality Assurance Programme (QAP) at the Ministry of Health 
(MOH) Malaysia was launched in 1985. The objective of QAP 
implementation is to ensure that patients benefit from healthcare 
services provided at the best possible level with existing resources. 
In the context of the implementation of QAP that uses ionizing 
radiation for the purpose of diagnostic and therapy, the patient's 
interests must be prioritized. This can be achieved through 
accurate and optimum radiation dose exposure in addition with 
radiation exposure to workers and public being controlled. While 
the use of ionizing radiation involved will always be monitored from 
a safety perspective including security. Through such measures, it 
is hoped to be able to achieve the objectives of QAP implementation comprehensively and 
effectively under the Atomic Energy Licensing Act 1984 (Act 304).  
 
All irradiating apparatus, imaging, and non-imaging equipment as well as associated 
facilities in a medical center must undergo quality control (QC) testing to ensure compliance 
with established standards and performance. QC implementation for imaging equipment and 
related facilities must include acceptance tests and periodic quality control tests. QC tests for 
all imaging equipment and related facilities must be carried out periodically to comply with 
the requirements of performance and safety standards by MOH. 
 
Therefore, with this technical QC protocol handbook, it can be a guidance for medical 
physicists, radiographers, and other healthcare professionals to ensure the optimum 
performance of the diagnostic medical imaging equipment as well as associated facilities in 
their respective medical centres.  
 
I would like to congratulate those who were involved and contributed to the development of 
this technical QC protocol handbook.  
 
 
 
 
 
Tan Sri Dato' Seri Dr Noor Hisham bin Abdullah 
Director of Health 
Ministry of Health Malaysia   
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B. PREFACE 
 

 
Over the past few years, technology in healthcare fields has been 
developed rapidly couples with innovative thinking have led to 
improvements in medical physics services and medical radiation. 
Therefore, it has provided a great impact to the healthcare 
professionals and patients in terms of delivering high-quality 
healthcare in the 21st century. 
 
Quality control (QC) is important to all aspects of medical practice, 
including, the use of irradiating apparatus, imaging, and non-
imaging equipment as well as associated facilities to obtain 
images, computations to calculate functional parameters, and the 
interpretation of the findings by the respective physician. It plays a 
fundamental part in accomplishing the regulatory requirement for establishing a 
comprehensive Quality Assurance Programme (QAP) as described in the Atomic Energy 
Licensing (Basic Safety Radiation Protection) Regulations 2010. 
 
This technical QC protocol handbook is intended to be a resource for medical physicists, 
radiographers, and other healthcare professionals who are responsible for ensuring optimal 
performance of diagnostic medical imaging equipment and associated facilities in their 
respective medical centres. Furthermore, it is intended for physicians, clinicians, managers, 
and other decision makers who are responsible for implementing QA/QC programmes in 
medical institutions. It is anticipated that it will play an important role in helping maintain 
image quality and lead to better utilization of diagnostic medical imaging equipment as well 
as associated facilities in all medical centres.  
 
I am positive that this technical QC protocol handbook will be a very useful reference to 
everyone as a guide on how to perform proper QC. Finally, I would like to congratulate all 
the committee members involved in developing and completing this handbook. I would also 
like to extend a sincere thank you to those who are involved indirectly throughout the whole 
process until successfully publishing the handbook. Their efforts were invaluable. I am 
looking forward to see this handbook is frequently be referred to provide safe and excellent 
services in the medical centres.  
 
 
 
 
 
Zunaide bin Kayun@Hj. Farni 
Director 
Medical Radiation Surveillance Division 
Ministry of Health Malaysia 
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D. INTRODUCTION 
 

The Ministry of Health (MOH) is continuously taking steps to improve the quality of 
radiological services. This is to ensure that optimum diagnostic information is obtained from 
the radiographs with the least exposures to patients. Over the years, the MOH has taken 
both administrative and legislative measures to enforce the various requirements under the 
Atomic Energy Licensing Act 1984 (Act 304). 
 

In order to further upgrade and enhance the quality, safety, and efficacy of 
radiological services, the MOH has formulated and initiated the implementation of Quality 
Assurance Programme (QAP) for government medical institutions since 1989. The MOH is 
empowered under Section 17 of Act 304 to implement such programme. The specific 
requirement of the programme will be imposed under Regulation 53 of Basic Safety 
Radiation Protection Regulations (BSRP) 2010. Therefore, QAP has been made mandatory 
since 2000 for both government and private medical institutions under Act 304.  
 

Quality Control (QC) is one of the elements of QAP that has to be carried out for all 
X-ray system (including digital image acquisition) available in the department. QC tests shall 
be performed:  
 

i. at the time of the acceptance and commissioning the X-ray system prior to the 
use; 
 

ii. after replacement of major components that could cause a change in the 
performance of the X-ray system including radiation output, image quality and 
safety of patient; or 
 

iii. at intervals as specified by the appropriate authority. 
 

The performance and safety standards of the X-ray equipment and its associated 
facilities shall be in accordance with the regulatory requirements and relevant code of 
practice. A complete QC report and certificate certified by an approved medical physicist 
shall be submitted to the appropriate authority annually. 
 

This handbook is designed to be guidance to conduct a series of Computed 
Radiography (CR) System performance test in sequence manner. This QC test has to be 
carried by the department in addition to generator performance test for general and mobile 
radiography as specified in the Technical Quality Control Handbook for Radiography System 
(General and Mobile Radiography).  
 

This handbook is applicable to MOH’s medical physicists (especially for young 
physicist) as part of their duties in assessing digital performance to ensure the overall 
performance of X-ray system are complying to the performance and safety standards.
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E. LIST OF TEST PARAMETERS 

 

Test Test Parameters 
CR Image Plates (IPs) 

All CR 
Readersd 

Alla 
Each 

QC IPb 
Single 
QC IPc 

1. 
Visual Check of Uniformity & Condition of 
Cassettes and Image Plates 

    

2. Matching of CR Image Plates     

3. Dark Noise     

4. Detector Dose Indicator (DDI) Accuracy     

5. Differences Between CR Readers     

6. DDI Repeatability     

7. DDI Reproducibility     

8. Signal Transfer Property (STP)     

9. 
Variation of Noise With Detector Air 
Kerma (DAK) 

    

10. Measured Uniformity     

11. Signal-to-Noise Ratio (SNR)     

12. Erasure Cycle Efficiency     

13. 
Threshold Contrast Detail Detectability 
(TCDD) 

    

14. Limiting High Contrast Spatial Resolution     

15. Blurring     

16. 
Scaling Error: Measurement Calibration 
and Aspect Ratio 

    

17. Laser Beam Function     

18. Moire Patterns and Anti-Scatter Grids     

 
a The test should be carried out on each CR plate 
b The test should be carried out on the QC IP for each pixel pitch and plate type 

(GP/HR) 
c The test should be carried out on one QC IP 
d The test should be carried out on each CR reader 
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F. LIST OF TEST TOOLS 
 

NO. TEST TOOLS 

1. Dosimeter 

2. 0.5 mm to 1.5 mm Copper filter  

3. 1.0 mm Aluminium filter 

4. 10 cm x 10 cm x 1 mm lead as attenuating material 

5. 
Threshold Contrast Phantom  
(e.g., Leeds Test Object TO16 or TCD9 or equivalent) 

6. 
Mesh Test Object 
(e.g., Leeds Test Object TO MS4 or equivalent) 

7. Hüttner Test Object 

8. Star Test Pattern 

9. 
Wire Grid Test Object  
(e.g., Leeds Test Object TO M1 or equivalent) 

10. Steel Ruler 

11. Measuring Tape (at least 150 cm in length) 

12. ROI Measurement Tool Software 
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G. DOSIMETRY SET-UP AND MEASUREMENT PROTOCOL 
 

DOSIMETRY PROTOCOL 
 
Purpose of Test To establish the exposure factors needed to give known Detector 

Air Kerma (DAK) values in subsequent tests  
 

Frequency of Test Annually 

Test Tool i. Dosimeter 
ii. Measuring tape 
iii. Filter (refer to Table A) 

 
Method 1. Position a dosimeter at appropriate distance (FID > 120 cm) 

from the focal spot. All tests must be done at fixed FID. 
Collimate the X-ray beam to the size of the dosimeter. 
 
Note: 
Mark the corners of the imaging plate (IP) on the table or floor 
with tape, so that the IP can be easily repositioned without the 
use of the light beam. Marking positions for all IP sizes at this 
point can save time. 
 

 2. If the chamber is closer to the table or floor (Figure A), then 
minimise backscatter by placing a sheet of lead on it. This 
may not necessary for solid state detectors which are not 
susceptible to backscatter. 
 

 

     
Figure A: Set-up for dosimetry 

 
 3. For manufacturer condition, attach the appropriate filter 

specified by the manufacturer at the tube housing exit 
(Figure B). 
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Figure B: 1 mm Copper filter attach to collimator housing 

 
 4. Make an exposure to determine radiation output based on 

manufacturer beam condition (refer Table 1). 
 

 5. For standard beam condition use 1.0 mm Cu at the tube 
housing exit to determine radiation output. 
 

 6. For other beam conditions, follow the protocol for the test. 
 

 7. Record the mean radiation output and mAs required for 
subsequent tests. 
 

  Note: 
Prior to any measurements verify that the general x-ray 
system has acceptable exposure reproducibility (CoV < 0.03) 
and kVp accuracy within 3%) at the standardized condition. 
 

 8. Establish the mAs required to deliver a range of detector air 
kerma (DAK) values at the IP required, under all beam 
conditions that will be used in subsequent tests. 
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Table 1: Beam Conditions for Dosimetry 
 

Manufacturer 
Beam Condition 

Manufacturer Standard 

Agfa 75 kVp/ 1.5mm Cu 

70kVp and 1.0mm Cu 

Fujifilm 80 kVp/ no filtration 

Carestream/Kodak 80 kVp/ 0.5mm Cu + 1mm Al filtration 

Konica 80 kVp/ no filtration 

Other Manufacturers Follow manufacturer recommendation 

 

Note: 
i. If facility has other CR system by different manufacturer, all QC parameters test 

should be done separately for that system and should not be mixed. 
ii. If the latest condition and recommendation available from the listed manufacturer, it 

should be followed. 
iii. For other beam condition, follow related protocol in this handbook. 
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H. TESTING PROCEDURE 
 

TEST PARAMETER 1 VISUAL CHECK OF CASSETTES & IMAGE PLATES  
(IP) CONDITION AND UNIFORMITY 

TEST PARAMETER 2 MATCHING OF CR IMAGE PLATES 
 
Purpose of Test To assess the: 

 
i. physical defects or signs of damage of cassettes and IP. 

 
ii. uniformity of the recorded signal from a uniformly exposed IP. 

 
iii. variation in sensitivity between IPs and to select a QC IP. 

 
Frequency of Test Test Parameter 1 Annually 

Test Parameter 2 During Testing and Commissioning (T&C) 
only 
 

Test Tool i. Dosimeter 
ii. 1.0 mm Copper filter 
iii. Measuring tape 

 
Selection of IP The test should be carried out on each IP plate. 

Method T1. Visual Check of Cassettes & IP Condition and 
Uniformity 

 1. Check the physical condition of each cassette and IP during 
this test. 
 

 2. Expose all IP available to a known DAK of 5 µGy using 
standard beam conditions. 
 

 3. Read the IP using a fixed time delay and standard 
processing parameters for uniform field (refer Table 2).  
 

  Note: 
To simplify QC testing, a standard method is used for all 
system using 70 kVp, 1.0 mm Copper and 1 minute delay 
before IP is read.  
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 Table 2: Processing Conditions for Uniformity Test 
 

Manufacturer 
Processing 

(readout mode) 
Measurement to 

be recorded 
Agfa ‘System Diagnosis’ 

‘Flat Field’ 
S= 200 

 

DDI 

Fujifilm ‘Linearity’ 
‘Fixed’ 

‘S = 200’  
‘L = 1’ 

 

Carestream/ 
Kodak 

‘Pattern’ mode 

Konica ‘Fix’ mode 

Other 
Manufacturers 

Follow manufacturer 
recommendation 

 

 4. Visually check the image obtained for each IP for obvious 
artefacts and non-uniformities. 
 

 T2. Matching of CR Image Plates 

 5. Record the Detector Dose Indicator (DDI) value from the   
Step 3 and calculate the linearised DDI value (DAKDDI) for 
all IP. 
 

  Note: 
It is advisable to refer manufacturer’s specification for latest 
measurement value of DDI. 
 

 6. Calculate the mean linearised DDI value using relationship 
in Table 3 and identify any outliers. 
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 Table 3: Relationship Under Standard Beam Condition 
of 70 kVp and 1.0 mm Copper 

 

Manufacturer 
Linearised DDI value  

DAKDDI (µGy) 

Agfa DAKDDI  =(SAL/400)2 

Fujifilm DAKDDI   = (692/S) 

Carestream/ 
Kodak 

DAKDDI = e (EI-1170)/421 

Konica DAKDDI  =(960/S) 
 

  Note: 
i. For other manufacturers, refer to manufacturer’s 

specification using manufacturer beam condition. 
 

ii. Refer equations given in manufacturer’s 
specification to calculate the linearised DDI value 
(DAKDDI). 

 
 7. Identify an IP with a DDI close to the batch mean to be 

selected as QC IP. 
 

 8. Repeat Step 1 to Step 7 for IP of different pixel pitch 
available in the department. 
 
Note: 
IP can be grouped based on pixel pitch as a same batch 
regardless of the size. 
 

Assessment and 
Evaluation 

T1. Visual Check of Cassettes & IP Condition and 
Uniformity 

 1. A uniformly exposed IP should give a uniform image: a non-
uniform response could affect clinical image quality. The 
visual inspection of the image should be undertaken using a 
narrow window width. 
 

 2. Particular artefacts that can be seen in the image are spots, 
lines and scratches. Generally, spots will indicate that the IP 
need to be cleaned while a line will indicate the reader’s 
optic need to be cleaned. Cracks at the edge of image may 
suggest the IP should be removed from service and 
replaced. 
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 3. The natural variation in sensitivity across an IP should not 
be mistaken for an artefact. 
 

 4. Visually inspect all the plates for physical defects or signs of 
damage. Checking should include the following: 
 

a) verify that the screen plate is straight, and the screen 
base of the screen plate is not bended. 
 

b) verify that the cassette label matches the type of the 
screen (standard or high resolution) inside, if 
applicable. 

 
 5. The performance of IP will vary with age and handling. IP 

should be inspected and cleaned regularly according to the 
manufacturer's instructions. Care should be taken to 
replace IPs in cassettes the right way round to prevent 
damage to the IP and to prevent the loss of the next clinical 
image. 
 

 6. Some IP are flexible to allow unloading from the cassette 
into the reader and their lifetime is limited by mechanical 
stress during the read cycle. 
 

 T2. Matching of CR Image Plates 

 1. IP should be checked to ensure that the sensitivities of all IP 
are matched for each batch. This particularly important 
when IP are added to an existing batch. 
 

 2. Refer to manufacturer’s recommendations on inter-IP 
variations in sensitivity. Some CR readers correct for 
variations in light output between IP. Either an IP sensitivity 
value is set in the chip that identifies the IP or this value is 
held in the CR reader. 
 

 3. It is sensible to keep a departmental inventory of IP with 
type, ID or serial number, age, and usage.  
 

 4. Record the IP-cassette combination if possible. 
 

Performance Standard Test Parameter 1: i. Clean and undamaged image plate 
ii. No artefacts 

 
 Test Parameter 2: DAKDDI varies by ≤ 20% between image 

plates 
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TEST PARAMETER 3 DARK NOISE 
 
Purpose of Test To assess the level of noise inherent in the system since 

excessive noise in the IP can compromise image quality and to 
test laser power indirectly. 
 

Frequency of Test Annually 

Test Tool No test tool required 

Selection of IP The test should be carried out on the QC IP for each pixel pitch 
and plate type. 
 

Method 1. Erase manually each QC IP using the erasure cycle for IP. 
 

 2. Immediately read the IP without making an exposure using 
the appropriate readout parameters for the system (Refer 
Table 4). 
 

 Table 4: Processing Conditions for Dark Noise Test 
 

Manufacturer 
Processing 

(readout mode) 
Measurement to be 

recorded 

Agfa ‘System Diagnosis’ 
‘Flat Field’ 
S = 800 

i. PVIlog 
ii. Scan Average Level 

(SAL) 

Fujifilm ‘Dark Noise Test’ 
‘Fixed’ 

S = 10,000 
L = 1 

i. PV 
ii. SD 

Carestream/ 
Kodak 

’Pattern’ mode i. Exposure Index (EI) 
ii. PV 
iii. SD 

Konica ‘Fix’ mode i. Sensitivity Number (S) 
ii. PV 
iii. SD 

 

 Note:  
i. For Agfa system, SAL value is equivalent to the mean 

pixel value. 
 

ii. For other manufacturers, refer to manufacturer’s 
specification. 
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 3. Examine the image visually for uniformity using a narrow 
window width under different viewing conditions of contrast 
and brightness, which further would show any artefacts the 
cassette might have. 
 

 4. Record the DDI value if appropriate and record the mean 
pixel value (PV) and its standard deviation (SD) using ROI 
analysis (Figure 3) at the centre of the image. 
 

 

 
Figure 3: Region of Interest (ROI) Analysis 

 
 5. Check that the DDI meets the manufacturers specification, 

and that the appearance of the image fits the manufacturer’s 
description. 
 

 6. Compare the DDI, mean PV and SD to those recorded 
during T&C. 
 

 7. Repeat for high resolution IP if manufacturer dark noise 
specification is different for these. 
 

 8. Record all related data. 

Assessment and 
Evaluation 

1. This is the level of signal in a system when no radiation has 
been used to create an image. Sources for such noise are 
usually electronic but may cause by residual signal from 
previous images.  
 

 2. The dark noise test measures the erasure efficiency of the 
IP and the CR system. During the reading process of an 
image, a certain amount of noise would be unavoidably 
produced. Therefore, the less the dark noise is, the better 
the image quality will be. 
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 3. High signal in the dark noise image may be indicative of 
failing laser power, increasing amplifier gain to compensate 
for this result in greater amplification of dark noise. 
 

 4. The dark image should usually be uniform and artefact free. 
 

Performance Standard 
Manufacture DDI Measurement 

Agfa SAL < 100 
IgM < 0.28 

Fujifilm PV < 280 
PVSD < 4 

Carestream/Kodak EIGP < 80 
PVGP < 80 
PVSD < 4 

EIHR < 380 
PVHR < 80 
PVSD < 4 

Konica S ≥ 5000 
PVAverage < 10.0 
PVSD < 1.0 

Other manufacturers Follow manufacturer’s performance 
standard 
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TEST PARAMETER 4 DETECTOR DOSE INDICATOR (DDI) ACCURACY 
TEST PARAMETER 5 DIFFERENCES BETWEEN CR READERS 
    (Only applicable if more than one reader available) 
 
Purpose of Test To assess the: 

i. Accuracy of the DDI for IP and monitor any along term 
drift in system sensitivity. 
 

ii. Variation in sensitivity between readers. 
 

Frequency of Test Annually 

Test Tool i. Dosimeter 
ii. Measuring tape 
iii. Filter (refer Table 5) 

 
Selection of IP The test should be carried out on one QC IP. 

Method T4. Detector Dose Indicator (DDI) Accuracy 

 1. Expose the single QC IP to known DAK of ~10 µGy using 
the tube potential and filtration specified by manufacturer 
beam condition and the mAs determined previously. 
 

 2. Read the IP using the fixed time delay and processing 
parameters specified by the manufacturer. 
 

 3. Record the DDI and calculate the linearised DDI value 
(DAKDDI) using the equations given.  
 
Note: 
For step 1 to 3, please refer table 5. 
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 Table 5: Beam Condition for Checking DDI Accuracy Test 
 

Manufacturer Beam Condition 
Processing (Readout 

Mode) 
Linearised DDI value 

DAKDDI (µGy) 

Agfa 75kVp/ 
1.5mm Cu 

2.5 minutes delay 
‘System Diagnosis’ 

‘Flat Field’ 
‘Linear Sensitometry’ 

S = 200 

DAKDDI = 
(SAL / 402)2 

Fujifilm 80 kVp/ 
no filtration 

10 minutes delay 
‘Sensitivity’ 
‘Semi-Auto’ 

L=1 or 2 

DAKDDI   = (1740 / S) 

Carestream/ 
Kodak 

80 kVp/ 
0.5mm Cu + 

1mm Al 

5 minutes delay 
’Pattern’ body part 

DAKDDI = 10n 

 
n = (EI - C) / 1000 
C = 1060 for GP 
C =760 for HR 

Konica 80 kVp/  
no filtration 

2 minutes delay 
‘Test 1’ 
G = 2 
F off 

DAKDDI = (1740 / S) 

 

 Note: 
i. For other manufacturers, refer to manufacturer’s specification using 

manufacturer beam condition. 
 

ii. Refer equations given in manufacturer’s specification to calculate the 
linearised DDI value (DAKDDI). 

 
 4. Compare the value to the delivered exposure. Check that 

the DDI meets the manufacturer’s specification. 
 

 5. Repeat the DDI calibration test for other QC IP. 

 T5. Difference between CR Readers 

 6. Using the same QC IP, repeat the Step 1 to Step 5 above 
but read the IP with other CR reader (same manufacturer 
beam condition) in the department if available. 
 

 7. Compare the result for each CR reader. 
 
Note: 
If other CR reader of different manufacturer is available, 
repeat Step 1 to Step 7. 
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Assessment and 
Evaluation 

T4. Detector Dose Indicator (DDI) Accuracy 

 1. The latent image signal from the IP will drop rapidly after 
exposure; this is common to all CR systems. Between 1 
and 10 minute post-exposure, the signals typically drop by 
5 to 10% although some systems may show less latent 
image decay. Therefore, the delay between exposures 
should match that specified by the manufacturer. 
 

 2. Cassettes usually indicate which is the tube side and which 
way round to insert the cassette into the reader. Care 
should be taken as the unloading mechanism in some 
readers may damage IP by scratching them if they are 
inserted in wrong orientation. 
 

 3. Some centres set a large field size and position a reference 
ion chamber in one corner of the field, avoiding the IP. This 
is used to check exposure consistency during this test. If 
the X-ray tube is fitted with a DAP meter, this can be used 
instead. Alternatively, if output is known to be very 
consistent, no monitor chamber is needed. 
 

 T5. Difference between CR Readers 

 1. Nominally, similar readers may have different sensitivities 
and there may be wide tolerances on the set-up of each 
reader. Even where two or more readers each have a DDI 
calibration that is within tolerance, there may be a relatively 
large variation between these readers (up to twice the 
tolerance on calibration).  
 

 2. Where IP are likely to be read in more than one reader, it is 
good practice to set readers up to be as similar as possible. 
 

 3. Compare the DAKDDI for each reader with others in the 
department. This test is only useful where IP are likely to be 
read in more than one reader. 
 

Performance Standard Test Parameter 4: DDI ≤ 20% 

 Test Parameter 5: DAKDDI varies by ≤ 20% between readers 
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TEST PARAMETER 6 DDI REPEATABILITY 
TEST PARAMETER 7 DDI REPRODUCIBILITY 
 
Purpose of Test i. To check the short-term consistency of the reader and to 

set a baseline for long-term monitoring of system 
sensitivity (repeatability) 
 

ii. To verify the long-term consistency of the reader and 
compare with the baseline value (reproducibility) under 
the same conditions. 

 
Frequency of Test Test Parameter 6: Annually 

Test Parameter 7: Monthly and Annually 

Test Tool i. Dosimeter 
ii. Measuring tape 
iii. Filter 

 

Selection of IP The test should be carried out on one QC IP. 

Method T6. Detector Dose Indicator (DDI) Repeatability 

 1. Expose single QC IP to a known DAK of ~10 µGy using 
standard beam conditions. 
 

 2. Read the IP using a fixed time delay (1 minute) and 
standard processing parameters for a uniform field as in 
Table 6. 
  

 Table 6: Processing Conditions for DDI Repeatability Test 
 

Manufacturer 
Processing 

(Readout Mode) 
Measurement to be 

recorded 
Agfa ‘System Diagnosis’ 

‘Flat Field’ 
‘Linear Sensitometry’ 

S = 200 

DDI 

Fujifilm ‘Sensitivity’ 
‘Semi-Auto’ 

L=1 or 2 
Carestream/ 

Kodak 
’Pattern’ body part 

Konica ‘Test 1’ 
G = 2; 
F off 

 

Note: 
For other manufacturers, refer to manufacturer’s specification. 
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 3. Record the DDI and calculate the linearised DDI value 
(DAKDDI) as in Table 7. Check that the DDI meets the 
manufacturer’s specification. 
 

 Table 7: Relationship Under Standard Conditions of 
70 kVp and 1.0 mm Copper Filtration 

 

Manufacturer 
Relationship between 

DDI and DAK 
Linearised DDI value 

DAKDDI (µGy) 

Agfa SAL= 400 K0.5 DAKDDI = (SAL/400)2 

Fujifilm S = 692 K-1 DAKDDI = 692/S 

Carestream/ 
Kodak 

EI = 421 ln(K) + 1170 DAKDDI = e(EI -1170)/421 

Konica S = 960 K-1 DAKDDI = 960/S 

*K = measured DAK 
 
Note: 

i. For other manufacturers, refer to manufacturer’s 
specification. 
 

ii. Refer equations given in manufacturer’s specification to 
calculate the linearised DDI value (DAKDDI). 

 
 4. Repeat for at least 3 times using same QC IP and calculate 

the coefficient of variation for the indicated exposures. 
 

 T7. Detector Dose Indicator (DDI) Reproducibility 

 5. Record the mean DAKDDI obtained from repeatability test 
above and compare with the baseline value established 
during T&C. 
 

 6. Record the results and determine the deviation from 
baseline value. 
 

Assessment and 
Evaluation 

T6. Detector Dose Indicator (DDI) Repeatability 

 1. IPEM 91 recommended a target of ~10 µGy, but other 
doses could be used, eg. clinical target dose. 
 

 2. Some centres set a large field size and position a reference 
ion chamber in one corner of the field, avoiding the IP. This 
is used to check exposure consistency during this test. 
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 T7. Detector Dose Indicator (DDI) Reproducibility 

 1. Compare the DDI and indicated exposure found in the 
short-term consistency check with those obtained under the 
same conditions from T&C onward. 
 
 

 2. If slightly different DAKs are used each time, then use the 
ratio of DAKDDI to actual delivered DAK (rather than just 
DAKDDI). If a discrepancy is found, it may be worth 
repeating the DDI calibration check under the conditions 
specified by the manufacturer. 
 

 3. Be aware that the IP in a particular cassette may have 
changed, for example, IP may be inadvertently replaced in 
different cassettes after cleaning. 
 

 4. It is important how the manufacturer calibrates the DDI. If 
the signal measured from an IP exposed to a certain dose 
and the calibration is reset to a specific DDI value for this 
level of signal, the raw signal associated with a particular 
exposure does not guarantee constancy of image quality 
over time as the system can adjusted through its life to 
keep a constant DDI irrespective of the image quality. 
 

Performance Standard Test Parameter 6: CoV of DAKDDI ≤ 10% 

 Test Parameter 7: Mean DAKDDI ≤ 20% of baseline value 
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TEST PARAMETER 8 SIGNAL TRANSFER PROPERTY (STP) 
TEST PARAMETER 9 VARIATION OF NOISE WITH DETECTOR AIR KERMA  

(DAK) 
 
Purpose of Test i. To establish the relationship between receptor dose and 

pixel value 
 

ii. To measure noise relative to dose. 
 

Frequency of Test Annually 

Test Tool i. Dosimeter 
ii. Measuring tape 
iii. 1.0 mm Copper filter 

 
Selection of IP The test should be carried out on one QC IP. 

Method T8. Signal Transfer Property (STP) 

 1. Expose single QC IP to a known DAK of ~1 µGy using 
standard beam conditions. 
 

 2. Read the IP using a fixed time delay (1 minute) and image 
processing parameters as in Table 8.   
  

 Table 8: Manufacturer specific information for STP Test 
 

Manufacturer 
Signal Transfer Property (STP) 

Processing Analysis Relationship 

Agfa ‘System Diagnosis’ 
‘Flat Field’ 
S = 200 

 

i. SAL (draw ROI 
covering > 10,000 
pixels in centre of 

image) or 
ii. PV 

i. Square root: 
SAL 

ii. Logarithmic: 
Raw Pixel 
Values  

Fujifilm ‘Linearity’ 
‘Fixed’ 

S = 200 
L = 2 

PV Logarithmic 

Carestream/ 
Kodak 

‘Pattern’ mode PV Logarithmic 

Konica ‘Fix’ mode QC S-value, 
E&F processing 

turned out 
(will give different S value 

to Test 1) 

Logarithmic 

Note: 
For other manufacturers, refer to manufacturer’s specification. 
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 3. Repeat for at least another 4 air kerma values to cover up to 
20 µGy. An image from the check of short consistency can 
be used here. 
 

 4. Record the mean PV and SD from the centre of the image 
using ROI analysis tools. Use an approximately 2 cm x 2 cm 
ROI and record its actual size (either its physical area or the 
number of pixels it contains). 
 
Note: 
The PV and SD reading should be taken from pre-processed 
images. These images types are available on many digital 
imaging systems and are often given a distinct name such 
as ‘RAW’, ‘For Processing’ or ‘Flat field’ images by the 
system. 
 

 5. Plot mean PV against DAK and obtain the equation of the 
trend-line for this graph (i.e. the PV as a function of receptor 
dose). 
 

 6. Obtain the regression coefficient (R2) for the trend-line and 
check that the trend-line is a good fit to the data. 
 

 

 
Figure 8: Example of graph mean PV versus 

DAK using log-log axes 
 

 T9. Variation of Noise with Detector Air Kerma (DAK) 

 7. From standard deviation obtain in Step 4, calculate variance 
and record the results. 
 

 8. Plot a quadratic curve of variance against DAK on log-log 
axes and obtain noise components. 
 

 9. Obtain correlation of linear fit of system noise (variance) vs 
DAK. 
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Figure 9: Example of graph variance versus DAK using log-log 

axes 
 

Assessment and 
Evaluation 

T8. Signal Transfer Property (STP) 

 1. The STP is the pixel response of the system as the function 
of the detector entrance kerma. It gives an indication of the 
dynamic range and linearity of response of the system. 
 

 2. The image can also be used to determine the actual 
relationship between DDI and DAK where the standard 
conditions used differ from those recommended by 
manufacturer. KCARE provide detail for the standard 
condition used in evaluations; these are shown for 
illustration in Table 9. 
 

 Table 9: Relationship under standard conditions 
of 70 kVp and 1 mm Copper filtration 

 

Manufacturer 
DDI  

at 10 Gy 

Relationship 
between DDI and 

DAK 
STP 

Agfa 1375 SAL = 400 K0.5 PV = 533 ln(K) + 1650 

Fujifilm 81 S = 692 K-1 PV = 138 ln(K) + 152 

Carestream/ 
Kodak 

2160 EI =421 ln(K) + 1170 PV = 422 ln(K) + 1180 

Konica 88 S = 960 K-1 PV = -451 ln(K) + 2840 

Note: 
For other manufacturers, refer to manufacturer’s specification. 
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 T9. Variation of Noise with Detector Air Kerma (DAK) 

 1. The measure of variance is an indicator of noise in an 
image. The noise performance of a detector can be checked 
by plotting the variance of pixel value as a function of DAK. 
 

 2. Most detectors have a DAK range over which image noise 
follows a Poisson distribution before other noise sources 
become important. If the detector is quantum limited, the 
variance should follow a Poisson distribution. This can be 
confirmed by fitting the variance to the corresponding DAK 
using the equation below; the b coefficient should be 1.0 for 
Poisson image noise. 

v = aKb 
where, 
 

K = Incident air kerma 

v  = variance 

a and b = Constants 
 

 

 3. At low DAK values (additive) electronic noise can increase 
the variance, while at high DAK, structure noise can be an 
important component of total system noise. Although these 
noise sources are common to most current detectors, the 
type and magnitude of noise depend on the specific detector 
in question. These factors influence the shape of the graph 
(variance vs DAK), the value of the b coefficient and the 
DAK range over which the detector is quantum noise limited. 
For this test, very low or high DAK values should not be 
used because at these doses, the system is unlikely to be 
quantum limited. 
 

 4. The size and position of ROI will influence the measured 
variance, however using a nominal ROI placed at the image 
centre is sufficient for a QC measurement. 
 

 5. This test is recommended to be undertaken at T&C; 
subsequently, it can be used to give more information on 
changes in the noise sources. It should be noted that the 
variance has not been normalised, therefore if there is a 
change in the amplification of the system then the variance 
should change with the amplification. 
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Performance Standard Test Parameter 8: i. Simple STP relationship 
(linear or logarithmic) 
 

ii. Regression coefficient for graph of 
mean PV versus DAK: R2 ≥ 0.98 
 

 Test Parameter 9: Correlation (R2) of linear fit of system noise 
versus DAK ≥ 0.95 
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TEST PARAMETER 10 MEASURED UNIFORMITY 
TEST PARAMETER 11 SIGNAL TO NOISE RATIO (SNR) 
 
Purpose of Test i. To quantify the uniformity of the recorded signal from a 

uniformly exposed IP. 
 

ii. To identify the presence of artefacts or local non-
uniformities. 
 

iii. To assess the relative amount noise in the image. 
 

Frequency of Test Annually 

Test Tool No test tool required 

Selection of IP The test should be carried out on one QC IP. 

Method T10. Measured Uniformity 

 1. Position the single QC IP (i.e largest CR cassette 
available). 
 

 2. Expose the IP to a known dose of ~5 µGy using standard 
beam conditions. 
 

 3. Rotate the IP through 180° about the vertical axis and            
re-expose using the same parameters; this should largely 
cancel out non-uniformities due to the anode heel effect. 
 

 4. Read the IP using the standard conditions used to 
determine the STP (Refer Table 10). 
 

 Table 10: Processing Conditions for Uniformity Test 
 

Manufacturer 
Processing 

(readout mode) 
Measurement to be 

recorded 

Agfa ‘System Diagnosis’ 
 ‘Flat Field’ 

S = 200 

Mean PV and SD or  
SAL (for Agfa system) 

Fujifilm ‘Linearity’ 
‘Fixed’ 

S = 200 
L = 2 

Carestream/ 
Kodak 

‘Pattern’ mode 

Konica ‘Fix’ mode 
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Note: 
i. For other manufacturers, refer to manufacturer’s 

specification. 
 

ii. For new model from manufacturers mentioned above, it is 
advisable to refer the latest manufacturer’s specification. 

 
 5. Inspect the image visually for any artefacts or local non-

uniformities. 
 

 6. Using ROI analysis tools, measure the mean PV and SD in 
five ROI; one in the centre of the image and one in the 
centre of each quadrant of the image as shown in Figure 
5. 
 
Note: 
Each ROI should include around 2 cm x 2 cm and should 
not include any artefacts or local non-uniformities. 
 

 

    
Figure 10: Determining five ROI for uniformity measurement 

 
 7. Linearise the mean PV (STP corrected value) for each 

region of the image from the inverse STP equation 
(obtained from Test 8). 
 

 T11. Signal to Noise Ratio (SNR) 

 8. Transfer the mean PV and SD recorded from Test 10 into 
form Test 11. 
 

 9. Determine SNR and obtain SNR deviation between mean 
and baseline value. 
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Assessment and 
Evaluation 

T10. Measured Uniformity 

 1. Uniformity of response is a fundamental parameter for 
detectors in all medical imaging fields. A uniform exposure 
should result in a uniform response of the CR system. 
 

 2. The most frequent artefacts are: 
i. white irregular lines, caused by cracks or scratches 

on the IP; 
 

ii. white straight lines, caused by dirt on the light 
guide in the IP reader; 
 

iii. wide bright areas, caused by damage to the IP 
protective layer. 

 
 T11. Signal to Noise Ratio (SNR) 

 1. Signal to noise ratio (SNR) is a useful concept for 
measuring the respond of a digital detector quantitatively 
with simple tools. It may give information on system 
sensitivity and noise properties. 
 

 2. SNR is defined as the ratio of the STP corrected signal 
(PV) to the STP corrected noise (SD of PV). 
 

 3. Care is required in SNR measurement, as SNR is strongly 
affected by processing. Any changes in processing may 
affect the results so consistency in selection of processing 
parameters is important. 
 

 4. It is possible to apply processing algorithms in such a way 
that the SNR changes greatly, but the visibility of low 
contrast details is unchanged. 
 
Note: 
For T&C, compare with data from other system tested. 
While for annual test compare data with baseline value. 
 

Performance Standard Test Parameter 10: i. No artefacts 
ii. Mean STP corrected ROI values 

within mean ≤ 10% 
 

 Test Parameter 11: ≤ 15% of baseline value 
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TEST PARAMETER 12 ERASURE CYCLE EFFICIENCY 
 
Purpose of Test 
 

i. To evaluate the severity of any artefact or residual signal 
(ghosting) remains on IP after readout and erasure due to 
previous exposure. 
 

ii. To confirm that the primary erase function of the CR 
reader is capable of fully erasing an exposed IP. 

 
Frequency of Test Annually 

Test Tool Attenuator (e.g., 10 cm x 10 cm x 2 mm Pb) 

Selection of IP The test should be carried out on one QC IP. 

Method Erasure Cycle Efficiency Test 

 1. Position a piece of attenuating material (e.g., 10 cm x 10 cm 
x 2 mm Pb) where the edges of attenuator at the centre of 
the IP (Refer Figure 12.1 and 12.2).  
 
Note: 
If the reader uses a bank of erasure lights, use the largest IP 
size and a strip of attenuating material rather than just a 
small central piece to check that all erasure lights are 
working. 
 

 

 
Figure 12.1: Set-up for Erasure Cycle Efficiency Test 
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Figure 12.2: ROI Measurement After Second Exposure 

 
 2. Expose the IP using a high exposure at 80 kVp and 20 mAs 

without filtration.  
 

 3. Read the IP using any readout parameters for the system. 
 

 4. Place the same IP at the same location without the 
attenuating material and centre the light field on the same 
point on the IP. 
 

 5. Change the collimation, so the resultant field is about 10% 
smaller than the original field but larger than the previously 
attenuated area. 
 

 6. Re-expose the IP using a much lower exposure at 80 kVp 
and 0.5 mAs without filtration. 
 

 7. Read the IP using the appropriate readout parameters for 
the system (Refer to Table 11). 
 

 Table 11: Processing Condition for Erasure Cycle Efficiency Test 
 

Manufacturer 
Processing 

(readout mode) 
Measurement to 

be recorded 

Agfa ‘System Diagnosis’ 
‘Flat Field’ 
S = 200 

Mean PV 

Fujifilm ‘Sensitivity’ 
‘Semi-Auto’ 
‘L = 1 or 2’ 

Carestream/ Kodak ‘Pattern’ mode 

Konica ‘Semi Fix’ 
G = 1 

Note: 
For other manufacturers, refer to manufacturer’s specification. 
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 8. Set a narrow window and adjust the level. Visually inspect 
the image for any evidence of the previous image; look for 
both the attenuated and unattenuated regions.  
 

 9. If ghosting is visible, follow the step below to determine the 
lag. 
 

 Ghosting or Image Retention Test 

 10. Use ROI analysis to quantify the difference in pixel value 
between the ghost and surrounding areas. Calculate the 
indicated exposure for each region (Refer Figure 12.3). 
 

 

 
Figure 12.3: ROI Analysis for Ghosting or Image Retention Test 

 
 11. Calculate the lag percentage of ghost to background signal 

using STP corrected pixel values. 
 

Assessment and 
Evaluation 

1. All systems have automatic erasure cycles after reading an 
IP. This erasure cycle should remove any residual signal 
from the IP. Leaving it clear for the next exposure. If is 
improperly or insufficiently erased, can potentially give rise 
to image artefacts. 
 

 2. The light source used for erasure fades over time and must 
eventually be replaced. This may become less of a problem 
in the future as longer lasting diodes replace halogen bulbs 
in new CR readers. 
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 3. There should be no ghosting on either side of the field edges 
on this image. If the erasure cycle is not working properly, 
ghosting will be seen as a darker band outside the field and 
a lighter central area inside the field (assuming that a 
monochrome 'white bones' greyscale is used). 
 

 4. This effect derived from: 
 

a) a delay in generated signal being read that can 
cause some of the signal generated in a prior image 
to appear superimposed on the signal generated 
during the current image acquisition (additive lag); 
 

b) a temporary change in the sensitivity of the detector 
determined by prior exposure history (multiplicative 
lag). 
 

 5. The lag can be determined using the formula below: 
 

Lag (%)= 
[ROI 2] - [ROI 1]

[ROI 2]
 ×100 

 
where, 
 

[ROI 1] = Mean PV of ROI unattenuated region 
(after 2nd exposure) 

[ROI 2] = Mean PV of ROI attenuated region 
(after 2nd exposure) 
 

 

Performance Standard i. Visual assessment             : No visible ghost image 
 

ii. Quantitative assessment   : Lag ≤ 1% 
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TEST PARAMETER 13 THRESHOLD CONTRAST DETAIL DETECYTABILITY 
(TCDD) 

 
Purpose of Test To monitor image quality by assessing the visibility of low 

contrast details. 
 

Frequency of Test Annually 

Test Tool i. Threshold contrast test object 
(e.g. Leeds Test Object TO16/ TO20 or TCD9 test object 
or equivalent) 

ii. 1.0 mm Copper filter 
 

Selection of IP The test should be carried out on the QC IP for each pixel pitch 
and plate type. 
 

Method 1. Place the threshold contrast test object on the IP and attach 
the 1.0 mm Copper filter on the collimator as specified by 
manufacturer of the test object. 
 

 2. Expose the IP to a standard dose at ~4 µGy using the 
appropriate tube potential. 
 

 3. Read the IP using the appropriate readout parameters for the 
system (Refer to Table 12) 
 

 Table 12: Processing Conditions for TCDD test 
 

Manufacturer 
Processing 

(readout mode) 
Measurement 
to be recorded 

Agfa ‘System Diagnosis’ 
‘Flat Field’ 
S = 200 

Number of 
details seen 

Fujifilm ‘Sensitivity’  
‘Semi-Auto’ 

GA = 1 

Carestream/ 
Kodak 

‘Pattern’ mode 
‘Raw data’ 

‘No edge enhancement’ 

Konica QC S-value 
E&F processing turned 

off 
Note: 
For other manufacturers, refer to manufacturer’s specification. 
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 4. During T&C, repeat exposures at low (~standard dose/3) and 
high exposure (~3x standard dose) levels where different 
noise sources dominate. 
 

 5. Score image:  
 
a) For softcopy images on a reporting workstation, optimise 

window and level settings for each detail size. 
 
b) For hardcopy images, adjust the window to optimise the 

visibility of the details, ensuring that background noise is 
perceptible, and print the image out on a film size 
matching the cassette size. Record the window settings 
used and view the image on a masked light box. 

 
 6. For both softcopy and hardcopy scoring, use a defined 

scoring protocol and attempt to keep threshold criteria 
constant. Ensure that ambient light levels are low and that 
there are no obvious reflections on the display media.  
 

 7. Plot graph of threshold detection index against the square 
root of detail area on log-log axes. 
 

 8. Determine the Image Quality Factor (IQF) of the detector and 
compare with the value from baseline value. 
 
Note: 
Repeat at DAK used clinically if this is significantly different 
from 4 µGy and for each pixel pitch used clinically. 
 

Assessment and 
Evaluation 

1. TCDD is a useful and practical tool for assessing overall 
imaging performance. 
 

 2. During T&C, the TCDD results are used to set the baseline 
for future QC tests. 
 

 

 
Figure 13.1: Image of Leeds Test Object TO16/ TCD9 
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Figure 13.2: Image of Leeds Test Object TO20 

 
 

 3. The threshold detection index, HT(A) is defined as follow: 

HT(A)=
1

[CT √A]
 

where, 
 

CT = Threshold contrast (%) corresponding 
to the last visible detail of area A 

√A  = Square Root of Detail Area (mm) 
 

 

 4. A high value of HT(A) indicates good visibility at that detail 
size. 
 

 5. Image quality factor (IQF) can be determined and calculated 
quantitatively using the equation below: 
 

IQF= 
1

n
 

HT

HT
ref

(Ai)

(Ai)

n

i=1

 
Dref

D

0.5

 

 

where, 
 

HT (Ai) = Threshold contrast detail index values 
calculated from the image 

HT
ref (Ai) = Threshold contrast detail index values 

calculated from a reference image of a 
system known to be in good adjustment 

D = The dose to the IP 

Dref = The dose to the IP for the reference image 

n = The number of different details diameter 
(group) visible in the test object 
 

 

Performance Standard IQF value should be ≤ 10% of baseline. 
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TEST PARAMETER 14 LIMITING HIGH SPATIAL RESOLUTION 
 
Purpose of Test To assess the high contrast limit of the system’s ability to resolve 

details. 
 

Frequency of Test Annually 

Test Tool Hüttner X-ray Test Pattern 
 

Selection of IP The test should be carried out on the QC IP for each pixel pitch 
and plate type. 
 

Method 1. Place the Hüttner X-ray Test Pattern on the centre of the IP 
aligned at 45° to its edge. (Refer Figure 14.1) 
 

  

 
Figure 14.1: Position of Hüttner X-ray Test Pattern on the 

centre of the IP 
 

 2. Expose the IP using a low tube potential usually 40 - 50 kVp, 
fine focus, and sufficient mAs (1 mAs) without filtration, to 
keep minimal image noise with no signal saturating in any 
part of the IP. 
 

 3. Read the IP using the appropriate readout parameters for the 
system (Refer to Table 13). 
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 Table 13: Processing Conditions for Limiting Spatial Resolution Test 
 

Manufacturer 
Processing 

(readout mode) 
Measurement to 

be recorded 

Agfa ‘System Diagnosis’ 
‘Flat Field’ 
S = 100 

Number of 
resolvable groups 

of lines 

Fujifilm ‘Linearity’ 
‘Fixed’ 

S = 200 
L = 2 

Carestream/ 
Kodak 

‘Pattern’ mode 
‘Raw data’ 

‘No edge enhancement’ 
Konica QC S-value 

E&F processing turned off 
Note: 
For other manufacturers, refer to manufacturer’s specification. 
 

 4. During T&C, repeat with the test pattern placed at a slight 
angle (10°) to the sub-scan. These can be undertaken in 
the same image if more than one test object is available. 
 

 5. Identify and record the pixel pitch of the IP. 

 6. Repeat Step 1 to Step 5 for other IP available with different 
pixel pitch. 
 

 7. Transfer images to the reporting workstation. 
 

 8. Optimise the window level and set a magnification of around 
five times. Score the number of resolvable groups of lines 
and convert to the corresponding resolution. (Refer Figure 
14.2) 
 

 

 
Figure 14.2: Score the number of resolvable groups of  

lines using 5x magnification 
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 9. Score the number of resolvable groups of lines and convert 
to the corresponding resolution. 
 

Assessment and 
Evaluation 

1. Spatial resolution in CR is determined mainly, as determined 
by the sampling rate of the photomultiplier tube output (scan 
direction).  
 

 2. CR readers for general radiography typically use sampling 
frequencies of 5 to 12 pixels per mm, giving pixel pitches of 
200 to 80 µm and leading to theoretical limiting resolution of 
2.5 to 6 lines pairs (lp) mm-1. 
 

  

      
Figure 14.3: Group of lines in lp/mm for Hüttner X-ray Test Pattern Type 18 

 
 3. The limiting resolution should be compared to the Nyquist 

limit, defined at 45° by √2/2Δρ where Δρ is the pixel pitch. 
The image should be examined carefully, normally as the bar 
pattern frequency approaches the Nyquist frequency then 
aliasing appears and makes the limiting resolution criteria 
more difficult. In theoretical, the spatial resolution can be 
resolved up to half of the Nyquist limit. 
 

 4. It should also be compared to that measured at T&C and/or 
any results measured on a similar system known to be in 
good adjustment. 
 

Performance Standard LP  0.70/2∆ρ for scan and sub-scan measurements. 
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TEST PARAMETER 15 BLURRING 
 
Purpose of Test To assess for any localised distortion or blurring of the image. 

Frequency of Test Annually 

Test Tool Mesh Test Object (e.g. Leeds Test Object TO MS4 or equivalent) 
 

Selection of IP The test should be carried out on the QC IP for each pixel pitch 
and plate type. 
 

Method 1. Place the TO MS4 on the centre of the IP. 

 2. Expose the IP using a low tube potential usually 40 - 50 kVp, 
fine focus, and sufficient mAs (1 mAs) without filtration, to 
keep minimal image noise with no signal saturating in any 
part of the IP. 
 

 3. Read the IP using the appropriate readout parameters for the 
system (Refer to Table 14). 
 

  Table 14: Processing Conditions for Limiting Spatial  
Resolution Test 

 

Manufacturer 
Processing 

(readout mode) 
Agfa ‘System Diagnosis’ 

‘Flat Field’ 
S = 200 

Fujifilm ‘Sensitivity’  
‘Semi-Auto’ 

L = 1 

Carestream/ Kodak ‘Pattern’ mode 
‘Raw data’ 

‘No edge enhancement’ 

Konica ‘Semi Fix’ 
G = 1 

Note: 
For other manufacturers, refer to manufacturer’s 
specification. 
 

 4. Display the image at 1:1 magnification and visually inspect it 
for blurring and distortion. Observe at a long viewing 
distance may make any such artefacts easier to see. 
 



45 QC Protocol Handbook for CR System| BKRP 

 

 5. If blurring is seen, clean the IP and repeat. Check at least 
two other IP for evidence of blurring. 
 

 6. Repeat Step 2 to Step 5, with the TO MS4 placed in a 
different position until the whole IP has been imaged. 
 

 

 
Figure 15: Image of Mesh Using Leeds Test Object TO MS4 

 
Assessment and 
Evaluation 

1. Blurring is unlikely to be problem in CR and this test is 
included here for completeness. 
 

 2. An existing contact mesh for general radiography (typically   
3 cm-1) can be used. Alternatively, a contact mesh designed 
for mammography (20 cm-1) or leeds TO MS4 (12.3 cm-1) 
could be used, although these are smaller than large IP. 
 

 3. If blurring is present on all plates this suggests the reader is 
at fault, whilst imperfections in individual plates may also 
lead to blurring. If blurring remains on a region of a plate 
after cleaning it should not be used clinically. 
 

Performance Standard No obvious blurring in image. 
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TEST PARAMETER 16 LASER BEAM FUNCTION 
 
Purpose of Test To assess the integrity and jitter laser beam scan line. 

Frequency of Test Annually 

Test Tool Steel ruler 
 

Selection of IP The test should be carried out on one QC IP. 

Method 1. Place the steel ruler at a slight angle to the sub-scan 
direction on the IP. (Refer Figure 16.1) 
 

 

 
Figure 16.1: Position of steel ruler on the IP 

 
 2. Expose the IP at 70 kVp without filtration and sufficient mAs 

to deliver an incident of ~20 µGy. 
 

 3. Read the IP using any readout parameters for the system. 
 

 4. Magnify the image by 10 times, if necessary, transferring the 
image to the reporting workstation. 
 

 5. Set a narrow window width so that the image is largely 
polarised to black or white and the edge can easily be 
differentiated from the background. 
 

 6. Examine the image of the edge for evidence of laser beam 
jitter. The edge should be continuous with uniform 'stair' 
characteristics across the length of the image. 
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Assessment and 
Evaluation 

1. The readout laser beam should scan smoothly across the IP. 
Any jitter in its motion will cause artefacts. Likewise, the IP 
should move smoothly through the reader. 
 

 2. Regions of over- or undershoot of the scan lines indicate a 
timer or laser beam modulation problem. 
 

 

 
Figure 16.2: Uniform ‘stairs’ characteristic and occasional 

jitter of the image 
 

Performance Standard i. Edge continuous across whole image. 
ii. Uniform ’stair’ characteristics across whole image. 
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TEST PARAMETER 17 SCALLING ERROR 
i. Measurement Calibration 
ii. Aspect Ratio 

 
Purpose of Test To assess the accuracy of software distance indicators and check 

for distortion. 
 

Frequency of Test Annually 

Test Tool Wire grid test object (e.g. Leeds test object TO M1) 

Selection of IP The test should be carried out on one QC IP. 

Method 1. Place the wire grid test object or TO M1 on the IP. (Refer 
Figure 17.1) 
 

 

 
Figure 17.1: Position of wire grid test object on the IP 

 
 2. Expose the IP using a low tube potential usually                      

40 - 50 kVp, fine focus, and sufficient mAs (1 mAs) without 
filtration, to keep minimal image noise with no signal 
saturating in any part of the IP. 
 

 3. Read the IP using any readout parameters for the system. 
 

 4. Transfer the image to the reporting workstation where the 
distance measurement tool is used clinically. 
 

 5. Use the distance measuring tool of the CR acquisition 
workstation to measure the dimension (x and y) of five 
central squares in both the sub-scan and scan directions. 
(Refer Figure 17.2) 
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Figure 17.2: Measurement of calibration error and 

aspect ratio of five (5) central squares 
 

 6. Check that the distance measurement is correct. Calculate 
the aspect ratio x:y. 
 

 7. Reposition the test object over the edge of the IP and repeat 
Step 2 to Step 4 above.  
 

 8. Measure the horizontal (x1) and vertical (y1) sizes of two (2) 
squares and calculate the aspect ratio x1:y1 as shown in 
Figure 17.3. 
 

 9. Repeat Step 6 and Step 7 for each edge of the FPD. 

 10. If hardcopy images are used clinically, then print the image 
at full size and measure distances with a ruler. 
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Figure 17.3: Measurement of calibration error and 

aspect ratio of two (2) squares 
 

Assessment and 
Evaluation 

1. Distortion may arise from problems with the movement of 
the IP through the reader, from problems with the laser 
optics or from software errors. Distortion has also been 
noted at the edge of the CR plate due to the laser scanning 
mechanism.  
 

 2. Some CR systems allow images from several IP to be 
stitched together, for example, for full leg length or full spine 
images for orthopaedics. 
 

 3. The accuracy of this stitching should be checked as scaling 
errors and distortion in these images may lead to incorrect 
patient management. 
 

Performance Standard i. Measurement Calibration  : Error ≤ 4%. 
 

ii. Aspect Ratio                      : within 1 ± 0.04. 
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TEST PARAMETER 18 MOIRÉ PATTERNS AND ANTI-SCATTER GRIDS 
 
Purpose of Test To evaluate the presence of Moiré pattern artefacts caused by 

grids. 
 

Frequency of Test Annually 

Test Tool 1.0 mm Copper filter 

Selection of IP The test should be carried out on the QC IP for each pixel pitch 
and plate type. 
 

Method 1. Place the IP in the bucky such that the scan lines are 
perpendicular to the gridlines. 
 

 2. Set the correct focus to grid distance at least 150 cm and 
collimate to the whole IP. 
 

 3. Place 1.0 mm Copper filter in the beam. 

 4. Expose the IP at 70 kVp using AEC with the grid is in place 
and moving. 
 

 5. Read the IP using any readout parameters for the system. 
 

 6. Display the image at 1:1 magnification and visually inspect 
the image for Moiré line pattern artefacts. (Refer Figure 18) 
 

 

 
Figure 18: Moiré line pattern artefacts 

 
 7. Repeat Step 1 to Step 6 with the IP rotated through 90° in the 

bucky so that the grid lines are parallel to the scan direction.  
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 8. Repeat for all buckies and stationary grids that may be used 
with the CR system.  
 

 9. Check all IP sizes that use a different pixel pitch. 
 

Assessment and 
Evaluation 

1. Anti-scatter grids are used with CR in the same way as for 
conventional film-screen radiography. When selecting a grid 
for use with CR, users should also consider how the grid 
density (or frequency) relates to the sampling frequency of 
the CR reader. Moiré line patterns may be caused by 
insufficient grid density. If switching time of the AEC is very 
short, then undertake with thicker amounts of copper. 
 

 2. All existing grids should be checked when CR is introduced 
into a department. If Moiré line patterns are visible with a 
particular grid, it should not be used with that CR system. 
Thereafter any new grids should be chosen to avoid Moiré 
artefacts and carefully checked before being put into clinical 
use. 
 

 3. Many buckies are fitted with moving grids, rather than 
stationary grids. Problems with the movement of these grids 
can result in non-uniformities across the image. For CR, the 
complete failure of grid movement may result in Moiré line 
patterns. 
 

 4. An oscillating grid does not move on X-ray prep but is 
designed to travel on the exposure, grid aliasing artefacts 
may be visible for higher tube potential, thinner body-part 
examinations.  
 

 5. During T&C of the AEC, it is advisable to check for aliasing at 
the clinical tube potentials and vary the amount of PMMA or 
water at the patient position. Checking the uniformity of 
images obtained during AEC testing for grid line artefacts is 
recommended. 
 

 6. Viewing demagnified images may cause Moiré line patterns 
to appear, which is due to the viewing conditions rather than 
intrinsic to the image. 
 

Performance Standard Moiré line pattern not visible 
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I. PERFORMANCE AND SAFETY STANDARDS 

 
PERFORMANCE AND SAFETY STANDARDS FOR 

COMPUTED RODIOGRAPHY (CR) SYSTEM 
 

No. Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 
Level 

Remedial 
Level 

Suspension 
Level 

1. Visual Check of 
Uniformity & 
Condition of 
Cassettes and Image 
Plates 
 

Clean and 
undamaged 
image plate 

NA Artefacts likely 
to affect clinical 
image quality 

Semi-
annually 
Annually 

2. Matching of CR 
Image Plates 

DAKDDI varies by 
≤ 20% of 

between image 
plates 

 

NA > 20% Annually 

3. Dark Noise    Annually 

 Agfa SAL < 100 
IgM < 0.28 

 

> 50% of 
baseline value 

at 
commissioning 

NA  

 Fujifilm PV < 280 
PVSD < 4 

 

 

 Carestream/Kodak EIGP < 80 
PVGP < 80 
PVSD < 4 

 
EIHR < 380 
PVHR < 80 
PVSD < 4 

 

 

 Konica S ≥ 5000 
PVAverage < 10.0 

PVSD < 1.0 
 

 

4. 
 

Detector Dose 
Indicator (DDI) 
Accuracy 
 

DDI ≤ 20% NA DDI > 20% Annually 

5. Differences Between 
CR Readers 

DAKDDI varies by 
≤ 20% of 

between readers 

NA NA Annually 

6. 
 

DDI Repeatability CoV of DAKDDI  ≤ 
10% 

CoV of DAKDDI  
> 10% 

CoV of DAKDDI  
> 20% 

Annually 
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No. Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 
Level 

Remedial 
Level 

Suspension 
Level 

7. 
 
 
 

DDI Reproducibility Mean DAKDDI  
≤ 20% of 

baseline value 

Mean DAKDDI > 
20% of 

baseline value 

Mean DAKDDI > 
50% of 

baseline value 

Monthly 
Annually 

8. Signal Transfer 
Property (STP) 

i. Simple STP 
relationship 
(linear or 
logarithmic) 

 

Regression 
coefficient for 
graph of mean 

PV versus 
DAK:  

R2 < 0.98 

Regression 
coefficient for 
graph of mean 

PV versus DAK: 
R2 < 0.95 

Annually 

  ii. Regression 
coefficient for 
graph of 
mean PV 
versus DAK: 
R2 ≥ 0.98 

 

   

9. 
 
 
 
 
 

Variation of Noise 
with Detector Air 
Kerma (DAK) 

Correlation (R2) 
of linear fit of 

system noise vs. 
Log(DAK)   R2 ≥ 

0.95 

Correlation 
R2 < 0.95 

Correlation 
R2 < 0.95 

 

10. Measured Uniformity i. No artefacts i. No obvious 
artefacts 

i. Obvious 
artefacts 
likely to 
affect clinical 
image 
quality 

 

Annually 
 

ii. Mean STP 
corrected 
ROI values 
within mean 
≤ 10%. 
 

ii. Mean STP 
corrected 
ROI values   

> 10% 

ii. Mean STP 
corrected 
ROI values   

> 20% 
 

11. 
 
 

Signal-to-Noise Ratio 
(SNR) 

≤ 15% of 
baseline value 

> 15% of 
baseline value 

> 30% of 
baseline value 

Annually 

12. Erasure Cycle 
Efficiency 

   Annually 

 i. Visual 
assessment 

No visible ghost 
image 

Visible ghost 
image 

Obvious visible 
ghost image 

likely to affect 
clinical image 

quality 
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No. Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 
Level 

Remedial 
Level 

Suspension 
Level 

 ii. Quantitative 
assessment 
(If ROI analysis 
tool available) 
 

Lag ≤ 1% NA Lag > 1.0%  

13. 
 
 
 

Threshold Contrast 
Detail Detectability 
(TCDD) 

Baseline IQF 
≤ 10% 

Deviation of 
fitted curve 

from  
baseline  
> 10% 

 

Deviation of 
fitted curve from  

baseline  
> 30% 

  

Annually 

14. 
 
 
 
 

Limiting High 
Contrast Spatial 
Resolution 

≥ 0.70 / 2∆р  
for scan and  

sub-scan 
measurements 

-25% change 
from baseline 

value 
(45° image) 

NA Annually 

15. 
 
 
 

Blurring No obvious 
blurring in image 

Obvious 
blurring at the 
centre of the 

image 

Local decision 
based on 

perceived effect 
on clinical image 

 

Annually 

16. Laser Beam Function i. Edge 
continuous 
across whole 
image 

 
ii. Uniform ‘stair’ 

characteristic
s across 
whole image 

Occasional 
jitter 

Edge not the full 
length of the 

image 

Annually 

17. Scaling Error: 
Measurement 
Calibration and 
Aspect Ratio 

   Annually 

 i. Measurement 
Calibration 

Error ≤ 4% Error > 4% Local decision 
based on 

perceived effect 
on clinical image 

 

 

 ii. Aspect Ratio within 1  0.04 < 0.96 or 
> 1.04 

Local decision 
based on 

perceived effect 
on clinical image 
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No. Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 
Level 

Remedial 
Level 

Suspension 
Level 

18. 
 
 
 

Moiré Patterns and 
Anti-Scatter Grids 

Not visible Appearance of 
Moiré patterns 

or any grid 
lines 

 

NA Annually 

 
Note:  

 
i. All tests shall be carried out during commissioning and after replacement of major 

components. 
 

ii. Test for purpose of commissioning and after replacement of major components 
should not be limited to the above physical parameters. 
 

iii. All Daily, Weekly, Monthly and Semi-Annually test should be carried out by 
radiographer or in-house medical physicist. 
 

iv. Annually test should be carried out by qualified personnel who are registered and 
approved under the class H license, MOH. 
 

v. Performance levels: 
 
 Acceptable Level : Level at which the performance of that parameter is within 

stipulated requirements. 
 

 Remedial Level : Level at which the performance of that parameter is not within 
the stipulated requirement where corrective action shall be taken 
within a prescribed time period. 
 

 Suspension Level : Level at which the performance of that parameter is not within 
stipulated requirements where the equipment shall be removed 
from clinical use immediately until appropriate corrective action 
is taken. 
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J. FORMAT OF TESTING FORM 
 

DOSIMETRY  
 

1. Manufacturer Beam Condition 
 

Exposure Factor    

kV     Filter  

mA     FID (cm)  

Focal Spot        

 

Set mAs 
Measured DAK 

(µGy) 
Rad. Output 
(µGy/mAs) 

 Desired Detector 
Dose (µGy) 

Actual mAs 
Calculated 
Dose (µGy) 

           

           

          

 Average      

 

2. Standard Beam Condition 
 

Exposure Factor    

kV     Filter  

mA     FID (cm)  

Focal Spot        

 

Set mAs 
Measured DAK 

(µGy) 
Rad. Output 
(µGy/mAs) 

 Desired Detector 
Dose (µGy) 

Actual mAs 
Calculated 
Dose (µGy) 

       1    

       4    

      5    

 Average   10   

   15   

   20   

 

3. Other Beam Condition 
 

Exposure Factor    

kV     Filter  

mA     FID (cm)  

Focal Spot        

 

Set mAs 
Measured DAK 

(µGy) 
Rad. Output 
(µGy/mAs) 

 Desired Detector 
Dose (µGy) 

Actual mAs 
Calculated 
Dose (µGy) 

           

           

          

 Average      

Note:   
i. 5 µGy for TCDD Test & 20 µGy for Laser Beam Function Test 
ii. Other tests, dose is not important 
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TEST 1: Visual Check of Uniformity & Condition of Cassettes and Image Plates  
TEST 2: Matching of CR Image Plates 
 

 

IP Pixel Pitch:  

IP No. IP Size 

Test 1: Visual Check of Uniformity & 
Condition of Cassettes and IPs 

Test 2: Matching of IPs 

*Physical 
condition 
cassette 

& IP 

Image 
Indicated 

DDI 

[A] 
Linearised 

DDI, 
DAKDDI 

Deviation  
[A]-[B] x 100 
    [B] 

(%) 
Uniformity Artefacts 

        

        

        

   Mean DAKDDI (µGy), [B]   

   Max. difference of DAKDDI between IP  

   Result [Pass / Fail]  
 

IP Pixel Pitch:  

IP No. IP Size 

Test 1: Visual Check of Uniformity & 
Condition of Cassettes and IPs 

Test 2: Matching of IPs 

*Physical 
condition 
cassette 

& IP 

Image 
Indicated 

DDI 

[A] 
Linearised 

DDI, 
DAKDDI 

Deviation  
[A]-[B] x 100 
    [B] 

(%) 
Uniformity Artefacts 

        

        

        

   Mean DAKDDI (µGy), [B]   

   Max. difference of DAKDDI between IP  

   Result [Pass / Fail]  

*Check for  i)  physical defects or signs of damage 
ii)  the screen plate is straight 
iii) the screen base of the screen plate is not bended 
iv) the cassette label matches the type of the screen 

 

Note : Test 1 carried out on each QC IPs & Test 2 carried out on all IPs 

Standard Beam 
Condition 

kVp  Filter  

mAs used  Measured DAK (µGy)  

Focus Spot  FID (cm)  

Organ protocol used  

Pre-processing Condition  
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TEST 3: Dark Noise 
 

Pre-processing Condition  

 

Details of IP 
Indicated 

DDI 

[A] 
Mean 

PV 
SD 

[B] 
PV 

Baseline 
Value 

Deviation 
(%) 

[A]-[B] x 100 
        [A] 

*Appearance 
of Artefacts? 

[Y/N] IP No. IP Size 
IP 

Pixel 
Pitch 

         

         

         

         

*Check for appearance of image fits the manufacturer’s description, image should be uniform and artefacts free. 
 

Note : This test carried out on each QC IPs (pixel pitch, plate type) 

 

TEST 4: Detector Dose Indicator (DDI) Accuracy 
TEST 5: Differences Between CR Readers (If more than 1 reader available) 
 

 

IP No.  IP Size  
 

 

 
Test 4: DDI 
Accuracy 

Test 5: Difference 
between CR 

Reader 

CR Reader 
(Brand / 
Model) 

[A] 

Calculated 
DAK (µGy) 

Indicated 
DDI 

[B] 
Linearised DDI, 
DAKDDI (µGy) 

Deviation (%) 
[A]-[B] x 100 

        [A] 

Difference 
DAKDDI between 

reader 
[Devmax- Devmin] 

     

      

     

Mean DAKDDI (µGy); [C]    

Test 4: DDI Accuracy within tolerance, ± 20%?  [Y/N]  

Test 5: Difference of DAKDDI between CR Reader within tolerance?  [Y/N]  
Note : This test carried out on single QC IP. 

Manufacturer Beam 
Condition 

kVp  Filter  

mAs used  Measured DAK (µGy)  

Focus Spot  FID (cm)  

Organ protocol used  

Pre-processing Condition  

DAKDDI,  

manufacturer beam condition 
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TEST 6: Detector Dose Indicator (DDI) Repeatability 
TEST 7: Detector Dose Indicator (DDI) Reproducibility 

 

 

IP No.  IP Size  

 

 

No. 
Test 6: Repeatability Test 7: Reproducibility 

Indicated DDI 
Linearised DDI, 
DAKDDI (µGy) 

Baseline Value 
during T&C 

Deviation from 
Baseline Value 

1.     

2.     

3.     

4.     

5.     

6.     

Mean    

SD    

CoV    

Test 6: DDI repeatability within tolerance? [Y/N]  

Test 7: DDI reproducibility within tolerance? [Y/N]  

Note : This test carried out on single QC IP. 
 

Standard Beam 
Condition 

kVp  Filter  

mAs used  Measured DAK (µGy)  

Focus Spot  FID (cm)  

Organ protocol used  

Pre-processing Condition  

DAKDDI,  

standard beam condition 
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TEST 8: Signal Transfer Property (STP) 
 

 

IP No.  IP Size  

 

 

Desired DAK 
(µGy) 

mAs 
Measured DAK 

(µGy) 

Measured ROI (2 cm x 2 cm) 

Mean PV 
Standard 

Deviation, 𝑆𝐷 

1     

4     

5     

10     

12     

20     

 

Simple STP relationship (linear or logarithmic); [Y/N]  

From the graph: State the equation of the trend line  

Regression coefficient (R2)  

Linear fit mean PV against DAK: R2 ≥ 0.98 [Y/N]   

Note : This test carried out on single QC IP. 
 

Plot Graph of Mean PV vs DAK 
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TEST 9: Variation of Noise with Detector Air Kerma (DAK) 
(Transfer Mean PV and SD data from Test 6) 
 

Desired 
DAK (µGy) 

 Measured 
DAK (µGy) 

 Measured ROI Data Linearised ROI Data Variance, 

v = SD2 Mean PV SD Mean PV SD 

1       

4       

5       

10       

12       

20       

 

From the graph: State the equation of the trend line  

Regression coefficient (R2) from the graph of 
System Noise (variance) vs DAK 

 

b coefficient value  

Correlation (R2) of linear fit of  
System Noise (variance) vs DAK ≥ 0.95 [Y/N]  

 

 

Plot Graph of System Noise (Variance) vs. DAK 
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TEST 10:  Measured Uniformity 
 

 

IP No.  IP Size  

Equation of STP Graph (Test 8)  

STP Corrected Value, x  

 

Position of ROI 

Measured ROI Data STP Corrected Values Deviation 
within mean 

(%) 
[A]-[B] x 100 

        [B] 

Mean PV Standard 
Deviation, 

SD 

*Mean PV 
[A] 

Standard 
Deviation, 

SD 

Centre, a      

Centre of quadrant, b      

Centre of quadrant, c      

Centre of quadrant, d      

Centre of quadrant, e      

Mean STP Corrected Values [B]    

Are artefacts appearing in the image? [Y/N]    
*Use formula from STP equation to calculate STP corrected values (linearised mean PV) 
 

Note : This test carried out on single QC IP. 

 

  

Standard Beam 
Condition 

kVp  Filter  

mAs used  Measured DAK (µGy)  

Focus Spot  FID (cm)  

Organ protocol used  

Pre-processing Condition  
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TEST 11: Signal-To-Noise Ratio (SNR) 
 
[Transfer data from Test 10] 

Position of ROI 

STP Corrected Values 
SNR 
[A/B] *Mean PV 

[A] 
Standard Deviation, 

SD [B] 

Centre, a    

Centre of quadrant, b    

Centre of quadrant, c    

Centre of quadrant, d    

Centre of quadrant, e    

Mean SNR  

Baseline SNR (During T&C)  

SNR deviation between mean and baseline  
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TEST 12: Erasure Cycle Efficiency  
 

 1st Exposure 2nd Exposure 

Attenuator used 1mm Pb No 

Exposure Factor 80 kV / 20 mAs / no filter 80 kV / 0.5 mAs / no filter 

 

FID (cm):  

Organ protocol used  

Pre-processing Condition  

 

IP No.  IP Size  

 

Visual Inspection: Observation 

(a) Any remnant of the previous image [Y/N]  

(b) Window at which ghosting start to appear  

(c) Level at which ghosting start to appear  

Note : If there is no ghosting, mean PV values in both unattenuated region and attenuated region after 2nd 
exposure should be similar. 

 
If answer in (a) is “Yes”, do the further analysis to determine the Lag. 
 

 ROI Mean PV 
Linearised 
Mean PV 

Lag (%), 
[ROI 2] - [ROI 1]

[ROI 2]
 × 100 

2nd exposure 

Attenuated 
Region 

[ROI 1]    

Unattenuated 
Region 

[ROI 2]    

Lag ≤ 1% [Y/N]  

Note:  
i. Reading after 2nd exposure 
ii. Mean PV should be linearised before calculation 
iii. This test carried out on single QC IP. 
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TEST 13: Threshold Contrast Detail Detectability 
 

 

IP No.  IP Size  

 

Phantom used   Quantitative Assessment 

Group 
Detail 

diameter 
(mm) 

Square root 
of detail 

area (√A) 

No. of 
Details 
Seen: 

Threshold 
contrast, 
CT (%) 

Threshold 
detection 
index, HT 

 Baseline HRef HT /HRef 

Group A 11.10 9.83       

Group B 8.00 7.09       

Group C 5.60 4.96       

Group D 4.00 3.54       

Group E 2.80 2.48       

Group F 2.00 1.77       

Group G 1.40 1.24       

Group H 1.00 0.89       

Group J 0.70 0.62       

Group K 0.50 0.44       

Group L 0.35 0.31       

Group M 0.25 0.22       

       Sum  

       Dose, D  

       Ref Dose, Dref  

       IQF  

 
  

Standard Beam 
Condition 

kVp  Filter  

mAs used  Measured DAK (µGy)  

Focus Spot  FID (cm)  

Organ protocol used  

Pre-processing Condition  
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Plot the threshold detection index against the square root of detail area 
on double logarithmic axes 

 

 
Note :  

i. This test carried out on each QC IPs. 
ii. Use standard dose recommended by Test Object's Manufacturer using appropriate kVp and filter. At 

commissioning, repeat exposure at low (standard dose/3) and high exposure (3 x std dose) level. 
iii. IQF can be calculated using formula below: 
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TEST 14: Limiting High Contrast Spatial Resolution 
 

Exposure Factor    

kV     Filter  

mAs used     FID (cm) 150 

Focal Spot     Phantom used  

Organ protocol used     

 

Pre-processing Condition  

 

IP Pixel 
Pitch 

Huttner Align to 
Scan 

Measurement 

Pixel 
pitch, Δρ 

(µm) 

No of 
resolvable 
groups of 

lines 

Line pair, 
LP 

(mm-1) 

0.70/2Δρ 
(mm-1) 

Pass/Fail 

 
45° 

 
  

 
 

10° 
*(sub-scan direction) 

   

 
45° 

 
  

 
 

10° 
*(sub-scan direction) 

   

Note : This test carried out on each QC IPs   
*During commissioning only  

HT (A) = 1 / [CT √𝐴] - threshold detection index 
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TEST 15: Blurring 
 

Exposure Factor    

kV     Filter  

mAs used     FID (cm) 150 

Focal Spot     Phantom used  

Organ protocol used     

 

Pre-processing Condition  

 

IP No. IP Pixel Pitch Location 
Observation [Y/N] 

Blurring Distortion 

  
 

  
 

  

  
 

  
 

  

  
 

  
 

  
Note : This test carried out on each QC IPs 

 
 
TEST 16: Laser Beam Function 
 

Exposure Factor    

kV     Filter  

mAs used     FID (cm) 150 

Focal Spot     Phantom used  

Organ protocol used   Scan Direction  

 

Pre-processing Condition  

 

IP No.  IP Size  

 

Observation: [Y/N] 

  Edge continuous across whole image. 

  Uniform 'stair' characteristic across whole image. 

Note : This test carried out on one single QC IPs 
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TEST 17: Scaling Errors  
i. Measurement Calibration 
ii. Aspect Ratio 

 

Exposure Factor    

kV     Filter  

mAs used     FID (cm) 150 

Focal Spot     Phantom used  

Organ protocol used     

 

Pre-processing Condition  

 

IP No.  IP Size  

 

Description of Distance Measurement 
Actual 

Distance 
[A] 

Measured 
Distance (cm) 

[B] 

Deviation 
(%) 

[B]-[A] x 100 
   [A] 

Aspect 
Ratio, 
[x/y] or 
[a/b] 

Dimensions of 5 central squares in 
horizontal (x) and vertical (y) directions 

x (10 cm)   
 

y (10 cm)   

1st corner of image 
Horizontal (a) size a (4 cm)   

 
Vertical (b) size b (4 cm)   

2nd corner of image 
Horizontal (a) size a (4 cm)   

 
Vertical (b) size b (4 cm)   

3rd corner of image  
Horizontal (a) size a (4 cm)   

 
Vertical (b) size b (4 cm)   

4th corner of image  
Horizontal (a) size a (4 cm)   

 
Vertical (b) size b (4 cm)   

Maximum Deviation and Aspect Ratio   

Results: [Pass/Fail]   

Note:   This test carried out on one single QC IPs 
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TEST 18: Moiré Patterns and Anti-Scatter Grids 
 

Exposure Factor    

kV    Filter  

Focal Spot    Grid Grid in 

AEC used Yes     

Organ protocol used     

 

Pre-processing Condition  

 

Bucky IP Size FID mAs 
Cassette 
Position 

Moiré Line Pattern appear? 
[Y/N] 

Chest stand   
 0°  

 90°  

Table   
 0°  

 90°  

Results: [Pass/Fail]  
Note : This test carried out on each QC IPs 
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K. APPENDIX - Linearisation of ROI Measurements 

 
Before ROI measurements are used in calculations, the data should be linearised with 
respect to the detector response. This is done using the relationship between the entrance 
air kerma and the pixel value in pre-processed images which measured in the Signal 
Transfer Property (STP). The linearised pixel value is given by inverting this relationship. 
Provided that the variation within an ROI is small, then the mean value of the linearised pixel 
values can be approximated by linearising the mean pixel value. 
 
For many CR systems (including Fuji, Carestream/Kodak and Konica), the STP is 
logarithmic: 
 

𝑃 = 𝑎 ln(𝐾) + 𝑏 (1) 

 
where P is the pre-processed pixel value corresponding to a detector entrance air kerma of 
𝐾 and 𝑎 and 𝑏 are fitted coefficients. This can then be inverted to give:  
 

𝑃 =  𝐾 = exp
𝑃 − 𝑏

𝑎
 (2) 

 
where 𝑃′ is the linearised value of 𝑃. 
 
Using the method describe by MacKenzie, the linearised standard deviation, 𝜎′ can be 
estimated by simply dividing the pixel value standard deviation, 𝜎 by the point gradient of the 
STP, 𝑔. By differentiating (1), 𝑔 is given by: 
 

𝑔 =
𝑎

𝐾
 (3) 

 
and therefore: 
 

𝜎 =  
𝜎

𝑔
=  

𝜎𝐾

𝑎
=  

𝜎

𝑎
 exp

𝑃 − 𝑏

𝑎
 (4) 

 
The linearised 𝑆𝑁𝑅 is given by: 
 

𝑆𝑁𝑅 =
𝑃′

𝜎′
=  

𝑎

𝜎
 (5) 
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For a system with a linear STP (e.g. many of the integrated detector systems): 
 

𝑃 = 𝑎𝐾 + 𝑏 (6) 

 
This can then be inverted to give: 
 

𝑃 =  𝐾 =
𝑃 − 𝑏

𝑎
 (7) 

 
The point gradient of the STP, 𝑔 is given by: 
 

𝑔 = 𝑎 (8) 

 
and therefore: 
 

𝜎 =  
𝜎

𝑔
=  

𝜎

𝑎
 (9) 

 
The linearised 𝑆𝑁𝑅 is given by: 
 
  

𝑆𝑁𝑅 =
𝑃′

𝜎′
=  

𝑃 − 𝑏

𝜎
 (10) 

 
 
Reference: Commissioning and Routine Testing of Full Field Digital Mammography Systems, NHSBSP 
Equipment Report 0604, Version 3, April 2009   
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