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THE METHOD OF EXTRACTION OF CHARACTERISTIC 
POINTS FROM THE RADAR IMAGE OF THE SEA 

SHORE FOR THE NEEDS OF POSITIONING SYSTEM 
 

 
ABSTRACT   The problem of continuous position availability is one of 
the most important issues connected with human activity on the sea. 
Because the availability of the electronic navigational systems can be 
limited in some cases (for example military operations) we should 
considered additional methods of gathering information about ship's 
position. In this paper one of these methods is presented, which is based 
on extraction specific features from radar images – characteristic points of 
the coast line.  
 

 
INTRODUCTION 

 
The primary positioning system can be unplugged, destroyed or 

malfunctioning. Therefore this is a reason why the alternative methods of position 
estimating should be taken into account. This is especially important for the naval 
ships. The military, auxiliary positioning system should be as autonomous as it is 
possible. It should give the possibility to estimate the ship's position without 
information from electronic navigational systems like GPS or others.  

Solution of using traditional radar navigational algorithms (based on using the 
information about the bearing and distance to the characteristic points) together with 
extracting characteristic points from radar images algorithm has such a feature.  

In this paper method of extracting characteristic points from the radar image is 
presented. 
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FUNCTIONING OF THE SYSTEM 
 

Hypothetical structure of the whole system is presented on the Fig. 1.   
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Fig. 1. Structure of the system 

 
The main task of the radar images registering subsystem is transferring radar 

signal to the digital form. The additional task is eliminating of the echoes coming 
from the moving ships. In this case the subsystem should be able to track the images 
coming from radar in order to distinguish the constant objects from the moving one. 

The main task for the subsystem of extracting characteristic points is preparing 
a vector of characteristic points from the coast area visible on the registered radar 
image.  

In the next phase a vector of bearings and distances between characteristic 
points will be a base for the identification subsystem. The main task for this 
subsystem is identification the sufficient number of points to calculate ship's 
position. 

In the final step the system estimates the ship's position using identifying 
points and traditional navigational methods. 
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METHOD OF EXTRACTION OF CHARACTERISTIC POINTS 
FROM RADAR IMAGE 

 
When talking about extracting the characteristic points from radar image we 

should start from the presenting considering images in the form of contour invariant. 
First we should define the image. Let the analog monochromatic image will 

be presented by the function La(x,y) [11]: 
 

Ra →OLa :   (1) 
 

where Oa is a set of points Pa(x,y) that: 
 

( ){ ∈<>∈<∈= yNxRyxOa ,,0:, 2   (2) }>M,0
 

Ν∈M,

Ν→c

N   - determine the size of the image. 
The digital image in our case we may determine as a function Lc(n,m): 
 

c OL :   (3) 
 

where Oc ⊂ Oa is a set of points Pi
c(n,m) that i =0,1..,N*M-1 and 

 
( ){ ∈<>∈<Ν∈= mNnmnOc ,,0:, 2   (4) }>M,0

 
Let assume that the N and M which determine the size of the image are odd, so 

for the each one image we can determine the central point Po(no,mo) that: 
 

2
1,

2
1 −

=
−

= mNn oo
M

  (5) 

 
The analog image as well as digital one can be presented in polar coordinate 

system. For that presentation each one point of image P(x,y) is determined by 
bearing NR on that point from central one and distance d=|PoP| [12]. 
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Fig. 2. Example of radar image presented in polar coordinate system 

There is a possibility to change the representation from the polar coordinate 
system to the Cartesian coordinate system. A mapping function from the Cartesian 
to the polar coordination system and in the other way can be as follows (for the 
analog image): 

 
( ) dyxfNR NR ,, ==   (6) ( )yxfd ,

 
( ) ( )dNR , x,,fydNRfx a

y
a

x ,, == aOy∈

ca O→

  (7) 
 

For the digital image we should start from the determining the mapping of each 
point of analog image to the appropriate point of digital image. 

 

Pc Of :   (8) 
 

( )
OP

a
Pc Pf

c∈
= minarg   (9) ac PP

c

 
Finally we will get the mapping function between the polar and Cartesian 

coordinate system for the digital image: 
 

( ) ( ) ( )( fdNRffmn a
y

a
xPc ,,, =   (10) )dNR,

NR ⊂ c
NR O⊂

 
The next step is the determining for each image the set of points lying on the 

bearing NR, that  and . aO cDaD
 

( ) ( ){ yxfOyxD NR
aa

NR ∈= ,:,   (11) }NR=
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( ) ( ) ( ){ aa

Pc
cc

NR PPfmnOmnD =∈= ,,:,   (12) }a
NRD∈

c
NRD⊆

 
Next we will define the set  of visible points of digital image on 

the bearing NR. 

c
WNRD ,

 
( ){ :, ∈= cc

NR
cc

WNR LDPD   (13) }0>cP
 
Finally we can define the function on contour invariant gd =  that: ( )NRinw

 
( )

DP
inw NRg

c
NR

c
,

min
∈

=   (14) co PP
W

 
For the simplifying the algorithm of the presented method, function (14) have 

been replaced by function: 
 

( ) co PP
DP

k
inw kg

c
kNR

c
,

min
∈

=
W

   ( ) 12,..,1,0 −+= MNk   (15) 

 
where k fNR =

( )mnDc
bk =∈ :,

 it is the bearing at k coastal point of the image 

 and k is an index of the coastal point in the 

ordered series of coastal points. The ordering function can be presented as follows: 

{ NnPc
b ∨=,
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}Mm =
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For the function determining contour invariant for the digital image we can 

define function  determined on the set { }>−+∈<∈= 1)M

) kx = dla 

(2,0: NxRxI , 

than . This function defines contour invariant for the analog 
image. Proposed method of extracting the characteristic points from radar image is 
based on the analysis of the second derivative of the function

( ) gx k
inw

I
inw = (kg

( )xg I
inw .  

As an estimator of this function we may use the following: 
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The second derivative of that function is as follows: 
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The algorithm should be able to estimate  for the σ  in points 

(2,..,1,0 ) 1−+= Nk M  and then finding k, that 
( )kz
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whereλ  allows segregation of the set of potential characteristic points on the 
groups: visible - z  and hardly visible - z . Another parameter of the 

algorithm is σ  . We can say that λ  eliminates hardly visible points from the list of 
characteristic points and σ  prevents generating them.  

( ) λ>k ( ) λ≤k

Finally points: 
 

( ) ( )( ) ( )( NRfkgNRffmn k
a

y
k
inwk

a
xPc ,,,, =   (27) ( ) )kg k

inw

 
are considered as characteristic points of the given radar image. 
Below results of processing the radar image of Gdańska Bay are presented. 
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Fig. 3. Contour invariant of the radar image 
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Fig. 7. Plot of  in  ( )kz ( )M 1−+2,..,1,0= Nk  for σ =0.1 
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Fig. 8. Plot of  in  ( )kz ( ) 12,..,1,0= MNk  for σ =1 −+
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Fig. 9. Plot of  in  ( )kz ( ) 12,..,1,0= MNk  for σ =10 −+

a)  b)  
Fig. 10. Original image (a), points calculated for σ =0.1, λ  =0.01 (b)   
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a)  b)  
Fig. 11. Characteristic points calculated for σ =0.1,λ  =0.5 (a) and σ =1, λ  =0.1 (b)  

 

a)  b)  
Fig. 12. Characteristic points calculated for σ =1, λ  =0.5 and σ =10, λ  =0.01 

 

 
Fig. 13. Characteristic points calculated for σ =10,λ  =0.5 
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CONCLUSIONS 
 

We may draw the following conclusion, it is possible to apply presented 
algorithm to the task of extracting of characteristic points from the given radar 
image. 

Conducted tests revealed that the key parameters are σ  and λ . If σ >1, then 
algorithm consolidates very close characteristic points in one point or moves coast 
line points to wrong places. Thus we decided that value of that parameter should be 
approximately 0.1. 

Presented algorithm may estimate characteristic points or be only considered as 
an auxiliary system for the operator, who finally estimate the location of 
characteristic points let's say by hand. This concerns situation when the object has a 
very large echo, and the algorithm can estimate it as a large object with the bigger 
number of characteristic points.  

Another element of the system which can eliminate additional, impropriate 
points generated by extracting points subsystem, except the user, is identification 
subsystem. It should be able to choose only those points, as base points, which have 
their patterns in the base of knowledge and then what is very important correct their 
positions on the radar image. 
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