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MODELS AND METHODS FOR HEAT LOSS EVALUATION

The strategy of this work is to develop models, methods and software for heat loss evaluation. Firstly its neces-
sary to compare different methods of segmentation and then create optimal method. Threshold segmentation method
for brightness (corresponding to a certain temperature range in advance) and wave method for combining the pixels
in the connected sets were proposed. On the basis of development model and method create an application whereby
the system will evaluate the heat loss of a building. The system will be based on a personal computer, THERMO
program use photos from infrared camera, which help to capture the infrared images of the wall.
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Introduction

Heat Loss is the transfer of heat from inside to out-
side by means of conduction, convection, and radiation
through all surfaces of a building. It may be useful to first
start off by explaining the word heat and its meaning.
Heat, for all practical purposes, is a form of energy. Like
other forms of energy, e.g., mechanical, electrical, chemi-
cal, etc., heat energy obeys two laws of thermodynamics.
The first law, entitled the First Law of Thermodynamics,
simply states that energy is a conserved quantity. It may
be transformed from one form to another, but it can nei-
ther be created nor destroyed. Another important physical
law is the Second Law of Thermodynamics. Here, heat
will always flow from a given region to another region of
lower temperature. So for example, when one wants to heat
an enclosure some of the heat will flow out toward colder
regions. Another aspect is that when energy is transformed
from one form to another, (when heat is involved), it
changes in such a way that the amount of work that can be
obtained from it decreases [1]. An example here would be
the heat loss in a building where the house wall with a
temperature is lower than the set. The flow of heat through
a surface or object depends on the temperature on each side
of the surface. No material can completely stop this trans-
fer of energy which may be by one or several heat loss
mechanisms [2]. In essence, the flow of heat depends on
the temperature difference. Also, the amount of heat which
passes through a given surface should be proportional to
the time of flow. Heat can be lost in a variety of ways. The
movement of heat energy into or out of a building takes
place by one or more heat transfer processes: conduction,
convection, radiation and evaporation.

Image segmentation is the first step in image analysis
and pattern recognition. It is a critical and essential compo-
nent of image analysis and pattern recognition system, is
one of the most difficult tasks in image processing, and
determines the quality of the final result of analysis. Image
segmentation is a process of dividing an image into differ-
ent regions such that each region is, but the union of any
two adjacent regions is not, homogeneous.

Statement of the problem

The goal is to develop models, methods and soft-
ware for heat loss evaluation. Active systems are easier
for segmentation of the abnormal areas in an infrared
image of a building. The main task of image segmenta-
tion is to partition an image into a set of disjoint regions
with uniform and homogeneous attributes such as inten-
sity, color, tone or texture. The purpose is to develop a
system that would extract the abnormal areas in an in-
frared image of a building to detect heat loss from the
building.

Model for heat loss evaluation

For effective monitoring of thermography in a
wide sense, is a very urgent task of developing and put-
ting into practice not only the techniques of termograthy
and visual analysis of thermal images obtained at the
qualitative level, but also specialized software for pur-
poses of automating the processing of thermograms
obtained from given speed and accuracy. Virtually all
modern thermal imagers let you program in digital
form. Therefore, it is advisable to automate the process
of analyzing thermal images using the apparatus of the
theory of pattern recognition [3], used for segmentation
and identification of objects in the thermograms of their
thermal radiation, thus providing an opportunity to ob-
tain estimates of the characteristics of objects with high
accuracy in real-time.

Initial photos of a building in infrared spectrum are
taken via camera IRTIS-2000. The operation principle of
this camera is based on scanning of thermal radiation in a
field of view of a camera by an optic-mechanical scanner
and single-element high repeatable IR-receiver with
transformation of this radiation into an electrical signal by
the analog-digital converter. The camera has mirror-lens
optics with a small number of reflecting surfaces, which
minimizes losses of the optical system and simplifies its
adjustment. This makes it possible to obtain a high re-
peatability of the geometry of successive frames and uni-
form sensitivity over the entire frame field [4].

© A.S. Chupryna, Ogunniyi Oreoluwa

137



30iprux naykosux npays Xapkiscvrkozo yisepcumeny [osimpsanux Cun, 2013, sunyck 3(36)

ISSN 2073-7378

The basic model of the camera is provided with an
IR-receiver cooled by liquid nitrogen. This ensures a high
sensitivity of the camera (better than 0.05° C) even when
the camera operates at low temperatures in the 3 — 5 mi-
crons range, allows the parameters of the IR-receiver to
be stabilized regardless of the ambient temperature, and
provides for accurate measurement of absolute tempera-
tures. On request the camera may be provided with an IR-
receiver with thermoelectric cooling [5]. The interface
unit of the device is mounted inside the IR-scanner and
can be connected to any computer (notebook) through a
parallel printer port without any supplementary equip-
ment, what makes higher effectiveness and obtains a
market improvement of system and makes it possible to
upgrade the device (if a new computer elaboration and
programs will be made). The experience which we have
gained during many years of research in the field of
thermography indicates that for most practical applica-
tions it is enough to scan the frame because thermal proc-
esses of objects under investigation occur at much lower
speed. The real-time which determines the operating
speed of the system depends not only on frame scanning
speed but also on the time required to display and analyze
the information and record the thermograms.

Example of the photo, which was done with help
of camera IRTIS-2000, shown on the fig. 1.

Fig. 1. Building in thermal imaging

Method for heat loss evaluation

Isolation of temperature zones in which we are in-
teresting in the picture was done using threshold seg-
mentation method for brightness (corresponding to a
certain temperature range in advance) and wave method
for combining the pixels in the connected sets [6].

Threshold methods are central method of image
segmentation because of its simplicity and high computa-
tional efficiency in implementation. The threshold criteria
as the main or auxiliary, used in almost all the methods of
segmentation by brightness, color and contrast.

For example, segmentation of the image pixel
(i,j) with the brightness f; with threshold criterion [2],

the threshold T is given by

Lif f;<T;
- 0, else.

The threshold criterion based on the use of a
spherical approximation of the cluster color image in the
feature space

D(z.2) = [ (2 ~2,)* + (2 ~85)* + (2, ~2,)* |

often used for segmenting images by color pixels in the
RGB color space has next form:

{1, if D(z,a)<T;

0, else,

where a — the center of the cluster corresponding to the
color area of segmentable images of a certain class of
objects in the color space RGB;

z — the color of the considered pixel.

The main idea of threshold segmentation method
by luminance is to set the threshold value and, with re-
spect to this threshold, split the pixels of the image into
two subsets that belong to the object and the back-
ground.

In this case, if the input image contains multiple
objects [7], the method of cross sections, when two
thresholds are defined, and allocated the image pixels of
the subject, the brightness of which lies between the
specified threshold values by

{1, if t<f;<T;

0, else,

where f;; — the brightness of a pixel (i, j);
t,T —the lower and upper thresholds.

The same method was used in the work, because
the temperature range in which we are interested in can
be embedded in a temperature range of the image.

Wave segmentation method. After applying the
threshold segmentation for further analysis highlighted
set of pixels should be split into connected sets, identi-
fied with those or other objects of sight [8]. For this
purpose, in this work the wave method is used.

Let us assume that after the threshold segmentation
the matrix A, was created. This matrix contains

marks of pixels of input image, where selected in seg-
mentation criterion pixels marked with 1, and the re-
maining pixels — 0.

In such circumstances, for the construction of con-
nected sets of pixels implemented the following algo-
rithm.

Step 1. The matrix A __ 1is viewed by rows
(j=0,...,m-1) and columns (i=0,..,n—1)). During
this scan checked whether the label is one pixel. If the
pixel is found with a non-zero label such that a;; =1,

viewing pixel matrix A__ 1is suspended, go to step 2

n

for the implementation capacity of the object wave.
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Step 2. Creates a two-dimensional array B of ob-
ject coordinates, and it is placed with coordinates (j,1)
with non-zero pixel label. To do this, set the index in-
troduced by the pixel k =0 and coordinates and writes:
b, =]j, b, =i. The label of the pixel in the array A

isreset a;; =0.
After this, the array B index p=k is given the

examined pixel a,
00>

Step 3. Examination in the neighborhood of the
pixel CIN matrix A. If the label of the pixel is

anizl,

§= bp’l —l,...,bp’l +1, then the coordinates of this pixel

equal to one: N=b,o—L..b,+1,

put in the array B of the object's coordinates, in this
case we assume that k=k+1, b, ,=n, b ;=& , and
the label in the array A is equal to zero a,, =0.

Step 4. After inspecting the neighborhood of a
pixel with the index p move to the next pixel in the
array B, itshouldbe p=p+1.

Step 5. If p>k then the object wave extensions
ending, return to Step 1 to continue the view of the ma-
trix A
sion of the object.

As a result of applying the wave method we obtain
a system of coordinates array of pixels that identify with
those or other objects of sight.

otherwise go to Step 3 to continue the exten-

mxn 2

Conclusion

Used in the present analysis scheme thermo image
is to get a shot and make a visual analysis of interesting
objects or images. Quantitative analysis of thermal im-
ages is still not very effective now and quite expensive
because of the use of manual labor specialists of high
qualification and unacceptably rough in the calculation
of the characteristics considered in the thermograms
objects.

In this respect the urgency of automation of analy-
sis of thermal images [9] on the basis of the use of the
apparatus of the theory of pattern recognition applied
for segmentation and identification of objects in the
thermograms for their thermal radiation, and secured-
down thereby allowing the applied analysis of objects
with high accuracy in real time.

In this work were presented model and methods
for image segmentation. Was proposed threshold seg-
mentation method for brightness (corresponding to a
certain temperature range in advance) and wave method
for combining the pixels in the connected sets. Thermal
images were analyzed with its temperature zones and
their parameters. Input image were loaded to the system
for analysis of heat loss in images taken with infrared
cameras. After the segmentation of specified tempera-

ture zones of thermal image was solved, the system al-
lows user to emphasize on the interesting temperature
regions, get a dedicated space temperature regions and
to assess their value stream. Then we set the boundaries
of the temperature range (Whole Temperature Range),
boundaries of the considered temperature range (Con-
cerned Temperature Range) and the number of accumu-
lated temperature ranges (Aggregative Ranges).The next
step is to set the parameters to determine the size of area
and flow (Thermal Source Calculations). Finally, we
must make a metrization (Metrization 1D) at the thermal
image. After this evaluation is performed automatically,
the program estimates actual pixel size and the selected
objects in the image. The proposed system defines the
boundaries and area of temperature regions [10]. Over-
all efficiency of 95% was discovered for the system as
the system has been tested with nearly 15 thermal im-
ages of different buildings. Even this efficiency is not
acceptable generally, but the system can be used for
analysis and evaluation of heat loss in images taken
with an infrared camera. It can be concluded that the
proposed system has been by and far successful.
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MOAENN U METOAbI 1A OLLEHKU NOTEPU TEMNA
A.C. Yynpuna, Orynnuiin OpeonyBa

Lenvio oannou pabomvl sgsemcs pazpabomra mooenetl, Menooos U NPOPAMMHO20 obecnedenus 0N OYeHKU Menio no-
mepo. Ilepsas 3a0aya — 5mo cpasHeHue pasiuiHbix Memooos cesMeHmayuy, a 3amem co30anue OnMuUMaibLHo20 memooa. B pa-
b6ome npednodicenvl MEmMooO NOPO20BOL Ce2MEHMAyUy No SAPKOCMU (COOMEEMCMEYIoWULl ONpedeleHHOMY OUanasony memnepa-
myp) u Memoo 801H08020 0ObeOUHeHUs nuKcenell 8 céazantvle MHodcecmsa. Ha ocnosanuu paspabomanmsix mooenu u memooa
ObLIO CO30aHO NPUNIOdHCEHUE, C NOMOUBIO KOMOPO20 cucmema 6ydem oyenusams menio nomepu 30anus. Cucmema ycmanaenu-
6aemcsi Ha nepconanbHom Komnvlomepe, npoepavma THERMO ucnonvzyem gpomocpaghuu ¢ ungpaxpacuoii kamepol, Komopoule
odarom ungparpacHvie u300padiceHus: CmeHsbl 30AHUSL.

Kniouesuie cnosa: xauecmeennasn oyenka, ceemenmayus, usmepenue, Hcusommnoie SIMOPUOHbL, owudka, popma.

MOQOENI | METOAOU ANnA OUIHKKU BTPATU TEMINA
A.C. Yynpuna, OrysHiiii Opeonysa

Memoio danoi’ pobomu € po3pobra moodeneii, Memoodie ma nPospamHo2o 3abesneyenns ons oyinku menio empam. Ilepuie 3a-
60GHHS — Ye NOPIGHAHHS PISHUX MemOoOi8 cezMeHmayii, a NomiM Ha OCHOBI YbO2O CMBOPEHHSI ONMUMATLHO20 Memody. YV pobomi
3anPONOHOBAHO MEMOO NOPOLOBOT CeMeHmayii no sICKpagocmi (8I0N0GIOHUT Ne6HO20 JianazoHy memMnepamyp) i Memoo X6Unbo8o20
06'conanns nikcenie 6 nog'szani mmodxcunu. Ha niocmasi pospobnenux mooeni i memody 6yn0 cmeopeno npospamy, 3a 00noMozoio
K020 cucmema 6yoe oyiniogamu menio empamu 6yoieni. Cucmema 6CmManoBIIOEMbCA HA NEPCOHANLHOMY KOMN'IOMepi, npozpama
THERMO suxopucmosye ¢homozcpaii 3 inghpauepsonoi kamepu, sxi daroms inghpauepsoni 306pasicenns cminu Oyoieni.

Knrouogi cnosa: sixicna oyinka, ceemenmayis, umMiplogants, meapunti emopionu, nomuika, gpopma.
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