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Abstract—To get optimum use of newly installed equipment,
specific performance tests must take place. To evaluate the image
quality as low and high contrast detection, detailed contrast and
limiting resolution, Leeds test objects have been used. The aim of
this work is to evaluate the performance of GE (GE Precision
500D) X-ray fluoroscopy system, recently installed at the
radiological sciences department, King Saud University in
Riyadh. This assessment includes dose rate and the quality of
images obtained from such system. Non-invasive auto meter used
to evaluate the accuracy and reproducibility of the generator.
Tube and generator has also been tested, and the obtained results
meet the international standards. Entrance surface dose rate,
values were almost the same as the expected results published in
the literatures. Values obtained have not been affected by the use
of different pulse rates. The image quality evaluation has showed
quite different results from those recommended by technical
standards but the values are within the accepted range. This
could lead to the acquisition of poor quality images besides an
increase in radiation exposure level for both patients and staff.
To achieve high-quality performance of the X-ray GE
fluoroscopy (Precision 500D), additional tests are to be
introduced, with beam quality and patient dose measurement as
half value layer (HVL) evaluation.

Keywords—Performance  assessment,  Image  intensifier,
Fluoroscopy System, Test Object, Radiation meter, Ilonization
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1. INTRODUCTION

In recent years, digital fluoroscopy X-ray systems have
almost replaced the conventional systems, this is because that
it can produce improved image quality and thus become
preferred by the medical imaging institutions. Such
developments required relevant protocols from medical physics
professions in order to assess the performance of such
equipments in order to achieve optimum image quality with
minimum radiation dose. Although these performance tests
may be demonstrated at the manual of the medical equipment
factories and even on installation, the image quality of the
equipment in use is often less satisfactory. Inevitably, in time
the equipment becomes poorly adjusted or faulty and requires
maintenance. Eventually it will become worn out, obsolete or
both and require replacement. Clinical judgments on the
performance of the medical equipments may be not believed,
because the degradation in the performance are often gradually,
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hardly noticeable and patients do not offer a standardize assess
for comparing the performance over period. What is required
then is a set of tests and test tools that would enable to measure
the total performance compared to factory pre installed base
line measurements. That can allow users of Image intensifier or
flat panel detector systems to monitor the performance, so that
optimum image quality with minimum dose rate is assured
during the operation life of the system, and that replacement of
any part may be recommended on an objective based. Despite,
there are no specific tools to assess the overall contrast in
fluoroscopy but different test object can be used separately.
The test methods and standards applied, are mainly derived
from AAPM [1].

II.  OBIECTIVES

This study investigates the measurements were performed
to evaluate the tube and generator, beam quality, entrance
surface dose rate (ESDR) and image quality, to evaluate the
GE X-ray fluoroscopy (Precision 500D) ,carried out at King
Saud university (KSU) to assess the performance.

Our main aim is to provide was to ensure that high quality
diagnostic images are obtained and are consistent with the
clinical use of such equipment.

III. MATERIALS AND METHODS

At King Saud University in Riyadh, kingdom of Saudi
Arabia, experiments were performed on the recently installed
GE (Precision 500D) X-ray fluoroscopy. High voltage
generator (JEDI generator 65 kW, 80 kW), Daily Voltage
Variations +/— 10%. The standard frequency is 50/60Hz with
daily variation +/— 6%.In the radiograph mode kVp range (40-
150) and mAs range(10-1000), while in fluoroscopy mode
kVp range (60-120) and mAs range(0.35-15).The unit operates
in the following pulse rates 3.75, 7.5, 15 and 30 pulses per
second. Filters and wedges are 0.1, 0.2, and 0.3 mm Cu
respectively. The 1II field sizes are 32, 22, 16 cm respectively.
The unit has two video monitors within the room for
visualizing the examinations. To measure the radiation factors,
the multi-function meter called the Victoreen NERO™ mAx
Model 8000 (NERO stands for Non-invasive Evaluator of
Radiation Output) is made by Fluke Biomedical, 6045 Cochran
Road Cleveland OH USA. This multi-function tool is a multi
sensitive meter and can be used for radiographic, fluoroscopic,



computed tomography, mammography and dental machines. It
is calibrated by factory for both tungsten and molybdenum
anodes of X-ray tubes. In addition, the ionization chamber
model 6000, which can be connected to the multi-function
meter, was used in these experiments to act as a dosimeter.
Chamber calibration factors can be stored in the NERO mAx
for direct results of measurements [2]. PMMA phantom is a
material used to simulate the actual interaction of X-ray with
patient’s tissue. For any material to be suitable as a phantom, it
should absorb and scatter photons in the same way as that of a
tissue. This phantom is accredited by American college of
radiology (ACR), and it is 30x30x1(cm’). Leeds test object
(TOR 18 FG) was used to evaluate the image quality for low
contrast and high contrast detect ability [3].

IV. RESULTS AND DISCUSSIONS

A. Tube and Generator Performance

1) kVp accuracy

The procedure followed in this assessment test was that the
detector was placed on the X-ray table, at a distance of 100 cm
from the X-ray source or at the clinically used focus to skin
distance (FSD). By using the fluoroscopy mode, the sensitive
surface of the detector was pointed toward the X-ray source
and X-ray beam cantered and collimated to the detector
sensitive area such that it covered the whole sensitive area of
the detector.

In the kVp accuracy test for radiographic and fluoroscopic
units, the different between the initiated and measured kVp
should be within +5%. The kVp accuracy was performed
between 40 and 130 kVp. Table (1) summarizes the result of
this performance test. The minimum percentage difference that
has calculated using (1) was found to be -1.85% at 100 kVp,
while the maximum percentage difference was 0.91% at 90
kVp. It is clear from these results that this machine has passed
the test successfully.

Errorof KVp % = M X 100 (@)
P KV

2) Reproducibility

Assessment of the tube output is considered one of the most
important testing elements for indicating the general
performance of an X-ray tube and the generator.

The aim of this test is to measure the reproducibility of the
exposure timer. Several exposures were taken within one hour
as recommended by [1] and reported in [4]. and with 60 kVp
and 10 mA and repeated in Table (2). Then the coefficient of
variance, was calculated by using (2) from (IAEA) which
Suggest that the Covariance Variance (CV) must be less than
2%, all results was as recommended.

CV = Standard Deviation/Mean 2)

3) Linearity and mR/mA Output of the tube

The aim of this test is to assess the effect of tube current on
tube output. By using the same measurement setup as
suggested in [5],with the settings presented on Table (3) at 70
kVp and mA of 2.5, 5, 10, 20, 40, 80, 160 and 320
respectively.

TABLE. 1. Radiology accuracy test

kVp kVpm kVp diff kVp error diff %
40 39.7 0.3 0.76
50 50 0 0.00
60 60.3 -0.3 -0.50
70 70.6 -0.6 -0.85
80 81.3 -1.3 -1.60
90 91.7 -1.7 -1.85
100 99.1 0.9 0.91
110 109.8 0.2 0.18
120 120.4 -0.4 -0.33
130 131.1 -1.1 -0.84

TABLE. 2. Tube reproducibility test

No kVp avg msec mR
1 60.7 1998.7 302.6
2 60.7 1997.6 302.8
3 60.6 1997.3 302.8
4 60.7 1997.6 303.2
5 60.7 1997.4 303.0
6 60.6 1997.5 304.1
7 60.6 1997.3 303.9

Ave 60.7 1997.6 303.2

CV 0.001 0.000 0.002

TABLE.3. linearity and mR/mAs test sittings and mR

kVp Set mAs mR mR/mAs
70 2.5 47 18.80
70 5 94 18.80
70 10 191.2 19.12
70 20 384.2 19.21
70 40 771 19.28
70 80 1544 19.30
70 160 3089 19.31
70 320 6179 19.31

CV (( mR/mAs)) =0.0013

Linearity of mAs 34 i
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Fig. 1. Plot of mR as a function of mAS I

The result is shown in Fig. 1 which demonstrate a linear
relationship with the slop equal to the average tube output per
unit exposure time and the linearity variance of 0.013.The
linearity of mA should not exceed the = 10% deviation for
whole mA ranges as recommended by [1] and reported in [4].
The GE precision 500D have good output linearity mR/mAs.



B. Beam quality and patient dose measurement

1) Half Value Layer (HVL) evaluation

Proper filtration is necessary to remove low energy photons
from the X-ray beam. A patient’s skin dose can increase by as
much as 90% if the low energy photons are not removed. The
reduction of low energy beam can be achieved by HVL [6].

This test was performed in the radiographic mode of the
fluoroscopic machine, and the centre of the tube was on the
sensitive part of the detector and the exposure was fixed at 80
kVp and 10 mA. After the exposure, the reading was recorded
with added aluminium filters of different thickness, ranging
from 0 mm to 4.3 mm on each exposure until a level of 50%
off of radiation density was reached. Table (4) show all
exposures, an exponential decay graph will be plotted of
recorded reading of the dosimeter against the attenuator
thickness as shown on Fig. 2 which suggests 3.6 mmAl as
HVL.

Alternatively, can be calculated the HVL from the obtained
readings only by sued (3):

X, xLn (%) - X2xLn (27:1)

Y,
Ln (Vi)
Where (Y,) and (Y>) are the exposure readings, with added

aluminium thickness of (X;) and (X;) respectively and (Y))
correspond to the primary exposure.

We find the HVL was 3.41 , In both methods this specific
value of HVL and voltage, the total filtration of this equipment
is 3.5 mmAl. The useful beam HVL value should not be lower
than 2.3 mmAl as national council on radiation protection
(NCRP) and measurements similar to the Australian standard.

HVL = 3)

If the measured HVL is higher than the stated values may
affect the X-ray quantity and such situation should be
thoroughly investigated for any unnecessary added filter or
excessive deposition of target material on the inside tube [1].

Fig. 2. Shows HVL for GE X-ray fluoroscopy Precision 500D, equal 3.6
mmAl

TABLE.4: Values of the HVL on GE Fluoroscopy on KSU
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Fig. 4. Dose rate per min for different pulse rates, 30,15,7.5 respectively
with full FOV.
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2) Entrance Surface Dose Rate (ESDR)

At the total slab thickness used was 14 cm, the results of
the measured absorbed dose to air at the entrance surface of
phantom from the ESDR and ESD/p for the same field of view
size (32cm) with different pulse ratio are presented in Table
(5),(6) and (7) respectively.

The relation between the ESDR and ESD/p with the
PMMA thickness at this measurement with the application of

preset clinical protocol dose mode and full FOV is shown in

Fig. 3 and Fig. 4 respectively, we note that the ESDR
increased gradually with the human thickness simulator
increase depending on the pulse rate, it is the same conclusion
reached by the [7]. For that some radiologists prefer to go with
the highest pulse rate to get better image quality, especially in
the use of moving objects.

Experimentally an average dose savings of 11% and 45%,
for pulsed fluoroscopy at 15, and 7.5 rates per second,
respectively are observed compared to 30 pulse rate. In
contrast, the ESD per pulse is more with the lowest dose rate.



TABLE.5. ESDR and ESD/p readings for 30 FPs

KV mA ESDR (mGy/min) ESD/p s
60 0.7 1 0.56
60 0.9 1.2 0.67
60 1.1 1.6 0.89
62 1.2 1.9 1.06
65 1.1 2.2 1.22
67 1.1 2.5 1.39
70 1.1 2.9 1.61
74 1.1 3.6 2
78 1.1 4.5 2.5
83 1.2 6.1 3.39
86 1.3 7.8 433

TABLE.6. ESDR and ESD/p readings for 15 FPs

KV mA ESDR (mGy/min) ESD/p s
60 1 1.2 1.33
60 1 1.2 1.33
60 1 1.2 1.33
60 1.1 1.3 1.44
60 1.3 1.7 1.89
60 1.7 2.1 2.33
61 1.9 2.6 2.89
65 1.8 33 3.67
68 1.8 42 4.67
73 1.8 5.5 6.11
78 1.8 7.1 7.89
TABLE.7. ESDR and ESD/p readings for 7.5 FPs
KV mA ESDR (mGy/min) ESD/p s
60 0.5 0.6 1.33
60 0.5 0.6 1.33
60 0.6 0.7 1.56
61 0.6 0.9 2
61 0.8 1.1 2.44
62 0.9 1.2 2.67
65 0.9 1.6 3.56
69 0.9 2.1 4.67
73 0.9 2.7 6
78 0.9 3.5 7.78
80 1 4.6 10.22

As suggested by Den Boer , in all fluoroscopy systems,
depending on the pulse rate in the pulsed mode is enable
reducing the dose of radiation during fluoroscopy procedures
[8]. ALARA principle also can be optimized for fluoroscopy
examinations [9]. Since the GE X-ray fluoroscopy (Precision
500D) is used for training using a variety of phantoms, so the
use of only slabs of thickness 14 cm may justify our use of this
range of exposure and thickness used in this test.

C. Image quality

1) Evaluation of high contrast spatial resolution and low
contrast detectability

The assessments of low contrast resolution (LCR) and
high contrast resolution (HCR) were carried out with the use of
Leeds test objects TOR (TVF) that have different thicknesses
and materials inside.

HCR is assessed by the ability to distinguish the number of
line pairs per millimeter (Ip/mm). The results of tests to
evaluate high contrast resolution tabulated in table 8 , this leads
to high quality images and allow good diagnosis in some
radiology procedures which performed in radiology services,
both screens are within the range as suggested by [8]. Thus,
that there is no big visualization different of some anatomical

details on images, which displayed on either the internal or the
external monitors.

LCR is assessed in terms of the number of circles with
different densities that are clearly visible and can be visually
distinguished from their background on the screen [10], At 70
kV and 0.4 mAs, GE X-ray fluoroscopy machine can be
capable of resolving not less than 11 discs for 32 cm ,22 cm
and 16 cm as recommended. Depends on those results, the
attendant radiologists can diagnose their patients by using the
internal or the external screen.

V. CONCLUSIONS AND FUTURE WORK

The results obtained suggest that the generator and tube
demonstrated the relevance of a review evaluation by means of
performance assessment tests. This allowing supervising of the
machine performance, finding of anomalies or operational
problems, as well as an estimation of workers and patients
radiation exposure levels are necessary and may be obtained by
measuring surface entrance dose rate.

Similarly, the outcomes concerning images quality as one
of the requirement of an assessment of the images acquisition
unit of the fluoroscopy machine. The performance testing for
newly installed machines give concrete data which can direct
to noticeably image quality improvement, given that these data
permit the reasons of possible imaging system degradation
after long time.

we will be do the same performance tests on another GE
fluoroscopy (Precision 500D) in clinical use for comparison
purpose. Daily, weekly, monthly and yearly quality control
program must be implemented on this machine to guarantee the
higher performance for long time. Future study will focus on a
national quality assurance (QA) program for evaluating the
performance of all the digital fluoroscopy equipment installed
in the Kingdom of Saudi Arabia.
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