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Abstract

The CMOS (Complementary Metal Oxide Semiconductor) image sensor of a smartphone has been
known for its sensitivity to gamma-rays. In this research, some smartphones were selected and
tested for measurement of gamma-rays emitted from Cesium-137 and Iridium-192 sources. Dur-
ing measurements, the phones were set in video mode while the camera lenses were covered with
black adhesive tape to prevent light exposure. Interaction of gamma-rays with the CMOS appeared
as flashing bright spots on the image. The bright spots were then counted by using the freely
available Image] software. Preliminary results indicated that the number of bright spots increased
linearly with increase of gamma-ray dose rate. An in-house Android application software was then
developed for real-time counting of the bright spots. The application software also allowed users
to input a calibration equation so that the phones could simultaneously convert the count rate to
display in dose rate. This research demonstrated that, after appropriate calibration, smartphones
could be used as gamma-ray measuring devices for radiation safety control involving high activity
sources such as in industrial radiography, gamma-ray irradiation facility and medical treatment.
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1. Introduction

Gamma rays have been extensively used in medicine, industry, agriculture, education and research. Gamma-rays
are electromagnetic radiation like visible light but they have energy approximately 10* to 10° times higher than
that of the visible light. They can penetrate matter making them very useful in various ways. In medicine, gam-
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ma-rays play important roles in diagnosis and therapy. Various gamma-ray applications in industry have been
proven and widely used, for example radiography, thickness measurement, level measurement, sterilization of
products, etc. Radiation workers are trained to protect themselves and the public from receiving radiation dose
beyond the allowable limits. The whole body annual dose limit for radiation workers is 50 millisievert (mSv) or
5 rem but must not exceed the average of 20 mSv per year during any 5 consecutive years. For better radiation
safety control, the dose rate of 10 microsievert per hour (uSV/hr) is limited so that working totally 2000 hours
per year (8 hours a day, 5 days a week for 50 weeks) will not exceed the annual dose limit of 20 mSv. Radiation
workers must wear personal dosimeter like film badges which are completely replaced by thermoluminescent
dosimeters (TLD’s) and more recently optically stimulated luminescent dosimeters (OSL’s) for measurement of
cumulative dose from 1 month up to 3 months. In normal practice, however, dosimeters for short term mea-
surement are also required such as digital personal dosimeter and survey meters which are not available for all
workers.

It has been known and tested that the CMOS (Complementary Metal Oxide Semiconductor) image sensor
chip in digital camera is sensitive to gamma and X-rays [1]-[4]. All modern smartphones come with high quality
digital cameras which may be used for measurement of gamma-rays. In this research, four Android smartphones
are selected according to their CMOS sensitive areas, number of image pixels, cost and availability, to test their
responses to gamma-rays at different energies and dose rates. Application software is also developed so that the
smartphones can display the counting rate and the dose rate simultaneously.

1.1. Materials

Four smartphones including Samsung Galaxy GT-S5570 mini, Samsung Galaxy Sll, Samsung Galaxy SlII and
Huawei Ascend P7, are first selected. Their specifications are shown in Table 1 below. They are tested in mea-
surement of gamma-rays from the commonly used gamma-ray sources including cobalt-60 (*°Co), Cesium-137
(**’Cs) and Iridium-192 (***Ir) with known activities to compare their sensitivities and to investigate relationship
between the dose rate and the counting rate. The characteristics of the gamma-ray sources are showed in Table
2.

1.2. Methodology

The selected smartphones were first exposed to gamma-rays from an **Ir industrial radiography source at vari-

Table 1. Specifications of the selected smartphones.

Max. image pixels Max. image pixels

Smartphones (back camera) (photo mode) Frame rate (video mode) Aperture
Samsung Galaxy GT-S5570 mini 3.15 MP 14 fps 320 x 240 No data
Samsung Galaxy Sl| 8 MP 24 fps 1920 x 1080 f12.7
Samsung Galaxy SllI 8 MP 30 fps 1920 x 1080 2.6
Huawei Ascend P7 13 MP 30 fps 1920 x 1080 2.0
Table 2. Gamma-ray sources and their prominent gamma-rays [5] [6].
Gamma-ray sources Half-life Gamma-ray energy (keV) Emission probability " (mSv/hr-Ci at 1 m)
Bcs 30 years 662 85% 33
296 29%
308 30%
317 81%
2y 74.2 days 468 49% 5
589 4%
604 9%
612 6%
60 1173 100%
Co 5.26 years 1332 100% 133

“Specific gamma-ray constant is the dose rate at 1 m distance from 1 curie (Ci) source.
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ous distances to obtain the dose rates up to about 240 mSv/hr. The measurements were carried out in video
mode with black adhesive tape on the camera lenses making the image background dark. Interactions of gamma-
rays with the CMOS chips appear as flashing bright spots on dark background which could be clearly observed
as showed in Figure 1. After measurement, the video file was transferred to a personal computer then converted
to pictures by using the freely downloadable AOAO Video to Picture Converter software [7]. The numbers of
bright spots in all pictures were finally counted using the Image J software [8] which could also be freely avail-
able. The total number of count was divided by the counting time to express in count rate. Importantly, from our
investigation one interaction of gamma photon could cause the bright spots size up to 10 pixels depending on
type of CMOS chip. Thus a cluster of bright spots from 1 to 10 pixels were counted as 1 count. The calibration
procedure is summarized in Figure 2. It was found that the Samsung Galaxy GT-S5570 mini had lowest sensi-
tivity among the four smartphones while Huawei Ascend P7 had the highest sensitivity as illustrated graphically
in Figure 3. After that smartphones were tested with gamma-rays from **’Cs and *°Co sources at various dose
rates in order to test their sensitivities to high energy gamma-rays. The results are illustrated graphically in Fig-
ures 4-6. The sensitivity to high energy gamma-rays was found to be less than to ***Ir due to lower interaction
probability as predicted. Application software was finally developed for the Android smartphones so that they
could be used to measure gamma-rays and display the results in both counting rate and the dose rate on the

Figure 1. Showing bright spots on dark background image caused by interaction of gamma-
rays with digital camera’s CMOS chip at low (left) and high (right) gamma dose rates.

1. Cover the back camera’s lens with black adhesive tape. |

L 4

2. Set the smartphone in video mode and fixit at a
distance from the source position where the dose
rate is accurately known then start video recording.

L 4

3. Drive the source fromits shielding container to its
exposure position and leave for about 1 minute then
drive the source back to the shielding container.

.4

4. Stop video recording and transfer the recorded video
to a microcomputer. Transform the recorded video
file to multiple image files (.jpg format) by using the
AOAO Video to Picture Converter software.

L 4

5. Count total number of the bright spots on the image
files by using the Image) software.

L 4

6. Repeat steps 1 to 5 for different dose rates by moving
the smartphone to other required positions.

¥

7. Plot the number of bright spots per unit time against
the dose rate to make a calibration curve.

Figure 2. Calibration procedure.

O,



S. Tith, N. Chankow

1r-192
2000 + B
x GT-S5570 (cps) yf;-zlijilr)gs.o
_ 1600 1+ Siers) e s
‘é_ —+=SlI1 (cps) o
~ —-P7 (cps)
% 20T o y=A476x-6.79
04 R2=1.00
e 800 +
>
o
© 400 + y=1.34x+1138
R2=0.978
0 - ‘ ‘ ‘ | |
0 50 100 150 200 250
Dose Rate (mSv/hr)

Figure 3. Gamma count rates vs the dose rates from Ir-192 industrial
radiography source.
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Figure 4. Gamma count rates vs the dose rates from Cs-137 source.
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Figure 5. Gamma count rates vs the dose rates from low activity Co-60
source.

screens. The application software allowed user to perform counting from the saved video file or near real-time
during measurement. User could input calibration equation to convert the counting rate to dose rate. Parts of
the Application software menus are illustrated in Figure 7 and Figure 8. The application software has setting
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Figure 6. Gamma count rates vs the dose rates from high activity Co-60
source.
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Figure 7. Set-up menus of the application software run on an Android
smartphone.

parameters for threshold level to cut-off noisy signals, minimum and maximum pixel size to be counted, count-
ing time and counting cycle. The number of counts is displayed near real-time but the dose rate will be displayed
after the preset counting cycle is completed. Dose rate measurements by using the smartphones with the applica-
tion software were conducted at the calibration facility of the Office of Atoms for Peace (OAP) in comparison
with the standard ionization chamber. The results were very satisfactory as illustrated in Table 3.

2. Results and Discussion

The video images showed flashing of bright spots randomly appeared on the screen. It could be clearly noticed
that number of the bright spots increased with the dose rate. It was found that the count rates increased linearly
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Figure 8. Brief description of the application software run on an Android
smartphone.

Table 3. Comparison the dose rates from **’Cs source read by Huawei Ascend P7 in comparison with the known values and
the values obtained from a standard ionization chamber.

At dhEs (e Read by survey meter Read by Huawei Ascend P7
(mSv/hr) Dose rate (mSv/hr) Discrepancy Dose rate (mSv/hr) Discrepancy
0.545 0.547 +0.002 0.525 —0.020
0.346 0.350 +0.004 0.352 +0.006
0.239 0.241 +0.002 0.235 —0.004
0.176 0.176 0.000 0.177 +0.001
0.133 0.132 -0.001 0.132 -0.001

with increase of the dose rates in wide dose rate ranges for all tested smartphones as illustrated in Figures 3-6.
Even at very high dose rate from ®°Co source. Sensitivities of the smartphones were found to be quite different.
Among the four tested smartphones, Huawei Ascend P7 had highest sensitivity, the second was Samsung Ga-
laxy S I, the third was Samsung Galaxy S Il and the least sensitive was Samsung Galaxy GT-S5570 mini.
Therefore, each smartphone needs to be calibrated to obtain its own calibration equation as normally do with
radiation survey meters and dosimeter. It should be kept in mind that, like all survey meters and dosimeters, if
they are calibrated with *¥Cs they can only give correct dose rate for **’Cs gamma-rays. Correction factors are
requires for other gamma-ray energies. This is because all detectors are energy dependent.

3. Conclusion

The tested results clearly confirmed that CMOS chip of smartphone’s digital camera was sensitive to gamma-
rays. When the camera lens was covered with black adhesive tape, interaction of gamma-rays with CMOS chip
caused flashing bright spots on dark background which could be counted with appropriate software to obtain
count rate as in radiation counters. Furthermore, the linear relationship between the count rate and the count rate
in wide range has made conversion from count rate to dose rate simpler. However, other smartphones may be
more sensitive than the ones tested in this research but they were not bought to test due to limited budget at this
preliminary investigation. From our experience, the sensitivity depends very much on size of the CMOS chip
not the image resolution or total number of image pixels. Our brief test of some of newly released smartphones
with 13 MP (megapixels) camera showed that they were much less sensitive to gamma-rays than Huawei As-
cend P7(13 MP) and Samsung Galaxy S 111 (8 MP). However, with the in-house developed Application software
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and appropriate calibration, any Android smartphones can be used to measure gamma-rays but having different
sensitivities. The smartphones are therefore useful for radiation workers particularly for those who work with
high activity radiation sources like industrial radiographers, radiologists, radiation technicians, gamma irradia-
tion plant workers and others. For example, industrial radiography normally uses **Ir with activity of about 100
curies (Ci). From Table 2, 1 Ci **Ir gives 5 mSv/hr at 1 meter. Thus 100 Ci will give the dose rate at 1 meter as
high as 500 mSv/hr or 20 mSv/hr at 5 meters without shielding materials. If the worker stays at 5 meters for an
hour, he will receive a total dose of 20 mSv which is equivalent to annual dose limit for radiation workers. Rad-
iation workers with smartphones and the Application software can, therefore, have their own radiation measur-
ing devices for better radiation safety and control. In-house developed Application software is now being im-
proved and the one for iPhone is also under development.
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