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Abstract: With the development of smartphones, cameras based on ultra-small, high-definition, and
open platforms have been mass-produced. In this paper, we outline how we built an emulation
system to verify the bio-imaging performance of bulky and expensive high-performance cameras
previously used in bio-imaging devices, and various smartphone cameras. Four types of camera were
tested in the emulator, and the gel image analysis results were compared by selecting three cameras
with more linear changes in slope, which matched the performance evaluation in the emulator.
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1. Introduction

The genetic information of living organisms is stored in DNA and RNA. It then
replicates DNA through the process of cell division. Many studies of molecular biology
techniques have been carried out, including confirmation of end-point amplification of
samples in which specific DNA has been amplified by polymerase chain reaction (PCR),
and genetics between objects. The gel-document system is an immediate device for taking
images of the gel after electrophoresis for analysis of DNA fingerprinting used in research
methods and forensics, and for analyzing base sequences [1,2].

There is a lot of commercial equipment using expensive CCD sensors and photograph-
ing equipment such as DSLRs. However, these sensors have a high price and a large focal
length. Especially, in the case of DSLR, the focal length is too long and it is difficult to
reduce the total size of the device.

With the development of mobile devices such as smartphones, it has become easy to
obtain ultra-high-quality, low-cost open platform-based cameras. This camera is not only
small in size, but also has a short focal length, which makes it possible to implement a
small system at a low cost [3–5].

In this paper, we selected cameras with excellent linearity in both price range and
size through an emulation test comparing the linearity of slope according to the brightness
of the other three open platform cameras. To compare the performance with the DSLR
frequently used in actual commercial machines, we compared the band volume of the
agarose gel image after gel electrophoresis taken with Canon 1100D (DSLR), Sony IMX179,
and AR0130. As a result, it was found that a DSLR has the best for maximum exposure, but
the linearity of the DSLR and AR0130 is similar when the maximum exposure is matching
with maximum exposure of AR0130. Therefore, it seems that the AR0130 can replace the
bulky DSLR. This shows that even using an open platform camera can implement a small
gel-document system at a sufficiently low cost.
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2. Materials and Methods

Figure 1 shows the composition of the proposed emulation system. The camera and
the Arduino for lighting control are connected to the PC with a USB cable. The green LED
was used as illumination, and the PWM was controlled through Arduino to change the
brightness. The height of the LED and each camera in the emulator was fixed at a position
where the aspect ratio was 80% when the test sheet was taken with each camera.
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Figure 1. Gel document emulation system configuration.

In this paper, four types of camera were compared: Canon EOS1100D (DSLR), AR0130
web camera (AR0130), raspberry pi high-quality camera (PiCAM), and IMX179 web camera
(IMX179). The first three cameras were installed 300 mm above the test sheet, 110 mm
for the IMX179, and 75 mm for the Green LED. The shooting conditions for each camera
were set based on the slope of the test sheet image at the LED brightness when PWM
was 100 using the IMX179 camera installed in a gel-document system currently on sale.
The emulator creates a dark room with black acrylic, and a light composed of a green
LED and a diffuser can be adjusted with the PWM signal of Arduino Uno to configure the
dark illumination.

First, in the test sheet image, a linear section with a relatively linear brightness change
was found, and the equation of which order can be approximated was investigated.

The first to the sixth-order equation was used to find the minimum order at which the
fitted error no longer decreases. The function obtained by fitting the calculated minimum
order to the image taken in the brightest illumination for each camera was assumed as the
reflection distribution function of the linear section of the test sheet image.

Next, when fitting with the same function while dimming the illumination, the func-
tion to be fitted was assumed to be the result of multiplying the function value by a constant
less than 1.

To verify the proposed emulation system, a UV trans-illuminator was attached to the
bottom and renovated to a gel-document system, which is one of the actual bio-imaging
devices. Photography is conducted by attaching an emission filter to the DSLR used in the
commercial system, and the IMX179, and the newly selected AR0130.

We added the nuclease-free water to the amplicon obtained by amplifying CT (Chlamy-
dia trachomatis) DNA, diluted it to a concentration of 1, 1/2, 1/5, 1/10, 1/20, and inserted
it into agarose gel (0.5× TBE). Then, electrophoresis was performed for 25 minutes. The
gel was taken with the selected three types of camera, and the band volume for each
concentration was observed.

Since the image sizes of the cameras used are all different, the gel images were matched
equally using the OpenCV function, and the band images to be used for analysis were
output. Since the brightness of the gel may decrease depending on the UV exposure time,
two gels were used in the two camera experiments to alternately take pictures and compare.

In other words, in the comparative experiment between the DSLR and the AR0130,
the first gel was taken in the order of DSLR→AR0130→DSLR, and the second gel was
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photographed in the order of AR0130→DSLR→AR0130, and then the band volumes of the
images were compared and analyzed.

3. Results

Before comparing the efficiencies of each camera, we first used the fitting function
to compare the brightness due to changes in the constant and PWM, and found that the
results were in good agreement, which resulted in the brightness of the illumination. It
was confirmed that the reflectance of each camera was constant according to the above.

The change in gradient was proportional to the brightness of all cameras, and the
slope of AR0130 was the most linear, as shown in Figure 2. The more linear the brightness of
illumination and the constant calculated using the function, the better the camera performance.
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In this experiment, since the lighting was not uniform, it was difficult to draw conclu-
sions only with a linear equation, so the analysis was performed by increasing the order.
In the process of applying the fitting function, the linear function could not obtain the
gradient of the straight line, and the photographed images with the brightest lighting were
analyzed while increasing the order.

Also, the relationship between the PWM of each camera and the error of each order
was analyzed. In the analysis results of all cameras, there was almost no difference in error
in the third order or higher. In the analysis results of all cameras, there was almost no
difference in error in the third order or higher, so it seems that the linearity of the gradient
could be sufficiently compared using the result obtained from the third order equation.

Each band image was used for band volume analysis as shown in Figure 3. For each
camera performance comparison, a coefficient of determination (R2) for the band volume
was calculated, and a ranking comparison was performed on R2. Then, the average R2

value of the band volume of the first and third images and the R2 value of the second image
for each experiment, and their gradients, were compared. At this time, since the AR0130
and IMX179 were set to the maximum exposure, the brightness of the band volume was
compared and analyzed together.

The reason for the shooting sequence in the order of DSLR→AR0130→DSLR is that
the third image will be darker than the first image, so there is also a need to check the
change in the performance difference between the two cameras when they are analyzed in
the same situation.

When comparing the band volume of each camera in four types of experiment, it was
found that the DSLR was superior to the results of the ranking test of Experiment 1 and
Experiment 2 concerning the R2 value. In Experiments 3 and 4, AR0130 was confirmed to
have better performance than IMX179.

In comparing the average band volumes of the first and third images and that of the
second image for each experiment, it was confirmed that the linearity of the DSLR and
AR0130 was similar, and there was no significant difference when comparing the slope.
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This shows that the exposure value of the DSLR, which is the reference camera, is similarly
matched to the maximum exposure of the AR0130. In the comparison experiment between
AR0130 and IMX179, the linearity of AR0130 was better and, when comparing the slope, it
was found that AR0130 better expresses the concentration in terms of brightness.
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4. Conclusions and Discussions

In this paper, we proposed an emulator that can evaluate whether an open platform-
based smart phone camera is suitable for bio-imaging. Using the proposed emulation
system, we compared the expensive DSLR cameras used in the gel-document system with
three types of smartphone camera. In addition, when the gel after DNA electrophoresis was
photographed and the band volumes of different reagent concentrations were compared,
results consistent with the results of the emulator experiment were obtained.

The results of comparing the performance of open platform cameras in the proposed
emulation system are likely to be sufficiently emulated if the conditions such as lighting and
test sheets are changed not only in the gel-document system but also in other bio-imaging
devices. However, since other devices have different photographing conditions, many
experiments will have to be carried out in advance to apply the proposed system with
an emulator.
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