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ABSTRACT X-ray radiation is used to diagnose human body. In order to apply this method, two parameters are
commonly used as the settings. The first is the KV value and the second is the mA value. In this case, when an error
occurs in the kV setting, it will cause poor image quality, thus leads to inaccurate information in patient’s examination. It
is likewise the presence of excessive doses to the patient's body. To ensure that the KV value produced is under the
settings on the machine consul, both invasive and non-invasive measurements were carried out. Non-invasive is
becoming an easy standard to do. Several types of equipment on the market and research results have been widely
used for this non-invasive activity. The problem emerges is that the existing tools still use expensive detectors. The
purpose of this study was to design a low-cost non-invasive x-ray KV meter detector using an LED detector whose ability
was tested at each point of collimation. Furthermore, the method used in this study was to stump the detectors at 4 ends
of the collimation by 20 cm apart. The data were taken by doing x-ray exposure at a distance of 60 cm. The module
measurements were carried out under 80 mA exposure conditions for 1 second and a collimation area of 20 x 20 cm.
Meanwhile, the x-ray exposure settings were performed at 40kV, 50kV, 60kV, and 70kV settings. The module
measurement results were further compared to the x-ray machine setting values. Based on the comparison results, the
smallest error rate was obtained on Sensor 2 by 0.83%, while the highest error rate was obtained on S5 by 6.43%. The
results can be concluded that the LED phosphor can capture x-rays, but the detector was weak due to the interference
from ambient light. In addition, the results obtained from the detector itself were still less stable and linear. Furthermore,
the implications of the results of this study are the initial basis for the use of high-power LEDs as sensors in non-invasive
X-ray KV factor detection. In future research, stability and linearity should be built using a mechanical design that is able
to reduce the ambient light interference.

INDEX TERMS High Power LED, X-Ray, Radiation, Non-Invasive KV Meter

I Introduction incorrect voltage and current regulation in operating the

Radiology has become an important part of modern
medicine, particularly one of the most powerful and
important diagnostic tools today. It is estimated that
around 30% to 50% of important medical decisions are
based on x-rays. As an example, radiologists from the
Norwegian Medical Association were required to
evaluate potential reasons for increased irradiation and
unnecessary irradiation (15 cases) in a questionnaire.
The results showed that the greatest increase in the use
of radiology is due to the new radiation technologies,
human needs, the uncertainty of physician diagnosis, as
well as the increase and availability of clinical indications
[11-[4]. X-ray is a type of electromagnetic energy that is
very useful in medical fields including for disease
diagnosis and health care. Furthermore, x-ray machines
of both radiography and fluoroscopy are also often used
to determine the condition of human body. To use this
machine, two parameters are commonly used for the
settings [5][6]. The first parameter is the KV value, while
the second parameter is the mA value. In this case,
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systems for diagnostic and therapeutic purposes can
harm body tissue systems and provide inaccurate patient
information. Apart from human error, errors can also
occur when X-ray equipment starts to fail or becomes
unusable [7], [8]. Therefore, it is necessary to check the
settings of these important parameters before using the
X-ray equipment [9][10]. Therefore, in order to maintain
and receive accurate information about the performance
of the X-ray machine, a high accuracy and precision must
be calibrated [11]. In the non-invasive method, x-ray tube
tension measurements are carried out without direct
contact. This measurement uses the conversion of the
value of the radiation emitted by the x-ray machine and
is measured using a radiation meter that is placed
according to the standard [12][13]. In this case, two
systems are used. The first system is an ion sensor that
directly converts x-ray radiation into an electric current.
Meanwhile, the second system is converting the x-rays
into visible light whose intensity is further measured. The
measurement process begins with the conversion of X-
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rays into visible light using a scintillator. The amount of
light is further converted into several voltages by the
photomultiplier tube. In addition, the ADC also converts
analog data to digital data to be displayed on a PC [14]-
[16]. In this case, Monte Carlo method is a useful and
powerful tool for simulating the Compton scattering
technique to obtain X-ray spectra. The point source
model is useful to get a good approximation of the
process. In addition, geometric spectrometers can
simplify the replacement of shielding and scattering
space through narrow solid-angle emission. For this
source model, the assembled spectrometer can be
drastically simplified without markedly decreasing the
accuracy. The full mare model gives not-so-good results,
which can further attribute to the fact that the more
complicated models, the less it will work well with the
small solid angles used for the point source model.
Therefore, it is necessary to carry out several
experimental measurements to validate the model
developed [6], [17]-[20]. Previous research has been
carried out on non-invasive x-ray tube voltage
measurement. This research used solar cells as the light
sensors. In this case, the X-ray employed was captured
and illuminated by a fluorescent screen into visible light,
which further converted into voltage by the solar cells.
Furthermore, this voltage was converted into Kvolt values
during the data processing. The drawback of this study is
the sensitivity of solar cells to visible light which greatly
affected the capabilities of this detector. In addition,
fluorescent screens also greatly affected the capabilities
of the detector [21]-[23]. In another study entitled PMT
(Effect of High Voltage Variations in Solar Tubes) on the
Output Amplitude of the Nal (T1) detector, a tool to
measure photon radiation has been made using a two-
channel analyzer (MCA). The results showed that there
was a linear correlation between high voltage and
amplitude changes, so reducing the high voltage interval
will cause changes in amplitude [24]-[28]. A similar study
entitled investigating factors affecting the quality
assurance of x-ray surface radiation therapy machines
was further done as well. This study also aimed to identify
the factors that affected the quality assurance of surface
x-ray equipment at Alqura University UMM. In this case,
the ionization chamber was used as a sensor. This test
was done at 50 kV, 60 mAs, 5 mA, and 0.2 min. The
methods used for dosimetry were reproducibility and
linearity, while precision was used to measure KV values
and exposure time. This research has shown that the
quality control of the surface X-ray device indicated that
the physical parameters of this device are adequate [10],
[12], [13]. Most of the electrons that fall on the target lose
their kinetic energy gradually through various collisions,
where the energy turns into heat. However, a small
number of electrons lose most of their energy and this
energy is transformed into X-rays. In this case, the

formula obtained is as follows [29]-[32]:
h
Ve = hvmars = ﬁ (1)
he _ 1,24x1076vV.m

Ain = o= 2200 Vm (2)

v
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When the electric quantity is sensitive to the emission
of X-ray photons, the LED also acts as a semiconductor
detector such as a photodiode. LEDs have a direct
energy band gap, while photodiodes have an indirect
band gap. In this report, both 34 bpw PD and cool white
LEDs are called converters in the sense that they convert
energy from one form (photons) to another form (current).
This is where the radiation-generated output signal is
collected when the PD bpw34 and the white LED chip are
exposed to the same diagnostic X-ray. Next, we further
explored the possible application of this transducer as a
diagnostic X-ray dosimeter. Based on our previous
research, cold white LED strips have shown good
dosimetric potential when tested on diagnostic x-rays
[33]. The use of LEDs could be one of the greatest
advances in medical equipment in decades, and LEDs
have the advantage of being able to adjust the
composition of the resulting spectrum [34]. Another
advantage of LEDs is its widespread use of high-intensity
and energy-efficient LEDs. The way LEDs work to
produce light is by converting electrical energy into light
energy. In this mode of operation, LED lamps can
immediately emit maximum light, require no warm-up
time like light bulbs, and not generate heat like light bulbs
and fluorescent lamps. In other studies, the
characteristics of LEDs were also used in solar cell
research, as a source, and as a detector. In the initial
experiment, an electric current was generated when the
LED was stimulated by light. The surface of the high-
power LED used in the experiment, had a yellow
phosphor layer, which functions as a light emitter. As is
known that the phosphor coating will also convert X-rays
into visible light. Based on the reference above, we can
conclude several problems emerged. The first problem is
the non-invasive kV detector design which uses a lot of
expensive sensors. The next problem is the use of a
high-power LED as a light sensor which is still not widely
used. In this case, the problem that has not been solved
is the high cost of components to make x-ray detectors
and the ability of high-power LEDs coated with
phosphors which have the potential to become x-ray
detectors. Furthermore, the purpose of this study was to
utilize high-power LED at a low-cost non-invasive x-ray
KV meter detector design and test the ability of the
detector at each point of collimation.

ll. Materials and Methods

This research was conducted through experimental
research. In this case, the author proposed an x-ray selector
to be compared with the tool detector. Furthermore, the
materials and methods are explained in the following
sections.

A. Material

This study designed a non-invasive low-cost KV detector
using high-power LEDs that have a phosphor coating.
The LEDs used were LEDs on the market. In this case,
four LEDs were placed at each measurement point. The
measurement point is the point of the outermost corner
of the collimation area, so there are 4 measurement
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FIGURE 1. Shows a block diagram of this research system. A detector module that uses a high-power LED as a sensor, consisting of 5 sensor placement
points, each sensor consisting of 4 LEDs that have a fluorescent phosphor coating. In this study, we only process data from the data in each corner, we
call it S2, S3, S4, and S5. The LED receives X-rays from the tube head, generating an electric current. The converter circuit converts current into voltage
as input to the microcontroller to be processed and sent to the PC via cable. An application is made on the PC to display the KV value of the x-rays

emitted bv the tube head.

points, see Figure 1 of the detector S2-S5. The
collimation area was 20 cm square. The phosphor
coating further converted the x-rays into visible light.
Furthermore, this light was captured by the LED so that
it can cause a voltage difference between the anode and
cathode on the LED. Comparison was then carried out
using the Fluke KV meter. The Philips U-Arm type digital
x-ray radiography device was used as an experimental
subject which further provided x-rays to the designed
detector module and the Fluke Standard detector.

B. Methods
As a result of research in the manufacture of x-ray kV
detectors, a comparison of the measurement results of
the module with the x-ray equipment was carried out.
Tools employed were PHILIP brand. Comparisons were
conducted by comparing the measurement value of the
tool module with the kV on x-rays. The test was carried
out 3 times with data collected at 4 kV setting points,
including 40kV, 50kV, 60kV, and 70kV. Based on this
test, it will be known whether the measurement of the
value produced by the module is following the standard
as a reference point [36]-[38].

In the tool measurement stage, the module used a
distance of 60 cm from the x-ray, using a setting of 1
second and also 80 mA. In data retrieval, each data had

Journal homepage: https://ijeeemi.org

a 5 minutes delay, which was intended to prevent
damage to the x-ray plane. The sensor was placed at the
end of the x-ray collimation with a distance of 20 cm x 20
cm. After this step was done, the result value was
displayed on the PC using the application. The block
diagram in this research system can be seen in Figure 1.

When the radiology machine provided an X-ray, the X-
rays were captured by the LED and then processed in the
microcontroller into data and sent to the PC application
for further processing. The results were in the forms of
numbers which further were displayed on a PC via the
microcontroller and cable. A small box was provided
under the X-ray field. It had 4 measurement points
according to the collimation end, those are S2, S3, S4,
and S5 measurement points. The module worked when
the sensor was given x-rays. Furthermore, when the
electric quantity was sensitive to the emission of X-ray
photons, the sensor also acted as a semiconductor
detector such as a photodiode. Those sensors had a
direct energy band gap, also called converters in the
sense that they convert energy from one form (photons)
to another form (current). This is where the transducer
output signal generated by radiation is in the form order
to enter the Arduino which requires a voltage in the form
of (V) then we use a circuit, namely current to voltage,
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which converts current to volts so that it can be
processed by Arduino and displayed to the application
and processed in the form of numerical results.

Since each sensor produced different outputs,
adjustments were needed in the Arduino by providing a
multiplier as well as increasing and decreasing the
reference so that all sensors will have the same reading
value. After the sensor reading value was processed, the
data were sent to the application via serial
communication. The data read by application from serial
communication, were further processed to find the peak
value which were then converted into a unit value of kV.
The kV value obtained then was displayed in the
application.

lll. Result

The module works when the detector is given x-rays. In
this case, when the electric quantity is sensitive to the
emission of X-ray photons, the detector also acts as a
semiconductor detector such as a photodiode. Such
detectors that have a direct energy band gap, also called
converters in the sense that they convert energy from
one form (photons) to another form (current). This is
where the transducer output signal generated by the
radiation (mV). In this case, to enter Arduino which
requires a voltage (V), we used a circuit, namely current
into voltage, which converted current into voltage so that
it can be processed by Arduino and were displayed to the
application and processed in the form of numerical
results. The results obtained were explain as follow.

In the first experiment, we used the x-ray factor
setting at 40 V, 80 mA, and 1 second time. After the data
processing using a microcontroller and an application on
a PC, the measurement results were obtained as
presented in Table 1. Based on the measurement
results using the tool module, the lowest value obtained
was 30.25kV at the S4 measurement point, while the
highest value obtained was 46kV at the S5
measurement point. It can be seen that the data were
almost close to each measurement point, but were
different between the measurement points. Furthermore,
the smallest error was obtained in S2 by 0.83 percent,
while the largest error obtained was in S4 by 13.75

percent.
TABLE 1
Data analysis results on X-Ray settings with 40 KV. The average value of
each measurement point is quite different, especially in S4 as presented

below.
PARAMETER STANDARD READING
NO | (kv) T2 T3 T4 T5

1 Detector 40.25 40 30.25 46
2 40.25 36.25 36.5 38.75
3 38.5 40.5 36.75 36.5
Average 39.67 38.92 34.5 40.42
Std Deviation 0.82 1.90 3.01 4.05
%Error 0.83 2.71 13.75 -1.04

UA 0.48 1.10 1.74 2.34

Figure 2 below shows a graph depicting the results of
measurement using kV 40 KV setting. The two
measurement points of S2 and S3, show that the curve
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is close to 40 and there is less change between each
experiment. However, the other two measurement are
actually slightly away from the number 40. In this case,
S4 displays data below 40, while S5 exceeds 40.

X-Ray 40KV
50

~
)

N
=

Output at KV
(98]
W

W
(=)

T4 emmmT5

—T)  cm—T73
25
P1 P2 P3
Trial Number

FIGURE 2 The curve above shows that the longer the experiment, the closer
the setting value.

In the second experiment, we used the x-ray factor
setting at 50 kV, 80 mA, and 1 second time. After the data
processing using a microcontroller and an application on
a PC, the measurement results were obtained and
presented in Table 2. Based on the measurement results
using the tool module, the lowest value obtained was
46.25kV at the S2 measurement point, while the highest
value obtained was 63.25 kV at the S4 measurement
point. It can be seen that the data were almost close to
each measurement point, but were different between
measurement points. In this case, the smallest error
obtained was in S2 by 1.33 percent, while the largest

error was obtained in S3 by 6 percent.
TABLE 2
Data analysis results on X-Ray settings with 50 KV. The measurement
value on the first experiment looks much higher and the last one is close
to the setting value

N | PARAMETER STANDARD READING
(kV) T2 T3 T4 T5

1 55 625 | 6325 | 625
o | Detector 46.75 | 49 43 49
3 4625 | 475 | 4825 | 475

Average 4933 | 53.00 | 51.50 | 53.00

Std Deviation 401 | 675 | 859 | 6.75

%Error 133 | 600 | -300 | -6.00

UA 232 | 380 | 495 | 389

Figure 3 below shows a graph depicting the results of
measurements made using the 50 KV setting. In the first
experiment, it looks far beyond the setting, after that, the
experiments 2 and 3 is far below the set value.

In the third experiment, we used the x-ray factor setting
at the 60 kV, 80 mA, and 1 second time. After the data
processing using a microcontroller and an application on
a PC, the measurement results were obtained and
presented in Table 3. As seen in table 3, based on the
measurement results using the tool module, the lowest
value was 40.25 kV at the S5 measurement point, while
the highest value was 51.25 kV at the S3 measurement
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point. It can be seen that the data were almost close to
each measurement point, but were different between
measurement points. In this case, the smallest error
obtained was in S2 by 15 percent, while the largest error
was obtained in S3 by 24.03 percent.

X-Ray 50KV
65

e— T2
e— T3

60 T4

— T'5

Output (KV)
W
W

W
S

—=

45

40

P1 P3

P2
Trial Number
FIGURE 3 At setting 50 KV, the curve above shows that the longer the
experiment, the closer to the setting value

TABLE 3
Data analysis results on X-Ray settings with 60 KV. The measurement
value in this experiment is still far from being close to the setting value

NO | PARAMETER STANDARD READING
(kV) T2 T3 T4 T5
1 51.25 50.5 50.5 | 40.25
2 | Detector 51.25 | 48.25 475 | 4825
3 505 | 51.25 495 | 4825
Average 51.00 | 50.00 | 49.17 | 45.58
Std Deviation 0.35 1.27 1.25 3.77
%Error 15.00 | 16.67 | 18.06 | 24.03
UA 0.20 0.74 0.72 2.18

In the fourth experiment, the x-ray factor setting used
was at 70 kV, 80 mA, and 1 second time. After the data
processing using a microcontroller and an application on
a PC, the measurement results were obtained and
presented in Table 4. Based on the measurement results
as presented in Table 4 using the tool module, the lowest
value obtained was 40.75 kV at the S4 measurement
point, while the highest value obtained was 61 kV at the
S4 measurement point. It can be seen that the data were
almost close to each measurement point, but were
different between measurement points. In this case, the
smallest error obtained was in S2 by 11.03 percent, while

the largest error was obtained in S5 by 26.43 percent.
TABLE 4
Data analysis results on X-Ray settings with 60 KV. The measurement
value in this experiment is still far from being close to the setting value

PARAMETER STANDARD READING

NO (Kv) T T2 T3 T2
1 61 5725 | 5875 | 595
2 Detector 50.5 52 505 | 54.25
3 5425 | 535 55 40.75
Average 55.25 54.25 54.75 51.50
Std Deviation 434 | 221 337 | 7.90
%Error 2107 | 2250 | 21.79 | 2643
UA 2.51 1.27 1.95 | 456
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Eventually, it can be concluded from the tool module
developed has shortcomings. The main finding of this
research is that High-Power LEDs can be a detector for
non-invasive measurement of X-ray KV meter, but in this
research, the error is less stable and linear.

IV. Discussion

The results of the detector module under study were still
much larger in error than the detectors from research
using PMT with solar cell sensors and Nal (Tl),[24], [28].
In this case, the drawback of the module that the author
developed is that the problem with the detector itself
which is less stable and linear. This may be solved by
replacing the supporting circuit of the detector to get the
desired value. The implications of the results of this study
are the initial basis for the use of high-power sensors in
non-invasive X-ray KV factor detection. The shortcoming
of this study states the instability of the results can be
reduced by several amplifier regression circuits. In
addition, this study has limitations that make the error
unstable and the data cannot be linear. This is due to the
use of LEDs whose specifications have not been
determined. The mechanism for converting x-rays into
visible light also still used the phosphor features of non-
standard LEDs. Additionally, the subject used was still
one unit of x-ray machine. Therefore, it is expected that
the next research will use several x-ray machines to
obtain a better result.

V. Conclusion

The purpose of this study was to utilize high-power LED
at a low-cost non-invasive x-ray KV meter detector
design and test the ability of the detector at each point of
collimation. Based on the results of the discussion and
the purpose of developing the module, it can be
concluded that a high power led tool can be utilized as a
non-invasive kV meter detector in the field of irradiation
collimation (tip). However, the results obtained from the
detector itself are still less stable and linear. For the best
result, the smallest error is at 40kV. In this case, the
lowest error rate obtained is in S2 by 0.83%, while the
highest error is obtained in S5 by 26.43%. The module
results have a sufficiently large error, so it can be
concluded that the detector can indeed detect x-rays, but
the detector is not intended as a detector kV meter. For
further research, the best quality LEDs can be used and
research can be done on Analog Signal conditioners for
the LEDs.
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