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CAMERA CONTROL ALGORITHM AND IMAGE QUALITY ASSESSMENT
METHOD TO OBTAIN A QUALITY IMAGE

Abstract. Since small-sized objects are expressed in the image with very few pixels and are located at a fairly large distance
from the camera, their recognition by computer vision-supported systems becomes difficult. At this time, the issue of
obtaining high-quality images of them becomes relevant. The object study is the camera and the images obtained from it.
Existing methods have been studied and a new approach that can work faster to obtain high-quality images has been proposed.
The subject of the research is a method for assessing the quality of the image and controlling the focus of the camera using
existing tools in order to obtain a high-quality image. The purpose of the research is to create an algorithm for evaluating
the image and controlling the camera device in order to obtain a high-quality image for a detection system supported by
computer vision for small-sized objects. Improving the quality of the image with the proposed methods creates important
conditions for the effective operation of recognition systems operating in real-time. As a result of the research, the method
for assessing the image in terms of quality and the camera control algorithm for a high-quality image of the object is proposed.
The rationale for the proposed main methods of research is given, the results of experimental studies of the proposed methods
are presented, and the validity of the adopted theoretical conclusions is confirmed.
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Introduction

Obtaining a high-quality image is one of the main
conditions for detection with computer vision of small
objects located at a sufficiently large distance from the
camera device. Because no matter how effectively the
detection algorithms work, if the image given to its
input is of poor quality, it is impossible to achieve the
goal [1, 2].

In object detection systems, the quality of the image
of a small object is characterized by the fact that the
image appears blurry due to defocusing and the object is
located far away, or more precisely, expressed with fewer
pixels in the frame. Therefore, before entering the image
into the input of the detection system, it is important to
enlarge its image, assess its quality in terms of blurriness,
and obtain a high-quality image by controlling the focus
of the camera device [3].

We can use the camera's zoom capabilities to
enlarge objects that appear very small in the image. The
zoom used to enlarge the image is implemented in two
forms: Optical and digital zoom. During digital zoom, the
quality of the image of the object is significantly reduced.
Therefore, it is considered advisable to use optical zoom.
Optical zoom consists of a lens group consisting of two
collecting lenses and 1 diverging lens. To enlarge or
reduce the image of the object, it is necessary to move the
lenses relative to each other (Fig. 1).

The light beam from the lens group enters the next
lens group for focusing.

Since it is not possible to move the lenses in the
above-mentioned way in modern smartphones, several
cameras with different focal lengths are used. This is
because there is a requirement for smartphones to be very
small (thin) in size [4].
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Fig 1. Optical lens group for zoom

Optical systems (photographic lenses) focus the
energy (photons) coming from the object to create an
image on the sensor. An optical lens is a single optically
transparent device that is shaped to transmit and refract
light [5] (Fig. 2).
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Fig 2. Image capture of an object by a converging lens

In Fig. 2 the following are indicated: f—focal length;
S; — distance from the object to the camera (optical lens);
S, — distance from the optical lens to the image,
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As can be seen from Fig. 2, the f-focus length
depends on the physical structure of the lens and is a
constant quantity for a given lens. The variable
parameters in formula (1) are S; and S,. That is, the object
can be located at different distances (S1) from the camera
device. This diversity leads to the fact that the object's
image is taken at different distances (Sz) from the focal
point. It is for this reason that when the sensor is located
at a distance of S, from the lens, it is possible to obtain a
quality image in terms of focusing.

Taking into account the above, it can be concluded
that the presence of an autofocus system in the camera is
one of the main conditions for obtaining a quality image.

In modern cameras, the autofocus process uses
methods that differ from each other in various ways.
These methods are as follows [6]:

1. Contrast detection. The principle of operation is
based on the analysis of the contrast in the image by the
camera. The lenses are adjusted until the contrast reaches
a maximum, that is, the object is kept in the center of
focus. With this method, it is possible to obtain accurate
focusing, however, the processing speed is very low,
especially in low light.

2. Phase detection. It uses special phase detection
sensors or pixels on the camera sensor to calculate how
far the image is out of focus and directly moves the lens
to the correct position. Phase detection allows for fast and
accurate focusing. In low light conditions, it is less
efficient than contrast detection.

3. Depth-from-Defocus (DFD). Analyzes two
slightly out of focus images and predicts the direction and
amount of focus adjustment required. It is faster than
contrast detection in terms of processing speed, but is not
as good for moving objects.

4. Dual Pixel Autofocus (DPAF) (Used by Canon).
Each pixel on the sensor is divided into two parts,

allowing the sensor to directly measure the phase
difference. It has very fast and smooth focusing, suitable
for tracking moving objects. It can work in very low light
conditions.

5. LiDAR Autofocus (Used in High-End Cameras
& Phones). Uses a laser to adjust focus by measuring
distance. It can focus on objects at close range and works
well in low light conditions. It is very expensive
economically.

6. Al-Based Autofocus. It uses machine learning to
recognize faces, eyes, or specific objects to achieve
focus. It is suitable for tracking subjects in complex
images. It requires intensive processing and does not
work well with objects (non-human).

Image quality can be measured by fully referenced
image evaluation by comparing the blurred image with
the re-blurred version created by applying a Gaussian
filter. This is based on the observation that the blurred
image changes less than the original image after the re-
blurring process. Bong et al. [7] predicted the no-
reference blur value (BIBS) of an image by applying a re-
blurring process in which two special states are selected
during the re-blurring process: the state where the re-
blurred image starts to change its pixel values ¢ = omin)
and the state where it never changes again (6 = omax). The
image quality is then measured based on the difference in
the shape of the local histogram between the image and
its re-blurred versions [7].

Having observed that blur affects the moment energy,
Li et al [8] presented a blind image blur evaluator
(BIBLE) to assess image quality based on the variance
normalized moment energy. The flowchart of BIBLE is
shown in Fig. 3. The gradient image is divided into equal-
sized blocks, and the Tchebichef moments of all blocks
are computed. Then the block's energy is calculated by
summing up the squared non-DC moments. Finally,
image quality is measured by the variance normalized
moment energy together with a visual saliency model to
adapt to the HVS characteristics.

Partition

Saliency | Detection Gradient [Calculation

Partition

Block
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| BIBLE
score

SSM

Pooling

Resizing

Fig. 3. The Flowchart of BIBE

It is assumed that natural scenes contain certain
statistical properties that could be altered by the existence
of distortions. Therefore, by modeling the statistical
distributions of image coefficients, image quality can be

estimated by deviations of these statistics. Wang et al. [9]
proposed a blur-specific NR-IQA method BIBE based on
the NSS of gradient distribution, where the flowchart of
BIBE is shown in Fig. 4.
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Fig. 4. The flowchart of BIBE

First, the blurred image is passed through the
horizontal and vertical Prewitt filters to get the gradient
map. Then, the gradient-related distributions represented
by histograms are modeled using the generalized
Gaussian distribution (GGD) or asymmetric GGD.
Finally, the NSS features (parameters of the models) are
fed into the extreme learning machine [10, 11] to predict
image quality. Having observed that over-complete
dictionaries learned from natural images can capture

edge patterns, Li et al. [10] proposed a blur-specific NR-
IQA  method SPARISH based on the sparse
representation.

Fig. 5 shows the flowchart of SPARISH. An over-
complete dictionary is learnt to construct a sparse coding
model for the image gradient blocks, then the variance-
normalized block energy over high-variance image
blocks is used as the quality score, where the block
energy is obtained from the sparse coefficients.

Blurred Block Mean Value Gradient Sparse Dictionary
Image Partition Subtraction Computation Representation Learning
Block Block
Variance » Pooling [« Energy
Computation Computation

SPARISH score
Fig. 5. The flowchart of SPANISH

To determine the effectiveness of the above
methods, images taken from the TID2013 and BID
datasets were used, and the results are as shown in
Table 1 [6].

Table 1 — Result of method

TID2013 BID
Metod
Vaxt (seconds) Vaxt (seconds)
BIBS 0.184 3.333
BIBLE 0.916 10.982
BIBE 0.481 7.138
SPARISH 1.485 25.217

General statement of the research problem

When detecting an object, the quality of its image
in the image is one of the main conditions. Because the
performance indicators of CNN depend on the quality of
the image given to its input [12]. However, since the
distance from the object to the camera, weather
conditions, illumination level and size of the object vary,
it is necessary to improve the quality of the image of that
object in real time. Considering this, it is necessary to
first magnify the object when detecting it and determine
whether the resulting images are of good quality or not,
and if not, take steps to improve the quality. On the other
hand, one of the main criteria set for object detection
systems operating in real time is its speed.

Taking a zoomed image of an object

An object detected as a result of a change between
frames and expressed in fewer pixels in the image can be

enlarged using the camera's zoom function. The upper
limit of magnification is determined by the predefined
pixel dimensions. For example, if an object with a size of
50 x 50 is detected in the image, a new image of that
object with a size of 500 x 500 is obtained by zooming
the camera 10 times. If the object is 200 x 200, and
500 x 500 image can be obtained using the camera’s 2.5
times zoom. Here, the size of 500 x 500 is considered the
size requirement set by the image quality assessment
system for the input image. It should also be noted that
one of the main conditions is the type of lens group used
in the camera from which the image is obtained. Thus,
focusing disorders can occur when the camera zooms in
or out on the object. Cameras with this feature are
considered devices with a varifocal lens group. In
cameras with parfocal lens groups, zooming infout
operations do not affect the focus of the object.

Image quality assessment

The need to assess the quality of images obtained
during small object detection by a camera is actually
related to the blurring of the object. The following reasons
are usually responsible for blurring: out-of-focus, relative
motion of the object relative to the camera (object
movement and camera shake), non-ideal camera systems
(e.g., lens aberration), atmospheric turbulence, and post-
processing steps of the image (such as compression and
denoising) [13, 14]. Apart from the Bokeh effect used to
enhance the expressiveness of the image, any
unintentional blurring is known to degrade the image
quality. Image quality assessment methods can be divided
into three categories: Full Reference, Reduced Reference,
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and No-reference (Fig. 6). Full-reference image quality
assessment methods determine which of two images is of
higher quality for this purpose. Partial-reference quality
assessment methods, on the other hand, require some
information about the image to be referenced. If there is

No Reference
image quality

no quality information about the image whose quality is
being assessed, no-reference image quality assessment
(IQA) methods are used.

This feature further complicates the process of no-
reference image quality assessment.

Transform free based

assesment
—
Learning free Learning based
Transform Handcrafted Learnt feature

feature based based

Fig. 6. Classification of blur-specific No-Reference Image Quality Assessment methods

As in many practical applications, the use of no-
reference image quality assessment methods is necessary
in the detection of drones and other small objects with
video cameras due to the lack of a reference image to
assess the quality of the image. In general, blur-based
IQA methods can be classified according to the
technology they use as follows [15] (Fig. 6).

Learning free IQA methods use classical methods
that are distinguished by their simplicity and speed. It
should be borne in mind that the blurred appearance of an
object in an image is due to the fact that the edges of its
elements appear not as sharp lines, but as “spread out”. In
this regard, edge detection can be used to determine
whether the object in the image is of good quality in terms
of blurring.

Two types of filters can be used to detect edges:
Gaussian-based and Gradient-based filters. Gradient-
based filters include operators that calculate the first-
order derivative of the image (Sobel, Previt, Robert).
Gaussian-based filters include operators that calculate the
second-order derivative of the image (Canny, Laplace
transform of the Gaussian detector).

Edge detection by applying a filter

The main feature of the Sobel operator is its
simplicity, its ability to provide approximate values for
the gradient magnitude, and its ability to detect edges and
directions. In digital image processing, a convolution
matrix or mask is a small matrix used to detect edge
obtained by convolution between a kernel and an image
[16-19].

The Sobel filter is a gradient-based method that
searches for strong changes in the first-order derivative
values of an image. In this case, the detector uses 3x3
convolution matrices (Fig. 7). One of them calculates the
gradient along the x-axis and the other along the y-axis in
a two-dimensional coordinate system.

As mentioned above, the Sobel operator measures
the spatial gradient in an image and reveals regions of
higher spatial frequency that resemble edge states. The
filter is often used to find an approximate absolute
amount of gradation at all points in an input grayscale
image [20-24].

-1 0 | +1 +1 | +1 | +1

-1 0 +1 0 0 0

-1 0 +1 +1 | +1 | +1
Gy Gy

Fig. 7. 3 x 3 convolution matrix of the Sobel detector

The mechanism for calculating Gx and Gy can be
summarized as the process of sliding a filter over the input
image, where the value is calculated for one pixel and
then shifted to the right by one pixel step. When the filter
reaches the end of a line, it moves to the beginning of the
next line. The following example shows the calculation
of the Gy value (Fig. 8):

ain |aiz |aiz ... 110 |11 b1z |b2 | b1

an a2 |as .. 2 10 |-2 b21 |b22 | bas

asy |as2 |ass |... 110 |11 P31 |bs2 | bss
Filter

Input Output Gx

Fig. 8. Calculation of the Gx value

The filter consists of positive and negative
coefficients [25]. Thus, the resulting image will contain
both positive and negative values. Thus:

1. The regression of zero goes to the half-gray level.
Thus, a negative gradient appears dark, and a positive
gradient appears bright.

2. The absolute value of the gradient must be chosen
(for values between 0 and 255).

3. High positive and negative gradients appear
bright, and the filter is sensitive to horizontal and vertical
transitions.

From the calculation of Gy and Gy, it is easy to
identify outliers.

The Gy and Gy gradient estimates are combined for
each pixel in the image, and when combined, the gradient
measure is obtained using:
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Here Gy and Gy are the matrices obtained by filtering
the x and y axes, respectively (2).

For more complete edge removal, filtering can also
be performed on the diagonals.

In this case, left and right diagonal filters are used

(Fig. 9).
an |2 | a3 | ... 0of(1(2 b1 | b1z | bis
az |az | azs 11001 b21 | b2z | b2s
a3 |as2 | ass -2(-1]0 bs1 | bs2 | bas
Left
diagonal
Input Output Gig
ail |a12 | a1z | ... 21110 b1 | b2 | bis
A |az2 | @3 | ... 1101 b21 | b2z | b2s
as |as2 | @3 | ... 0 (1|2 ba1 | bsz2 | bas
Right
diagonal
Input Output Grd

Fig. 9. Filtering the image along the right and left diagonals

In this case, we use the results obtained based on
4 types of filtering to calculate the gradient size:

G=\G2+GZ+GE +GE . @®)

Expression of quality in quantities

Considering that the resulting image is grayscale,
pixels with higher intensity (white) in the image indicate
sharper edges. Therefore, the greater the total number of
pixels with an intensity above a certain value, the sharper
the edges, i.e., the better the image quality. Considering
that the intensity of pixels varies between 0 and 255, it is
appropriate to take that value as the average intensity,
i.e. 125,

b

Using the method discussed in the article, the quality
assessment in terms of blur is carried out in the following
stages:

1. The input image is accepted and converted to
grayscale.

2. Various variants of Sobel operators are applied.

3. The gradient is calculated.

4. The total number of pixels with an intensity
greater than 125 (Qn) is found.

After assessing the quality of the image, the focus of
the camera device must be controlled to obtain a quality
image. By increasing or decreasing the distance S
between the lens and the sensor in the camera setup
(Fig. 2), the .current quality indicator (Qn) is compared
with the previous indicator (Qn.1), and the largest value of
Qn is considered the optimal distance for S,.

Results and Discussion

The article considers the issue of obtaining a high-
quality image for the input of a small-sized object
detection system using a camera. For this purpose,
methods for controlling both the zoom and focus
functions of the camera are proposed. Initially, a newly
entered object is detected by checking the difference
between frames and using the camera's zoom, the image
of that object is brought to a certain pixel size. Using the
camera's zoom function, the object is enlarged several
times depending on the size of the image.

In the next stage, the process of focusing on the
object in the image is considered. As an example, one
high-quality and two relatively blurred images of the
same object were taken. The main purpose of choosing a
white background for the object in the image is to
complicate the issue a little, considering that the object in
the image also consists mostly of white.

The 3 sample images shown in Fig. 10 were
processed using 4 filters, the gradient was calculated, and
the edges were detected. Considering that edges appear
sharper in a quality image in terms of blur, the number of
pixels with an intensity greater than 125 was found to
quantify their quality. The processing process was
performed using PYTHON (Fig. 11).

Fig. 10. Unblurred (a) and blurred (b) and (c) images
of an object placed on a white background.
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The total number of pixels with intensity greater
than 125 is 21434, 2996 and 3081 for images (a), (b) and
(c) respectively.

The results obtained for all three images (different
quality images of the same image) show that indeed the
edges of the quality image are more clearly visible and
the number of pixels with intensity greater than 125 is
more than the others.

By increasing or decreasing the focus of the camera,
it is possible to find the focus where this number is the
largest. Using this result, it is possible to find the optimal
value of the camera focus to obtain a quality image with
the proposed method.

The proposed method was applied to images from
the TID2013 and BID datasets and an average time of

b
Fig 11. Gradient calculation results of images (a), (b) and (c)

0.56 and 2.73 seconds was required for image processing,
respectively, which can be considered a fairly good
result.

Conclusions

Since small objects are represented by very few
pixels in the image, their detection by recognition
systems becomes difficult. For this reason, providing a
high-quality image to the input of the recognition system
is one of the main conditions. The article considers the
issue of obtaining a high-quality image by controlling
both the zoom and focus of the camera. For this purpose,
image quality assessment methods are investigated and a
new method is proposed that can work quickly in real
time using existing tools.
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AJITOpUTM KepyBaHHSI KAaMePOIO Ta CMOCi0 OLiHKU AKOCTI 300paKeHHs /51 OTPUMAHHS SIKICHOTO 300pasKeHHs
E.TI. l'amumos, A. Ilamaes, I'. Xaniros

AHoTanisi. OCKiJIbKM HEBENUKi 32 pO3MIpoM 00'€KTH BHpa)keHi Ha 300pa)KCHHI Ty)Ke Majol0 KiJbKICTIO MIKCENTiB i
po3TanioBaHi Ha TOCUTH BEJIMKIN BiJICTaHI BiJl KaMepH, X PO3Ii3HABaHHs CHCTEMaMH KOMIT'TOTEPHOT0 30pYy YCKIIAIHIOEThCS. Y Lei
Yac aKTyaJbHUM CTa€ MUTaHHS OTPUMAHHS IKiCHUX 300pakeHb 3 HuX. O0'€KTOM 0CTizKeHHsI € GpoToanapar i OTpuMaHi 3 HbOro
300paxkeHHs. ByJlo BUBUEHO iCHYFOYi METOH Ta 3alPOIIOHOBAHO HOBHH Mi/IXif, SKUI MOYXE MPAIIOBATH IIBU/IIE I OTPUMAHHS
BHCOKOSIKICHUX 300pakeHb. [IpeAmMeToM q0CTiI:KeHHSI € METOJT OLIHKH SKOCTI 300pakKeHHs Ta YIPaBIiHHSA (OKYCOM KaMepH 3a
JIOTIOMOT OO iICHYFOUHX 3aC00iB 3 METOXO OTPUMAaHHS SIKICHOTO 300paskeHHsI. MeTOo0 I0CTiIKeHHS € CTBOPCHHS allTOPUTMY OIIIHKH
300paXKeHHs Ta KepyBaHHs HPHCTPOEM KaMepH JUIsi OTPHUMAaHHS SKICHOTO 300paXeHHS JUISl CHCTEMH BUSIBJICHHS 3 MiATPUMKOIO
KOMII'FOTEPHOTO 30py ManorabapuTHHX 00’ekTiB. ITiZBHIIEHHS SKOCTI 300pa)keHHS 3alPONOHOBAHHMH METOJAMH CTBOPIOE
BaXJIMBI YMOBH Uil €pEeKTUBHOI pOOOTH CHUCTEM pPO3Ii3HABAHHSA, IO NPAIOIOTh B PEXHMI pealbHOro dacy. B pesyabraTi
JOCJIi/KeHHS 3alIPONIOHOBAHO METOAMKY OLIHKH SIKOCTI 300pa)KeHHS Ta aJIFOPUTM KepyBaHHs KaMepoIO JUIsl OTPUMAHHS SKiCHOTO
300paxxeHHs 00’ekta. HaBeneHo OOIpyHTYBaHHS 3allpONOHOBAaHMX OCHOBHHMX METOJIB JIOCII/DKEHHS, HABEAEHO DPEe3YJIbTaTH
CKCIIePUMEHTAIBHAX JOCII/DKEHb 3allpPOIMOHOBAHUX METOMIB 1 MiATBEPPKEHO OOIPYHTOBAHICTh NPUHHITHX TEOPETUUHHX
BHCHOBKIB.

Kawuosi caoBa: mikcens; dinetp Sobel; pokycyBanHs; HoH; LIyM; paMKa; CETMEHTALLisT; BIICTEXXEHHS 00'€KTiB.
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