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ABSTRACT

Duxin? the last decade Geographical
Information Systems (GI8) have besn in-
creasingly used in computer aided plan-
ning and mapping. An application of GIS
in combat aircraft is tacticai mapping.
Tactical mapping enables the pilot ¢to
recognise spontaneous complex-air-to
ground relations such as danger sones and
dead space. Tactical information (s.g.
flight path, danger sones) is ocombined
with selected geographical information
(e.g. rivers, contours) and displayed on

a manitar, Thie f"-nnr.nhln-1 information

and some taotical data (e.g. danger
sones) are derived from a GIS. The main
aspect of a tactical map is to permit the
pilot good visual interpretation of the
displaysd information.

INTRODUCTION
I=provs fectiveness for
combat aircraft requires both pilot-
friendly generation of the target area
scenaric and an easy-to-récoguniss
sentation of the threat assessment.
Modern methods of computer aided mapping
provide new ways of developing tactical
representation given to the pilot. A
precondition for this is a computer rele-
vant data-base holding geographical in-
formation.
In the following the evaluation of "Tac-
tical Maps" is described. They are to be
regarded as possible "display formats" in
cockpits of the future.
The graphic hardware used is Bosch’s CAD
station PIC 1000. The host computer is a
DEC VAX 750.
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GI8 DEVELOPMENT

?he first step is devaelcpment of a
GIS using the DLNS-DTED and the PACE
data-base. The chosen test area is the

iandscape of tha Black Forsst {Longitude
= 8-10 degree, Latitude = 48-49 degree).
The raw data are provided by the "Digital
Landmass Bystea Terrain Eievation Data-
Base" (DLMS-L1-DTED) of the Defense Nap-
ping Agency (USA) and the wproject of
Automated Charts Europe" (PACE) data-base
of the Directorate of MNilitary Burvey
(UK). The DLMS-L1-DTED data contain the
heights above a specified level (WN) in a
3 x 3 seconds arc raster (3 x 6 for
latidudes greatsr than 50 degrees). The
coordinate frame is the World Geodetic
system 1972 (WGS 72). The PACE data con-
tain ali the cartographic objsects (Zfea-
tures) needed for automated plotting of
the "Tactical Pilotage Chart" (TPC) and
the "“Operational Navigation Chari® (OKNCj.
The features are split into more than_zgo
categories. The coordinates are X,Y,
digitized from the sheets of the nJoint
operation Graphics" (JOG).

for the GIS the coordinate frame of the
Buropean Datum 1950 (ED 50) is chosen.

The coordinates are UTM. Thus the fol-
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= PACEB
x(UTHj=adi+aiisZ+aziejiasiexey
Y(UTK)=a02+2124X+2220F7+a32¢%*y

The coefficients are evaluated by four
points known in ¥,y digitized and x,y
UTM. They are implicitly given in the
data-base for esach sheet.

L,B,B(ED 50)=f£(d;,py,m,L,B,H(WGS 72))

The vector of rotation 4;, the vaector of
translation Pi and the scale-factor m are
the parameters needed for the coordinate
frame transformation WGS 72 to ED 50 for
the chosen area.

X,Y(UTN) ,B=£(L,B) ,H

Hence an isometric height raster in the
UTK S8ystem is evaluated by linear inter-

mad obda & -
polaticn, Por this ths four heights in

the neighbourhood of the desired raster
point are taken into account.
Bpp= f(xg,y4,8y) 1i=1,2,3,4
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Tigure 2: Development of a arg

GIS
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GEOGRAPHICAL AND TACTICAL INFORMATION

Using the GIS geographical and tacti-
cal information is derived and presented
on the monitor. The scale chosen is 1 :
250,000. On the monitor this means one
Pixel is equal to 127 meters. The tacti-
cal information derived from the GIS8 is
sensor-covering:

= optical visibility (sensor = eye of
the pilot)
= electrical visinil

4
dar, e.g. threat fro

Tactical information that is not derived
from the GIS (e.g. home base), is stored
seperately in a tactical data-base.

For the calculation of the sensor-
coverings the earth’s curvature is taken

into account by the following approxi-
mation formula:

aB=s2/(24%)

The derived partial geographical informa-
tion comprises:

- elevation tints

- relief maps 111
directions

- feature maps

P e 1Y b p—

- perspective views of the morphology

uminated from several

== v

The elevation tints show the areas above
a given beight H = const. The painted
shade lightens with height. The relief
maps shov a shading of the terrain illu-
minated from a given direction. The best
impression is given by illuminating from
the North-West.

The following features (selected from the
PACE object-categories specified for the

ONC and summariszed) are chosen for the
maps:

wvaters of firat order

streets of first order

- towvns with more than 10,000 inhabi-
tants

railvays of first order

More information is not practical for the
interpretation by displaying it on the
graphic monitor on this scale. An assis-

tant grid of latitude and longitude ocan
be additionally caleunlated.

The pespectiv views show a central pro-
jection of the terrain with and without
threat. Ths 3P ixpressicn of the morpho-
logy is given by the deformation of the
grid-planes. The observer’s orientation

can be that of the pilot or any other.

Parameters necessary for the derivation
of the geographical and tactical informa-
tion are the 3D position and the attitude

of the observer (usually the pilct).
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Pigure 3: Sensor covering, dead space
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Pigure 4: Barth’s curvature

serth’s surface
-

£
O
!

1 e

i

Ay
i ll!-“

i i

i;

DR

Pigure S5: Central projection
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Pigure 6: Tools organisation chart

EXAMPLES OF “DISPLAY FORMATS"

The derived geographical and tactical
information have to be combined in a
manner such that the pilot is given the
best assessment in his operations. with
the exception of the perspective views
all the information is stored as pixel
data in several layers of the frame
buffer and can be sslected by pushing a
button. The sensor coverings and the
elevation tints are transparent. The
rigures 7 to 11 shov examples of dis-
played geographical information combined
with tactical information for applica-
tions in combat aircraft recommended Dby
E8G.
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Tigure 7: Relief map with elevation tints

(670 m and 1000 m), waters and

gecgraphic grid,

8AM covering for flight height
100 m above terrain, flight
pata.

rigure 8: Perspective view of the morpho-
logy, observer 1located at the
position L = 8%su4s, B = 48%20/,

150 m above the terrain. Threat
showvn as a red cloud.

Figure 9: Map with elevation tint (670m),

waters, streets, towns, rail-
ways and geographic grid.

Bottom: geographioc information
lixe 7Pigure 9 and relief in-

cluding the =arsa visible for
the pilot flying at a height
of 60 m above terrain (located
at the aircraft symbol).

Top:t pilot’s perspective view
of the morphology.



rigure 11: perspective "over''-view of the
morphology from a desired

ZeIpacliegy 2= =2 V8824

area. Contour 1lines, rough
threat environment.

CONCLUSION

Ths FACE data bass and ths DLMS-DTED
are suitable for new tactical representa-
tions on displays in combat aircraft. A
great advantage of the PACE data base is
selectivity. For that a decluttering of
the information is possible without re-
nounce on them. If the tactical infor-
mation predominates, the geographical
information can be reduced successively.
Thus the pilot is not inundated with
information.

The selection of a scale larger than 1 :
200,000 is not to be recommended, because
the cartographic generalization of the
PACBE data base would 1esad to inconsistan-
cles.
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