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MODELING REAL-TIME INTERACTION
BETWEEN GIS DATABASE AND MARINE RADAR

Interacting between Geographic Information System (GIS) database and an image generated by the maritime
radar sensor is a challenging task. In this paper two methods of possible real-time interaction between a radar sig-
nal and GIS will be described. Marine radar sensor can be placed on the moving platform, such as an object float-
ing on the sea or can be positioned on the land for the coastal surveillance. The result of the radar sensor work is a
bitmap produced by the original DSP based radar processor. Both mentioned methods could be considered as intel-
ligent filters. One-method implements the filter like a surface mask based on GIS data, which splits raw radar signal
in two categories (from land or from sea). Another method is focused on classifying detections, which are the results
of the point-like detector. Commercial PC-based equipment is used. Both methods are implemented in a real system

and can be used while the radar is operating.

Keywords: video image processing, radar image processing, Geographic Information System.

Introduction

We are the witnesses of the fact that almost all
modern marine radars have the option to present inte-
grated Geographic Information System (GIS) [1 — 3].

The GIS information is typically stored on memory
media in the format of a bitmap, a coastline vector, the
areas of closed polygonal lines, the characteristic points
etc. In the modern radar implementations with GIS option,
it is usually possible to selectively display the offered GIS
content on the radar screen as given in the more detailed
explanation [4-7]. Usually, there are no interactions be-
tween the GIS and radar sensor produced image.

The image on the display is obtained by overlapping
images of preprocessed radar signal and the image based
on GIS. The GIS image is formed through the selected
objects from the database taking into account the current
position and one reference angle from sensor aligned to
the north. In this paper, an effort is made to make some
level of interaction between the raw radar signal and GIS
system, with the focus on work in real time.

In practice, there are lots of problems, which cause
that engineers avoid mixing radar signals with the GIS in
real time. When we speak of the conventional marine
radar operating in a pulsed mode (carrier frequency, am-
plitude-modulated pulse), the resulting image is the out-
come of the received part of the reflected energy, which
is a function of geometry of the object, the antenna radia-
tion pattern, the rotation speed and the pulse frequency.

The resulting image is quite distorted compared to the
real situation. In recent years the need for a commercial
began to appear, such as implementing Frequency-
Modulated Continuous Wave (FMCW) radars with the less
distortion of actual natural scene. There has been a prob-
lem in determination of the position of the radar sensor, in
addition to the nature of reflecting, geometry, composition

and angle of exposure to EM energy of the observed ob-
ject. Those problems are related to the level of position
precision, the longitudinal and lateral angle of the platform,
when the radar is installed on mobile platforms - ship,
plane, and direction of antenna radiation pattern.

Regardless of these problems, this paper will pro-
pose two new methods of the interaction of raw radar
signals and GIS. Those methods are introduced in
[13, 14]. The test platform is used in the form of sta-
tionary radar sensor where in one case we consider an
area near the radar sensor (Figure 1) and in another the
entrance to the harbor of one Mediterranean town (Fig-
ure 2).

In Figure 1 the location of the radar sensor is in the
center of the white circle. Despite DSP processing, there
can be seen a remaining non-linearity near the sensor
(the white circle in the center). On Figure 2 the distance
between the sensor in the second case and the observed
region is about 13 nautical miles (24km). From the raw
radar signal (logarithmic video, the rotation angle of the
antenna and the sync signals) the original DSP-based
system generates a bitmap that corresponds to the con-
ventional radar image.

The radar signal processor forms a series of im-
ages like on Figures 1 and 2, for each new antenna
rotation. The reflections obtained from radar are
placed in the two-dimensional matrix (bitmap) where
each location (x, y) is colored gray, representing inten-
sity of the reflected signals from white to black from
objects in the environment.

The database for GIS used in this work was ob-
tained by manually tracing the visible coastal edge on
the Internet application with Goggle Earth.

The coastal line is perceived in this way, which is
an imaginary line, which represents the margin between
the water (sea, rivers, and lakes) and the mainland. On
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the marine charts, the line between water and the shore
is delineated during the lowest water level (low tide).

Figure 1: Present selection taken
from bitmap near the location of radar sensor

Figure 2: Present selection taken from bitmap at the
distance of about 13 nautical miles from radar sensor

In this paper two methods for classification of sig-
nals received from radar sensor for observing the sea
surface are presented. An attempt was made to make
intelligent classification of point objects to identify only
the objects that are on the sea. The result of this work
makes it possible to carry out mixing preprocessed radar
images and GIS. The actual implementation of both
methods is made and it works in real time. They can be
used while radar is working. Similar image processing
methods are used in different area as shown in [7 — 13].

In one method detected features are compared with
GIS based bitmap mask in order to find the solution,
depending upon whether detected features belong to the
sea based objects or to the inner coast.

Another method is based on the estimates of the
statistical parameters of the radar image. These esti-
mates help to perform the intentional contamination of
the original radar image in order to make the task easier
for the feature detector.

Method

Point-like objects detector. Over the bitmap shown
on Figures 1 and 2 an attempt is made to detect details
that look like points. In pattern matching algorithms,
usually the initial task is to solve a problem by minimiz-

ing sum of square difference (MSSD) between an image
in a bitmap form represented with matrix A (X, y) and
template matrix T in well-known form given in Formula
(1). The main goal is to find locations with the minimum

s(px , py) , which the sum of squared differences.

S(px’py):
APy +mye.py +my) =) (1)

My ==y My=—0y —T(O)X + mx,(l)y + my)

There is normalized form of Formula (1) and is
given by (2) and is well known as normalized cross cor-
relation. This pattern/template matching method is
commonly used in the feature extraction algorithms for
bitmap images processing.

The value of the expression (2) is in the range

-1< s(px,py) < 1, where the maximum negative val-

ues of s(px,py) correspond to the good matching with

the original pattern, and positive values match with the
inverted pattern.

For the purposes of this paper the template that
looks like matrix, shown in Formula (3) with 3D surface
as in Figure 1, was chosen. This template roughly re-
sembles a bit mapped point.

8(px'py) = P/\/al )]
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Over matrix A (x,y) calculated is matrix

g(px,py) for each pixel within the bounds
Wy < Py < Max(x)— oy

and oy < Py < max(x) - oy
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Figure 3: Surface diagram representation
of matrix T (k, I)

The results are compared with some predefined
threshold T.. All values lower than T, are taken into

consideration and marked as squares or circles on
Figure 4 and 5 respectively.

If the hypothetical human radar operator would be
watching for a long time (several days or more), he
could note that some of the detected objects are station-
ary and some not. In this way, we got a lot of detections
that do not show the nature.

Intuitive thinking may lead to the conclusion that
stationary reflections belong to an object on the shore or
a fixed object on the sea level. Non-stationary detec-
tions probably belong to some movable objects on the
sea level.

Figure 4: Squares mark positions after point-like detec-
tion using Formula 2 over the image on Figure 1
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Figure 5: Circles marks positions after point-like detec-
tion using Formula 2 over the image on Figure 2

GIS based coastline. If we draw the coastline
based on the previously mentioned GIS database we can
get the Figure 6 and Figure 7.

Intuitively we know that the upper part above the
line belongs to the objects on the sea level, below are
objects on the land.

Figure 6: Shows original bitmap like in Fig. 1.
With added GIS based coastline. Area above line
belongs to sea part below line is coastal part

Figure 7: Shows original bitmap like in Fig 2.
With added GIS based coastline in harbor area.
Area above line belongs to sea part
below line is coastal part

Filtering of detected objects according to GIS
based mask. One solution to make system that has in-
teraction between GIS and the radar-based bitmap is to
make pixel-oriented memory based mask with one-color
pixels and to cancel all detections located over pixels
with this color. For the purpose of this paper, the choice
is made to use white colored pixels over the land area.
Figure 8 shows the situation where the land area from
Figure 2 is colored white and then added to the results
of detections shown on Figure 5.

The common characteristic of this approach is
that the resulting detections are filed into memory
set. The number of detections over the land is rela-
tively high. The problem is that the border between
land area and sea is too sharp, so that the detected or
undetected objects near the coastline are unclear. An-
yway with this solution, the number of detected ob-
jects over the land is significantly reduced. With this
step of reducing the number of detections, within
other blocks inside the radar processing system,
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which are responsible for tracking, filtering and kin-
ematic parameter estimation, working task is easier.
In other words, there is lower chance to saturate ra-
dar-tracking system.

a~ao
B9
&

Figure 8: GIS based masking — shows canceling
detections over land (colored white)

Masking original signal. Another solution sug-
gested in this paper is based on the methods of statistical
analysis of the bitmap based on a radar image.

Over the entire input, bitmap has to determine the
mean signal value like function of distance from the
sensor by Formula (4).

f(r.k) =
=fi(rk-1)+k - [A(r)-f(rk-1)].
In formula (4) r is the (hypotenuse) distance from

the sensor position like in Formula (5) and K is the pixel
position index.

(4)

2

®)

Using Formula (6) we calculate the overall image
variance.

r= \/(X - Xsensor)2 + (y - ysensor)

1N 2
c= JWZ(A(') - Htotal) : (6)
TTi=l
In formula (6) Number N corresponds to the total
number of pixels A(i), the value of pixel at index i and
Uiotat Mean value over the whole bitmap.

To all pixels, which are below the coastline includ-
ing the line itself, assign a value using a pseudo random
generator with normal distribution, Listing (1).

In this way we will get a picture on Figure 9,
which still has the dynamics of the original radar images
but with the deleted reflections from the coastal-based
objects.

If we try again the detection of point-like objects
as in the previously described method, we will get the
result like in Figure 10.

double randn (double m, double s)
{. .
inti;
double ret;
double sum=0.;
for (i=0;i<12;i++){
sum+=rand();
}
sum/=RAND_MAX;
sum-=6.;
ret=s*sum-+m;
return ret;

}

Listing 1: Model to generate pseudo-random
variable with normal distribution,
where m is the mean value and s variance.

Figure 9: Presents the resulting picture after the original
signal has been masked with normally distributed pseu-
do random noise

Figure 10: Squares marks detected positions, which cor-
responds to the required pattern like on Figure 3

Conclusions and discussions

Two possible approaches to organize interactions
between radar image and GIS are presented.

Both methods are realized and tested on an exper-
imental platform. An image like the one on Figure 8
presents the result of one method. The other one is
shown on Figure 10.

The first method introduced too sharp border be-
tween the coast and the sea. In practice, this is not al-
ways the case. It is possible to avoid problems with bor-
der points that disturb the quality of detection, based on
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the method of normalized cross correlation, by introduc-
ing noise masking.

Both methods show that the number of point-like
detected objects is drastically reduced. Both methods
can include the preparation phase at the beginning of the
radar processing work for the stationary sensors (fixed
positions). If the sensor is moving, then we have to set a
special working task in the background of the main task
or in a parallel processor.

Another problem is the definition of the previously
specified threshold. Intuitive setup includes engagement
of an expert in the given field.

The change of the parameters in the environment
(rough seas, no homogeneity, humidity, rain, rain
clouds) can significantly degrade the model that was
obtained by an expert participation.

Problems are the objects that are close to the coast-
line. These problems objects are the subject of further
research in this area.

For the future work, one can consider application
of fuzzy methods, e.g. in [12].
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PenensenT: xaua. ¢i3.-mMat. Hayk, c.H.c. O.0. Moxaes, Harri-
OHaNBHUIT TexHIYHUH yHiBepcuTeT «XI1I», Xapkis.

MOIEJIMPOBAHME B3AMMOLEMCTBUS BA3 JAHHbBIX TMC U MOPCKMX PALLAPOB
B PEAJIbBHOM PEXXMME BPEMEHM

3. xopxeBuy

Opeanuzayus 83aumMo0eticmaus mexncoy 2eoepaghuieckoll UHGOPMAYUOHHOU CUCTNEMOT U U300padiceHuamu, opmupyemvl-
MU MOPCKUMU PAOAPHBIMU OAMYUKAMU, ABNAEMCS CLONCHOU 3a0auel. B cmamve onucanvl 08a Cnoco6a 603MOHNCHO20 83AUMO-
deticmeus 8 peanbHom epemenu medxncoy cuenanom padapa u I'UC. Mopckue padaphvie damyuku mo2ym Oblme pasmeujeHsvl Ha
noosudICHoOU naamgopme, niasaroujeli 6 Mope, Ui Mocym Ovimb PACnONIONCEHbl HA 3emie 05l npubpesichoz2o nabmooenus. Oba
ONUCAHHBIX MemO0a MOICHO PACCMAMPUEAMb KAK UHmMeNlekmyanshvie gunompsl. OOun memoo peanuzyem Quibmp, Kak no-
sepxnocmo Ha ocnoge I UC-Oanuvix. Ilpu smom ucxoouvitl cueHan padapa pazousaemcs Ha 08e Kame2opuu - Om 3emau Ui u3
Mops. [Ipyeoti MemooO OpUeHmuposan Ha oOHApY’CeHUU U KIaccu@urkayuu Ha ocHoge moueunozo oemexkmopa. Oba memooa
Peanu306ambl 8 PeaibHOU cucmeme u Mo2ynm Obinb UCHOAb306AHbL NPU pabome padapos.

Knruesvie cnosa: 6udeo obpabomka uzobpadxiceHuil, oopabomra paouoioKAYUOHHBIX U300padxiceHull, 2eoepaguueckas
uHGOpMayuoHHas cucmema.

MO[IEJIFOBAHHS B3RAEMOAIT BA3 OAHMX TIC | MOPCbKMX PAOAPIB
B PEAJIbBHOMY PEXXMMI HACY

3. JlxopkeBia

Opeanizayis 63aem00ii Midic 2e02papiuno0 iHHOPMAYIIUHOI CUCMEMOIO | 300PANCEHHAMU, 3POPMOBAHUMU MOPCOKUMU PA-
OapHuMu 0amMuUKamu, € CKIaOHUM 3a80aHHAM. Y cmammi onucani 08a cnocoou Moxcaugoi 83aemooii 8 peanbHOMy Haci Midic
cuenanom padapa i I'IC. Mopceki padapni Oamuuxu moxicyms 6ymu po3miwgeni Ha pyxomiti niamgopmi, wjo niasae 8 mopi, abo
MOdHCYyMb Oymu po3mawio8ani Ha 3emai 015 npubepedicnozo chocmepedicens. O6U08a onucanux mMemooy MOHCHA PO32NA0AMU AK
inmenexmyanvhi @inempu. Ooun memoo peanizye inomp, six nosepxuio na ocnogi I'IC-0anux. Ilpu yvomy uxionuii cuenan pa-
dapa posbusacmocsa Ha 08i kamezeopii - 6i0 3emuai abo 3 mops. Inwuti memoo opicnmosano Ha @usenenHs Ul Kiacugikayio Ha
O0CHOBI MOYK06020 Oemexkmopa. Memoou peanizosani 6 peanbHitl cucmemi i MOACYMb 6ymMu UKOpUCMAHT npu pobomi padapis.

Knirouogi cnosa: sioeo 0bpobra 306padicens, 06pobKa padiorokayiinux 300pasicensv, ceoepadiuna ingopmayitina cucmema.

15


http://www.ijbem.net/

