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Purpose. To take the advantages of a variety of remote sensing data, the application of remote sensing image
fusion is a very important choice. Remote sensing image fusion is large in computing capacity and time-consum-
ing, and with the development of modern remote sensing technology, the amount of various remote sensing data
obtained is getting larger and larger, the issue of how to fuse remote sensing image quickly and accurately and of
getting useful information is becoming more and more urgent especially in some remote sensing applications such
as disaster monitoring, prevention and relief , etc. In this paper, in order to fuse remote sensing image quickly and
accurately, a parallel fusion algorithm of multi-spectral image and panchromatic image based on wavelet trans-
form is proposed.

Methodology. In the method, based on parallel computing, the low-frequency components of wavelet de-
composition are fused with the fusion rule based on the feature matching, and the high-frequency components of
wavelet decomposition are fused with the fusion rule based on the sub-region variance. Then the low-frequency
components and the high-frequency components after fusion are processed with the inverse wavelet transform,
and the fused image is obtained.

Findings. The experiment results show that the proposed method can get better fusion results and faster com-
puting speed for multi-spectral image and panchromatic image.

Orriginality. In the proposed fusion algorithm of multi-spectral image and panchromatic image, wavelet trans-
form and different proper fusion rules for low-frequency components and high-frequency components of wavelet
decomposition are used. To get a high speed, parallel computing is also taken in some complex parts of the pro-
posed fusion algorithm. Thus, better fusion results and faster computing speed are obtained.

Practical value. The experiments have proved that the proposed algorithm can quickly get good fusion results
for remote sensing images, and it is useful in remote sensing applications in some aspects such as disaster monitor-
ing, prevention and relief, etc.
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Introduction. With the development of modern
remote sensing technology, a variety of earth observa-
tion satellites could continue to tremendously provide
remote sensing image data of different spatial resolu-
tion, time resolution, spectral resolution, and the re-
mote sensing data obtained is increasing with great
capacity, which forms a multi-source image pyramid
in the same area. In such cases, while describing the
same object with multiple-source remote sensing in-
formation, considering how to conduct effective data
processing along with overcoming the contradiction
that it is not possible to obtain vast remote sensing im-
age information of different kinds for shortage of
funds, many researchers in the world proposed fusion
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theory of multi-source remote sensing image based on
theories of information integration and data fusion.
Multi-source remote sensing image fusion is an im-
portant option in the image processing. The applica-
tion of remote sensing image fusion is a very important
choice for taking the advantages of a variety of remote
sensing data [1, 2].

Multi-sensor image fusion belongs to the scope of
multi-sensor information fusion, which refers to that
according to a certain algorithm, the images of the
same scene obtained from different sensors, or the im-
ages of the same scene obtained from the same sensor
at different times are synthesized into one image which
can meet certain requirement. It is very difficult to ob-
tain high spectral, spatial and time resolution simulta-
neously by a single sensor due to three constraints
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which include the resolution limit determined by the
energy and diffraction of light, imaging system modu-
lation transfer function, and signal to noise ratio
(SNR). The multi-sensor image fusion technology can
effectively use complementary information and re-
dundant information provided by multiple images, so
the description of the scene through the image after
fusion is more comprehensive and accurate than any
single source image. In general, the multi-sensor in-
formation fusion technology has the following advan-
tages: 1 — it can improve system reliability and robust-
ness; 2 — it can extend the observation range of space
and time; 3 — it can improve the accuracy and credi-
bility of information; 4 — it can improve performance
of target monitoring and identification; 5 — it can re-
duce the redundancy investment of the system [3—5].

Remote sensing image data fusion is divided into
three levels: pixel fusion, feature fusion, and decision
fusion. The pixel fusion is a kind of low level integra-
tion, which is data layer integration of the raw data col-
lected directly, and it is often used in multi-source im-
age compounding, image analysis and interpretation,
etc. The process of feature level fusion is as follows: the
first step is feature extraction of the original remote
sensing image information, and then comprehensive
analysis and processing of the features are conducted
so that the fusion result can give the maximum feature
information required for decision making. The deci-
sion level fusion is a high level of integration, which is
the image information identification, classification or
target detection on the basis of information provided
by the pixel-level and feature-level fusion, and after
obtaining information of regional decision-making,
the topic image fusion is done, the integration results
obtained can directly provide the basis for the com-
mand, control and decision-making system.

The multi-source remote sensing data fusion has a
very important practical significance. On the one
hand, the information that multi-source remote sens-
ing images provide possesses redundancy, comple-
mentarity and cooperativeness. The multi-source re-
mote sensing image data fusion does not only expand
the scope of application of all the data, but also im-
proves the accuracy of analysis, application effect, and
practical value. On the other hand, various remote
sensing information that various earth observation sat-
ellites provide in the process of the modern remote
sensing technology, is growing with great capacity.
With the emergence of more and more remote sensing
image data, people face more difficulties and chal-
lenges in data processing and analysis. Remote sensing
image data processing is far behind the remote sensing
image data acquisition. To meet people’s urgent need
for high-quality images and intelligent processing of
observation data of terrain, to achieve real-time pro-
cessing of massive data and take full advantage of the
remote sensing image data, it is the urgent requirement
for the use of remote sensing data so that information
extraction and analysis of multi-source remote sensing
image is done by comprehensive application of multi-
source remote sensing image fusion. Effective remote
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sensing image data fusion algorithms are all complex.
To play the full role of the various kinds of earth obser-
vation satellites, combining with the advantage of re-
mote sensing image fusion technology, research on the
effective and quick fusion methods of remote sensing
image becomes increasingly urgent. According to the
remote sensing image fusion methods, which have ap-
peared, and our actual research in remote sensing im-
age fusion, it is known that the remote sensing image
fusion is relatively complex, the amount of calculation
is large, and the corresponding cost time is also longer,
which puts forward very high requirements for the
computer speed and memory resources. Although
computer technology develops very quickly, the ex-
pansion of computer speed and memory is limited,
and the improvement of the performance of the com-
puter takes large cost; thus, it is significant for the ap-
plication of a variety of earth observation satellites to
use other ways to study rapid integration of remote
sensing image.

In the high performance computing, parallel clus-
ter computing system has higher cost performance and
good scalability, can satisfy the different sizes of large
computational problems, so it is paid more and more
attention. In this paper, based on the advantages of the
parallel computing in high performance computing,
and the advantages of wavelet transform in the infor-
mation processing, a parallel fusion method of multi-
spectral image and panchromatic image based on
wavelet transform is studied and proposed. The exper-
imental results show that the proposed fusion method
can achieve better fusion effect of remote sensing im-
age, and faster computing speed [6].

Wavelet transform. Wavelet transform is a new
analysis method of transformation; it has inherited and
developed localization idea of the short-time Fourier
transform, also overcome shortcoming that the window
size does not change with the frequency as well as other
shortcomings. It can provide time and frequency win-
dow that changes with frequency, and be the ideal tool
for time-frequency analysis and processing of a signal.

Supposing y = x + z , its Fourier transform is ITI (w),

when \Tl(w) satisfies the formula

szj—arm’(w)| 10 < oo, (1)
4wl

where y(x) is called a basic wavelet. Let it flex and
move flatly, then we get

v, ,(x) =Lw(x—b); abeR; a#0 (2)
’ ol % @
it is called wavelet sequence, in it, the parameter a is
the flexing gene, b is the gene of moving flatly.
To any function f(x) € L*(R), its continuous wave-
let transform is

W @b =(f V)=l | f(x)w("T"’)dx. 3)
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Its reverse transform is

F(x)= ﬁ — W, (a,byy (x b)dadb 4)

1
C,

In practice, especially in the realization on a com-
puter, the continuous wavelet must be discrete, the
discreteness must aim at continuous parameter a and
b, not x. In equation (4), y; . (x) = 2//2y(2/x — k) is just
the discrete binary wavelet which is in the most com-
mon use.

Image fusion algorithm based on wavelet
transform. The pixel-level image fusion method is
the most widely used, the main methods include the
weighted average method, the logical filtering method,
the statistical optimization method, the wavelet trans-
form method, the neural network fusion method, etc.
Among them, the pixel-level image fusion method
based on wavelet transform is currently one of the
most widely used methods [7—9].

The traditional image fusion based on wavelet
transform. The images to be fused are processed with
two-dimensional wavelet decomposition, low fre-
quency components, high frequency components in
horizontal direction, high frequency components in
vertical direction, the diagonal high frequency compo-
nents, are obtained respectively. Fig. 1 is the schematic
diagram of two-dimensional wavelet decomposition
for two layers, the low frequency component of the
image, LLi (i = 1, 2) is the approximate image of the
original image, which contains the information of the
most energy of the image, however the high frequency
components, LHi, HLi, HHi (i = 1, 2), are detail ex-
pression of the original image, including image tex-
ture, edge, etc.

According to the principle of the wavelet transform
fusion algorithm, selection of a fusion rule is of great
concern for quality of the fusion image, and it is a key
step in the algorithm. The fusion methods which are
commonly used include the weighted average method,
method of taking large magnitude, etc. Inthe method
of taking large magnitude, for every two corresponding
image pixels in the 2 images to be fused, the bigger
pixel value is directly selected as the gray value of the
pixel of the fusion image. In the weighted average
method, for every two corresponding image pixels in
the 2 images to be fused, their weighted sum is selected

LL2 LH2

LHI
HL2 | HH2

HL1 HH1

Fig. 1. The schematic diagram of two-dimensional
wavelet decomposition for two layers
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as the gray value of the pixel of the fusion image. Let
TAw(x, y) and 1Bw(x, y) be wavelet components after
wavelet decomposition for the original image 4 and B,
IFw(x, y) is the fusion of the component, then

TFw(x, y) = W, x IAw(x,y) + W, x IBw(x, y). (5)

Where, W+ W, =1, W, and W, are the weighting
factors. When W, =0.5, W, =0.5, it is called the aver-
age method.

The fusion algorithm of panchromatic and
multi-spectral remote sensing images based on
wavelet transform in this paper. The fusion strategy
of the traditional wavelet algorithm usually adopts the
simple weighted average. The advantage of this algo-
rithm is simple, easy to realize, suitable for real-time
processing and it can achieve a certain effect when the
gray level difference is not large; however, when the
gray difference image fusion is very large, there will be
obvious mosaic trace, and the contrast of the fusion
image will decline.

In this paper, a parallel fusion algorithm of remote
sensing images based on wavelet transform is pro-
posed. Inthe method, thelow-frequency components
of wavelet decomposition are fused according to the
fusion rule based on the feature matching, and the
high-frequency components of wavelet decomposition
are fused according to the fusion rule based on the
sub-region variance. With the fusion rules, better fu-
sion effect than that with the traditional fusion method
can be obtained.

The fusion strategy for low frequency compo-
nent of wavelet transform of images. L.ow-frequen-
cy components of wavelet transform is fused according
to the fusion strategy based on the feature matching
rule. For the computing of the wavelet energy feature
(E(x,y, k), the mathematical formula is the following

1 M*N-1 2
XY, = * Xy, s
EGeyh)=—mas ) Je(x.pb) (6)
x,y=0

where c(x, y, k) expresses wavelet coefficient at posi-
tion (7, /) in layer k, (m, n) defines the size of matching
windows (3 x 3 or 5 x 5 normally taken), inthe neigh-
bourhood, the sum of the wavelet coefficient square is
the local energy at point (x, y, k).

The matching degree measures the matching de-
gree of feature information at the corresponding posi-
tion of 2 images 4 and B, which is used in defining
the feature information ratio between different original
images in the fusion scheme. The calculation formula
of the feature matching degree at position (x, y, k) is as
follows

Fpp (x,3,k)=
2Y Y Cpo(x+M,y+N,k)C, (x+M,y+N,k)

=X > (7)
E,(x,y,k)E, (x,y,k)

where Fpy(x, y, k) is the matching degree at position
(x, ) in layer k, it measures the matching degree of
feature information at the corresponding position of 2
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images, /P and IM. Cp, C,, respectively express the
wavelet coefficients at the location (x, y) on k decom-
position level of IP, IM. Ep, E,; respectively express
the local energy in the field with (x, y) as the center on
k decomposition level of /P, IM.

The corresponding wavelet coefficients by doing
wavelet transform for the component /M and the pan-
chromatic image PImage are fused based on the fusion
rules of feature matching, the calculation process is as
follows,

C.(x,»,k)=W,C,(x,y,k)+W,,C,,(x,y,k), (8)

where Cr(x, y, k) is the fusion coefficient at point (7, f)
of K decomposition level, WP, WM is calculated as
follows.

If Fpp < T, then W, =0, W= 1, usually 0.5 <
< T< 1.

If Ep> Eyy, WP=W 0, Wiyr= Wiin, OF else Wy, =
= Whao Wep=Whin-

If FPM> T, then W,,=1/2— (1= Fpy)/2(1 = T),
Wmax =1- Wmin'

If Ep> Ey, WP=W, 06, Wiar= Wiin, OT €lse W), =
= Wmaxs Wp=Win-

Among them, 7" € (0, 1) represents the matching
threshold. Obviously, the calculation process of fea-
ture matching rule has good locality, the wavelet coef-
ficients at (i, j, k) of the fusion result are only defined
by value of coefficients of the m * n neighbourhood
including points (i, j, k) .

The fusion strategy for high-frequency compo-
nent of wavelet transform of images. Because the
high frequency component contains the detail infor-
mation such as the edge of an image, and change more
intensely, a fusion strategy based on variance is used.
IA and IB are the high frequency component which
are extracted by wavelet transform of 2 images, /F is
the high frequency component after fusion, the spe-
cific steps of the method is as the following

In IA(x, y, k) and IB(x, y, k) on the level of K de-
composition, let us calculate regional variance of the
neighborhood (usually 3 * 3 or 5 * 5 or 7 * 7) with
IA(x, y, k) as the centers, which are denoted as varl
and var2, Fusion weighting coefficient can be calcu-
lated according to the following parameter, which can
be calculated with the following formula

2 X var, X var,

T var = .
var; + var; ©)
If Tvar> T, usually 0.5 < T< 1, then
IF(x,) =W, X IA(x,y) + W, X IB(x,y);
Wi= L. (10)
GIA +0]B

In the formula, W, + W,=1, 6;,and 5 are respec-
tively standard deviations within the field of /A4, IB.
If T'var < T, then

1A(x,y),var, > var,

IF(x,y)={ (1)

1B(x,y),var, <var,
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The detailed steps of the parallel fusion algo-
rithm of multi-spectral image and panchromatic
image based on wavelet transform proposed in the
paper. This integration is mainly about parallel wave-
let fusion for multi-spectral remote sensing image and
panchromatic remote sensing image. For the high fre-
quency coefficients and low frequency coefficients by
wavelet decomposition, different fusion strategies are
used. The main steps of the fusion algorithm are the
following:

1. Parallel /HS transform is done for the multi-
spectral images after registration, MImage, the com-
ponents /M, HM, SM are obtained, the components
IM and the panchromatic image are decomposed with
the two tower wavelet transform.

2. Parallel computing of N wavelet transform is
done for the /M component and panchromatic remote
sensing image /P (panchromatic image). With parallel
computing, the corresponding low frequency wavelet
coefficients are fused based on the fusion rule of fea-
ture matching, the coefficients are fused with the fu-
sion rule based on the sub-region variance.

3. With parallel computing, the wavelet coefficients
after the fusion are done with inverse wavelet trans-
form, the fusion component, /F, is obtained.

4. With parallel computing, the components, /F,
HM, SM, are done with inverse /H.S transform, and
the fused image is obtained.

Experiment and result analysis. The experi-
mental data is Multi-spectral Image and Panchromat-
ic Image of Beijing-1 Micro-satellite Image [10]. The
images obtained from image data distribution depart-
ment are their two level products, which are the stand-
ard image data through the system radiometric cali-
bration, system geometric correction. After format
conversion, the Geo Tiff data is transformed into IMG
format, the reference data with the ratio, one to ten

Parallel IHS
transform according
to process number Inm
Hy
Sm

multi-spectral
image

panchromatic
image

the corresponding
wavelet coefficients
are fused according
to the fusion rules based
on parallel computing

Parallel wavelet
transform of Iy and
panchromatic image

Parallel

Parallel inverse inverse IHS I
wavelet transform, transform HF Tl}e result
the fusion component, S M [ 1mage
IE, is gotten M of fusion

Fig. 2. The flow chart of the parallel fusion algo-
rithm of multi-spectral image and panchromat-
ic image based on wavelet transform
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thousands is used to do geometric correction for the
images of the area to be studied. After the process, the
three-band multi-spectral image and panchromatic
image obtained in the same area are used as the basis
data for image fusion.

We achieve the parallel algorithm in the parallel
cluster system. Since the size of the image affects the
parallel performance of the algorithm, in the experi-
ments we use different sizes of the Beijing-1 Micro-
satellite images and conduct the experiment with dif-
ferent number of processes. We also do analysis and
comparison of the results. The test platform is config-
ured as the following, 8 computers constitute a cluster
architecture (one as the management node (it also
does computing), 7 computing nodes), each node is
configured in the following way: its CPU is Intel™
Core™2 Duo CPU, memory is 2G; the 8 computers
are interconnected through the 100Mbps Fast Ether-
net switch, and the software environment is made up
of the Windows XP operating system, NT-MPICH
message passing parallel libraries, etc. Fig. 3, Fig. 5
and Fig. 6 are the thumbnails for the two groups of
original panchromatic image and multi-spectral image
of Beijing-1 Micro-satellite. Fig. 4 and Fig. 7 are the
thumbnails for the corresponding fusion results.

To test the algorithm’s parallel performance, some
images of Beijing-1 Micro-satellite with different sizes
are used to test on different number of computers. Ta-
ble 1 gives the cost time and parallel efficiency of fu-
sion for images of Beijing-1 Micro-satellite with dif-
ferent sizes on 1, 2, 4 and 8 computers respectively.
The experiment results show that good result of fusion

MIi

Fig. 3. PI —The panchromatic image of Beijing- 1

small satellite, M 1 — the multispectral image of

Beijing- 1 small satellite
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Fig. 4. The fusion result image of Beijing-1 small
satellite with the method of image fusion pro-
posed in the paper (F1)

Fig. 5. The panchromatic image of Beijing- 1 small
satellite (P2)

Fig. 6. The multispectral image of Beijing-1 small
satellite (M2)

Fig. 7. The fusion result image of Beijing-1 small
satellite with the method of image fusion pro-
posed in the paper (F2)
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Table

The parallel efficiency (Efficiency = running time
on n computers/running time on one computer)

N 1 2 4 8

Fusion | (e | 21351 | 10868 | 6704 | 4249

one

Efficiency 0.509 | 0.314 | 0.199
Fusion T“;‘;SC)O“ 323262 | 162278 | 99 565 | 61 743
two

Efficiency 0.502 | 0.308 | 0.191

N is the umber of computers.

can be obtained quickly with the new method. On the
other hand, the algorithm’s parallel performance is af-
fected by the time of data transfer; the time can be re-
duced by improving the network bandwidth. By the
analysis of the relation between the efficiency of the
new method and network bandwidth, it has been dis-
covered that the network bandwidth influences the ef-
ficiency, the wider the network bandwidth is, the high-
er the efficiency is, and the better the extensible func-
tion is.

Conclusions. Image fusion algorithm has been
one of the research hotspots in recent years, to play a
better role of remote sensing, a parallel fusion algo-
rithm of multi-spectral image and panchromatic im-
age based on wavelet transform are studied and real-
ized in the environment of distributed memory. In the
paper, the algorithm is discussed, and it is achieved in
a cluster system. The parallel fusion method is tested
with different sizes of multi-spectral and panchromat-
ic images of Beijing-1 Micro-satellite. The results
show that the new algorithm has better convergence
results and good parallel performance; moreover, the
wider the network bandwidth is, the higher the effi-
ciency is, and the better the extensible function is.
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MerTa. /1151 BUKOPUCTAaHHS TIepeBar pisHOMaHIT-
HUX JAaHUX IUCTaHLiAHOrO 30HAYBaHHS 3emuti ([133),
BaXJIMBUM BHUOOPOM € 3aCTOCYBaHHS 3JIUTTSI 300pa-
xeHb J133. 3auTTtsa 300paxkeHb /133 BuMmarae BeJIMKoi
MOTY>XHOCTI KOMIT'IOTEPIiB i 3HAYHUX BUTpAT vacy.
3 pO3BUTKOM CydyacHUX TexHooriit /133 06’em 3i0pa-
Hux gaHux /133 cTae Bce Oiibllie, TOMY 3pOCTa€E HEOO-
XigHicTh 3AilicHIOBaTU 3AUTTS 300paxkeHb 133
IIBUIKO ¥ TOYHO Ta OTPUMYBATH KOPUCHY iH(popMa-
1[if0o, 0coOJIMBO B Takmx gonarkax /133, sIK MOHiTO-
PUHI JMX, IX 3aroOiraHHsI, pSTyBajJbHi omepamii i
TOMY nogioHe. Y 1iii poOOTi AJIsl IIBUIKOIO I TOUHO-
o CUHTE3yBaHHSI 300pakeHb MPOITOHYETHCS Mapa-
JIGIBHUI aJITOPUTM 3JIUTTS MYJBTUCIIEKTPAIbHBIX i
MaHXpPOMaTUYHUX 300pa’keHb Ha OCHOBi BEWBIET-
MepPEeTBOPEHHSI.

MeTtoauka. Y MeToli, Ha OCHOBIi IapajieJIbHUX
004YlCIIeHb, HU3bKOYACTOTHI KOMITOHEHTEI BEBIIET-
po3KyagaHHs 00’ €AHYIOThCS 3a TIPaBUJIOM 3JIUTTS Ha
OCHOBI 3icTaBJIEeHHSI O3HAK, a BUCOKOYACTOTHi KOM-
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TMOHEHTU BeUBIET-pO3KJIagaHHsI 00 €AHYIOTbCS Ha
OCHOBIi cyOperioHanbHOI aucniepcii. [licasa 3nuTTa
HU3BKOYACTOTHI 1 BMCOKOYACTOTHI KOMITOHCHTH
MiIIaloThCSI 3BOPOTHOMY BEUBJIET-TIEPETBOPEHHIO,
TUM CaMUM OTPUMYEMO 300paKeHHs, III0 CUHTE3Y-
€ThCS.

Pesynbratii. ExcieprMeHTanbHi pe3yabTaTu 110-
Ka3yloTh, 1110 3alIPONIOHOBAHUI METO, JO3BOJISIE MO~
KpallluTU pe3yJbTaTy Ta 30iMbLIMTU IIBUIKICTH 00-
YUCJIEHb NP 3JIUTTI MYJBTUCIIEKTPAIbHOIO I MaHX-
POMaTUYHOTO 300paXKeHb.

HaykoBa HOBHU3HA. Y 3aporiOHOBAaHOMY aJiro-
PUTMi 3JIUTTS MYJIBTUCIIEKTPAIBLHOTO I MaHXpoMa-
THUYIHOTO 300pakeHbh BUKOPUCTAaHi BEBIIET-TIEPETBO-
PEHHS Ta Pi3Hi BiAOBiAHI ITpaBUa 3JIUTTS AJIsl HU3b-
KOYaCTOTHMUX i BUCOKOYACTOTHUX KOMITOHEHT BeEii-
BJICT-pO3KJIamaHHs. JIJIsT oTpuMaHHSI BUCOKOI IITBU/I-
KOCTi 0OpOOKM B AESIKMX YaCTUHAX 3alIPOITIOHOBAHO-
0 aJrOpUTMy BUKOPUCTOBYIOThCS IlapajelibHi 00-
yuciaeHHs. Jis Takux oTpuMMaHi Kpalli pe3yJbTaTi
3JIATTS Ta BUILIA IIBUIKICTH OOPOOKU.

IIpakTuyna 3HauuMicTh. ExcrieprimMeHTH noBe-
JIN, 1110 3aTTPOITOHOBAHUIA aJITOPUTM JTO3BOJISIE IIBU/I-
KO OTpUMATU TapHi pe3yjbTaTu 3JIUTTS 300pakeHb
J33 i € KopucHUM y nesikux acriektax 133, Takux sik
MOHITOPUHT i 3aM0OIraHHS CTUXIHUM JIMXaM, PSTY-
BaJIbHi orepaliii.

KmouoBi cioBa: ducmarnuiiine 30HOY8aHHS,
3AUMMSL 300padiceHb, NAHXPOMAMUUHE 300paiCeH -
HS, MYAbMUCNEKMPANbHOE 300PANCeHHS, elig1em -
npepemeopeHHsl, NapaneabHi 004UCAeHHS

Ilens. /1151 ucnoyib30BaHUs TTPEUMYILIECTB pa3HO-
00pa3HbIX JAHHBIX TUCTAHLIMOHHOTO 30HIUPOBAHUS
3emu ([133), BaXXHBIM BHIOOPOM SIBJISIETCS] IPUMEHE-
Hue ciausHusg uzoopaxenuit 133. CnusiHue nzobpa-
xeHuit 33 TpeOyeT OOJBLION MOIIHOCTU KOM-
IBIOTEPOB M 3HAYMUTEIBHEIX 3aTpaT BpemeHu. C pas-
BUTHEM COBPEMEHHBIX TexHojoruit /133, oobeM co-
OpaHHBIX JaHHBIX /133 cTaHOBUTCS BCE OOJBIIIE, TTO3-
TOMY PacTéT HEOOXOMMMOCTh ITPOU3BONUTD CIUSTHUC
n3o0paxeHnuii 133 ObICTPO U TOYHO M TIOJTyYaTh I10-
JIe3HYIO0 UH(OpPMAIIMIO, OCOOEHHO B TaKUX MPUIOXKe-
Husix /133, Kak MOHUTOPUHT OENCTBUI, X TIPEIOT-
BpallleHue, cracaTelibHble orepanuu U T.1m. B aToi
paboTe s OBICTPOrO UM TOYHOIO CUHTE3UPOBAHMS
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M300pakeHWI TIpemIaraeTcs TapaijIeIbHBIA aJiro-
PUTM CIIUSTHUST MYJIBTACTICKTPATBHBIX M TTAaHXPOMATH -
YeCKMX M300pakeHUiT Ha OCHOBE BeHBIIET-TIpeoOpa-
30BaHMUSI.

MeTtoauka. B MeTone, Ha OCHOBe Tapaie/bHbIX
BBIUMCJICHUI, HU3KOYAaCTOTHBIE KOMIIOHEHTHI BEIB-
JIET-pa3JIoKeHUST OObEIUHSIIOTCS 110 MPABIILY CIIHSI-
HUSI HA OCHOBE COITOCTaBJICHUS TIPU3HAKOB, a BBICO-
KOYaCTOTHbIE KOMITOHEHTBbI BelBIET-pa3ioXeHUsI
OOBEAVHSIOTCSI HA OCHOBE CyOperuoHajbHON Auc-
nepcuu. Ilocne caIUTHUST HU3KOYACTOTHEIE M BBICO-
KOYaCTOTHBIC KOMIIOHEHTHI MOIBEPTraloTCsI 00paTHO-
MY BeHBJIET-IIpe0Opa30BaHUIO, TEM CaAaMbIM ITOJTyda-
€M CHUHTEe31pyeMOoe N300pakeHIeE.

PesynbraThl. DKcrepUMeHTAJIbHBIC PE3YIbTaThl
MMOKa3bIBAIOT, YTO MPEMIOKECHHBII METO ITO3BOJISIET
VIIY4IIUTh PE3yAbTaThl M TOBBICUTH CKOPOCTD BBHIUMC-
JICHUI TIpU CIMSTHUU MYJIBTACIIEKTPAJIbHOTO U TaH-
XPOMaTUYECKOTO U300pakeHUI.

Hayuynas noBu3Ha. B npemiokeHHOM aJropuT-
M€ CIMSIHUSI MYJIbTUCTIIEKTPaJIbHOTO U MaHXpOMaTh-
YEeCKOTro M300paXeHMId HUCIIOJb30BaHbl BEHBIET-
MpeoOpa3oBaHNe W pa3INYHBIC COOTBETCTBYIOIINE
MpaBWJjIa CIMSTHUS TSI HU3KOYACTOTHBIX M BBICOKO-
YaCTOTHBIX KOMITOHEHT BeilBIIeT-pasiiokeHUs. JIis
TTOJIy9eHUSI BBICOKOI CKOPOCTU 0OpPabOTKM B HEKO-
TOPBIX YACTSIX MPEIIOKEHHOTO aJITOPUTMA UCTIOIb3Y-
IOTCSI MapaJiyIeJIbHbIe BIUMCICHUS. JIJIST TAKOBBIX T10-
JIy9eHBI JTYUIIHNe PEe3YJIBTaThl CAUSIHUS 1 O0JIee BBICO-
Kasi CKOpOCTb 00pabOTKU.

IIpakTHyeckass 3HAYMMOCTB. DKCIIEPUMEHTHI
JloKa3aJiu, YTO MPEeII0XKEeHHBIN alTOPUTM MO3BOJISIET
OBICTPO TMOJIYYUTb XOPOIIUE Pe3yabTaTbl CAWUSHUS
nzoopakeHuii 133 u aBisieTcs MoOJIe3HBIM B HEKOTO-
puix acnekrax /133, Takux KaK MOHUTOPUHT U Ipe-
IOTBpAIlleHNe CTUXUIHBIX OCACTBUIA, criacaTelIbHbIC
OTepanym.

KiroueBsble ciioBa: ducmanyuoHHoe 30H0Upo8a-
HUue, causiHue U300padceHull, NaHXpoOMamu4ecKoe
uzobpaxiceHue, MynbmMUCNeKmMpaibHoe Uu3o0pasice-
Hue, eelierem-npeobpazosarue, napaiienbHbvle 8bl-
uucaeHus

Pexomendosano do nybaikayii dokm. mexH.

Hayk B. B. Thamywenkom. /lama Hadxo0xcenHs py-
konucy 22.06.15.
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