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ALGORITHMS FOR ANALYSIS OF TELEVISION
AND THERMAL IMAGES IN SPECIAL-PURPOSE VIDEO
DEVICES AND SYSTEMS

The results of the research project «Development of Algorithms and Program Models for the Analysis of Television and
Thermal Images» (code VC 200.16.13) have been presented. The existing methods and algorithms for processing the
television and thermal video images have been analyzed and the new techniques that will allow the researchers to create
more effective video devices and systems for special purposes have been offered.
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Nowadays, for the military operations in the
daytime and at night, the crucial factor is to be
the first who discovers the enemy object against
any natural background using automated surveil -
lance systems and to give the operator the image
of better quality. This is achieved by improving
the quality of television and thermal vision cam-
eras and by using algorithms and technical means
for image processing.

The aim of research project implemented at the
V.M. Glushkov Institute of Cybernetics of NASU
was to enhance the efficiency video equipment
for weaponry systems (particularly, for armored
vehicles) through the development of algorithms
for processing images in visible and infrared
bands, which will provide the operator with nec-
essary comprehensive information.

Recently, many methods for image processing
have been developed. Among them, there are dig-
ital filters that can significantly reduce the im-
pact of noise and blur and, provided they improve
their contrast, can increase the detecting ability
of TV and thermal monitoring channels.
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There is no general theory of image enhance-
ment. When the image is processed for visual in-
terpretation, the ultimate judge of how good is a
particular method is the observer. Visual assess-
ment of image quality is a very subjective process
that makes the image quality an elusive standard
that is used to assess the algorithm effectiveness.

The authors have reviewed and elaborated me-
thods and algorithms that can be a basis for de-
veloping a set of software tools for video devices
and systems. The operator can select out of them
those necessary to address major challenges in
particular situation.

Filtering and segmentation make it possible to
get an improved image or to highlight individual
objects. The algorithms for detection of contours
and comparison of them or their individual sec-
tions allows the users to recognize objects by shape
regardless of shift, rotation, and scale in the pres-
ence of noises of different nature. Also, they can be
used to adjust the television and thermal images, if
not for their matching then, at least, for marking
masked thermal objects on the TV images. Panning
can improve the reliability of observations with
PZT camera. The tracking algorithms will make
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it possible to track automatically any objects in
the image specified by the operator and to feed
the coordinates of objects to the actuators.

In addition, the Glushkov Institute of Cyber-
netics has developed programs to test the proposed
algorithms and the architecture of promising cal-
culators and sensor devices for implementation of
labor-intensive algorithms in real time. At the same
time, the researchers of V.E. Lashkarev Institute of
Semiconductor Physics of NASU have analyzed
errors affecting the quality of thermal images and
the specific features of image processing. They have
developed technical and design decisions related to
thermal surveillance devices to increase their ap-
parent ability, reliability, and survivability.

Herein, there are some results of research on
how to speed up the algorithms for primary image
processing in the video devices built on the basis
of signal processors, as well as the proposed meth-
od and algorithm for image object comparison.

PRIMARY IMAGE PROCESSING

The important point for ensuring the real-time
operation of specialized image processing devices
is to accelerate video processing and to reduce the
control signal delays in the feedback loop. This can
be done by combining the input and processing of
video information through using the smaller por-
tions such as the lines as substitute for the frames,
when inputting the image [1—4].

Modern signal processors underlying the ma-
jority of SIPD make it possible to organize a com-
putational process using the direct memory access
channels, which provides the input of new pieces
of information from video sensor while the proc-
essor handles a portion of the previous data. In
this case, the processor is largely released from
the input process, with its internal resources be-
ing used sparingly for handling of information.
This means that for processing video data it is
enough to hold a regular portion instead of the
whole image in memory. The processor internal
memory that is much faster than the external one
is sufficient for this purpose. For example, the
Blecfin processors manufactured by Analog Devi-

ces (with a clock speed of 600—800 MHz) read
the internal RAM for 1.7—1.3 ns, while the ex-
ternal devices like SDRAM (with a clock speed
133 MHz) to be connected to these processors can
read data for a period of 22 ns and more, which is
much slower (by an order of magnitude).

In this context, it is necessary to adapt or to
develop new algorithms that make it possible to
implement the serial input and processing of indi-
vidual lines of video image.

From the technical point of view, the image ana-
lysis is processing of image accompanied with se-
paration of individual objects, calculation of their
parameters, and logical conclusions on the num-
ber, quality, and other characteristics of the se-
lected objects. The task is usually divided into se-
veral stages, one of which is the primary image pro-
cessing. As a rule, it includes:

+ Image filtering;

+ Segmentation;

+ Selection and conversion to other representa-
tions of object contours;

+ Calculation of initial parameters of image ob-
jects and so on.

Image filtering implies the removal of «noise»,
sotheimage becomes more «clean». Segmentation
is division of the image into parts with similar
properties, each representing a separate element
or group of elements. After the segmentation, the
object contours are selected and transformed to
other representations, with the characteristics of
objects calculated for subsequent analysis.

The mentioned methods and algorithms of fil-
tering are referred to the window techniques of
image processing. These methods are based on
sampling of individual pixels with surroundings
within a specified window and doing operations
with selected values of pixels, as a result of which,
a new pixel value is obtained. Masks with differ-
ent coefficients may be involved. The processing
of this type can be done in two ways, in parallel
with the input of video data:

1) To organize the storage of several input lines
of image in the memory and to generate the re-
sults for further steps of processing;
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2) To input video data sequentially and to ac-
cumulate a few lines of processing results in the
memory for subsequent steps of processing.

Number of video data lines to be stored in the
memory and the time delay in generation of the
results are determined by the mask size in verti-
cal direction.

Image segmentation by texture and color fea-
tures can be divided into 2 groups:

1) Segmenting by known features and charac-
teristics of zones or areas identified in the image;

2) Segmentation based on the pre-determined
image characteristics.

For the first group of algorithms, the typical
way is either the image analysis through its scan-
ning by a sliding window or the analysis of indi-
vidual pixel in the case of some problems of color
segmentation. Therefore, for this group of algo-
rithms it is expedient to do processing by input-
ting image lines in subsequent manner keeping in
the memory the number of lines that match the
vertical size of sliding window.

For the second group of algorithms, firstly, it is
necessary to define the characteristics of the en-
tire image (histograms, statistical parameters, spec-
tral characteristics, etc.), therefore the formation
of characteristics and the very segmentation are
impossible unless the entire image is obtained and
the required characteristics are calculated. When
processing the video sequences, the majority of
characteristics (e.g., histograms, statistical para-
meters) certainly can be calculated while input-
ting the next image. These characteristics can be
used for processing the next images.

The authors of [5] have proposed an algorithm
that makes it possible to process video data ob-
tained at the previous stages when coding, trans-
forming the contours, and calculating some pri-
mary characteristics of objects, without waiting
until the entire image frame is input. This is pos-
sible because the algorithms of the previous stag-
es (filtering and segmentation) also allow the us-
ers to implement image processing and to get re-
sults while inputting and processing video data
simultaneously.
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Thus, obtaining the primary characteristics of
objects required for the further analysis with mi-
nimal delay with respect to the last line of input
video frame is of particular importance for sur-
veillance systems operating in real-time mode.

IDENTIFICATION OF OBJECTS BY CONTOUR SHAPE

The authors hereof have proposed a method
and an algorithm for comparing the geometric
object contours (with accurate definition of scale
and orientation) by characteristics of undistorted
segments and more accurate numerical estimate
of comparison results [6].

Having processed the image and converted it
to binary form, the procedure for selecting the
contours of analyzed objects and comparing them
with the standards is initiated. The procedure is
performed in four stages:

1) The contours of analyzed binary objects are
separated and converted to the vector form, with
their primary parameters such as length of con-
tours, momentums, and coordinates of the cent-
ers of gravity calculated. At this stage, one or sev-
eral selected contours with primary parameters
can be saved as standards for the database. The
contour is divided (manually or automatically)
into several segments. The coordinates of bound-
ary points of the segments are stored,;

2) The candidate pairs (the object and the stan-
dard) are selected by the characteristics calcula-
ted on the basis of initial parameters by compari-
son with similar geometric standards for the fur-
ther comparison. It should be noted that several
standards can fit one analyzed object by their cha-
racteristics. The approximate scaling relations and
approximate mutual orientation are calculated for
each selected pair;

3) All selected pairs are sorted. The identical
segments of the object contour (of the selected
pair) are searched for each segment of the stand-
ard contour allowing for approximate scale and
orientation, as well as the criteria. In other words,
there is a search of the start and the end points of
the segment. The criteria of segment identity are
approximately equal (with a certain error) lengths
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Fig. 1. Snapshots constituting the database of military equip-
ment standards. The database consists of 12 objects

C

Fig. 2. Comparison of objects and standards (noise type 1):

a) silhouette of military equipment to be compared; b) result

of comparison by the traditional method; ¢) result of compa-
rison by the proposed method

C

Fig. 3. Comparison of objects and standards (noise type 2):

a) silhouette of military equipment to be compared; b) result

of comparison by the traditional method; ¢) result of compa-
rison by the proposed method

of contour segments of the object and the stand-
ard, and the ratio of the distance between the end
points to the length of each segment. When com-
paring the lengths an approximate scale is taken
into account, with the ratios being invariant to
shift, rotation, and scale;

4) The likely scale, shift, and mutual orienta-
tion of objects are estimated on the basis of char-
acteristics of identical contour segments. There-
after, the standard contour is superimposed on
the object contour, with degree of their coinci-
dence calculated. The superimposition with the
best estimate is deemed the result for approval of
decision or further processing. It is assumed that
it is a result of the undistorted segment of object
contour identical to the corresponding segment
of the standard contour. Accordingly, the param-
eters obtained as a result of superimposition, i.e.
scale, shift, and mutual orientation, are deemed
accurate and used for the further analysis.

It is possible to reduce the number of superim-
positions and, consequently, the time required to
get the final result provided the mutual orienta-
tion and scaling relations of the object and the
standard are defined approximately (insofar as
this narrows the area of searching the identical
contour segments) and each superimposition pro-
cedure for the current selected segment is checked
for its feasibility and is either confirmed or de-
nied depending on result of the check-up. This is
possible provided the binary image moments of
the objects [7, 8] are used, for which, unlike the
contours, the number of pixels does not depend
on the orientation.

Fig. 1 shows the snapshots constituting the da-
tabase of military equipment standards, which
consist of 12 objects. In Fig. 2, a, there is a silhou-
ette of military equipment object in the case of
noise type 1 (a part of the image is cut) to be com-
pared with the standards from the database.

The object and the standards are compared by
two methods:

1) The traditional method (Fig. 2, b) when the
objects are superimposed by the centers of gravi-
ty (the mutual orientation is calculated by the
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second-order moments; the scaling relations are
computed by moments of zeroth order);

2) The proposed method (Fig. 2, (a)) when the
standard contour is divided into 4 segments and
the identical segments of the test object contour
are searched.

Fig. 2b shows that the comparison by the exist-
ing method gives a misleading result as the test
object is identified with a completely different stan-
dard (number 7). The comparison based on the
proposed method identifies the object with the ade-
quate standard (number 8), as showed in Fig. 2(c).

Fig. 3 shows a military equipment silhouette in
the case of noise type 2 (the image of other object
overlaps that of object to be identified).

The objects were compared with the standards
by the same techniques as mentioned above: the
existing method (Fig. 3, b) and the proposed me-
thod (Fig. 3, ¢).

Like in the previous case, the comparison by
the existing method gives a misleading result.
The object is identified with inappropriate stand-
ard 2 (Fig. 3, b). In contrast, the comparison by
the proposed method identifies the object cor-
rectly with standard 1 (Fig. 3, ¢).

The proposed method implies the analysis of
four segments into which the standard contours
are randomly divided. The comparison based on
identical segments works well even for signifi-
cantly distorted object contours.

CONCLUSIONS

The following results of R&D project have been
obtained:

1) The errors affecting the quality of thermal
images have been analyzed; the peculiarities of
using algorithms for processing thermal images
have been considered; recommendations for their
use have been proposed; the use of color schemes
(especially, the high-contrast ones) to improve
thermal image recognition has been proposed and
justified;

2) The algorithms for primary image process-
ing (oversampling and filtering, segmentation ac-
cording to various criteria, selection and coding
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of object contours and calculation of their origi-
nal characteristics) have been considered; tech-
niques to reduce time and to raise effectiveness of
the algorithms due to simultaneously input and
processing of information using only the internal
storage of video device signal processor have been
proposed;

3) An original method and algorithms for geo-
metric comparison of partly distorted object con-
tours have been proposed; techniques for the sepa-
ration of areas where the object and the standard
do not match and for the numerical evaluation of
comparison with the standard, as well as a tech-
nique to speed up the comparison with the stand-
ard by calculating and using the moments of iner-
tia of object binary image have been developed.
These solutions allow the users to identify the ob-
jects by shape regardless of shift, rotation, and
scale in the cases of noises of different nature. With
the help of these techniques it is possible to adjust
television and thermal vision images for marking
masked thermal objects on the TV images;

4) Algorithms for creating panoramic images
from video sequence, which increases reliability
of observation with the help of PTZ camera;

5) The proposed surveillance algorithms can be
basis for the systems of surveillance of moving
objects (in addition, they ensure significant video
compression). The proposed ways to improve com-
puting algorithms can significantly reduce the num-
ber of operations required for searching moving
objects. The surveillance algorithms make it pos-
sible to track automatically the position of object
images specified by the operator and transmit
their coordinates to the actuators;

6) Design solutions to improve the quality of
thermal images have been developed. In particu-
lar, a dual channel system of thermal surveillance
(the first channel for the range of 3—5 microns and
the second one for the range of 8—14 microns)
has been proposed to be used. This improves and
facilitates the detection, identification, and mon-
itoring of image objects. The stabilization of aper-
ture temperature has been showed to be among
the design solutions that can reduce the error;
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7) A parallel multiprocessor architecture that
can be implemented on serial programmable logic
integrated circuits and structures of promising
sensor devices [9, 10, 11] with parallel processing
of video data directly on the touch matrix (inclu-
ding binarization and separation of image, identi-
fication of original characteristics, moments of
inertia, etc.) have been offered. These solutions
will make it possible to create video devices for
real time processing of images.

The development of algorithms for image pro-
cessing and analysis allowing for their specificity
will facilitate the creation of modern, higher-qua-
lity video devices and systems for providing the
national defense industry with Ukrainian-made
visual media. These devices for digital image pro-
cessing can be used in many other areas, such as
industry, transportation, robotics, medical, bio-
logical, and other scientific research.

Three patents and eight papers have been publi-
shed upon the results of this research; the results have
been reported at three international conferences.

The project was carried out by V.M. Glushkov In-
stitute of Cybernetics and V.E. Lashkarev Institute
of Semiconductor Physics of NASU within the fra-
mework of the Program for Support of R&D Pro-
jects (Order of the NASU Presidium of 27.02.2013
no. 133) and the project «Development of Algo-
rithms and Software Models for Analyzing TV and
Thermal Images»> (code VK 200.16.13). The project
partner was Fotopylad Scientific and Production
Complex, state-owned enterprise,” Cherkasy.
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B.I1. Boion, ILIO. Cabenvnixos, IO.A. Cabenvuixos

[HcTuTyT KibEpHETUKI
iMm. B.M. Timymkosa HAH Ykpainu, Kuis

AJITOPUTMU AHAJII3Y
TEJEBI3IMHUX I TEIIJIOBI3IMHUX
30BPAJKEHD Y BIZIEOTIPUCTPOAX

TA CUCTEMAX CHEIITPU3HAYEHHS

Hagezeno pesyJibratu BUKOHaHHSI IPOEKTY «Po3pobka
QJITOPUTMIB Ta MPOrPaMHUX MoJiesiel 71 aHali3y TeseBi-
3ifiHMX Ta TemIoBisiiiHuxX 300paxennb» (mudp BK 200.16.
13). [IpoanamizoBaHo BifloMi Ta 3aIIPOIIOHOBAHO HOBi METO-
IV 1 QJITOPUTMU [T O6POOKK TeTeBi3iitHUX Ta TeIIoBi3iii-
HUX Bifle0306paskeHb, sIKi J03BOJSATD CTBOPIOBATH OLIbII
eeKTUBHI Bi/leOTIPUCTPOI TA BilEOCUCTEMU CIIENiaIbHOTO
[IPU3HAYECHHS.

Kntouoesi crosa: 306paxeHHs, TEIIOBI30P, (PiabTpariis,
KOHTYD, IIOPIBHSIHHS 00 €KTIB, CUCTEMU PEaIbHOTO Yacy.
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B.II. Boion, I1.IO. Cabenvruxos, FO.A. Cabenvruxos

NucrutyT KubepHeTHKY
uM. B.M. ['mymkoBa HAH Ykpaumnsr, Kues

AJITOPUTMBI AHAJI3A
TEJEBU3MOHHDBIX 1 TEIINIOBU3MOHHBIX
M30BPAKEHNI B BUIEOYCTPOMCTBAX
N CUCTEMAX CIIEHHASHAYEHNA

IIpezncraByeHs! pe3yabTaThl BRITOTHEHNS TpoeKkTa «Pas-
paboTKa aJTOPUTMOB U [IPOrPAMMHBIX MOJIEJIelt JJIs aHAJIM-
3 TeJIEBUSUOHHBIX U TEIVIOBUSHOHHBIX N300paKkeHnii» (udp
BK 200.16.13). IIpoananiu3upoBanbl U3BECTHBIE U MTPEJJIO-
JKEHbI HOBbIE METOJIbI M AJITOPUTMBI J1JIs1 00PabOTKU TeeBU-
3MOHHBIX M TETJIOBUBMOHHBIX BUIEOU300PaKEeHNiT, KOTOPBIE
HO3BOJIAT CO3/1aBaTh OoJiee apPeKTUBHbIE BUIEOYCTPOICTBA
U BUZIEOCUCTEMBI CTIETINATBHOTO HA3HAYEHIISI.

Kawuesvie cnoea: usobpasenue, TerioBu3op, huiib-
Tpalusi, KOHTYD, CPaBHEHUE 0OBEKTOB, CUCTEMbI PEATLHOTO

PPEMEHHL. Received 06.06.14
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