WO 2004/ 070415 PCT/ NO2003/ 000032 1 A nethod for. evaluating and
controlling a radar installation Field of the invention The present
invention relates to the field of radar technology, and in particular a
met hod for the calculation and presentation of a terrain profile for the
pur pose of WRWAHWAHISng a geographi cal site, and contr oPCENE2SHEWANE ng
pattern-of a radar fromthe terrain ptofile: Technical background Wen
positioning a | and-based radar which purpose is to scan the horizon around
a geographical site, it is often practical to know at which elevation to
start scannimngethdbi Soreyvanataay awai dospesidiing & kedseanni ng directly
into e.g. qﬁ%@%@iﬁ%i Cne possible solution is for the radar to initiate a

search in elevation fromthe highest allowed el evation and down)
for the horizon, t¥p|call on a sector-by-sector basis, and detect where
t he ground éﬁﬁﬂﬂeﬂ—LEQ%Liéﬂﬂﬂﬁﬁﬁlo be significant. A radar can get a
certain anount of false echo above the. horizon (e.g. birds,

second- ti Me~dfy FQ@s@ﬁbolﬁé&E‘El%rlstr%%teQ'@@eéne %l%)ldmﬁakcba@w set the
hori zon hi gher than necessangEﬁ_one imes radar echo are al so suff|C|entIy
[

absor bed byt§ﬁWFBﬁH€Vnga?%r% dHhaF Y 2% R BRICEEEUCGwer t han
requi red. Ram psrewntadidwep Tan talrseiafpectisudvra tieapureementaf | n

addi tion a ragdan .0t hena "o APmicMi 2090 dalgchi @fe scanning

pattern of a radar from the terrain profile.

Technical background

When positioning a land-based radar which purpose is to
scan the horizon around a geographical site, it is often
practical to know at which elevation toe start scanning.
This way one can avceild spending time scanning directly into

e.g. mountains.

One possible solution is for the radar to initiate a search
in elevation (e.g. from the highest allowed elevation and
down) for the horizon, typically on a sector-by-sector
basis, and detect where the ground clutter level starts to
be significant. '

A radar can get a certain amount of false echo above the
horizon (e.g. birds, second-time-around echo from distant
planes, etc} which may set the horizon higher than
necessary. Sometimes radar echo are also sufficiently
absorbed by surrounding terrain so that the hoxizeon may be

set lower than reguired.
Rain, snow and fog can also affect such a measurement.

In addition a radar often has a minimum range of detection.
This result in objects which constitute part of the horizon
and being "tco close" blocks the view without the radar
detecting this.




This result in objects which constitute part of the horizon and being "too
cl ose" blocks the view without the radar detecting this. WO 2004/ 070415
PCUN0O2003/ 000032 2 Another inportant issue in mlitary applications is
El ectronic Warfare where radar silence is an inportant counter measure.
Thi s nmeans WHH48EHSch el evation have to be found w t REUNOS#GORhe radar
actively. Brief summary of the inventfon Thus, it is an object of the
present invention to provide a nethod for eval uat i ng the terrain around a
radar site that 1is quickly perforned without relying on the radio
properties ofndtfhewr ddaoriastaléaid dm nAdothey @fjeiciadisnkoiprovi de a net hod
that can be @fgét%m@ ik EDpUL el 3uag LA SRLEI S Qhpbhe, fadar. These
edin e dBaf BFR T

obj ects are net claims. In
essence, theC?Pé“ttf?&dH@BﬁﬁF?se%h%% me@éiscﬁhé*ﬁes‘%éﬁ’ed? Waﬁépnzbﬁv%rmnd a
radar site fhomMahor edthbetrasinel@vatrbaari adoiveti.on. Brief description of

the drawi ngs The invention will now be described in detail in reference to
t he appendeddravvl ngs in Whl ch Fi g. 1 is a diagram showi ng a sector of the
terrai n ar outid-SL EY P L8368 ti ons of the points in which the

el evation of the terraln |s cal culated. Fig. 2 is a schematic view of a
radar i nstald.lﬂ_\té oqtvmlgh %IQ&T: % gggégggenfn‘;e%trtﬁper orm n‘tgfa(* %
i nventive net i agram show ng eps
hod for evaluatlng the terrain around a radar 51te that
is quickly performed without relying on the radio
properties of the radar installation.

Another object is to provide a method that can be performed
without betraying the presence of the radar.

These objects are met by a method as defined in the
appended patent claims. In essence, the method comprises to
calculate the radar horizon around a radar site from stored

terrain elevation information.

Brief description of the drawings

The invention will now be described in detail in reference

to the appended drawings, in which
Fig. 1 is a diagram showing a sector of the terrain around
a radar site and the positions of the points in which the

elevation of the terrain is calculated.

Fig. 2 1s a schematic view of a radar installation with the

necessary equipment for performing the inventive method.

Fig. 3 is a flow diagram showing the individual steps
performed in the inventive method.

Fig. 4 is the resultant radar horizon in front views.




performed in the inventive nethod. Fig. 4 is the resultant radar horizon in
front views. WO 2004/070415 PCUNO20031000032 3 Fig. 5 is a section along
one of the sectors in Fig. 4, illustrating howthe resultant profile is
obtai ned. Detail ed description of the invention._The invention consists of
a net hod f OYOdWHPW4Si ng a radar horizon around a radaPCENO203/TUWES2r adar can
then inport this information and use3it for setting up a scanning pattern
that avoids the transm ssion of energy into the surrounding terrain. The
met hod is perforrred on a conputer that, froma given position, divides the
surroundi ng ¥egr di s at eesettwralodd oneael sectoscwbiunherigf gal cul ation
poi nts are chosehzadiagerloan: sl mis geaueLLLenl, conslderaticns, In each

cal cul ati on point the radar searc evat on angle a48Peul ated from
terrain altitude information stored in a database. Fig. 2 shows the
process. Theleonpuidedeconsptisn dthehdatabaseidor each cal cul ation point. If
the angle is greater than the previous angle in the current sector, then
this angle is stored as the greatest angle. The reason for this is that a
near by obj ect?® &AyetAeRsHANFLH; S 19F 7 gRERod skl walaaitanges vijact fart her
away, e.g. ehomimrnaiamoiind &hesdhStainee. THBersdOF athrangled kspbovestiangl e

t he sweepi ng; u i ordere £ 0 the terrain in s sector. The
suite of stolre%%a@%n ﬁd ?(? Jgt:cft ors%lgg%é r ed ~ CONST Pt B?E&eg‘ "radar
hori zon" for it &VpaFei EB?aFr%‘F%T'éISSFW@ of abRRF B derivoitheomuraeundiery be
present ed f oretdeanr.adar

The method is performed on a computer that, from a given
position, divides the surrounding terrain into sectors. In
each sector a number of calculation points are chosen,
based on simple geometrical considerations.

In each calculation point the radar search elevation angle
is calculated from terrain altitude information stored in a
database. Fig. 2 shows the process. The computer consults
the database for each calculation point. If the angle is
greater than the previous angle in the current sector, then
this angle is stored as the greatest angie. The reason for
this is that a nearby object, e.g. the small hill, might
“shadow” a larger object farther away, e.g. a mountain in
the distance. The stored angle is lowest angle the sweeping
ray may use in order to clear the terrain in this sector.

The suite of stored angles for all sectors considered
constitutes a “radar horizon” for this particular site. The
calculated horizon can then be presented for the radar
operator and the radar scanning pattern can be adjusted
accordingly, either automatically {i.e. directly), manually
(i.e. operator confirmed) or semi- —automatically (i.e.

directly but where the operator can adjust manually at a
later time).




operator and the radar scanning pattern can be adjusted accordingly,
either automatically (i.e. directly), manually (i.e. operator confirmed)
or sem-automatically (i.e. directly but where the operator can adj ust
manual ly at a later tine). WO 2004/070415 PCUN0O20031000032 4 The

cal cul ati oV 30081 r ned ei ther as a separate program PEI/NQSN0REME320f an

al ready existing programon the conputter where access to a suitable set of
terrain altitude data on a digital format is required. This terrain data,
e.g. DTED, can be stored in a conventional or proprietary database,

prepr osessedheogabrhertiiiose 1 Soper Aormed BTED e opAme oupaiake TOLITBNL

connected tor btBepdivest izen al(r@‘aEEP eBD Gt} ptegkannon Bhevaldncbata, METRIC
M L- PRF- 8902

g Tgceesl attoer B E %%I cuI arI t|edealma§ #]t LE oV %es for the
user of the PRYENTTOR T 0 add flu t TOr I FeRAFA Wit R Y detart'i ng | evel
for the area 6toimlerzmaiy tlﬁoﬁ?quéq%ﬁl-rﬂﬂ‘gs éegépana@@temcﬁ g-FPgEPe 1 shows
how the cal @:l-:{habéoé'*tcﬂﬁé&tﬁl ar ecahegefon it mxnprapwgt@f cﬁ\ﬁﬂibatsﬁ the radar

site, the altitude is ec% fromthe .datab a?)(i%f r%s lagallne
goi ng out waPd® PF%n?S?% toe NWaReve?” the G PARce HEledh 5& &dge of the
sector and ©He h@%rmnmaﬂ tgr olbet boveyrtdan t(ﬁ@Eﬁunﬁwlf'eﬁl Teairedhat i on

branches isEilaeggg&emgmérom@TR‘g‘_\henmmeomgcurs, t he cal cul at ed val ues
in parallel points (i.e. in points at the sane range in parallel branches)

are conpar gd, %Qetépel hi,ghest ¥alys ehasen A9t B YahUg £deRkesenting this

particul ar rang
user of the invention to add further terrain data with the

detailing level for the area of interest without reguiring

a separate tool.

Figure 1 shows how the calculation points are chosen within
a sector. Near to the radar site, the altitude is fetched
from the database in points along a line going outward from
the site. Whenever the distance between an edge of the
sector and the nearest point grows too great the number of
calculation branches is increased by one. When branching
occurs, the calculated values in parallel points (i.e. in
points at the same range in parallel branches) are
compared, and the highest value chosen as the value

representing this particular range.

in particular the following parameters are considered:
* Bbsolute geographical position of origo

¢ Sector width

¢ Number of sectors (ie. the total view)

¢ Azimuth offset

¢ Max sector range; the length of each sector from the

observation point




In particular the foll ow ng paraneters are consi dered: Absol ute

geogr aphi cal position of origo Sector wdth Nunber of sectors ie. the
total view Azimuth of fset Max sector range; the length of each sector
fromthe observation point WO 2004/070415 PCT/N02003/000032 5 Stepsize;
t he di st ande0 8¢ KE¢ls each sanpled point from the alti POH8OYWSBIEEe (LSB in
Fig. 1). The stepsize is chosen depefident on the resolution in the
altitude database and the general calculation performance desired. From
these initial parameters the following is calculated: Nunber of

cal cul ati ons® ( §teps}zén Wre Jatthncehbstwadrueachs saabwdia;&@ﬁﬂf Rt he

stepsi ze and segtogim dide d%?éfa%%%er(ﬁsé n; t'}3":19' nH'ﬁ't %%Ci@el ggk up in
aI on h (or a

t he altltudedtabas %sm{jr)ce ever%/ step Ient

line) inside tﬁ CEBt BTP U tol’?etgteef)% %]éltﬂoi“nﬂfl tRerabelefe The stepsize
limt is reachedtabese tdred tliedglnetal heaseOtadr onspgkeat®inddhan t he

hori zontal cel hes$iZ€. in the altitude database. Nunber of branches; this
value is calculated fromthe stepsize, max sector range and stepsize

xi ot ng par S TLIESSeart PEe St Tt enE e Gor PHAS pér o fetat Branch
whi ch neans that the nunber of parallels is increased by one.

Number of calculations (steps) in one path; this value

is calculated from the stepsize and sector width

parameters in the input data. Each look up in the

altitude database is done for every step length along a

path (or a line) inside the sector until the stepsize

limit is reached. The stepsize limit is reached when the

width of the sector is greater than the horizontal cell

gize in the altitude database.

* Number of branches; this value is calculated from the
stepsize, max sector range and stepsize parameters in
the input data. When the stepsize limit is reached for
all existing parallel paths (if any) then the algorithm
performs a branch which means that the number of
parallels 1s increased by one.

* Number of parallel calculation paths; this value is
calculated from the stepsize parameter in the input
data. When the look-ups in the altitude database for the
parallel paths do not cover the width of the subsector,
it is increased by one. The parallel paths have the same
azimuth and number of calculations on the path, but
displacement sideways is different.

s Displacement; a function of the previous parameter.

Fig. 3 shows visualizes the individual steps performed in
the procedure for evaluating a site.




Nunmber of parallel calculation paths; this value is calculated fromthe
stepsi ze paraneter in the input data. Wien the | ook-ups in the altitude
dat abase for the parallel paths do not cover the width of the subsector,
it is increased by one. The parallel paths have the same azinuth and
nunber of &b 2004/804186ns on the path, but displacenent BCUNQZNE0ES2
different. Displacenent; a function &f the previous paraneter. Fig. 3
shows visualizes the individual steps perfornmed in the procedure for

eval uating a site. WD 2004/ 070415 PCT/ N02003/000032 6 A geographi cal point
i s cal cul at ed dppdireppiingl t benigh,s icalcnésted lor deropinhhetnusigr, dfn br anches,
nunber of patseld sraapyl AMINAkAL: SleenSanbfls o 'ekg {dllsowi ng

procedur e |S(Perf rmed. Based qn the _azim range

di spl acement™d " ﬁngFn%Y?QﬁlfQQﬁﬂF68PaP°%QF(Eﬂ%eiﬂléﬁwéB%rEﬁ9ﬁﬁ4¥§els

per f or med. Fhi§ﬁgﬁ@ém6é geographi cal coordinate relative to origo. For this
point the terrain altitude is retrieved fromthe hei ght database (see fig.

2). This al tBdsude obsthst 82 efhi N vrle rahde- vh@wierdiainpepthde, if it is the
hi ghest al titude The, el evat i on cal cul ated as:
ar ct an a|€%#h§§??§ﬁ%ggg £%£9§) §&nt ﬁ%ﬁ?e%fQQJQQgggﬁpgg?%U§shlghest
eIevatlon f eriogaedectois 9¥ves g gepﬁéamhgﬁé%thqrdlgaSBoreibhxveatbront-
vi ew terrai moirgef.i Fexr Fhis goinhitheprocesus exliss e repeatedfy all points
and for all from the height database (see fig. 2). This altitude is

stored in the side-view terrain profile, if it is the

highest altitude for this range. The elevation is then

calculated as:

arctan (altitude/range)

and is then compared to the previous highest elevation for
the sector. If it is the highest it is stored in a front-
view terrain profile, Fig. 4.

This procedure is the repeated for all points and for all
branches for the specified sector. The end result can

- visually be presented like in Fig. 5.

The view in fig. 5 is of the left-most sector in fig. 4.
The visibility here is limited by a nearby cbstruction.

The invention can be used for evaluating possible radar
sites, e.g. when placing a radar installation for an
airport. It allows for off-site evaluation of the terrain.
Thereby multiple sites can be evaluated and the best
located.

The method can also be performed “on the fly” when
relocating a mobile radar. In this application the vertical
profile shown in Fig. 4 is of particular usefulness, as it
can indicate for the operator that a better place can be
found in the immediate neighborhood.




branches for the specified sector. The end result can visually be
presented like in Fig. 5. The viewin fig. 5is of the |left-npost sector in
fig. 4. The visibility here is |imted by a nearby obstruction. The
i nvention can be used for evaluating possible radar sites, e.g. when
pl aci ng a "E204Pi84t5al | ation for an airport. It all owBCT§0200$600832t e
evaluation of the terrain. Thereby miltiple sites can be evaluated and the
best located. The nethod can al so be perforned "on the fly" when
relocating a nobile radar. In this application the vertical profile shown
in Fig. 4 ianothpargdssilkde aselidaiess) ias tot usearh¢ nditdade fbor t he operator
20041 070415 “FeF) 10200 @%88%@'”? e her oL Bl & A eation e

. , ot her. poss e application is to use
t he net hod Fb?gﬁ’o%& it081 1950 i g% ar}t?glfgl B fm?cf‘flpsge.‘g. a vessel, car or
airplane, to the "best" sites along its course. However, the main
appl i cati onE@ievebe e @sfabpPBh ¢y ien sdaAnPAglho?T B 1B8AnE fadar when it
h?s ble_en_ i ns_t:ahﬂlﬂﬁb Gﬂoriizfo& gbkea taudihivhenesperés anesrohinaitas 1tbeandvant age
of elimnating_the pro er.m ni.ng.why t returne
and mhetherg%f %%%eTeIhsﬁggsfgép ﬁ%‘5%%gﬁgg?%?eﬁggﬁ%&nﬁfgg%05?070415
PCUN0200310600BPnaBlng [the prppSens of Aatesainend edramii sehrghassedhni ng
hori zon for raturned and whether it has returned for the "wrong"

reasons.




radar installation at a first position, char acter i zed i na)
To divide the terrain surrounding said first position into a nunber of
sectors, b) To find altitudes of successive points along a sector by
consulting terrain information stored in a database, C) to calculate an
el evati on wad aw4dm4dach point along said sector from pAgNoelogpiceshi p

el evation = arctan (altitudelrange) 8) to conpare the el evations of all
points in the sector to find the point of highest elevation, e) to store
sai d point of highest elevation for said sector in a front viewterrain
profile, f)Cth Aepeats steps b) to e) for another sector. 2. A nethod as

claimed inclaiml, char acter. zedi nthatthestepb)
further |ncludesth near to t radar site, i nd the altltudes in
points along-a I% ﬁ%e%tﬁdng%u?%?’ghfsr}&ﬂgt ﬁesgflf”éln%nhcfrl\ﬁnenever t he di stance

bet ween an edder ofndtwl lsédor ahna fimwst pemidésonpoi nt grows above a
predefined di ﬁtgngea tg'neC RURber ; @fdcallcq{ ation branc - hes is increased
by one, the ound val ues oi nt %bare co re and thg hi ghest

val ue choseﬁ as th %q?etbgpgﬁgﬁ?ﬂrf nd‘&(rt?ué‘ B¢ Pt ar T 5 akg8 i t3° A et hod

as claimed in claimw Ia onimpercofl ge¢tarsc t er i z e di nto store the

al titudes B?Uﬂdrd: NeStERIRY thhed S diddawiREobblges 410Ny ar kangesent for

controlling a aby donsulting terrain information stored in a
database,

c) to calculate an elevation wvalue in each peoint along
said sector from the relationship

elevation = arctan (altitude/range)

d) to compare the elevations of all points in the sector
to find the point of highest elevation,

e) to store said point of highest elevation for said
sector in a front view terrain profile,

f) to repeat steps b) to e) for another sector.

2. A method as claimed in claim 1,
characterilzed i n that the step b) further
includes that near to the radar site, to find the altitudes
in ?oints along z line going outward from the site, and
whenever the distance between an edge of the sector and the
nearest point grows above a predefined distance the number
of calculation branches is increased by one, the found
values in parallel points are compared, and the highest
value chosen as the value representing this particular

range.

3. A method as claimed in claim 1 or 2,
characterized i n to store the altitudes

found in step b) in a side view profile.

4, An arrangement for controlling a radar,
characterized in

a database containing terrain elevation information,




characteri zedi nadatabase containing terrain elevation

i nformati on, WD 2004/070415 PCT/ N02003/000032 9 neans for fetching from
t he dat abase the altitudes of successive points along a sector of the
terrain around the radar installation, neans for calculating the

el evat i ons Wi 2004i&70416i nts in the sector, and conpare thPE/RBOWIHODGAS | N
order to find the point of highest etevation, neans for storing said point
of highest elevation in a front viewterrain profile, said neans being
adapted to cal cul ate correspondi n% information for all sectors surrounding
the radar Te&talTcst F6RCLEANE M IDITAgnPRTaBaTR ed'e GLE8/1EBP %Bid radar to
scan the heidczysidef ppenty dhegelLevvationsct ntisaitdfraant avbend tigre ai n

tabl e. 5. %ﬁ{%%%%ﬂ&t%§n0|ai med inclaim4, char acteri zed
i n neans for storing sal altitudes in a side viewterrain profile.
means for calculating the elevations of the points in the

sector, and compare the elevations in crder to find the
point of highest elevation,

means for storing said polnt of highest elevation in a
front view terrain profile,

said means being adapted to calculate corresponding
information for all sectors surrounding the radar
installation,

a control unit adapted to control said radar to scan the
horizon define by the elevations in said front view terrain
table.

5. BAn arrangement as claimed in claim 4,
characterized in means for storing said
altitudes in a side view terrain profile.




