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INTEGER NORM FOR DIFFERENCE

ASSESSMENT OF THE FRAME ELEMENTS
CONSIDERING THE WHITE BALANCE

The proposed concept suggests a method, based on which a synthesis of an integer norm can be performed, which takes into ac-
count the white balance of the camera when performing the evaluation of the difference between the elements of an image. This
idea is based on modifying the internal calculations of the camera, aimed at assessing the colour of the element of the image, using
the process of colour model reduction that is embedded inside the camera, to the colour model of the classical representation. The
use of this approach provides a number of advantages within the framework of systems in which there is a solution of computer
vision problems in terms of using both graphical processing and artificial intelligence.

Keywords: computer vision, white balance correction, colour sensors, colour model, reference colours, image point norm.

Introduction

Human organism possesses the ability to see, de-
termine and understand the environment using the
visual information. The same idea was also formed
and implemented in the computer vision technolo-
gies. Such technologies are usually used in surveil-
lance systems, robotics, tracking mobile applica-
tions, engineering reliability and quality control
etc. In every computer vision system, it is needed
to track how the image has changed (or how the
points of the image have changed).

Computer vision systemsbuilt over modern CCD
CMOS-sensors, allow adjust automatically the pa-
rameters of a frame according to the surrounding
illumination, its position changesin space, integral

characteristics of the frame, and other parameters
that can indirectly influence the raster quality.

The increase of the computational power in digi-
tal signal processorsbuilt in the sensor systems of
computer vision allows on the one hand to signifi-
cantly improve consumer and metrological charac-
teristics of the finished device without tightening
the technological requirements, but on the other
hand requires specific processing algorithms that
are attached to the architecture and scheme pa-
rameters of the specific device.

In this paper are presented the results of the re-
search based on the task of forming the difference
assessment between two elements of a raster frame,
that allows the conversion of the incoming data
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and the results of the comparison on hypothetically
arbitrary bit grids distributed to a set of individual
raster points representation ways, including colour
schemes and device configuration parameters.

Nowadays computer vision is developing in
a wide variety of fields, one of which is machine
learning, specifically deep learning that manages
the high-level data composed into the hierarchi-
cal structures. It improves the abilities of chip-
programming using relatively cheap computational
equipment [1].

A distinctive feature of computer vision engi-
neering and technology is the usage of adaptive al-
gorithms and learning systems that are the basis for
the practical computer vision usage in any valuable
automation tasks.

It leads to active implementation and develop-
ment of the deep learning algorithms, weak artificial
intelligence in terms of configuration and learning
process, artificial intelligence for the recognition
and classification tasks. The mentioned techniques
that are used for solving the issues of signals digi-
tal processing in machine vision allow the active
usage of phase-frequency and adaptive filtering,
spectral analysis methods, wavelet transformation
in the early stages of reading information from the
matrix photo detectors on the programming and
hardware levels. It also allows to reduce signifi-
cantly the computational costs of image processing
algorithms and distribute the processing between
all links of machine vision chains.

Nevertheless, all the tasks described above are re-
duced to the basic task of computer vision, namely:
comparison of image points or series of images.
This process is implemented in terms of work with
the colour models. Each colour model defines the
way of a point’s colour representation and the way
of its encoding inside a device.

The difference assessment between two elements
of a frame is a very important block of all image
processing algorithms. However, nowadays the
most of the norms that are defined over the colour
spaces, perform the operations with the float va-
lues. When implementing algorithms for calcula-
ting the norm into the hardware logic of sensors,
the usage of float arithmetic is unacceptable as it
significantly increases the computational costs and

also the hardware requirements of the sensors cau-
sing a great reduce in the performance level of the
norm computational algorithms in terms of impos-
sibility of their paralleling.

Thus, the development of integer norms over
the colour spaces will allow to organize an efficient
ima-ge processing using the means of a device.

In this article RGB colour model is reviewed.
This model applies the additive method of colour
processing (a colour is obtained by adding to black).
It is known that any colour can be represented as a
combination of three colours: red (R), white (W),
and blue (B). These colours are also known as the
reference colours and are specified by values from
0 to 255. RGB colour model allows the usage of
ima-ge points colour identification of implement-
ing the three-channel colour representation. It al-
lows to perform the image normalization process
exclu-ding the set of operations that are specific for
and are defined over the float arithmetic.

Let us review the described approach.

Problem Description

Let there be a raster rectangular image of the reso-
lution W X H X C, where Wis the number of pix-
els in the width of the image, H — the number of
pixels in the height of the image, C — the colour
depth of the image (the number of bits used for
contacting the representation of a colour in terms
of a pixel encoding process). The position of every
point of the image is uniquely determined by a pair
of coordinates (X;Y), where X =1./, Y =1..H. In
this case the content of every point is represented
by a colour that is encoded by the device.

Let there be a point of animage that is determined
by a pair (X,;Y,), where X, =1.W, Y, =1.H. It is
needed to build an assessment, how this point dif-
fers from another point of the same image with a pair
of coordinates (X,;¥, ), where X, =1.J¥, ¥, =1..H.
This task can be solved by finding the distance bet-
ween the points on the colour surface.

The content of a point of an image can be given
as a linear combination of a colour model reference
points that is assigned by a polygon on the colour
surface. Thus, in general the difference between the
two colors is to be defined according to the distance
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between the colours. This distance can be comput-
ed as the length of a segment which endpoints are
the positions of the colours on the surface.

Let us review the situation where each of the de-
vices makes certain adjustments to the immediate
appearance of the colour model when performing
white balance correction by deforming it. As a re-
sult, both the appearance of the polygon that limits
the area of the colour plane and determines the in-
ternal colour scheme of the device, and the appea-
rance of the surface that describes the colour gamut
can change. While image processing algorithms
take into account only some standards [2] or use
classical representations of colour schemes, mat-
ching them with the results obtained from the ca-
mera, it makes sense to perform the final distance
calculations considering the changes of the colour
model due to the camera's white balance correc-
tions before obtaining every next frame. As a result,
the colour channel component values will be con-
verted according to the white balance factors cal-
culated after shooting the scene, and subsequently
represented in traditional RGB color model.

Then the final task of finding the difference bet-
ween the two points of an image can be decreased
to the following actions:

= performing the reduction of colour values ob-
tained from the device to the values of the original
color model;

= computing the distance between the points by
calculating the norm (the problem can be set as a
synthesis of a different type of a norm in terms of
working with integer values and consideration of
the white balance corrections).

Speaking of the problem of the device colour
scheme structure, the solution is to use the refe-
rence colours system conversion and the resulting
change in the appearance of the colour surface, as
well as the color gamut. This step can be performed
as a precomputed set of operations.

Related Works. Colour Conversion

The process of manufacturing, testing and auto-
mated adjustment of sensors involves the rejection
and calibration of individual light-sensitive ele-
ments. The result of reading the image with some

accuracy provides a representation of colours in
a vector form, taking into account the calibrating
parameters.

Let us review the models of obtaining the image
element data according to the results of measure-
ments in individual photosensors.

1. Matrix Method

This method is used if the assessment of several co-
lours is needed. The method is based on the matrix
equation: the values (X Y. Z ) represent the colours
in the source colour model, the values (R; G; B) are
the representation of the digital data of the colour
sensor. The conversion matrix C is based on the
output signals of the reference colour obtained
during the calibration process. After the matrix
coefficients are defined the values (X;Y;Z) can
be computed from the conversion of the (R;G;B)
sensor values.

X G C,C, R
Y \=1C,C,C, |-|G (1
4 G, C, G, B

2. Table Method

This method is used if it is needed to define several
colourssimultaneously. The first step isto determine
how important the brightness is. For each colour
the sensor uses brightness information that was ob-
tained during calibration from the reference colours
set. If the brightness information is not important,
then a specifically selected colour channel is used
for the search ofthe ratios between the reference co-
lors obtained during calibration and the determined
colour (taken as the basis for all measurement sets).

The brightness matters:

\/(RI_RO)Z’(GI_GO)Z'(Bl_Bo)Z' (2)

The bright ness does not matter:

Ru RI" ’ Bu BV ’
¢, G| |G G| ®
u r u r

where (R, G,, B,) are the coordinates values of the
investigated colour, (RO, G,, BO) — the coordinates
values of the reference colour.

The colours formed by the above methods lead
to an incorrect result in terms of light conditions,
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the sensor temperature and the sampling frequency
changes. Attempting to adjust the calibration data
contributes to the accumulation of errors and pro-
cessing algorithms complication [3].

Related Works. White Balance
Correction Algorithms

There are different approaches of white balance
correction during the shooting of a scene (or sce-
nes) using a device. The following section describes
the basic versions of such algorithms.

1. Gray World Theory

This method provides automatic white balance cor-
rection by calculating the values (Ravg, Gogs Bag ),
suchas R, =G, =B,,,and is based on the fact
that any scene can be converted into the gray chan-
nel. The coefficients are used for colour correction
of the image points are obtained from the calcula-
tions of the ratios between the (R 3G g > Bong ) va-

avg®

lues and the average value of the green channel.
R,.=G,, =B,,,corrR =
= Gmax /Bm

G [ R » COTTB =
corrG =1. 4)

2. Retinex Theory

Another possible method was produced by Edwin
Land [4].This method is based on the principle that
the white colour is a combination of three maximum
values of the colour channels as it transmits the ma-
ximum possible level of signals into every channel.
This method forms the white colour according to
the component values of the brightest point of the
image. At the same time, white balance correc-
tion factors can be obtained in two different ways:

corrR=G,_, [|R.. ,corB=G__ B  corrG=1,
corrR=R/R_ ,corrB=B/B,__,
corrG=G/G,,. . (5)

3. Standard Deviation- Weighted Gray World

Standard Deviation-Weighted Gray World method
extends the representation of the Gray world
method and was suggested by Lam [5].The ima-
ge is divided into a certain number of blocks. For
each block the standard deviations and values
(s Hgs g ) are calculated that correspond to the
colour channels R, G, B.The value for each channel
is computed using the weight coefficients for every

block. For the k-th block an average deviation of
the green channel can be evaluated using the for-
mula:

P
Std Avg G =3 —2ak)

k=1 Zl %6 (1)

Based on the obtained values the correction fac-
tors for each colour channel are evaluated:

Std Avg R+ Std Avg G + Stv Avg B

Hg (k). (6)

corrG = ,
3-Std Avg G

corr R = Std Avg R+ Std Avg G + Stv Avg B G
3-Std Avg R

corr B = SfdAng+StdAng+SthvgB‘
3.-Std Avg B

4. White Patches in YCbCr Colour Space

This method was introduced by Wang, Chen and
Fuh [6]. The image is represented in the YCbCr
colour space. White balance correction factors can
be obtained from the following expressions:

Y . Y
corr R=—"2_corr G =2 corr B =% (8)
avg avg avg
where Y, — maximum intensity value in a given

colour space [7].

5. White Balance Automated Correction Process

In the process of shooting, the device (a camera) is
able to change the way of white balance correction
(this effect is achieved through a number of modes
built in to the algorithms of the camera).

The main advantage of this approach is its sim-
plicity of implementation, as well as optimality in
terms of the device usage. However, when shooting
in RAW format, or solving computer vision issues
aimed at searching the changes in the state of the
image, and performing several images or several
points of a specific image comparison in standard
custom formats, such white balance correction
implementation does not work properly (the white
balance correction factors do not tend to unity).

As a part of the image points representation
comparison, such white balance adjustments can
affect the loss of a certain number of colours, lea-
ding to failures in the accuracy of colour compo-
nents calculations which leads to an incorrect com-
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parison result. As a result, the computation of the
distance between the representations of points on
the colour surface that is performed by the means
of the normalization process will return incorrect
values, since the camera’s white balance correc-
tion for the selected scene (selected image) was not
taken into account.

Proposed Approach

Let us review the process of assessing the differen-
ce between two points of the image working in
terms of the issue described in paragraph 2 of this
paper. The camera automatically adjusts the white
balance in accordance with one of the modes set in
the camera by default. The assessment of the diffe-
rence between two points of the image is performed
by normalization. The Euclidean norm is used as
the calculation method.

The incoming data for the calculation of the
norm is represented by the colour values of the
points obtained from the camera. At the same time,
the obtained values are converted from the colour
space of the camera to the traditional colour space
by considering the white balance correction fac-
tors that were used during the image capture. This
conversion allows to transform a polygon that is the
colour representation of the camera on the surface
into a polygon that is representation of the classical
RGB model.

This conversion uses the matrix method and has
the following structure:

X
G G, G - G, X, N
G, G, Cy G S 0=»m| )
G Gy Gy G, V3

X

where matrix C is the matrix of conversion, that
considers the white balance correction in terms
of transition to the colour model RGB traditional
look, vector x — point representation in the camera
color space, vector y — the resulting representation
of a point in the RGB color space.

The calculations are performed in terms of
working with integer values, and also can be used
for direct implementation into the hardware logic

of devices. This fact makes it possible to reduce
both the overall cost of resources for the perfor-
ming operations, as compared to the existing float
arithmetic, and the requirements for the sensor
configuration, thereby increasing the overall level
of performance.

Thus, we obtain a complex normalization algo-
rithm that takes into account white balance correc-
tion factors, and can be used both in the devices
that perform the shooting and in computers for the
organization of computer vision systems.

Conclusion

In the absence of the possibility to calibrate sen-
sors directly during the use of the device, existing
methods of colour identification are not as efficient
as possible in terms of working with the computer
vision issues. This is due to the fact that each of
the devices (or rather, each of the sensors of this
device) "receives" the corresponding section of the
colour model, which is deformed relative to the
similar standardized section allocated to the RGB
model. In addition, in the process of shooting the
device performs white balance adjustment based
on the parameters set for it by default (as a set of
automatic correction modes). On the basis of such
parameters as the scene illumination, the position
of the shot object, the position of the device rela-
tive to the scene, — for each of the frames its own
correction is formed which entails another defor-
mation of the section of the colour surface corre-
sponding to the sensors of the device. As a result,
the accuracy of image point color representation
assessment analysis drops significantly, making it
impossible to apply standard methods of compu-
ting the differences between two pixels by perfor-
ming normalization since the actual positions of
their representations on the colour surface differ
from the positions of the representations identi-
fied by the device. These facts are also supported
by the situation where the implementation of the
float arithmetic in the algorithms for calculating
the norm in the hardware logic of sensors, is unac-
ceptable since it significantly increases the overall
costs not only for the norm computation, but also
increases the level of requirements for the sensor
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equipment, causing a significant drop in perfor-
mance of normalizing algorithms due to the im-
possibility of their parallelization.

The approach proposed in the article, aims to
eliminate these drawbacks. Colours comparison in
terms of using a standardized colour model (gamut)
allows not only to obtain the same results regardless
of the applied device, but also makes it possible to
form a comparative analysis of the devices. This ef-
fect is achieved by the means of the data conversion

that is obtained from the camera after performing
automatic white balance correction to the tradi-
tional colour model. This allows to increase the ac-
curacy of measurements in solving computer vision
issues aimed at comparing points of one image or at
a full comparison of two or a series of images.

The algorithm can be wielded both in devices
that shoot, and in computers that are used to per-
form image processing operations in computer vi-
sion systems.
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KOHUEMLIA HUTOYUCAOBOI HOPMU OLIIHKH PISHULII
MDIX EJIEMEHTAMM 3065PAXEHHA 3 BPAXYBAHHAM BAJIAHCY BIJIOT'O

Beryn. OuiHka pi3HMII MiX IBOMa eJieMeHTaMM 300paXkKeHHSI € BaKJTMBMM OJIOKOM BCiX aJITOPUTMiB rpadivHOT 0OpOOKHM.
[IpoTe Ha CbOrOOHINIHIN JEeHb OLIBIIICTh HOPM, SIKi BU3HAUAIOTLCS 3a KOJIPHUMU IIPOCTOPAMU, BUKOHYIOTh OIepallii 3
MJIaBalouol0 TOUYKOIO i 0€3 BpaxXyBaHHSI BHYTPILIHbOT CTPYKTYPU KOJIPHOI MOJIe]Ti KAMEpH.

Meta. MeToto faHO1 CTaTTi € AOCHiAKEHHS 3aITPOTIOHOBAHOTIO IMiIXOy, Ha OCHOBI SIKOTO MOXJIMBO BUKOHATU CUHTE3
LIJIOYMCIIOBOI HOPMU, 1110 BpaxoBye OajlaHC OiJIoro KaMmepu Mpu po3paxyBaHHI OLIHKM Pi3HULI MiX eJleMeHTaMu 300pa-
KEHHS.

Metoau. Kamepa aBTOMaTMYHO HaJALITOBYE OajaHC OiJIOro BiAMOBIAHO A0 OJAHOTO 3 PEXUMIB, BCTAHOBJIEHUX 3a 3a-
MoBYYBaHHsIM. OlliHKa pi3HULII MiK TBOMa TOYKaMM 300paKeHHs 3MiliCHIOETHCS 32 paXyHOK BUKOHAHHSI HOpMaJlizallii.
SIK MeToa po3paxyHKy BUKOPUCTOBYEThCS €BKJIiIOBA HOpMA.

PesyabraTi. 3aniponoHOBaHO MiaXia 10 HoOpMaJizallii, 10 BpaxoBye KoedillieHTH Kopekllii 6anaHcy 6inoro. Po3paxyH-
KU BUKOHYIOTbCS 3 TOUKM 30Dy 3[iCHEHHS omnepaliil 3 LUIMMU 3HAYEHHSIMHU, 110 HAJA€ MOXJIMBICTb iX BUKOPUCTAHHS
1151 0€3M0CepeIHbOTO PO3TOPTAHHS BCEPENMHI arapaTHOI JIOTiKU MPUCTPoiB. Lleit hakT 103BoJIsi€ 3HU3UTHU SIK 3arajibHy
BapTiCTh PECYpCiB 151 BAKOHYBAHUX Orepalliii, 1Mo BiAHOIIEHHIO 10 iCHYI0UOi apu(pMeTUKU 3 TIJ1aBal0vy0l0 Kpamnkolo, TaxK i
3HWXKEHHSI BAMOT 10 KOH(pirypailii JaT4uKiB.

3anponoHOBaHUIA MiXif AO3BOJISIE MiABUIIUTH €(PEeKTUBHICTb BUMipIOBaHb MPM BUPIlLIEHHI 3a/1a4 KOMIT'IOTEPHOTO
30Dy, CIPSIMOBAHUX Ha MOPIBHSIHHSI TOYOK OJAHOIO 300paxkeHHsI a0 Mpu MOBHOMY MOPIBHSIHHI BiIMIOBIIHUX €JIEMEHTIB
JIBOX 200 cepii 300paxeHb.

BucnoBku. 3amporioHOBaHUIA y CTATTi MiXiZ CIIPIMOBAHUI Ha YCYHEHHSI HEOJIIKiB CydaCHUX CUCTEM, 110 BUKOPUC-
TOBYIOTb OLIIHKY KOJBOPiB. AJIFOPUTM MOXKE BUKOPUCTOBYBATHUCS SIK B TIPUCTPOSIX, SIKi 3AiMCHIOIOTH BileO3MOMKY, TaK i B
KOMM'I0Tepax, siKi BAKOPUCTOBYIOThCS JUIsl BUKOHAHHS orepaliii 00poOKM 300paxkeHb B CUCTeMaX KOMITIOTEPHOTO 30DY.

Karouosi caoea: xomn’tomepnuil 3ip, Kopexkyis 6asancy 0in020, 0amuuku Koabopy, KOAipHA M00denb, ONOPHI KOAbOpU, HOPMA
MOYKU 300PaAdNCEHHS.
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KOHUEMNUMA UEJTOYMCIEHHOW HOPMbI OUEHKHW PASHUILIBI
MEXAY SJIEMEHTAMU U30BPA’XKEHNA C YYHETOM BAJIAHCA BEJIOT'O

Beenenne. OrieHKa pa3HUIIBI MEXIY ABYMS JIEMEHTaMM M300paXKeHUS SIBJISICTCS BaXKHBIM OJIOKOM BCEX aJlTOPUTMOB
rpacdudeckoii 06pa6oTku. OMHAKO Ha CETOMHSIIHUI IeHb OOJBITMHCTBO HOPM, KOTOPBIE OTIPEIETISIOTCS 110 IIBETOBBIM
TPOCTPAHCTBAM, BBITIOJNHSIOT OTIepalliy C TIaBAIONIeil TOUYKON U 6e3 yueTa BHYTPEHHEH CTPYKTyphl IBETOBOW MOIETN
KaMephbl.

Heuns. Llenbio fTaHHOM CTaThU SIBJISIETCS UCCIEA0BAHME MOIX0a K CUHTE3Y LIeJIOYMCIEHHOW HOPMBbI, KOTOpas yYUThIBAET
OanaHc 6e10ro KaMephbl MPU pacyeTe OLIEHKU Pa3HULIbI MEXKIY JIEMEHTaAMU U300paKeHUsI.

Mertoabl. Kamepa aBToMaTniecku HacTpanBaeT 6aTaHc OEJI0r0 B COOTBETCTBUY C OTHUM M3 PEKMMOB, YCTAHOBJIEHHBIX
1o ymorgaHuio. OleHKa pa3HUIIBl MEKIY TBYMST TOUKaMU U300pakeHUsT OCYIIECTBIISIETCS TTyTeM BBITTOJTHEHMSI HOPMaJTi -
3aruu. B kauecTBe MeTonma pacuera NCIOIb3yeTcs eBKIMI0BA HOPMA.

Pesyabrarbl. [IpemoxxeH Moaxon HOpPMalM3allud, YIUTHIBAIOIINM KO3(POUIIMEHTH KOppeKIMu OasaHca Oesoro.
PacueTbl BBIMOMHSIIOTCS UCXOMS U3 OMEpalnii ¢ LeJbIMU 3HAYEHUSIMU, YTO JAeT BO3MOXHOCTb MCITOJIb30BaHUS UX TSI
HENOCPEeICTBEHHOTO pa3BepPThIBAHUSI BHYTPY aIllapaTHON JOTMKU YCTPOICTB. DTO MO3BOJISIET CHU3UTh KaK OOLIYIO CTO-
MMOCTb PECYPCOB TSI BBITIOJTHSIEMBIX OIepalinii, o OTHOILIEHUIO K CYIIeCTBYOIIE aprudMeThKe C IIaBarolieil TOUKO,
TaK " YIIPOCTUTH TPeOOBaHUSI K KOH(MUTYPALINY JaTINKOB.

D10 noBbIIaeT 3(PheKTUBHOCTD U3MEPEHUI MTPU PEIIeHUN 3a1a9 KOMITBIOTEPHOTO 3pEHMsI, HAllpaBIeHHBIX Ha CPaB-
HEeHUE TOYEK OTHOTO N300pakKeHUsT WU MPU TIOJTHOM CPaBHEHUH COOTBETCTBYIOIINX JIEMEHTOB IBYX UJTU CEPUM U300pa-
KEHUN.

BeiBoapl. [IpenioxxeHHBIN B CTaThe MOAXO/ HAMIPaBJIEH Ha YyCTPAHEHUE HEJOCTATKOB COBPEMEHHBIX CUCTEM, UCMOJb-
3YIOIINX OIIEHKY I[BETOB. AJITOPUTM MOKET MCIIOJIb30BaThCsl KaK B YCTPOMCTBAX, BUNEOCHEMKH, TaK U B KOMITBIOTEPAX,
WCTIONB3YeMBIX JUTST BBITIOJTHEHUSI OTiepalinii 00paboTKN N300pakeHM B CUCTeMaX KOMITBIOTEPHOTO 3pEHUS.

Karouesnie caosa: komnviomeproe 3penue, kKoppekuyusi baranca 6e1020, damuuku ysema, yemosas Mooes, OnopHvle ysema,

HOpMa movKu M306paJiCQHM}l.
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