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SYSTEMS Field of the invention The present invention
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with scanning sensors in general such as radars,

sonars and medi cal ul trasoundli magi ng equi pnent, and

in particular to the display of received data in such

i nstruments. EvenCQQBDgNATEeTRANSEORMATEDNI be
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basical ly app |ca e I nany system based on acoustica
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FigDd, ok NEhar edveAadighi on or xray radiation.

Background of _the invention Data from sensors such as

radars and sonars are sanpled in polar or spherica
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Background of the invention

Data from sensors such as radars and sonars are sampled in
polar or spherical coordinate systems, i.e. the sensors are
scanning the surroundings with an angularly displaced beam.
In the past, the received data were also displayed in polar
coordinates on Plan Position Indicators using a rotating
beam on a cathode ray tube. However, most modern display
systems are raster scan devices, which operate in Cartesian
coordinate system. The sensor data must therefore be
converted into Cartesian coordinates. The conversion is a
very processing intensive process, and this is in
particular true for sensor systems on a moving mobile

platform.

Prior art systems for coordinate transformation are based

on one of the following techniques:

e Direct mapping of (r,phi) to (x,y) coordinates by
using “on the fly” calculations or by use of tables.

e Use of inverse mapping of (x%,y) to (r,phi) coordinates
by using on the fly calculations or by use of tables.



Direct mapping of (r,phi) to (x,y) coordinates by

using on the fly" calculations or by use of tables.
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by using on the fly calculations or by use of tables.

Use of inverse mapping of (x,%) to (r,phi) coordinates

by use of special circuits such as Pythagoras
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this is not an optimal solution for a system needing real-

time performance.

Brief summary of the invention

It is an object of the present invention to provide a
system and method for fast and efficient transformation of
data from Cartesian to Polar coordinates, i.e. based on an
inverse mapping method. The system and method is in
particular applicable in sensor systems located on a fast
moving mobile platform.

The inventive method employs an algorithm in which
transformation equations are expressed in differential form
involving only arithmetic operations. According to a second
aspect of the invention, the equations may be further
reduced to only multiplications, additions and subtractions
by using a simple differential solver method combined with

a synthetic division method.

The scope of the inventive system and method appears from

the appended claims.



transformati on equations are expressed in differentia
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be further reduced to only nultiplications, additions
and subtractions by using a stnple differential solver
nmet hod conbined with a synthetic division nethod. The
Bcipf déseiiptiomntf vehsydtawimgsl net hod appears from
t he appended clains .Brief description of the draw ngs
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Fig. 3is a flow diagramof the inventive coordi nate
transformati on nethod, Fig. 4 shows a screen |ayout,
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of the invention Fig. 1 illustrates the problem of
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solution. A sensor, which may be a radar antenna that

is continuously scanning the horizon, will provide
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Fig. 4 shows a screen layout, i.e. how the pixels are

presented in a grid system,

Fig. 5 shows an example on a screen layout, presenting

objects in Cartesian coordinates.

Detailed description of the invention

Fig. 1 illustrates the problem of which the present
invention provides a possible solution. A sensor, which may
be a radar antenna that is continuously scanning the
horizon, will provide data in Polar coordinates as
amplitudes versus angles, as illustrated in the right hand
part of the figure. The display system displays the data in
a Cartesian coordinate system as pixels organized in rows
on a screen, as shown on the left. As explained above, the
system may include a processor that transforms the Polar
data into the Cartesian grid needed by the display system.
However, the positions calculated from the Polar data will
not fit precisely into the Cartesian grid, leaving vacant

positions etc.



part of the figure. The display systemdi splays the

data in a Cartesian coordi nate system as pixels
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coordinates. The computational unit 1 calculates the polar
coordinates of each point of interest on a grid in the

Cartesian system.
The system will perform the following tasks:

e The Navigation Unit 3 will check the position and if
any changes have occurred it will update the
transformation table 5.

e The Computational Unit 1 will receive Polar data from
the Sensor 2 and buffer it in the Polar data memory 4.

e The Computational Unit 1 will transform data,
collected from the Polar data memory 4, into Cartesian
coordinates by using the algorithm described below. It
will use the Transformation Table 5 as lookup for
coordinate transformation when the position has not
shifted.

¢ The data will be presented on a Display screen 6.



The Conputational Unit 1 will receive Polar data from
the Sensor 2 and buffer it in the Polar data nenory 4
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Differentiate the coordinates with respect to the x

di rection gives: df dat an(y/ x) -y1l -y -y dx
1.J¥he2Coordinate Transformations

The coordinate transformations needed to map the display

coordinate (x,y) to the sensor coordinates (r,phi) are:
p = atan(2)
X
F=qxt+y°
2. Differential equation form.

Differentiate the coordinates with respect to the x

direction gives:

dp datan(y/x) -y 1 -y -y

dx dx x? 1+(2)? x*+y*) 7l
X

dr _d (x2+y2)_ X X

dx e JGE+yh) T
Using a differential method solver to calculate the
functions along the x-axis will result in simple

calculations without time consuming square root and inverse

trigonometric function evaluations.



1+ (2) 2 (¢ 2 +y 2) 2 x Using a differential nethod

solver to calculate the functions along the x-axis
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consunm ng square root and inverse trigononetric

function evaluations.b 3 . SoPving differentia

equation using Mdpoint nmethod A sinple m dpoint

Bet Hollvéihgwdib§puenitiad eguatdonetbddgb¥idpeoanitt method

requires a mnimum of cal culations. f(x + 2K) = f(x) +

2hf' (x_+ K ) This will require the follow ng,
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normal |y chosen to be the sane as the pixel resolution

of the display system 4 . Synthetic Division In order

tfQx - bef (3 p&éd’'(up H)he cal cul ations divi sion can be

avoi ded by using synthetic division in a

Newt on- Ral phson iteration. As an initial value for

Theési nielseecprarpr sbedifnglontegseadgnlbeianed: rinv(x

+ h) rinv(x) *(2 - rmv(x) *r(x + K)) where rinv neans

Ur. It furthe*meguracy is required, one nore
#K%?gﬁgﬁﬂxéﬁﬁ;gggzpérforned.

% ], %
P+ 20) = r(x)+ R

r(x+h)

h is normally chosen to be the same as the pixel resolution

of the display system.

4. Synthetic Division

In order to further speed up the calculations division can
be avoided by using synthetic division in a Newton-Ralphson
iteration. As an initial value for the inverse the
preceding inverse can be used:

rinv(x + h) = rinv(x) * (2 — rinv(x) * r(x + h))

where rinv means 1/r.

If further accuracy is required, one more iteration can be

performed.
rinv(x + h) = rinv(x + h) * (2 —rinv(x + I) * r(x + h))

In practical use with normal accuracy requirements this is
not needed.

Fig. 3 i1s a flow diagram illustrating the steps performed
for coordinate transformation. The inventive method is

based on finding the absolute position of the picture



rinv{x+K) =rinv(x + K) *(2-rinv(x+K) *r(x +K)) In

practical use with normal accuracy requirenents this
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the steps performed for coordinate transformation. The

i nventive nmethod is based on finding the absol ute

position of the pictureelenments in the received data
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geerdefledpon. Then, the polar coordinate val ues
corresponding to the first two poi nts of the first
scanline is found, step 300. Fig. 4 shows the | ayout
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each scanline t two first coordinates
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position (nx, ny).

If we return to Fig. 3, step 300, for each scanline the two
first coordinates can be calculated by using atan2 and
square root calculations. The time needed for this is
insignificant and can be avoided by calculating and storing
the two initial points for each scanline by using the same
differential method rotated 90 degrees.

In step 400, the position corresponding to the next
scanpoint is calculated using the midpoint method as
explained above. This is repeated until all scanpoints in a
line has been found, step 500.

In steps 600 and 700, a test is made in order to decide if
all scanlines have been completed. The outcome of the test
decides if the process is to loop back to step 300 or, if

all points has been found, to return to loop 100 and await

a change in position or scale factor.



In step 400, the position corresponding to the next

scanpoint is calculated using the mdpoint nethod as

weoxpl7anaes above. This is repeated until all seanp@2misa00292
in a line has been found, ste? 500. In steps 600 and

700, a test is made in order to decide if al

scanl i nes have been conpl eted. The outcone. of t{he test
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tbdat| points has been found, to return to | oop 100

and await a change in position or scale factor. The

nmet hod may al so be described in the foll ow ng pseudo

code:y3¥lq; h2=2*h; /*(h is horizontal pi xel size)*/

for WZ‘%*ﬁaX;’KW%Sth%nl’d] qul */vertlcal pi xel size*/

/* Initiaté the two rst ) cal cul ati ons*/
phi (0, ny) =at an2(y, x(0)); phl (1 ny) =at an2(y, x(1));
r(O)nho}n ﬂo%é>(|@)e§><1(0)+y y); rg%) Ur(1): hay=h2

n S in =1/r ; =h2*vy;
fo?/ nxgﬁ'yl( |y%@pe¢&?héél Xﬁ{/fﬁfg//—ri nv(nx- 1 d d
) * ( 2- r i M\nfitiatelthp tworfics) (r,phBicaldutadjonsthv ( n) *ri nv(n) ;
phi ( nx+ (d%?,) rfggz gor? ny) -h2y*r2i nv(nx); r(nx+1

, ny) =r (‘"x *rinv(nx X( nx+1) =x( nx) +h;
V) (ph|(1 ny) atan2(yx (nx): x( ) =x(mx)

r(0,ny)=sqrt(x(0)*x(0)+y*y);
r(1,ny)=sqrt(x(1)*x(1)+y*y);
rinv(1)=1/r(1);

h2y=h2%y;

for nx=2,linelength-1
rinv(nx)=rinv(nx-1)*(2-rinv(nx-1)*r(nx));
r2inv(nx)=rinv(n)*rinv(n);
phi(nx+1,ny)=phi(nx-1,ny)-h2y*r2inv(nx);
r(nx+1,ny)=r(nx-1,ny)+h2*x(n)*rinv(nx);
x(nx+1)=x(nx)+h;

end
end

An example of a resultant screen picture is shown in Fig.
5.



end end An exanple of a resultant screen picture i s
showmni nFig. 5.Cl ai ms 1 . A sensor system
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a sensor supplying data in Eolar coordi nates, a

pol ar data nenory (4) in which said sensor data is

stored, a navigational unit, (3) adapted to provide

position information for Sa & bBs®rvation platform a

di splay unit (6) adapted to display data provided from

ga' d ﬁegéﬁgoFsgggtghsﬁlaQXt%a! nPgh ”ggée&%‘c%nséi‘gtfom,
évi ce operating in a Cartesi coordinate
@dhﬁUf@t¢dhaHf&nZﬁ<€1)ladapted to convert a Carte5|an
coordi nate of a point for display in said display unit

(6) into a Polar coordinate _and retrieve sensor data
éaﬁﬁéspérS§§P&YP89aﬁa$éoﬂ&|ﬁ&@érfFSHFgéPétPéhar dat a
menory and prOV|de sald sensor data value to said

di spl t f bl d
R I A R

ctoreddnat e for display of subsequent sensor data
values. 2 . A nmethod for displaying Polar sensor data
on a raster scan dlsplay devi ce operating in a
eanpEspal iopeddipdte (SysedaPtes §onPrryddenpogditign

CamvenbitRgnCabieshan cPkahaaties of stirspdy points
into Pol ar coordinates, characteri zed i n mapping the

Cartesi an coordi nates
a display unit (6) adapted to display data provided from

said sensor, said display unit being a raster scan device

operating in a Cartesian coordinate system,

a computational unit (1) adapted to convert a Cartesian
coordinate of a point for display in said display unit (6)
into a Polar coordinate and retrieve a sensor data wvalue
for said Polar coordinate from said Polar data memory and

provide said sensor data value to said display unit (6),

a transformation table (5) adapted to store said Cartesian
coordinate and said Polar coordinate for display of

subsequent sensor data values.

2. A method for displaying Polar sensor data on a raster
scan display device operating in a Cartesian coordinate
system, said method including: Converting Cartesian

coordinates of display points into Polar coordinates,

characterized 1n mapping the Cartesian coordinates

to Polar coordinates conversion as differential equations,

integrating said differential equations in order to produce
said Polar coordinates,



to Pol ar coordi nates conversion as differenti al

equations, integrating said differential equations in
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sensor data values for said Pp)ar coordinates, and

di spl ayi ng said sensor data va ues in said Cartesian

oar di.nat spl ay . po nmet.had .as c¢l ai ned _i.n

% g ?}1 5 g’ﬁoa fj%écac vtatlélels iCoF ga&d] %ﬁlfaﬁatcoéjarﬁgnates’ and
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I c rection, where (r, f ) are

ggbgrdlg%gr%dpﬁa es y:r%) ?‘t 'y) are Cartesian

coor di nat es. . Anethod as clained in claim3 ,

ghar agt ﬁ\érthéadals R1bhaldsahd cequal bons are integrated

using the follow ng rel ationshi ps: ((x + 2h) =f(x)- n

r(x + h) 2*h*(x + h) r(x + 1K) =r{x) +r(x + h) h

beh mgrtehe Ppexell resdl utlimntahbtsaeddddifglifayennibl Bqualions

hod as clainmed in claim4 , characteri zed i n
using synthetic division in a New on- Ral phson
|C}erat| on in order to avoid direct divisions .

&
a_x
dx

with respect to the x direction, where (r,¢) are Polar

coordinates and (x,y) are Cartesian coordinates.

4, A method as claimed in claim 3,

characterized in that said equations are

integrated using the following relationships:

2%¥h*y
@(x+2h) = p(x) - W
_ 2%h*(x+h)
r(x+2h)=r(x)+ —r(x Ay

h being the pixel resolution of said display unit.
5. A method as claimed in claim 4,
characterized in using synthetic division in a

Newton-Ralphson iteration in order to avoid direct

divisions.



