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Improving specifications of wireless endoscopic capsules is a topical issue
nowadays. This article is devoted to the illumination system of the wireless endoscopic
capsule. The authors describe the advantages of using colored led flashes for illumination
of the gastrointestinal tract when fixing images. It is also described how to achieve the
uniform illumination of the digestive tract due to the change of the mutual arrangement
of the optical axes of the light-emitting elements and the matrix. The described solution
will improve the quality of the images captured by the capsule that will positively affect
the process of automated recognition of pathologies of the digestive tract.
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Wireless capsul e endoscopy isamodern
method of non-invasive examinations of ahuman
digestivetract by aminiature capsulewith built-in
camera. The camera captures images of the
gastrointestinal tract (GIT) and sendsthem to the
reader, which isthen connected to aPC of adoctor
for further processing of the received images**

A wireless endoscopic capsule can be
outlined as shown in Figure 1°.

The illumination system is a critical
component of the endoscopic capsule, because
the better the quality of recorded images, the more
accurate abnormalitiesand morphol ogical changes
inthe digestivetract can be detected®. To thisend,
the endoscopic capsule is equipped with a LED
panel that providesillumination of the GIT for the
image sensor to be able to capture images.

The issue of improving optical
component of the endoscopic capsule to capture

* To whom all correspondence should be addressed.

theimages of the digestive tract was the subject of
many scientific papers. For instance, Cerveri et al.
study thefeasibility of anovel miniaturized optical
system for endoscopy’. Perspective shape from
shading for wide-FOV near-lighting endoscopes
isdiscusseding. Lu et al. tell about acompact light-
emitting diode lighting ring for video-assisted
thoracic surgery®.

Despite the successes achieved, the
existing methods of image improvement havetheir
drawbacks, for example, high-energy consumption,
high cost of the system, etc.

This article will address the issues of
improving the quality of animage of the digestive
tract using colored led flashes and achieving the
uniform illumination of the digestivetract.

M ethodology

Let us consider some optical
specifications of the endoscopic capsules PillCam
SB 2, EndoCapsule and MiroCam'*% (Table 1).

The cameraof the endoscopic capsule has
awide angle of view, which often varies, from 120
to 180 degrees'.
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To obtain the video images of the mucosa of the
GIT the endoscopic capsule comprises a
photosensitive matrix (in our case it will be the
CMOS (complementary  metal-oxide-
semiconductor) matrix OV 7690%2), on which a
system of lensis “put on”. As an example, let us
consider an optical system of a wireless
endoscopic capsule“Landish”, whichisshownin
Figure2.

The main technical characteristics of the
photosensitive matrix used in the endoscopic

Table 1. Endoscopic capsules' specifications

PillCam Endo MiroCam,
SB 2, Given Capsule, Intro
Imaging Olympus Medic

Angle, degrees 156 145 170
Number of LEDs 6 6 6
Shooting speed, fps 24 2 3

Table 2. The main technical characteristics

SMIRNOV et al., Biosci., Biotech. Res. Asia, Vol. 13(3), 1561-1566 (2016)

capsule are shown in table 2%2,

Today different types of theillumination
are widely used in the gastro- and colonoscopy
studies!® >, Typically, the whitelight isused for
the illumination. However, for example, to detect
bleeding and research vessels an endoscope
equipped with ared filter which is governed by a
gastroenterologist isused. Theuseof afilter allows
to select visually the image area of the bleeding
because blood reflects the red light, issued by the
color filter®.

Similarly, inthe study of blood vessels of
the GIT on the subject of varicose a bluefilter is
applied; inthiscase, the veinsreflecting bluelight
areclearly and brightly visibleintheimage, while
therest areais darkened.

This technique is often used when
conducting gastro- and colonoscopy by traditional
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Fig. 2. Scheme of the optical

system of the endoscopic capsule
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Fig. 3. Scheme of illumination of the GIT
when using four LEDs with optical axes
paralel to the optical axis of the matrix

Matrix opticd axis

Fig. 4. The optical axises of the LEDs form
an angleto the optical axis of the matrix
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Fig. 5. Use of areflector in the system LED lighting

methods, however, isdifficult toimplement for the
capsule endoscopy due to the design features of
the capsules: the use of mechanically exchangeable
filtersis problematic because of the small size of
the capsules and hard limits on energy supply.

However, the endoscopic capsule can be
compatible with the advantages of observationin
different light ranges. It is suggested to use the
colored LEDs to obtain the desired light
wavelengths. Since the capsule is an autonomous
device, a human-controlled change of light does
not seem rational. Instead, it is proposed to use
the pattern of flashes, for example — white-red-
yellow-blue®,

To make the images contain as detailed
information for diagnosis as possible, the
endoscopic capsule is proposed to use light-
emitting diodeswith 16-bit color encoding, which
are activated when the camera captures an image®.

The change of the colors in the capsule
occurs in cycles that gives better results after
automatic processing of theimagesin comparison
to the conventional lighting. This keeps a
reasonable number of images shot in standard white
flash, and though provides specific information
with flashes of red, yellow and blue colors.

The LEDsof the same color are arranged
inpairs, which providesauniform light distribution
inthe digestivetract. The cameracapturesimages
of theGIT cyclically inwhite, red, yellow and blue
light. It should be noted that a greater number of
diodes can be used (for example, 12). The Multi-
color diodes can also be used®.

For a uniform distribution of the light
special mirror-reflectors may be used in
combination with thediodes. Notethat the colored
LEDs can significantly reduce the expenditure of
the capsule battery.

A similar function (getting an image of
the GIT inacertain color) can beimplemented by
the software, for example, highlighting only the
blue channel pixels. However, because of themutual
illumination of neighboring pixels the software
processing of the image will not give accurate
results. In addition, if asingle color is selected by
software, the brightness of the image goes down
three times, which negatively affects the process
of the automatic recognition of abnormalities and
morphological changesintheGIT.

As noted above, the main purpose of the



1564

LED illuminator in an endoscopic capsule is to
ensure the uniform illumination of the GIT area,
where the image is taken. The matrix for image
capturing of awireless capsule hasitsoptical axis,
aswell aslight emitting elements, and sight radius.
The optical axis of the matrix goes through the
center of thefield of observation, whichisasothe
center of the endoscopic capsule.

If the capsule hasasmall number of LEDs
(for example, four), the central axis of which are
parallel tothe optical axisof thematrix, thesituation
occurs (Figure 3), when theillumination of various
parts of the GIT are uneven.

In Figure 3: 4 — the maximum, four-fold
illumination of the digestive tract (this area gets
light from the four diodes); 3 — three-fold
illumination; 2 — double illumination; 1 — single
illumination.

Thus, there are four zones, the
illumination of which differsntimesfrom each other.
Therefore, if the power of lighting of the LEDsis
the increased to obtain the desired brightness in
the area other than the central, the central area
becomes brighter than necessary. In addition, it
leads to increase of power consumption of the
endoscopic capsule.

Due to the different illumination of the
areas, there are difficulties with the automated
image analysis. some areas are overexposed, while
the others are dark; it has a significant impact on
the effective functioning of the software for
recognition of abnormalities and morphological
changes of the digestive tract™.

In the patent?® several constructive ways
of dealing with the problem of non-uniform
illumination of the gastrointestinal tract are
described.

Thefollowing solutionswere considered.
Increasingthenumber of LEDs

In order to smooth the luminance of the
image, the number of the LEDs in the endoscopic
capsule can beincreased, for example, twice. This
will make transitions from one lighting zone to
another smoother, but will not solve the problem
of over lightening the central zone of theimage.

Here is the calculation of the optimal
number of the LEDs based on the light sensitivity
of the matrix in question (OV7690). The matrix
sensitivity is 1800 mV*Lx/sec. Light intensity of
thewhite SMD LED, which consumesacurrent of
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20 mA, is about 300 MCD. Thus, based on the
ratio between theintensity of light in Lux, and the
light intensity in candelas, the following isfound:

E=1/(d?, (1)
where E istheluminance of asurface,
| isthe light intensity,

d is the distance to the light source.

It is necessary to take into consideration
that the matrix getsreflected light fromthe LEDs,
which fades upon reflection from the mucosa. The
reflection coefficient from the mucosaK isin the
range of 10-55%%. Thus, theillumination created
by the intersection of the light fluxes of n LEDs
and recorded by the camera, is described by the
formula

E=n*1* K/ (4*d?), (2

because the distance from diodes to the
mucosal surface and from the mucosal surface to
the sensor matrix isamost the sameandis2*d (d
in this case is the distance from the surface of the
matrix to the surface of the mucosa).

Let us assess the multiplier of the
illumination in an extreme case of the maximum
distance (approximately 180 mm—thedistancefrom
the bottom of his stomach to the lower pole of it)
and the weakest reflectivity of the surface (10%).

| * K/ (4*dP) (3
The multiplier in this case takes the value of 0.92
Lux. Now let us estimate the potential created by a
given luminance on the photosensitive cell of the
metrix:

V =18*n*0.92* 1/fps, ..(4)

where fps is the number of images per
second.

Considering fps = 30 (standard mode of
the matrix, used even in the case of only 2 images
per second transfer due to the Rolling Shutter
effect?), we get:

V =n* 0.055 ..(5)

The resulting potential is measured in
volts. Thus, the potential is 0.01 from the number
of the LEDs covering the most remote area.

Sincethereference voltage of an analog-
to-digital converter of the sensor matrix is 3.0V,
not lessthan 0.3 V isrequired to ensurethe picture
brightnessmaking 0.1 from the maximum.

The minimum number of the LEDs that
providethiscondition, isequal to 6 (nisalso equal
to thetotal number of the LEDs, since at adistance
of 180 mmamixture of light of all widedirectional
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LEDstakesplace).

The optical axis of the LED slightly
deviatesfrom the optical axisof thematrix (Figure
4).

Every radiating element istilted outward
from the central axis of the endoscopic capsule so
that the central axisof each light emitting diodeis
positioned at an angle to the central axis of the
matrix. Thus, thelight intensity in the central zone,
whichisnormally illuminated by several LEDs, and
the periphery, which receiveslight from only one
diode will be about the same.
Reflectorsareinstalled (Fig. 3).

The uniformity of illumination of the
digestive tract can be controlled via reflective
elements that allow to “move” some of the light
fromthe central part and to send it to the periphery.

It should be noted that the uneven
brightness of the image can be adjusted
programmatically. However, any software
modification of the image leads to defects and
cannot entirely compensate for the phenomenon
of light pollution and restore the brightness balance
of theimage.

CONCLUSON

Thus, the existing drawbacks in the
illumination system and imaging of the wireless
endoscopic capsule can be adjusted by the
hardware or the software methods. The solutions
described in this article will allow to improve the
illumination system of the wireless capsule,
increasing the quality of the recorded the images,
which greatly affects the efficiency of the
algorithms for the automated detection of the
gastrointestinal diseases.

In future, we plan to continue the work
on theimproving of theillumination system of the
wireless capsul e to ensure the uniform and stable
lighting of the digestive tract.
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