1 A nethod for evaluating and controlling a radar installation Field of
the invention The present invention relates to the field of radar

technol ogy,. and in particular a nethod for the cal culation and
presentation of a terrain profile for the purpose of evaluating a
geogr aphi cal. site, and control the scgnning pattern of a radar fromthe
terrain profile. Technical background Wien positioning a | and-based radar
whi ch purpose is to scan the horizon around a geographical site, it is
often practical to know at_which elevation to start scanning. This way
one can avoift "§}éRGi gLt FRRLIGREHIE AGFUFPRETPYIIRE & %G nountains. One
possi bl e solidteniksibor the radar to initiate a search. in elevation
(e.g. fromthe highest allowed elevation and down) for the horizon,
typically onpjai1seetotnby1sest©ion basi s, and detect where the ground clutter
| evel starts to De significant. A radar can get a certain anount of false
echo above the horizon (e.g. birds, second-tine-around echo from di stant
pl anes,- et c)Thehicckseay sevenheohordladeshighehe t henldhetfesedey. Soneti nes
radar echo ar&rdlo3eqsuf £hai eAt byt RRaRDE dnbhSUT FOURHNGaleLL At Nos0 t hat

the horlzonan@ Q%%seﬁgétﬁgxeéftQ%ﬂﬂﬁ%ﬂﬂ'L?inle for the purpose of

evaluating a geographical site, and contreol the 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 to start scanning.
This way one can avoid 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 herizon, 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 horizon may be

set lower than required.
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 "too close" blocks the view without the radar

detecting this.



Rai n, snow and fog can al so affect such a neasurenent. In addition a radar
often has a m nimumrange of detection. This result in objects which
constitute part of the horizon and being "too close" blocks the view

wi thout the radar detecting this. 2 Another inportant issue in mlitary
applications is Electronic Warfare where radar silence is an inportant
counter neasure. This nmeans that search el evation have to be found w thout
using the radar actively. 5 Prior art PiDom zio, J. et al. 1996:

"FI REFI NDER Position Analysis System Advanced Devel opnent Mdel ", |EEE
Aerospace and Electronics Systens Magazine, vol. 11, no. 9, page 25-29, 10
describes a systemfor evaluating alternative sites for selecting the best

radar posi thﬁgﬁheirﬁnﬂfdﬁ%ﬁnlﬁéﬁnlﬂ APONEARM isppdatabises diss used to

calcul ate a sear corre n sganpin tda®@n, Which shows
the opti maF BSE??I?"OCF\QF&’E?H% ?%%1540(} g%?ng% 1%\7%et %@ Qh fégsurroundl ng a

possi bl e si ceunper aurasvager AREF BARS: FBRL Sy e‘?‘ﬁga‘b’e%‘} hgveetPor
posi ti-oni ng pkhechad arithauedueing Ider eadienoasivedlycul at ed f or several sites.
The algorithm forcalculating the search fence is described in O Hern, B.
at al. 1997: "The Radar Support System (RSS): A tool for 20 siting radars
and predicting t heir performance”

) Prior art

DiDomizio, J. et al. 1996: "FIREFINDER Position Analysis
System Advanced Development Model”, IEEE Aerospace and
Electronics Systems Magazime, vol. 11, no. 3, page 25-29,

10 describes a system for evaluating alternative sites for
selecting the best radar positions. Information from
topographic databases is used to calculate a search fence,
corresponding to a scanniﬁg horizon, which shows the
optimal position of the radar beam above the terrain

15 surroundlng a possible site. A radar operator may then
select the best site for positioning the radar based on
search fences calculated for several sites. The algorithm
for calculating the seaxch fence is described in O'Hern, B.
et al. 1997: “The Radar Support System (RSS}: A tool for

2 giting radars and predicting their performance”,
Proceedings of the 1997 IEEE National Radar Conference,
Syracuse, NY, USA, 13-15 May 1937, page 211-216. The search

A, fence is basically determined from calculations of ground
glutter levels. However, the system disclosed in DiDomizio

25 1996 and O’Hern 1997 is a simulator and is not used for
controlling the radar.

Brief pummary of the inpvention

30 Thus, it is an object of the present invention to provide a
method for evaluating the terrain around a radar site that
is quickly performed without relying on the radio
properties of the radar installation.

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



Proceedi ngs of the 1997 | EEE National Radar Conference, Syracuse, NY, USA
13-15 May 1997, page 211-216. The search fence is basically determ ned
fromcal cul ations of ground clutter |evels. However, the system discl osed
in DiDomzio 25 1996 and O Hern 1997 is a sinulator and is not used for
controlling the radar. Brief summary of the invention 30 Thus, it is an
obj ect of the present invention to provide a nethod for evaluatlng t he
terrain around a radar site that- is guickly performed w thout relying on
the radio properties of the radar installation. 35 Another object is to
provide a nethod that can be performed w thout betraying the presence of
the radar. 2a These objects are net by a method as defined in the
appended patent clainms. In essence, the nethod conprises to calculate the

ader hor | 2on ourdh AL ater sl N G hared Adgtelp v on

n e inventiaon will now be
descri bed i rapgendet paterdf elaime. Iﬂoeﬁéepﬁ%vé%ﬁ%ﬁ@éﬁ°@r%ﬁﬂﬂﬁi§ealﬁ°mh|ch
Fig. 1is adaghak Sﬁ&!’\ﬂﬂ&ﬂaﬁ ﬁ@ﬁtﬁn efrotiie 4 afadaicnsateufwbn atoaddr site
and the positions of quon ﬂ% ajch the elevation of the terrainis
cal cul at éd. g, %ev% schenat | ¢ V|em10f a radar installation with the

Brief description of the-drawings

The invention will now be described in detail in reference
10 to the appended drawings, in which

Fig. 1 is a diagram showing a sector of the terrain around
a radar mite and the positions of the points in which the
elevation of the terrain is cvalculated.

15
Fig. 2 is a schematic view of a radar installation with the

necessary equipment for performing the inveative method.

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

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



necessary equi pnment for performng the inventive nethod. Fig. 3 is a flow
di agram showi ng the individual steps 20 performed in the inventive nethod.
Fig. 4 is the resultant radar horizon in front views. 3 Fig. 5is a
section along one of the sectors in Fig. 4, illustrating how the resultant
profile is obtained. Detailed descrigtion of the invention. The invention
consists of a nethod for evaluating a radar horizon around a radar site.
The radar can then inport this information and use it for setting up a
scanni ng pat t.hat avoids the transm ssion of energy into the

sur roundi ng %f%rral aTﬁscké?ﬁo T ﬁﬁF?GFhﬁg ofi®at bt éiit-hdtr, from a
gi ven p05|ti%#vsﬁﬁahhﬁeshpheth%ux¢$uﬂuhnmgptefuaenlsnb@taﬁﬁﬂnrs In each
sector a number of calculation points are chosen, based on sinple

geonetri cal 5 {gﬁﬁﬁg@ﬁions. | n each cal.cul ati on point t he radar search
el evati on anﬁ%e—4ﬂ§ﬂ%ﬁ¥§#%§%ﬁﬁ¢$€#¥E%ﬂ£§fﬁﬁéﬁﬂhtude i nformation stored in
a database. Fig. 2 shows the process. The conputer consults the database

for each calcme ativemtROhNtond E&E‘o@ b th LYl ous
angle in the_ current secto?n I Qg 3 édegﬁga%t%%%éFyﬁgzgh £ géatest

angl e. The re&sdi s GFOPHiI 3 ?%9??uﬁl§f ngng§a86fe€?n hep %mm9r§nﬁh98h|||
ni ght " shadb¥Wformatipgepndbpeetilf aidheretaiay, ue. §. s@miy gatteln t he
di stance. Thensd aFR4danNghe +Sad et ANglreLbegsVWeepl Ng,e surrounding

terrain.

The method is performed on a computer that, from a given
pesition, 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 angle. 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).



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.q. directly), manually (i.e. operator
confirnmed) or sem-automatically (i.e. directly but where the operator can
adjust manually at a later tinme). fi !'iZ[ 4 The calculation is perforned

either as arpgPalale RHOM 30 pQL BERORId1 Ol -AL! SN EXL SLL AR 00T am on
t he conputer ere access to a suitabl e set 6f terrain altitude data on a
digital forf#tafPIEqAT éd TFRPIWePr o - HatPL %€ 2. OPTERR CERP ST stored in

a conventi opakroradpiayy itet ar yudatbbasest @f eprrasesseadtoruds heésvd s, or in

raw DTED f ot 0, [ f.b ct , [ ti (QFER Digital
Terrain EIgcg%?%niiéggﬁé%Efﬁl%Eﬁﬁg?%ﬁFjggﬁégff%g%ﬁea%ggfe?n?é particularly
i deal as it CpRoRE dtHSSt ithé cGBEPTBICTHe ThPERPEORTEEY allBt#oRT%rer terrain
data with theepfei@iddddd etelerir@sel her aireaanf DIEDefeshani blosida equi ri ng

a separate tool i gure | cul ath-an I K sen
within a sggt okrjl.lf arnetc(])tet%ﬂce&\g?aggry %Weer?@lﬂ%e @HE ?t'uggh?gg% 2%%%%}%
Elevation Data, METRIC MIL-PREF-89020A).

The latter is particularly ideal as it provides for the
user of the invention to add further terrain data with the
detailing level for the area of interest without requiring

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 wvalue chosen as the value

representing this particular range.

In particular the following parameters are considered:
s Absolute geographical position of origo

* Sector width

e Number of sectors (ie. the total view)

o Azimuth offset

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

observation point



fromthe 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 nunmber of calculation branches is increased by one.
When branching occurs, the calculated values in parallel points (i.e. in
poi nts at the sane range in parall el Rranches) are conpared, and the

hi ghest val ue chosen as the value representing this particular range. In
particular the follow ng paraneters are considered: Absol ut e geographi ca

n of ori,go Lector, w er of sectors .. the total view)
Rg?halﬁ o?fset 5% % %%ct%?erékéﬁfnceng %3 s (ﬁiﬁ%lﬁchSFnFr%ﬁ¥%he
observation pothe §ltlﬁudﬁxﬁ%&?baﬁﬁe(ﬁﬁgtamd%ubeﬂ%eeﬁheashesahpéed;p0|nt
fromthe alti tudsséhatcli’é}@éfde(ﬂ-ts%[ﬂthgl ?e?é-])utluc}iﬁtlz% zc@? g%&ﬁﬁ%@ggﬁgpal
dependent on t sol ut i in e a a
caFcuIatlon pe?g%?ﬁ%ﬂ%éﬂ“ggélr@@?eﬁ?on??ik§;§ﬁﬁﬂqlgﬂr TpaFaREters the _
following is cdpeireded: Nunmber of cal culations (steps) in one path; this
value is calculated fromthe stepsize and sector width paranmeters in the
i nput data. Baeh theek tHpitbalhgarakdidrsdendatabaseing donefQnaeugry step
| ength along a

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

is calculated from the stepsize and sector width
parameters in the input data. Bach 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
size 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 is increased by one.

* Number of parallel calculation paths; this value is
calculated from the stepsize parameter in the input
;) data. When the lock-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.

e Displacement; a function of the previous parameter.

Fig. 3 shows visualizes the individual steps performed in

the procedure for evaluating a site.



path (or a line) inside the sector until the stepsize |imt is reached.
The stepsize limt is reached when the wdth of the sector is greater than
the horizontal cell size in the altitude database. Nunmber of branches;
this value is calculated fromthe stepsize, nmax sector range and stepsize
paraneters in the input data. \Wen the stepsize limt is reached for al
existing parallel paths (if any) then the algorithm perforns a branch

whi ch neans that the nunber of parallels is increased by one. Number of

arallel calgulation paths; this.value iis, calculated fromthe stepsize
Baraneter iﬁ£tQﬁ?qaﬁﬁ&?ca&a?ﬁ?nbV&ﬁl?%i?qléﬁﬁguﬁg AR HeT Hhorghe #at abase
for the parzdteld padks, dbhaotugoverol beancteh, ohutber sihgechaellsit is

i ncreased byziNewnbRe Bar @EE?E p@éf‘%a@ﬁvﬁoﬁhﬁ §ﬁ$fof‘f&%}g¥qp§ggeaﬁfgper of

cal cul ations, on_the path, bu di spl acenent sideways Is erent.
Di spl acenent*® &FAREFFOR of the previous parameter. Fig. 3 shows _
visualizes the individual steps performed in the procedure for evaluating
asite. 6 AfsSyrapkhearzpeitht ke cainggl anddthy doeplawememtoagh, in
nested or dertrarheortiabesnof rbinanshas ,tonaabeésﬂépp@é@h]?irlaﬁzedsani@i nugbef ?L
steps. For %ﬁﬁ&'@%ﬁ t % foll ow ng procedur I.s perfaqrmed: Based on the
azimut. the rané% gﬁd gsdgsﬁgaé%ggﬁpggpglcgl coofﬁ&na e relative to

origo. For this polint the terrain altitude is retrieved

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 obstruction.

The invention can be used for evaluating possible radar
sites, e.g. when placing a radar installation for an
alrport. 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.



transformation frompolar to Cartesian coordinates is perfornmed. This

gi ves a geographical coordinate relative to origo. For this point the
terrain altitude is retrieved fromthe height database (see fig. 2) . This
altitude is stored in the side-viewterrain profile, if it is the highest
altitude for this range. The elevation is then calculated as: arctan
(altitude/range) and is then conpared to the previous highest elevation for
the sector. If it is the highest it is stored in a front- viewterrain
profile, Fig. 4. This procedure.is,the repeated for al ipts and for al

br anches T ofphaet RETTIAT SRETIFAEIHE Lhe s dan CReafotof STy be
present ed | kkeonatFally. guiltd ngi ewnpipiie gunis i ¢ -¢f- Bh@ebett, most SFector in
fig. 4. Th%ihf%%@é,' ity hes edesthi Bited Hyordy naas kyuebstruction. The

i nvention can be used for evaluating possible radar sites, e.g. when
placing a r [_Lnst i fon - -alrport .. |t all coff-site

eval uati on gg%?ﬁ%rte?é%ﬁ%#ﬂpfﬁﬁgéggtﬁ§+t?%pékgiﬁgéeggﬁﬁbéggvg Jated and t he
best | ocat é8anThed ng@ hbePt fiprafs 23Ber peisdrifediasoheCReirs i@ Iffe R T

rel ocati ng arpobite. radathid ndshiest appt i @atdion tthe werbhtade @f ofil e shown
in Fig. 4 f. I cul f ess, [ P rodica per at or
that o bett SFopiAREAG MRS SRSHeHInas, alfein BN e AR diaf TR0

returned and whether it has returned for the "wrong"

reasgons.



3i 7 Another possible application is to use the nmethod for automatically
guiding a nobile unit, e.g. a vessel, car or airplane, to the "best" sites
along its course. However, the main application will be in establishing a
scanni ng horizon for a radar when it has been installed at its site. In
this respect one obtains the advantage of elimnating the problens of
determ ning why an echo has not returned and whether it has returned for
the "wong" reasons. a CLAIMS 1. A nmeghod for establishing a scanning
horizon for a radar installation at a first position, conprising the steps
of 5 a) dividing the terrain surrounding said first position into a nunber
of sectors, b) finding altitudes of CbadbEssi ve points al ong a sector by
consulting terrain information stored in a database, including near to the
radar site, finding the altitudes in points along a |ine going outward
fromthe site, and Vm@\”ﬁl%%dtf&eesﬂa@h%ﬁéQ@@*mﬂ?gtm’r%n?&%?Hﬁﬁr of the sector
and the nearest point grows above a predefined distance, Increasing the
nunber of camﬁdkmmn@naﬁhﬂmohﬂsnbpnqmsngth@ﬁmpwohg t he found val ues in

par al | el p0|nts nd gho SI t he, hi val t.he.val ue re senting
this par Pi cul ar ane%“EIH% éﬁF@P.H& QWLB$@Vé?ﬁ%ﬁm@QPﬁgﬁPﬁ‘%QEWPBE t he

successi ve pgithiss 15 along said sector fromthe relationship

b) finding altitudes of successive points along a sector by consulting
terrain information stored in a database, including near to the radar site, finding
the altitudes in points along a line going outward from the site, and whenever the

10 distance between an edge of the sector and the nearest point grows above a
predefined distance, increasing the number of calculation branches by one,
comparing the found values in parallel points, and choosing the highest value as
the value representing this particular range,

c) calculating an elevation value in each of the successive points

I5  along said sector from the relationship

elevation = arctan (altitude/range),

d) comparing the elevations of all the successive points in the sector
to find a point of highest elevation

€) storing said point of highest elevation for said sector in a front

20  view terrain profile,

) repeating steps b) to e} for another sector.

2. The method as claimed in claim 1, further comprising the step of storing
the altitudes found in step b) in a side view profile.
25
3. An arrangement for controlling a radar, comprising;
a database containing terrain elevation information,
means for fetching from the database the altitudes of successive points

along a sector of the terrain around the radar installation,



el evation = arctan (altitude/range), d) conparing the elevations of all the
successive points in the sector to find a point of highest elevation e)
storing said point of highest elevation for said sector in a front 20 view
terrain profile, f) repeating steps b) to e) for another sector. 2. The
method as clained in claim1, further conprising the step of storing the
altitudes found in step b) in a side view profile. 25 3. An arrangenent for
controlling a radar, conprising: a dat@abase containing terrain elevation

i nformation, means for fetching fromthe database the altitudes of
successive points along a sector of the terrain around the radar
installation, 9 nmmeasfrfealcutating theatlevagionhef ik suatesanspaifitstihthessectoessi ve
points in the sector. apd conpari.ng the el evatiqns jn order to find the

poi nt of hi GRESPMRREYEIHES ,Vgg%sazﬁé)rﬁtleaﬁo 59@#1%01 faﬁfdn%}zﬁ%ﬁewwﬁi ghest

el evation in a frhhs YdrSWr rsﬁﬂiﬁbintﬂngfgﬂégﬂgl@ﬁ elovatiohdn FERNPviRR BFaiddapt ed to

cal cul ate correspondi ng i nformation sectors surroundi ng the radar

install atiomrofdied a control unit adapted to control said radar to scan the

hori zon defined by, the elevations in said front viewterrain table. 10 4.
The. arrafgemen SUdaHERBEIDE ARSI eHErPORTHE HPAER IR R o
storing sai dedbissuHdaRIihS IR BidenshiBohShia@i n profile.

a control unit adapted to control said radar to scan the horizon defined by

the elevations in said front view terrain table,

10 4. The arrangement as claimed in claim 3, further comprising means for

storing said altitudes in a side view terrain profile.



