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ZKHUH� �Dε �DQG� �Dε ��FODVVLILFDWLRQ�WROHUDQFH��

0HWKRGRORJ\�RI�UHFRJQLWLRQ�RI�WKH�IRUP�RI�REMHFWV��
�

�����2QH�RI�WKH�PDMRU�SUREOHPV�DW�FDUU\LQJ�RXW�WKH�UHVHDUFKHV�RQ�LGHQWLILFDWLRQ�RI�JUDSKLF�REMHFWV�LV�
DFWXDOO\� ILQGLQJ�RXW� ZKDW� ZH� ZDQW� WR� UHFRJQL]H�� :KLOH� XVLQJ� PHWKRGV� EDVHG� RQ� JHRPHWULFDO�
FRUUHODWLRQ��ZH� FDQ� IRUPXODWH� SUREOHP� RI� UHFRJQLWLRQ� LQ� D�ZLGH� UDQJH� RI�ZD\V��/HW
V� FRQVLGHU� DQ�
H[DPSOH�RI�D�OLVW�RI�VLPLODU�REMHFWV��UHSUHVHQWHG�RQ�ILJ������

�
)LJ�����$�QXPEHU�RI�REMHFWV�KDYLQJ�VPDOO�GLIIHUHQFHV�IRU�WKH�QH[W�HOHPHQWV��EXW�VWURQJ�IRU�WKH�H[WUHPH��

�����
,Q�WKLV�H[DPSOH�LW�LV�HDV\�WR�YLVXDOO\�FKDUDFWHUL]H�DQG�GLYLGH�H[WUHPH�REMHFWV�RI�WKH�VHULHV��EXW�LW�LV�

GLIILFXOW�WR�FODVVLI\�QHLJKERU�REMHFWV��,W�LV�SRVVLEOH�WR�VWDWH�DQ�LGHQWLILFDWLRQ�SUREOHP�LQ�WKH�GLIIHUHQW�
ZD\V��)RU� H[DPSOH��ZH�FDQ� IRUPXODWH� LW� DV�D�SUREOHP�RI� UHFRJQLWLRQ�RI�D� UHIHUHQFH�REMHFW� IURP�D�
JLYHQ� VHULHV�� ,Q� WKLV� FDVH� UHVXOW� RI� LGHQWLILFDWLRQ� LV� D� VHW� RI� REMHFWV�ZKLFK� DUH� LQ� VRPH�YLFLQLW\�RI�
FKRVHQ�ILJXUH��2EMHFWV�RXW�RI�WKLV�YLFLQLW\�ZLOO�EH�FDUULHG�WR�RWKHU�FODVV��FODVVHV���
�����+RZHYHU�LW�LV�SRVVLEOH�WR�VWDWH�WKH�SUREOHP�GLIIHUHQWO\��ZH�ZDQW�WR�UHFRJQL]H�QRW�DOO�VKDSH�RI�DQ�
REMHFW��EXW�RQO\�LWV�SDUW��7KHQ�JLYHQ�VHULHV�LV�IRUPHG�E\�RQH�FODVV�RI�REMHFWV��FLUFOHV���HDFK�RI�WKHP�
FRQWDLQV�VRPH�IUDJPHQWV�IURP�WKH�RWKHU�FODVV��,Q�WKLV�VWDWHPHQW�RI�WKH�SUREOHP�ZH�VWDEO\�LGHQWLI\�DOO�
REMHFWV��EXW�QXPEHU�RI�FODVVHV�ZLOO�EH�ODUJHU��
�����$W� ODVW� LW� LV� SRVVLEOH� WR� VHW� WKH� WDVN� DV� UHFRJQLWLRQ�RI� D� IUDJPHQW�ZKLFK� LV� RQ� OHIW� VLGH�RI�HDFK�
REMHFW� DQG� FKDUDFWHUL]H� LW� DV� D� GHIHFW�� 7KHQ� RQO\� WKLV� SDUW� RI� DOO� REMHFWV�ZLOO� EH� LQIRUPDWLYH� DQG�
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Main Goal  
of Research

      The goal of research is developing and modelling of methods 
of identification shapes of object;	

 Invariant to numerous group of geometric transformation;	

 Using optimal set of information descriptions;	

 Allow identification shape of object with apriory defined 

accuracy in automatic and semiautomatic mode in real time.

2 Institute for Information Transmission Problems,  Moscow, 2017
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�����,Q� RUGHU� WR� SXW� WKHVH� REMHFWV� WR� GLIIHUHQW� FODVVHV�� LW� LV� QHFHVVDU\� WR� ORFDOL]H� D� SODFH�� ZKHUH�
LQWHJUDWHG�FULWHULRQ�LV�DSSOLFDEOH��/HW
V�UHGXFH�VL]H�RI�GRPDLQ�RI�FRQWRXU�IXQFWLRQV�IURP� �����ª º¬ ¼

D �WR�

S* ��XVLQJ�PHWKRGV�LQ�ZKLFK�RQO\�SDUW�RI�GRPDLQ�LV�XVHG��7KXV��IRU�H[DPSOH��IRU�D�ILJXUH�RQ�ILJ����F�
XVLQJ���RSSRVLWH�LQWHUYDOV�ZLWK�D�ZLGWK�RQ�����LW�LV�SRVVLEOH�WR�VHSDUDWH�XQHTXLYRFDOO\�LWV�FODVV�IURP�
D� FODVV� RI� FLUFOHV� �VHWWLQJ� FRUUHVSRQGLQJ� SRVLWLRQ� RI� IUDJPHQWV� RI� WKH� VDPSOH��� DQG� IURP� D� FODVV�
IRUPHG�E\�ILJXUHV���D��DQG���G��

����������������������������������������������� �
)LJ�����$Q�H[DPSOH�RI�REMHFWV�ZLWK��WKH�GHIRUPHG��FLUFOH�

�
�����%HVLGHV��LW�LV�SRVVLEOH�WR�SXW�ILUVW�WKUHH�ILJXUHV�WR�RQH�FODVV�DQG�ULJKW�WR�DQRWKHU��RQ�WKH�EDVLV�RI�
GHIHFW�LQ�WKH�ERWWRP�SDUW��,I�WR�FRQVLGHU�DV�D�IHDWXUH�WZR�VSODVKHV�RI�VLQXVRLGDO�IRUP�ORFDWHG�ZLWK�D�
VKLIW� RI� ���� GHJUHHV�� WKHQ� ILJXUHV� D�� �E�� DQG� G�� DUH� LQ� RQH� FODVV� � DQG� F�� LQ� DQRWKHU�� 7KXV�� WKHVH�
PHWKRGV�FDQ�EH�XVHG�WR�GHWHFW�VRPH�SDUW�RQ�D�FRQWRXU�RI�REMHFW�ZKLFK�LV�VLPLODU�WR�D�IUDJPHQW�VHW�RQ�
WKH�VDPSOH��
�����6LQFH� VXFK� VHSDUDWH� HOHPHQWV� RI� D� SHULPHWHU� FDQ� KDYH� LWV� RZQ� SODQHV� RI� V\PPHWU\� WKHQ� IRU�
LGHQWLILFDWLRQ�RI�REMHFWV� LQ� VXFK� VWDWHPHQW� LW� LV� QHFHVVDU\� WR� FRQVLGHU�FKLUDOLW\�GLVSRVLWLRQ�RI� VXFK�
SDUWV�RQ�FRQWRXUV��,Q�FDVH�ZKHQ�FKLUDO�REMHFWV�RQ�D��DQG�E��EHORQJ�WR�RQH�FODVV��WKHQ�IXQFWLRQV�����
VKRXOG�EH�UHGHILQHG�DV�LW�LV�VKRZQ��
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�����,Q�RUGHU�WR�LOOXVWUDWH�ZKDW�ZDV�VDLG�EHIRUH�ZH�ORRNHG�DW�WKH�FODVV�RI�ILJXUHV��VRPH�RI�ZKLFK�DUH�
EURXJKW�RQ�ILJ�����8VDJH�RI�LGHQWLILFDWLRQ�PHWKRG�RQ�RSSRVLWH�LQWHUYDOV�PDNHV�LW�SRVVLEOH�WR�VHSDUDWH�
REMHFWV�RI�WKLV�W\SH�IURP�FLUFOHV��%HVLGHV��LW�LV�DOVR�SRVVLEOH�WR�SXW�WKHVH�ILJXUHV�WR�GLIIHUHQW�FODVVHV��
,Q�WKH�ILUVW�FODVV�ZLOO�EH�FKLUDO�REMHFWV�D��DQG�E���LQ�WKH�VHFRQG���F���LQ�WKH�WKLUG���G����

'LVFXUVLRQ�
�����$V�LW�LV�DOUHDG\�QRWHG��WKH�SUHVHQWHG�PHWULFV�DUH�LQYDULDQW�WR�DIILQH�WUDQVIRUPDWLRQV�RI�LGHQWLILDEOH�
REMHFWV��QDPHO\�VKLIW��VFDOH�DQG�URWDWLRQ��,I� LW� LV�QHFHVVDU\�WR�UHFRJQL]H�VLPLODU�REMHFWV�RI�GLIIHUHQW�
VL]H��EXW�SXW�WKHP�WR�GLIIHUHQW�FODVVHV��WKHQ�QRUPDOL]DWLRQ�RI�FRQWRXU�IXQFWLRQ�VKRXOG�QRW�EH�PDGH��
$FFRUGLQJ�WR�IRUPXODV�����DQG�����VSHHG�RI�PHWULFV�FDOFXODWLRQ�LV�FRQVWDQW�DQG�GRHV�QRW�GHSHQG�RQ�
WKH�IRUP�RI�DQ�REMHFW��+RZHYHU�LW�GHSHQGV�RQ�UHTXLUHG�DFFXUDF\�RI�LGHQWLILFDWLRQ��7KXV�LI�ZH�ZDQW�WR�
LGHQWLI\�D�FRQWRXU�REMHFWV�ZLWK�VLPSOH�VKDSH�LW�LV�UHDVRQDEOH�WR�XVH�D�VWHS�RI�������ZKLFK�HVVHQWLDOO\�
LQFUHDVHV�WKH�VSHHG�RI�LGHQWLILFDWLRQ��,I�D�KLJK�DFFXUDF\�RI�LGHQWLILFDWLRQ�LV�QHFHVVDU\��IRU�H[DPSOH��
ZKHQ�ZH�UHFRJQL]H�VPDOO�GHIHFWV�RQ�D�VXUIDFH�LW�LV�SRVVLEOH�WR�FKRRVH�DQ�LGHQWLILFDWLRQ�VWHS�RI�����
������LQ�RUGHU�WR�UHFHLYH�DQ\�QHFHVVDU\�DFFXUDF\��E\�FRVW�RI�VRPH�LQFUHDVH�LQ�WLPH�RI�LGHQWLILFDWLRQ��
�����0HWKRGV�SUHVHQWHG�LQ�WKLV�ZRUN�KDYH�YHU\�KLJK�VHQVLWLYLW\�VLQFH�EHFDXVH�RI�WKHLUV�LQWHJUDOLW\�>�@��
7KH� RWKHU� UHVHDUFK� KDV� VKRZQ� WKDW� DGGLWLRQ� RI� QRLVH� �XS� WR� YHU\� KLJK� OHYHOV�� WR� DQ� REMHFW� RI�
LGHQWLILFDWLRQ�GRHV�QRW�OHDG�WR�SHUIRUPDQFH�GHWHULRUDWLRQ�RI�WKH�SURSRVHG�PHWKRGV��,Q�DGGLWLRQ��YDOXH�
RI� PHWULFV� DV� PHDVXUHPHQWV� VKRZQ�� GRHV� QRW� GHSHQG� RQ� QRLVH� OHYHO� LQ� EURDG� UDQJH� RI� QRLVH�
GLVWXUEDQFH���
�����$SSOLFDWLRQ� RI� PHWKRGV� EDVHG� RQ� JHRPHWULFDO� FRUUHODWLRQ� WRJHWKHU� ZLWK� RWKHU�PHWKRGV� DOORZV�
VROYLQJ�SUREOHPV�RI�VXUIDFH�TXDOLW\�PHDVXUHPHQW�RI�IUDJPHQWV�RI�GHWDLO�ZLWK�FRPSOH[�JHRPHWU\���

�
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One methodology on image processing 
and pattern recognition

Higher School of Economics , Moscow, 2017

Image 
Preprocessing 

and 
Segmentation

!
Morphological 

contour selection

!
Clustering and  

Contour function 
calculation

!
Shape recognition on 
the Idea of Geometric 

Correlation

I.M.Gostev 

List of objects for 
recognition

Result of 
recognition 

Contouring 
Object ImageInput Image

Binary Image
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Metrics of shape identification

   	
  For the last 20 years we have introduced the next metrics:	
!
• Geometric correlation ( 18 modifications );	

• Line correlation ( 6 modifications );	

• Projective correlation ( 2 modifications )	

• Correlation  with  incomplete information (now)

4



Geometric correlation

✴High precision of pattern recognition of shape of object; 
✴Low sensitivity to noise influence; 
✴Invariance to 2d affine transformation (shift, zoom, 

rotation, mirror transformation); 
✴Ability of identification in real time.

Imperfections
✴ Requirements to completeness of contour (signature analysis) 

✴ Difficulties to receive full closed contours; 

✴ Sensitivities to centre of mass shift of contour function.

Advantages

5
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Information part of any curve

6

What can characterise any curve 
(function) in space from information 

point of view? 
!

How we can compare two curves with: 
• different scale,  
• in different time,  
• arbitrary rotation,  
• spatial shift and  
• mirror transformation ? 

?
forever 	
question



   Properties:   
• Gradient of image have two dominant direction in 

area neighbour of angle. 

• Angles is better differences.  

• Angles have most information part of image under 
process identification shape of object in human 
vision. 

A n g l e  
U n d e r s t a n d i n g  

7

Harris Detector

Zoom Zoom

What is the object a ANGLE?



Gf = {a = t0  < t1  < ... < tl  = b},

Evolvent of Contour
(Contour function)

Threshold  for using only 
information points

Receive “angle” function
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Example (1)
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Example (2) 

FileN = airplane4.png

100 200 300 400

50

100

150

200

250

300

350

400
0 100 200 300

50

100

150

200

250

300

350

 1

 2

 3  4  5  6 7 8 9

10

NPoint = 1100

0 200 400 600 800 1000
-1

0

1

2

3

4

5
 1  2

 3  4  5

 6

 7  8  9

10

  HordLen = 16  S.Golay.Num = 31

FileN = krestD.jpg

100 200 300 400

50

100

150

200

250

300

350

400
100 200 300 400

100

150

200

250

300

350

400

 1

 2

 3

 4

 5

 6

 7

 8

 9

10

11

12
NPoint = 905

0 100 200 300 400 500 600 700 800 900
-1

0

1

2

3

4  1
 2

 3  4

 5
 6  7

 8
 9 10

11
12

  HordLen = 16  S.Golay.Num = 31

10

PFU Moscow



Definition 1. We express set of extrema of function of the sample f(t) as  	
!

where ti -angles of turn of values f(t) in polar coordinates, and express set of 
points of identified object as :	
!
for function of object h(t). Amount of the points of the sample is assumed to be 

greater than the object’s one, l > m . Otherwise position object and sample should 
be swapped.	

For building metrics of identification adding set of sample m points by next  
manner:  	
!
That is adding in tail of set  in beginning part of m points.	
 	
Definition 2.  For some set of points define its mirror set as                                           	
!
!
!

!

Gh  ={c=τ 0  <τ1  <...< τm  = d} 

Gf = {a = t0  < t1  < ... < tl  = b},

Gf
*  ={t0,t1,...,tl,(tl+1=tl + t1 – t0 ), ...,(tl+m  = tl  + tm – t0 )}.

Definitions

Gf = {a = t0  < t1  < ... < tl  = b},

Gm  ={b=y0 =tn > y1= tn-1  > ... > yn  = t0  = a}

11



Definitions(2)

Definition 3.  Express two-dimensional function of difference 
between f(t) and h(t) as	
!
!
!
Definition  4. Express discrete function of absolute error:	

!
!

!
And discrete function of relative error:	

ηi,j  = f(ti+j) – h(τ i ), j = 0,(l – m), i = 0,m, τ∈ Gh, t∈ Gf .

δ j =
1

m +1
ηi, j

i=0

m

∑ , j = 0,(l −m)

σ j =
1

m +1
δ j −ηi, j

i=0

m

∑ , j = 0,(l −m)

12



Definitions (3)

Definition 5. Introduce recognition function for the identification of curves at 
incomplete data on the basis of correlation on incomplete data #1 (CID1) as	
!
!
!
where                     means the metrics of correlation on incomplete data #1 and	
       means the metrics of correlation on incomplete data #1, calculated on a 

mirror data set, and εnk1- the classification’s tolerance. 	
Equality λnk1 = 1 means successful classification object in relation to the sample, 
thus value j corresponds to a corner of turn of object concerning the sample.

λnk1 =
1, ρnk1 < εnk1( )∨ ρnk1

m < εnk1( ),
0, ρnk1 ≥ εnk1( )∧ ρnk1

m ≥ εnk1( )
⎧
⎨
⎪

⎩⎪
.

ρnk1 = minj δ j

ρnk1
m
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Definition 5. express recognition function for identification of curves at 
incomplete data on the basis of correlation on incomplete data #2 (CID2) as 
!
!
!
!
where                     means the metrics of correlation on incomplete data #2 and 
       means the metrics of correlation on incomplete data #2, calculated on a 

mirror data set, and εnk2- the classification’s tolerance.  
Equality λnk2 = 1 means successful classification object in relation to the sample, 
thus value j corresponds to a corner of turn of object concerning the sample.

Definitions (4)

λnk2 =
1, ρnk2 < εnk2( )∨ ρnk2

m < εnk2( ),
0, ρnk2 ≥ εnk2( )∧ ρnk2

m ≥ εnk2( )
⎧
⎨
⎪

⎩⎪
.

ρnk2 = minj σ j

ρnk2
m

14
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Silhouette of airplane (from 
top to bottom, from left to 
write) Grumman TBF-1,  Aero 
L-29, Arado Ar 234B,  Arado 
Ar 240,  Avro 668, Bell - X1,  
Curtiss P-40F, Dornier DO- 
335A,  Grumman F4F-3,   Jet 
Commander 1121, Mitchell - 
D-25C,   Boeing B-47E 
(Strongly zoomed out).

Example of objects for identification
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Appendix 

 
Grumman 

TBF-1 Aero L-29 Arado Ar 
234B 

Arado Ar 
240 Avro 668 Bell - X1 Curtiss P-

40F 
Dornier 

DO-335A 
Grumman 

F4F-3 

Jet 
Commander 

1121 

Mitchell - 
D-25C 

Grumman TBF-1 2.75E-08 0.1784 0.1778 0.1992 0.1675 0.1675 0.1913 0.1713 0.1058 0.2228 0.1777 

Aero L-29 0.1784 1.84E-08 0.1846 0.2279 0.1685 0.1487 0.1357 0.2133 0.1625 0.2671 0.2344 

Arado Ar 234B 0.1778 0.1846 2.03E-08 0.2087 0.2016 0.2345 0.2292 0.254 0.2104 0.2 0.2048 

Arado Ar 240 0.1992 0.2279 0.2087 7.07E-08 0.1997 0.2427 0.172 0.1904 0.179 0.1639 0.0887 

Avro 668 0.1675 0.1685 0.2016 0.1997 4.84E-08 0.244 0.219 0.2361 0.1894 0.2119 0.1785 

Bell-X1 0.1675 0.1487 0.2345 0.2427 0.244 8.46E-08 0.1811 0.1821 0.1593 0.2492 0.2541 

Curtiss P-40F 0.1913 0.1357 0.2292 0.172 0.219 0.1811 1.48E-07 0.1498 0.1609 0.1908 0.1865 

Dornier DO-
335A 

0.1713 0.2133 0.254 0.1904 0.2361 0.1821 0.1497 3.26E-08 0.158 0.2228 0.209 

Grumman F4F-3 0.1058 0.1625 0.2104 0.179 0.1894 0.1593 0.1609 0.158 8.18E-08 0.2228 0.1887 

JetCommander 
1121 

0.2228 0.2671 0.2 0.1639 0.2119 0.2492 0.1908 0.2228 0.2228 1.07E-07 0.2022 

Mitchell-D-25C 0.1777 0.2344 0.2048 0.0887 0.1785 0.2541 0.1865 0.209 0.1887 0.2022 8.38E-08 

Table 1. Value of metrics calculated from (1) between 12 object (airplane silhouette). This value is 

present relation “sample”-“nonsample”, exclude data in main diagonal on which present relation 

“sample”-“sample” 

sample-sample
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Table of metric value
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