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B pabore [1] npeayiaraercs MeToauKa COBMEIIEHHs PA3BHOPAKYPC-
HBIX JIOKAIMOHHBIX M300PaKeHwil B OJHO 10 TOYKAM KOHTYPAa BbI-
geneHablx obsacreit. O6acTU BBIIEISIOTCS [IyTEM HCIOIb30BAHMS
METO/Ia BHICOKOCKOPOCTHOM KBA3MONTUMAJIBLHONI KJTACTEPU3AIUNA TTUK-
ceseit m3o0parkenus. VICmonb3yeMblit METOI KIAaCTePU3AIUNA OOXOIUT
mpobJIeMy BBIYUCIUTENHHON CJIOXKHOCTU 3a CYET DPA3IAEJICHUS BCETO
nporecca 06pabOTKH M300pakeHnsT HA TPHU MOCIEI0BATETHHBIX ITa-
mna.

Ha Bxome anmropmrma KBa3WONTUMAJILHON KJIACTEPU3AINHU, IO-
MHMO W300parKeHusi, 33aeTCs TOYHOCTh BBIYUCJIEHWI, OIpeIesise-
Mad mapameTpoM umcia cyneprnmkceneit Ncm. [lapamerp Ncm 3agaet
bUKCHPOBAHHOE YUCIIO KJIACTEPOB, JJis KOTOPOTO PECTPYKTYPU3YEeTCs
nepapxus pa3buennii. Jluama3on 3HaY€HU 33/1aBAEMOr0 MapaMerpa
Ncu—or 1 g0 N, rae N — obiee KOIUIeCTBO MUKCETE B m300pazke-
Hun. Bombiemy 3HadeHnio mapamMeTrpa NCI COOTBETCTBYET JIyUIlee
Ka4IeCTBO PECTPYKTYPHU3aluu, HO W 0OJibiliee Bpemsi obpaborku. Ha
BBIXO/I€ AJITOPUTM TEHEPUPYET CEPHUI0 KYyCOUHO-ITOCTOSHHBIX pa3bue-
unii. KosmaecTBo BhIBOAUMBIX pa3bueHuil 3a/1aeTcs M0Ib30BATEIEM B
nuarnasone or 1 0 N.

Ha mepBom 3Tane aaropurmMa KBa3HONMTUMAIHHOM KIACTEPUBAIUN
BBINOJIHAETCS OBICTPOE MOCTPOEHNE IPy00ii MEPAPXUU CEIMEHTOB TIPHU-
MeHenuneM 00 momaenn Mamdopaa-Illaxa, 1100 KIacCHIecKoro mMe-
Toza Yop/a mo dyactam uzodbpakenus. Ha BropoM sTarre BbIIOIHAETCS
[IPOMEXKYTOYHOE yJIy YllIeHre KadecTBa, popmupyercs N cii Cynepiuk-
ceneii. Ha Tperbem srame cchopMupoOBaHHBIE CYTIEPITMKCETN KJIACTEPHU-
3YIOTCS KJIACCHYECKUM METOIOM YOpPIA.

Meronuka KOMILJIEKCHPOBAHWS PA3HOPAKYPCHBIX H300parKeHwmii
cocrout u3 4 maros. Ha 1 mare ucxo/ubie pa3sHopakypcHbie n300pa-
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JKeHUsI COCTBIKOBBIBAIOT B OJMH €/IMHBIA CHUMOK, KOTOPbIA KJIacTepu-
3yeTCsl TPEXITAMHBIM AJITOPUTMOM KBA3MOMTUMAJIBLHON KJIACTEPU3a-
nuu TUKceseil npu 3aganaom gucie N . Ha BbIxome aaropurma mo-
JIy9aeTcs cepus pa3dueHuil ¢ yBeINIUBAIOIIMMCS IUCIOM KJIACTEPOB.
CosmectHast 06paboTKa N300parKeHuil MO3BOIAET TOAO0OHBIM 06PA30M
BBIJIEJUTH OJMHAKOBBIE IO CTPYKType O0JIACTH HA PA3HOPAKYPCHBIX
n300pazkenngax. Ha 2 mare u3 moyiydeHHOH Cepuu KJIACTEPU30BAH-
HBIX pa30bmeHnii BHIOMPAIOT OIHO, KOTOpPOEe OOpaTHO pa3IesIsiioT Ha,
OTIenbHbIe n300parkenusi. Ha BBHIOpAHHBIX M PA3ICJICHHBIX H300pa-
JKEHUSTX BBIIEISIOT KOHTYPhI XapaKTEPHBIX 00IacTell U OIpPeIeasaioT
TOYKHU CXOXKHX 110 CTPpyKType KouTypoB. Ha 3 mmare gepes pemrenue
KOPPEJISAIUOHHO-9KCTPEMAJIBHOM 3a/1a4 110 TOYKAM KOHTYDPOB, Haii-
JIEHHBIX HA KJIACTEPU30BAHHBIX M300PAKEHUAX, MOmOupaercs (PyHK-
IMOHAJbHOE MPeOoOPA30BAHNE, TPU KOTOPOM 3HAaUeHWEe (DYHKIIMH KOP-
peJIsuu TPUHUMAET MaKCHMasibHOoe 3uadenne. Haitnennoe dpynkim-
OHAJIbHOE TTPEOOPA30BAHNE MPUMEHSIOT K UCXOIHBIM H300PAsKEHUSIM.
Ha 4 mare BbimosiasieTcs: OneHKa KagecTBa c(poOpMUPOBAHHOIO COBMeE-
EeHHOTO n300paykenus. IIpu HEYIOBJIETBOPUTEIHHON CTENEHN CYOh-
€KTUBHOTO BOCIIPUATHUS TEPEXOIAT K MPEABIIYIIAM II1araM MeTOIHKHN
coBmerienus. JInbo Ha 2 1mare 6epem napy KJIaCTEPU30BAHHBIX CHUM-
KOB C DOJIBIIAM YHCJIOM KJIACTEPOB JIJIsi TOCJIEIYIONIEr0 BbLIETEHUSs
HOBBIX XaPAKTEPHBIX TOYEK KOHTYPOB M YTOYHEHWs [TOJIOKEHUST Pa-
Hee HaiiieHHbIX. JInbo, nepeiins k 1 mwary, yBeuduBaeM 3Ha4YeHue 11a-
pamerpa geranusarnuu Ncim. [lobimas crenens geranu3amnuu chop-
MHPOBAHHBIX CHUMKOB, YBEJIMYUBAETCS KOJIUIECTBO TOUYEK KOHTYPOB,
¥ KaK CIeJICTBUE YTOYHSETCs BUJ HCKOMOTO (QYHKIIMOHATBLHOTO Mpe-
obpazoanus. Meromguka yTodHeHns (PYHKIIHOHATHLHOTO Ipeobpaso-
BAHMS C IOBBIIIEHUEM CTEIEHU JIeTAJU3ANUN U300PAKeHUs! CIIeIyer
MOBTOPSITH 10 TEX TOP, MOKa KAYECTBA COBMEIEHHOTO M300paKEeHUs
HE OyzeTr mpueMJieMbiM. JleTanu3amnys OCyIIeCTBISEeTCs KaK 33, CUeT
yBeJIMYeHUs 9HuCjIa KjacTepos (I[BETOB) B cepuu pa30ueHuil, Tak u
3a CYET YyBEeJMYEHUS TapaMerpa TOYHOCTH KBA3UONTHMATLHON 0Opa-
6orku. JlagHasg MeTOAUKA TPUMEHHMA [Jjisi OOPTOBBIX JTOKAITMOHHBIX
CTAHIIWI MHOTOMO3UIIMOHHBIX CHCTEM B IIEJISTX KOMIIJIEKCUDOBAHST WH-
dopMaInm, B TOM YUCTIE PASHOPOIHOMN.

Ha pucynkax 1, 2 mpeacTBajIeHbl UCXOIHBIE JIEBOE U MPABOE Pa3-
HOpakypcHble n300parkenns. Ha pucynkax 3, 4 npecTBaI€HbI JIEBOE
U MPaBOe KJIACTEPU30BAHHBIE PAZHOPAKYPCHBIE H300pasKeHusi, COCTO-



Wcxoamble 1€BOe U MPaBoe Pa3HOPAKYPCHBIE H300PAYKEHIS

Puc.1. JleBoe pasmopakypcuoe Puc. 2. IIpaBoe pa3HOpakypcHOe
n3obparkenue n3obpaskenne

KacrepuzoBanmnbie jieBoe u mpaBoe Pa3HOPAKYPCHbIE M300parKeHust

Puc. 3. Jlesoe wusobpaxkenue u3 3 Puc. 4. IIpaBoe m3obpakenue u3 3
KJIACTEPOB KJIACTEPOB

CoBmernieHHOE N300paXKEHUE U3 JBYX UCXOJHBIX PA3HOPAKYPCHBIX

Puc. 5. CoBmemntennoe n300parkenre

dmpe u3 Tpex kjaacrpos (nperos). Ha pucyHke 5 mpeicraBieH pe-

3yJIbTAT COBMEIIEHUSI IBYX HUCXOIHBIX M300Pa’KeHUil B OIHO.
WccnenoBanme BBITOTHEHO 3a cUeT TpanTa Poccuiickoro HayIHOTO

dbonza (upoexr Ne 19-79-00303).
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The paper [1] proposes a technique for combining multi-angle lo-
cation images into one at the points of the contour. Areas are isolated
using the method of high-speed quasi-optimal clustering of image pix-
els. The used clustering method bypasses the problem of computa-
tional complexity by dividing the entire image processing process into
three sequential stages.

At the input of the quasi-optimal clustering algorithm, in ad-
dition to the image, the calculation accuracy is specified, which is
determined by the parameter of the number of superpixels Nsp. The
Nsp parameter specifies a fixed number of clusters for which the hi-
erarchy of partitions is restructured. The range of values of the given
parameter Nsp is from 1 to N, where N is the total number of pix-
els in the image. A larger value of the Nsp parameter corresponds
to a better restructuring quality, but also a longer processing time.
At the output, the algorithm generates a series of piecewise-constant
partitions. The number of displayed splits is set by the user in the
range from 1 to N.

At the first stage of the quasi-optimal clustering algorithm, a rapid
construction of a rough hierarchy of segments is performed using
either the Mumford-Shah model or the classical Ward’s method by
parts of the image. At the second stage, an intermediate quality
improvement is performed, Nsp superpixels are formed. At third
stage, the formed superpixels are clustered using the classical Ward’s
method.

The technique of combining multi-angle images consists of 4 steps.
At the 1 step, the original multi-angle images are docked into one
single image, which is clustered by a three-stage quasi-optimal pixel
clustering algorithm for a given number of Nsp. The output of the
algorithm is a series of partitions with an increasing number of clus-
ters. Joint processing of images allows to isolate in a similar way
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areas of the same structure in different multi-angle images. At the 2

step, one joint clustered partition is selected from the obtained series.

Then it is divided back into separate parts. The contours of areas are

distinguished and characteristic points of contours similar in struc-

ture are determined on the selected and divided images. At the 3

step, a functional transformation is selected through the solution of

the correlation-extremal problem by the contours points found on the
clustered images. The correlation function value must take the max-
imum value. The found functional transformation is applied to the
original images. At the 4 step, the quality of the generated combined
image is assessed. If the degree of subjective perception takes on an
unsatisfactory value, then we proceed to the previous steps of the
combining technique. Or, at the 2 step, we take a couple of clustered
images with a larger number of clusters for the subsequent selection
of new characteristic contour points and refining the position of previ-
ously found. Or, proceeding to the 1 step, we increase the value of the
detail parameter Nsp. Increasing the degree of detail of the formed
images, the number of contour points rises, and as a result, the type
of the desired functional transformation is refined. The technique of
refining the functional transformation with increasing the degree of
image detail should be repeated until the degree of quality assess-
ment of the combined image is acceptable. Detailing is carried out
both by increasing the number of clusters (colors) in a series of par-
titions, and by increasing the accuracy parameter of quasi-optimal
processing. This technique is applicable to onboard radar stations
of multi-position systems in order to integrate information, including
heterogeneous information.

Figures 1, 2 show initial left and right multi-angle iamges. Figures

3, 4 show the left and right clustered multi-angle images, consisting

of three clusters (colors). The figure 5 shows the result of combining

two original images into one.
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Initial left and right multi-angle images

Fig. 1. Left multi-angle image Fig. 2. Right multi-angle image

Clustered left and right multi-angle images

Fig. 3. Left image of 3 clusters Fig. 4. Right image of 3 clusters

Combined image from two original multi-angle images

Fig. 5. Combined image
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