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Part I ® The Requirement

In order to provide a capability to
satisfy the problems of existing light
optical and new Digital Radar T.andmass
Bimulator Systems, USAF Project 1133
was initiated. fThe purpose of Project
1183 is to evalnate the improved. train~
ing effectiveness which is possible
using a truly high resolution digital
radar landmass simulation system.
Concurrently, the Defense Mapping Agen-
cy {DMa) is developing a new digital
data base to be used by the simulator.
The Project 1183 data base will cover

a limited area, 57,000 square nautical
miles, with features encoded at vari-
ous levels of resolution depending on
their relative importance. The data

base is structured so that it is capa-

ble of supporting all future radar
landmass simulations. Features (indi-.
vidual buildings, groups of buildings,
etc. in place of general city outlines)
included in the DMA data base are des—
cribed by their material type, per-
cent roof cover, percent foliage,

. helght, location, orientation, size,

etc. At the conclusion of Project
1183 the fidelity of simulation re-
quired to train radar operators will
be known as well as the cost to pro-
duce the simulation. Similarly, the
cost and resources required to produce
a data base at specified resolutions
will be known. This data will be used
in responding to future needs of Using
Commands.

"Project 1183 is an engineering devel-

opment program under the auspices of
the USAF Aeronautical Systems Division
at Wright Patterson AFB, The Using
Commands will conduct an evaluation
phase after delivery of the hardware.
The digital radar landmass simulator
will be installed in an F-111 Mission
Simulator in 1975 by replacing the
present transparency system. This will
be done o insure the system can be
installed with a full mission simulza-
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tor and also to determine the trus
tralning capability that can be ac~
complished using data with increased
elevation accuracy for terrain fellow-
ing and terrair avoidance radar train-
ing. Figure 1 pictures the system,

OBJECTIVES OF PROJECT 1183 & METHODS

'OF EVALUATING ITS IMPROVED SIMULATTON

CAPABILITY -

Evolution of Project 1183

Radar similation systems produced in
the last 14 years have generally used

& tri-colox or black and white trans. .
Parenty to represent landmass dsta,
Information is read from the trangpar= &
ency by a flying spot scanner in the
form of an analog signal. This signal
is processed to simulate radar effeects
and is then fed to the radar display.
This &ype of radar simulation system
was initially, developed to provide a
high altitude radar training capabil-
ity and has generally been-satisfactory
for this purpose.

Present Deficiencies -

Current weapon systems such as the
F-11l1 include hich re&olution ground
mapping radars. Their mission profiles
include high altitude navigation, tar-
get identification and terrain follow-.
ing//terrain avoidance capabilities.
The transparency radar simulation sys—
tems presently employed are inadequate
for providing all radar training capa-
bilities required for newer weapon
systems. Examples from the F-111 .
training program are the inability to
properly teach corréct aircrew coore -
dinaticn of Attack Radar (AR) and
Terrain Following Radar (TFR) proce-
dures during night and adverse weather
TFR flights and the inability to prop-

" erly teach specific target identifi.
. cation angd radax bombing. Further
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Artist's Conception of F-1112 Simulator,
Incorporating Project 1183 Digital Radar

Landmass System

Figure 1.

0




development of. the transparency
approach is considered inappropriate
because of limitations of flying spot
scanner and transparency'technologles._
The improvement in airborne radar
capabilities coupled with the advent
of .additional mission profiles (pri-
marily low level) necessitates corres-—
ponding improvement in simulation
capabilities.

Limitations of the present day trans-
parency radar simulation systems used
in F-11l trainers include:

a. Inadeguate breakup of cultural
features
b. Lack of height data for cultural

features

¢. Costly and lengthy process to
make even minor updates to. the trans-
parency and data base

d. Unusable display on the attack
radar on the short rxange scales -~

. Unrealistic simulation of.the
terrain following radar system

£. Maintenance problems due ta com-
plex analog servomechznisms and analog
signal processing

g. Inability to consistently reset
the simulation to precise geographic
positions and obtain precisé& repetition
of the simulation over a previously
flown ground track

h. Point features are aligned in
the cardinal directions instead of
their true orientation.

First Generation DRLMS

Because of these limitations other
fields of technology were investigated
with a view to their applicability teo
radar simulation. The result is the
digital radar landmass simulator -
(DRLMS) concept which uses all-digital
storage and processing. DRLMS systems
are a combination of mass memory, gen-—
eral purpose computers, and special
purpose processors. The radar propa-
gation equation is solved in special
purpose electronics because general
purpose computers are too slow. First
generation DRLMS systems are expected
to rectify many of the problems cited
above.

Project 1183 Cbjectives T

Because of tecdhnological problems in
developing a DRLMS that universally
duplicates all radar system capabil-._
ities and because it is not known what
degree cf fidelity or realism is

.required for various levels of train-

ing, Project 1183 has been established
as an engineering development program
with the following cobjectives:

a. To evaluate the improved low
level radar training capability of-
fered by dlgltally generated radax
landnass images.

'b. To demonstrate the technical and
operational feasibility of modifying
an F-111l simulator with a DRLMS capa-
bility. T N -

¢. To collect data upon which to.
base decisions regarding the retrofit
of other F-111 and FBR-11ll sxmulators.,

d. To establish a basis for future_
radaxr” szmulatlon..'

e. To demonstrate and evaluate se-
lected characteristics of B-1 and
C=130E radars.

£f. To develop technigues and capaé
bilities to .produce _a DRLMS dlgltal
data base.

Aeronautical Systems Division (ASD)
has procurement and overall management
responsibilities for Project 1183.

TAC has responsibility for developing™

the Initial Operational Test and Eval-
uation (IOT&E)} Plan and executing it.
SAC is to participate in the ICT&E.

The ‘Defense Mapping Agency (bMa) is |
responsible for data base development.
The Singer Company, Simulation Products
Division, is the prime contractor . for
the DRLME system, These organizations.

- have formed a cohesive working group
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to accomplish thefabove.objectives.

SyStem,Deflnltlon

At the time Project 11832 was estab-
lished the feasibility of the DRLMS
concept had already been demonstrated
in a laboratory environment and by
other DRLMS programs under development,
2.0., F-4F, E-2C and UNTS. .- To provide
radar simulation which satisfies the
F~-l11 training requirements of the
using commands, both data base and
processing system problem areas had to
be attacked.



Data Base Concept

One goal of Project 1183 is to dewelop
a data base that can support T
all radar simulation. DMA has under-
taken the task of developing a digital
data base that describes ground truth
in terms independent of any specific
radar.

To provide breakup of cultural com-
plexes the data base must individually
identify significant cultural features.
This level of breakup is cohtrasted to
the general area type of return on
transparencies where only gross cikty
outlines are portrayed with heavy in-
dustrial complexes sometimes depicted.
As is done on the transparencies, small
point features are included in the data
base; however, Project 1183 will in-
¢lude many more of these features as
well as their orientation.

Because of the greater expense of pro-~
ducing this new type of data base a
multi-resolution concept: has been
adopted whereby only significant areas
are in the Off-Line digital data base
(DDB)} at the highest resolutions, e.g.,
50 or 100 feet. This is consistent
with training requirements since the
using commands train students to. iden-
tify and react to only selected signif-
itcant features on the radar scope.

For example, the Weapons System Officér -
(WS0) or Radar Navigator (RN) does not
regquire a detailed breakup of cultural.
features except for areas of interest,
e.g., target areas, aiming points,
turning points, etc. The WSO concen-—
trates on these localized areas of the.
radar display and is usually ocblivious
to surrounding detail. ’

Radar Simtilation Requirements

Off-Line DDEB features are described
using a geocentric coordinate system
" and the On-Line DDB is similarly refer—- —
enced. This allows gaming areas to be
described world-wide using a single
coordinate system. Gaming areas can
also be defined with any shape within
the QOff-Line DDB. This is in marked
contrast to the transparency system
using Lambert Conformal Conieé (L.CC)
Projections of predefined geographic
areas. Because the standard parallels
vary for different transparencies the
distortion also varies within each gam-
ing area. Tt will be far simpler to
change gaming areas and to correct un-—
wanted distortigns in the Project 1183
data base.
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' To reduce processing speed first gener-—

ation DRLMS systems sometimes use PRF
calculation rates lower than the actual
radar PRFT at least for radar systems
having high PRF modes, e.g., 2022 PP§.
This can result in significant features
in the data base being missed by sic-
cessive line sweeps. ' For example, an
object 200 feet wide can be missed at
30 nautical miles gsince the distance
between line sweeps at that range with
one~half true PRF caleculation rate is
about 232 feet. To assure that all

‘significant features are retained for

processing they might be forced to a

. line sweep (using suitable logical pro-
- cessing) but this displaces features

from their true position {up to 232
feet in the above example}. To evalu-
ate "missed data" effects in a training
ehvironment caused by reduced PRF cal-
culation rates, Project 1183 will cal-
culate line sweeps at trus PRF, one-
half of trume PRF and two-thirds of true

- PRF,

-Another potential problem in DRLMS sys-

tems is. guantizing errors which result

- in unwanted "range rings" on the dis~

play. To insure that this does not
occur  Project 1183 requires the LSB

' of calculated power to be no greater
- than one-half decibel.

Because . of the need te providée better
low level training, Project 1183 in-

-cludes capability to experiment with

low _level effects, The data base con- oo
tains more EFeatures which are normally
significant only at low level, e.g.,

power pole pylons. -Adjustable varia-

bles in the DRLMS for Project 1183 - -
.include. the altitude below which low

level returns become visible (1000 feet
to 5000 feet AGL) and the altitude at
which the returns reach maximum inten—
sity {500 feet to 2500 feet AGL).

Project 1183 requires both attack and

-terrain following radar systems to be

completely and independently simulated.
Current problems with the F-111 TFR
simulation which will be overcome by
the DRLMS system include erroneous
fly-up commands caused by noise spikes
which derive from transparency imper-
fections. Improved TFR simulation is
essential for realistic low lewvel

training since it requires aircrew e

coordination. Low level training in
the simulator is obviously much safer
than in the aireraft. -

The F-11l is the most complex mission
simulator in the field. Successful
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integration of the DRLMS will be a -
significant achievement. Because of .
the intricate tie-in of the radar sys-
tems with other subsystems this inte-
gration task cannot be taken lightly.
It is recquired that the DRILMS com~
pletely replace the existing transpar-
ency system. The integration includes
tie-in with unmodified radar indica-
tors, the Radar Homing and Warning
System {(RUAWS), radar altimeter, navi-
gation systems, Fflight control system
and other simulator-unique equipment.

Project 1182 will be the first program
to completely integrate a very high

‘resolution DRLMS capability into an.

existing simulator currently being

used in a training environment. Retro—

fit decisions for other F-111 Simula-—
tors will be based con results of this
effort.

Evaluation of Project 1183 Results

One purpose of Project 1183 is €0 de-
termine the training effectiveness and
operational suitability of a DRLMS
system and establish the degree of
realism necessary to provide various
levels of training transfer. The need
to do this becomes obvious when costs
for producing large area, high resolu-
tion data bases and complex high speed
processing electronics are examined,

.To. aid in these determinations the

Government will collect data in
Project 1183 upon which future DRLMS
requirements will be based. ’

Determination of Training Effectiveness
and Operational Suitability

The Project 1183 DRIMS will -be inte-
grated into one of three F-111A Mission
Simulators at Nellis AFB. Assumptions
and ground rules for the evaluation of
training effectiveness and operational
sultability include: ' .

a. Following DRLMS integration all
three F-11lA simulators at Nellis AFB
will be kept in the same configuration
throughout the evaluation phase.

b, Once the evaluation commences.no
training program changes will be made
that will affect the DRIMS evaluation.

¢, The evaluation will be conducted
using the current syllabus,. althoigh

-individual lesson plans may bhe changed

to satisfy the DRLMS evaluation.

Several techniques will be used to de-.
termine the training effectiveness and
opexational suitability of the DRLMS.
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These basic techniques include: -~ o
a. Detailed analysis of DRLMS radar

scope photography. _

b. -Comparison of DRLMS radar scope
photography with airborne radar scope
photography under similar conditions,
i.e., same geographical area and radar

- scope control settings.

¢. Comparison of DRLMS radar scope
photography with éxisting light optical
‘transparency simulation system radax
scope photography.

d. Conmpletion of guestionnaires by
new stiudents, iInstructors and aircrew

Cmembers regarding DRLMS features and -

capabilities.

€. Comparison of student performarce
using the Radar Bomb Scoring (RBS) Sys-
tem during F-111A evaluation flights.

f£f. Comparison of how rapidly stu-
ents adapt to new situations, e.g., low
level missions. ’

To ceollect statistical data incoming
students will be divided into two
groups. Each group will complete the
same training course following the es-
tablished syllabus except that one
group will receive all simulator train-
ing in the DRLMS-modified F-111A
Mission Simulator and the other group
will receive all simulator training in
one of the unmodified F-111A Mission
Simulators. Additional comparisons
will be made with students who had pre-
vigusly completed the same training
courgse. The WSO training course at
Nellis AFB is 18 weeks .duration with
new clasges entering every 4 to 6
weeks. Evaluation of the DRLMS will

- continue for about eleven months.

" buring Project 1183 development, sev-

eral assumptions were made which Heed
to be validated. Of foremost impor-
tance is the multi-resolution data
base concept. Besides determining
whether the higher resclution of the
DRLMS significantly improves training
the Government will make other cbser—
vations. For example, the Government
will determine relative training value
provided by 50 foot or 100 foot versus
coarser resolution source data. Tt
will also be determined whether nega-
tive effects are caused by such things
as detailed hireakup of only selected -
areas, i.e., whether increased breakup
draws the studentis attention to it on
the display.

Because operation and maintenance (OsM)



costs can be significant for a simula- Further experiments will be defined

tor that is used 16-20 hours per day, during the ¢oming year and some exper- -

data will be collected to appraise iments will be refined during the eval

DRLMS reliability and maintainability. - uation phase based upon initial re-- - .

The using commands will alsc evaluate _ . sults. Some aspects of the evaluation "
the ease with which the DRLMS can be - - will remain flexible while those hav-

used in an actual training environment. ing to do with comparisorg of student

This will include data base change, performance must of necessity be fairly

data base update of points and areas ; ‘rigid once the evaluation has begun so

of interest, and reinitialization so - that comparisons are made on a common

that specific portions of missions can bhasis.

be refiown.

Determination of Future DRLMS. _Determination of DRLMS

Requirements - Cogt Effectiveness . -Capabilities/Limitations

- Besides determining what system reso— ° - Special eXperiments will determine B
lution is required for various. types areas requiring added study. However,
and levels of training the cost of __these will be” limited.by the inherent
providing that system capability must capabilities of the system. As an ex-
also be determined. Tradeoffs must be arxple, it is.not presently known
made in data base production costs and . whether seasonal effedts should be im~_ =
in on-line simulation processing com- " plemented in the processing system,
plexities. High resolution data bhases the data base, or a coffbination of N
become significantly more expensive due both., The offi-line DDB presently iden—
to the extensive analysis and digiti- tifies landscape by its general char-
zation requirements.. Higher system ..acteristics, e.g., sand, gravel, rock,
rescolution also requires more complex ete., and this information might be used

-+ and costly simulator processing. ) during the data base transformation

process to alter reflectancé codes as

It is expected that future DRLMS data a function of season. The data base
bases will have only two or three o also jidentifies at least two different
levels. of resolution rather than the . kinds of foliage, coniferous and decid-

" 8ix levels used in Project 1183. uous, which might be used during the
Levels will be adopted based on reso- -, - data base transformation process to
lution versus training effectiveness - determine reflectance codes of the”
versus <ost tradeoffs conducted subse- - foliage based on “seasonal retention of’
guent to the evaluation phase.’ "How- leaves. The geoagraphic lotation of
ever, these tradeoffs will not obviate . . features, i.e., latitude and elevation
the need for each project to détermineé  ._pight also be used in conjunction with _
whether unique requitements exist for ) foliage type to determine more refined . S
it. . Theg resultant Off-Line DDB will . peflectance.codes. The power return
retain sufficient flexibility to han- . of reflectance codes can be changed in
dle special resolution: requlrementS' the DRLMS system to alter the returned
for some programs. " power of selected reflectance values.

This type of change must be closely. .

Ancther tradeocff study to be conducted . related to the transformation process.

is with respect to the PRF calculatjion
rate. If it is determined that reé- . . - : .
duced PRF calcunlation rates do not - Effects to he investigated will.also ———

degrade training. future DRLMS systems - | include the significance (in a #¥din-
can use a time shared (AR and TFR) R ing enviromment) of apparent corner
processing channel and thus save mater- reflectors formed by the relative lo- ~
ial cost.and system complexity. A’ -+ cation and orientation of structures,
further benefit of reduced PRF is o e.g., highly reflegtive structures
slower and less expensive electronics. forming a tee. intersection; hard sur-

face parking lots. butted against build-.
Qf particular concern to DMA are _. . ings, etc. These are representative -
source material versus information con-. -~ of the effécts to be invesfigated =~ 7
tent tradeoffs in producing the vari- within the limitations of the presently
ous levels of the Off-Line DDE. These defined DRLMS system.

considerations range from the types of. R
source materials reguired to produce a .

given level data bhase to the depth of - Project 1183 will be formally completed
analysis necessary to adequately de- at the end of its scheduled evaluat;on
seribe radar significant features. = = ‘phase (approximately September 1976).

6G..
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Subsequent to this date the Project
1183 DRLMS system will be used by TAC
for F-ll1lA training as well as con-
tinued verification of initial evalu-
ation resulis and additional, refined
experimentation.

Part II ® The DRLMS

With the evaluation phase being a ceh-
tral focus of Project 1183, the hard-
wara/software system must fulflll PLO—
ject goals by providing a flexible
means of synthesizing very high ¥eso- -
lution real-time radar imagery. To
achieve this, the DRLMS system is de-—
signed arcund characteristics of the
AN/APQ-113 and AN/APQ-110 radar sets,
in addition to requirements which ex-

- tend the capability to experimental

‘passes on its way to the display. Each

purposes.

System Hardware

The DRLMS system consists of a hier-
archy of memories through which data

succeeding memory is smaller and faster
than the previous one and describes ~
smaller geographical areas. -~ Special
purpose computational hardware extracts’
data for radar sweep lines from the
final memory and assigns an intensity

to each resolvable element on the dis-

play. Two minicomputers are included
in the system for contrel and data
management tasks.

‘Data Flow

Figure 2 traces the paths of data from
DMAAC to the radar display. The re-
gional memory can accopmodate a gaming
area of up to 1.6 % 10°. sqguare nautical
miles of radar intelligence: by modular
expansion of the initial 57,000 sqguare’
nantical mile area. The district mem-
ory, which holds all data within radax
range, provides storage for three ele-
vation data bases and three cultural
data bases.. These multiple resolution
data bases service short, medium, and
long range settings. BSector memories
are updated with the portion of dis-—
trict memory lying cleosest to the simu-
lated antenna's azimuth.  Retrieval
subsystems form sweep. lines of data
from cultural and terxain elevation
sector memories, which then pass to the
radar equation subsystem and azimuth
.beamspread subsystem for computation
and integration of discrete display
elements.
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Simulator Interface -

In addition to satisfying the basic re-— -
guirements for a high-fidelity radar
picture, the Project 1183 DRLMS is
regquired to replace an existing analog
radar landmass system and to duplicate
all the ancillary functions of that
system. Some of these functions in-

'elude target occulting, terrain follow-

ing computer simulation, antenna sta-
kilization, and simultaneocus video for

T two different radars (attack radar and

terrain following radar). Servicing
these additional functions reguires
complex timing and control, a task
greatly enlanced by the two general
purpose minicomputers. =

Dlsplay Characterlstlcs

PrOJect 1183 SPEC1f;catlcns demand
unprecedented resolution and effects
for a simulatox. Among the reguire-
ments are: 50-Ffoot resolution te 15
nautical miles range; separate compu-
tation of horizontal aspect attenuva-

‘tion; means of portraying low-level . _

effects, zero-width objects, and radar
reflectors; sixteen levels of radar
reflectance; and vertical terrain ac-
curacy of 50 feet. These display char-
acteristics are produced by first in-.
suring that the data contains all the
necessary descriptors and then by pro—

:viding a real-time geometric computa-
tional model that has all the requ1red

outputs.

a. Intensities. The intensity of
each display element is influenced by
geometric and electronic factors, but
is most strongly influenced by the
radar reflectance of the object por--
trayed. Physical. descriptors provzdea
in the off-line DDB by DMAAC are in-
terpreted by the Digital Data Base

‘Transformation Program (DDBTP) into ohe

of sixteen reflectance code assign-
iiEnts. Each code has a modifiable &b
level assigned in the DRLMS system so
that intensity levels can be adjusted
in the simulator. Reflectance codes

are processed: through all the geometric. .

influences appropriate to their place-
ment in range and azimuth, processed

~through a recelver transfer character-

istic model, and flnally applied to

~ the display to form an image.

b. Radar effects. Radar effects
may be classed as geometric or slec-
tronic. Project 1183 requires a Ffull.
range of simulated effects, from ac- . -



DMAAC
0ff-Line DDB

Transformation
Program

Reflectance Code
Asslgnment Matrix

Leaded intco
DRLIMS Memory

L_Regional Memory l

| District Memory |

-

Cultural Elevation ® No alteration or processing of daca-—
Secror Sector only rearranging of data in memory
Memory Memory relative to simulated aircraft location
Cultural Elevation
Retrieval Retrieval e Lat/Long grid to polar coordinate trans—
Subsystem Subsystem formation, -parabolic interpolation; earth
eurvature, Lae/Long list of cultuxal fea- )
! tures te polar coordinates, combination of -
features into range brackets, computation T
of horizontal aspect, table look-up of re- - - -
flectance value and averaging over data
elements in one video element.
Radar ® The RES computes the video output.
Equation Reflectance 1s only one 8-bit factor
Subsystem in a computation that has a dynamic range
of 27128 5 122 4yeh 16 significant bits.
Eight significant bits are extracted
from the result and placed in slant ramge-
Azimuth ® The &-bit value is spread in. azimuth in
Beamspread response to the azimath gain patterm.
Subsystem This is then sent to the DSA converter.
Digital to

Anazlog Converter

|

AR or TF/TA
Video

!

Data Path Flow Chart

Data as prepared by DMAAC

Produces blocked elevation on latitude/

Longitude grid

Produces blocked reflectance in list
format; reflectivity of features
detexmined by assignment matrix

Lead DDR inte regional memory

Hardware transfer of data in DRIMS

Precessed data displayed on Attack
Radar (AR} or Terrain Following/Terrain
Avoidance (TF/TA) radaxr scope

Figure 2. - DMAAC to the

Radar Display

62



curate shadows and range attenuation
~to a faithful receiver model. Among
the geometric effects, the require-
ment for a rigorous solution to the
eifect of horizontal agpect and the
orientation of features has been the
most influential on-the form of the
on-line data and the method of assem-
bling sweep lines of data. A fully
three-dimensional vector algebra solu-—
‘tion for the angle hetween incident
radar energy and the normal to the
terrain or cultural surface is imple-
mented in the system to produce a com-
plete ‘aspect effect.

Display Computation

Data which can contribute to the dis-
play is moved from regional memory to
district memory .in response to air-
craft movement, and from district mem-
ory Lo sector memory in response to
radar -antenna movement.. The data is
divided into guadrangular blocks for
convenience in assembling the district.
and sector geographic coverage. These
data movements are controlled by the
minicomputer complex. Once data is in
sector memory, special purpose hard-
ware extracts sweep lines of data -
one sweep line of natural terrain ele-
vation and a matching 'sweep line of
cultural data to be superimposed on
the terrain. The data passes through
the radar eguation subsystem where
geometric and receiver effects are -
calculated, then through the azimuth
beamspread subsystem for azimuth inte-—
gration and convolution with the an-
tenna azimuth gain pattern, then is
converted to an analog signal which
medulates the video input line of the
radar indicatcr. Movement of data
through the memory hierarchy is shown
in Figure 3.

2. Data retrieval. The process c¢f
data retrieval consists of collecting
data elements from sector memory along
a sweep line and range ordering them
for further processing.

The retrieval process for terrain
elevation data is guite different from

that for cultural data because the data

structure is different. Elevation data

is arranged in a grid structure in lat-—

itude and longitude. There are three
subsets of elevation data having 3 sec-
ond, 6 second, and 12 second grid
pitch, respectively. The three data
subsets are present everywhere in the
gaming area and are used to support
short, medium, and long radar range
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. is added to the terrain profile.

"elements.
‘data is listed in terms of areal perim-

settings, respectively. To assemble a
sweep line of elevation data, which is
essentially a profile of the terrain
along a sweep line, sector memory data
along the sweep line's ground track is
read directly from sector memory.

Sweep line elements that fall between
the data grid points are interpolated
from a 4 x 4 matrix of elevation grid
values. This process proceeds in range
order from nadir to end of range for
every sweep line. Since the sweep
line's ground track lies on a great .
circle, and the data is on a geocerntric
grid, the sweep heading must be correc-—
ted at intervals to stay on track.

This correction is accomplished auto-
matically as the calculations proceed.
At the output of the elevation retriev-
al process, earth curvature correction
Fi-
nally, comparisons of seguential sweeps
vield solutions to the horizental and
vertical components of the normal vec-
tor to the terrain, used later to de-
termine the net aspect angle.

The cultural retrieval process
does not proceed in range order because
the data is directly addressable cnly
by quadrangular blocks, not by data
Within each block cultural

eter points for each feature along with
reflectance and cultural elevation de-
scriptors. The protessor must analyze
all the data in each candidate block
to determine placement of data elements
in range and azimuth, and then must re-
ject elements which do not intersect
the sweep line of interest. Range-
azimuth solutions for points stored in
latitude-longitude coordinates reguire
the solution of a spherical triangle
having as vertices one pole, the air-
craft, and the data point. The equa-
tions for this solution are implemented
in a high-speed processor which pro-
duces a solution every 200 nanoseconds.
Subsequent processors sort the data by
range and azimuth and £ill in the voids
between data intercepts so. that the
final range ordered cultural data sweep
lines contain z reflectance, cultural
elevation, and aspect description for
each sweep line element. As many as
five data samples may be averaged to
form one sweep line element,

b. Radar equation. The radar equa-
tion subsystem (RES) calculates the
gecmetric and electronic effects which
act on the data provided by the re-
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trieval subsystems. Each data element
is assigned a slant range (R) and =2
depression angle (¢) by trigonometric
computation from the data element
ground range and elevation. Then the

following equation is executed to com- .. -

pute display intensity for each data
element:

P = K lin-log { p - —= - £.(AR)
R4 1
- fz(Kltan¢ + K2)cos¢
. . ~K. R,
[KIF + KSTC('L-—E _3 }:I
. -K,R , .2 L oR2
e 4 G” (¢p—¢) Gnp }
Where
P = power at the receiver cuiput
X = proporticnality and video gain
term
lin=log = receivér transfer charac-
teristic
n = reflectance

fl(AR) = pulse averaging term

R = slant range

cosine of the vertical angle be-.
tween the normal to the element
and the normal to the sweep
ground track

Kl =
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‘tude effects,

In the final processing of four-bit

R, = cosine of the horizontal angle
_ between the normal to the ele-
ment and the sweep ground track

¢ = depression angle

f2(Kltan¢+K2}cos¢ ="a table which
; provides for ad-
justment of as- -~
pect effects

Rip = term proportional to IF gain -
: setting
K = term proportional to STC gain
STC . ) -
setting
(l~e”K3R) = the STC attenuation where )
K, 1s proportional to STC
slope

4 = atmospheric attenuztion constant. -
2

G (p-¢} = antenna gain, where o is
antenna tilt
2 _ . o
GRD = radome gain

Receiver noise, shadowing, low alti-
and far shore brighten-
ing are not shown in the equation but
are present in the hardware.

reflectance codes in the culture re-




trieval system, multiple elements are
averaged together to form an eight bit
number for processing by the radar
equatlon subsystem, The eight-bit num-
ber is logso with a five-bit charac~
teristic and three-bit mantissa. The
range of the number represented by the
eight bits is 20 - 2~32, which yields
a dynamic reflectance range of 0 to
-96 db.

Any of the 16 reflectance codas, rep-
resented by a four-bit number in the
data base can be assigned_one of 256
values between 2% and 27 (ko the
nearest 3/8 db) by means of tables lo-
cated in the cultural retrisval sub-
system. These same tables perform the
averaging function so any nuber in

the Speleled range can emerge from
the averaging process.

The logarithmic reflectance thus pro-
duced enters the radar equation sub-
system where it is summed with other
logarithmic geometric attenuation fac-
tors such as aspect angle, range at-
tenuation, et¢. When a return is at-
tenuated below Minimum Discernible
Signal (MDS), it does not drive the
display, and when az return safurates
the receiver, it drives the dlsplay
at full brightness.

Digital computation with logarithmic
algorithms yields exceptional dynamic
range. The numbers carried in the RES
conld accommodate a radaxr seg having a
transmitter peak power of 10 watts
(10 followed by 34 zeros) and a receiv-
er MDS of -384 dbm. - The AN/APQ-113
has transmitter peak power of around
30,000 watts and a receiver MDS of

-80 dbm - well inside the computational
envelope. The dynamic range of the

RES in the Project 1183 DRLMS w111
simulate any known radar set.

To simulate the linear-log transfer
characteristic of the receiver, the

Ky term shown in the radar eguation

is manipulzated in respeonse to IF galn
setting. For maximum IF gdin, Kip is
get to about +175 &b, bringing tﬁe com—
- puted power into the range of ¢ to
+80 db. For minimum IF ggin, K is-
set to +115 db, effectively shirting
the gain transfer function.

The videéo gain control also shifts the
transfer function. At minimum vid2o
gain setting a signal 80 db over MDS
saturates the display while at maximum
video gain setting a signal 14 db over
MDS saturates the display.- The gain

term K is manipulated as a function of
video gain to produce this effect.

¢. Radar effect examples. Some ex-—
amples of radar effects are shown in
Figures 4 and 5. In Figure 4 a high-
way bridge near Eglin AFB, Floridas is
shown from two different radar vantage
points. The radar range setting is 10 e
nautical miles. Most of the change in
appearance of the bridge can be at-
tributed to the more wvertical inci- .
dence of radar energy in p051tlon 2.
The appearance of the bridge is nar-
rowed and more return is evident from
the inner area of the land. Some far-

" shore brightening is seen along the .

northexn shoreline of the land areas.
These effects zare combinations of
shadowing, aspect anglé, secondary re-
flections, and slant range phenomena
which are all acecounted for by the
radar eqpatlon subsystem.

In Figure 5 several interesting
effects can be séen, The chain link

- fence exhibits a very narrow return in

range. This kind of effect in the
DRLMS is accovnted for by encodement of
such structures as line features., The
identity of the feature ag a zero-width
return is carried through system com-
putation and when pulse stretching

is applied, its total duration. in

range is made egual to the effective
pulse width. The GCA site portrayal
iliustrates the effect of azimuth beam-
spreading. 1In the DRLMS, successive
sweep lines emerging from the radar
eguation. subsystem are integrated and
conveolved with a realistic azimuth an-
Eenna gain pattern to achieve this
effect. . Qn the upper right of: Fig-

ure 5, examples of terrain shadowing
can be seen. The radar eguatiol sub-
system computes shadows by successive
comparisons of depression angles (p)
as the sweep proceeds from nadir to
end of range. The vertical row of
bright returns to the left of the GCA
site are hangars and mainteénance build-
ings along. the runway at Nellis AFB.
These returns run together due to

pulse stretching, an effdct accounted
for in the radar equation subsystem
during the ground-to-slant range con-—
version process.. ’

Distinctive features, such as the

ammunition storage and POL sites and

the grove of trees just above the sew-
age plant, are encoded in the data base
by storing their perimeter points, re-
flectances, and elavations above the

terrain. Any effects attributable to . "
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the nature of the feature itself or its
surroundings (as. in the case of far-
shore brightening), such as low-level
visibility or directionality are pro-
duced in addition to the normal effects
of beamspreading, range attenuation,
etc. by retaining the feature's iden--~
‘tity up to the point in the processing
whexre the effect is produced. For ex-.
anple, radar reflectors are retained

up to the point in the retrieval proc- -
ess where their wvisibility can be
determined. Low-level effects are re-
tained until the radar eguation sub-
system can make a visibility determin- .
ation from aircraft altitude.

d. Data base transformation., The
DMAAC off-line DDB is an archival rec-
ord of physical descriptors and does
not readily lend itself to real-time
simulation processing. A transforma-
tion of DMAAC data into DRLMS-loadable
format is performed on the UNIVAC 1108
computer complex at St. Louis. A re-
scaling and re-formatting of positional
descriptors occurs during this trans-
formation as well as the deletion of
gualitative descriptors in favor of a
reflectance code. The latter process
is accomplished by means of a matrix
separately loaded at the time of
transformation. This matrix correlates
feature type, surface material, height,
% tree cover, and % roof cover with
one ‘of sixteen reflectance code as-
signments. Each code represents a
group of like returns whose absclute .

intensity can be adjusted in the DRIMS

system.

The structure of the Digital Data

Base Transformation Program (DDBTP),
which converts the off-line DDB to an
cn-line simulation data base, permits
compilation of partial gaming areas

and selected levels of detail, thus
allowing experimentation with data to
define cost effective data base re—.
quirements.

Part IIT @ The Data Base

DIGITAL DATA BASE DEVELOPMENT CONCEPTS

As a result of the specific USAF re-.
guirement statement and the availa-
bility of resources, one of two proce-
dures can ke folleowed to produce a DDB
(see Figure 6).

If photographic imagery is used as the

68

basic source material, terrain (eleva-
" btion} information is collected by an
analytical stereoplotter, i.e., the
AS-1l1l (see lower insert - Figure 6). ) ‘.
. This instrument collects terrain loca-~

‘tion and elevation information (x,y,z)

by means of an optical correlation
" process using as its information source

stereo-pairs of photographic imagery.

If line maps are used as the basic
" source material, instruments repre-

.. sented by the DMA Lineal Input System

(LIS - see upper insert Figure &) are
used to digitize the paper copy or an
overlay keyed thereto. The LIS system
consists of digitizing tables, plot-
ters, computers and edit stations.

" In both cases, c¢ollected information
is sent to DMAAC's UNIVAC 1108 computer
for additional processing to transform
the digitized data into the DDB ar-
chival format. The data is then placed
on a storage medium and becomes the
"off-line" DDB.

The "off line" DDB is characterized as
a raulti-level data base. In broad
terms it consists of descriptive data
about points and areas including loca-
tion, elevation and feature analysis
information. DMA has adopted a con-
cept for a multi-level DDEBE made up of -

“- three levels of data, i.e., Lewvels I, "

IT & IXI.

- The Production Specifications for dig-- -
ital data bases define three levels of
cultural portraval which are comparable
to the detail visible in short, medium
and long radar range settings. 3al- : --
,though DMA has no reguirement to relate
its data files to reflectance or inten-
sity, the specification (see Figure 7

- for a capsule description) anticipates
-the scope intensity to be generally
divided into 12 codes or surface mdte-
rial categories ranging in intensity
from very bright to no-show. Each lev-
2l has its owh minimum size reguire-
ments and uses the 12 surface material .
categories listed in the specifica-
tions. Level I is the most general- - =
ized of the three and has larger mini-
mam regquirements to correspond with the
less detailed long radar scope range.
Level ITI on the other hand, is the
most ‘detailed and has smaller minimum
sizes to simulate the detailed short
radar scope ranges. Within a surface
material category breakout, there may
be_another area of the szme material
that is "broken out" because of height
alone. Each level has different mini-

®
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mums for “"breaking out" areas with a
sufficient height difference over sur-
rounding areas of the same surface
materialsg. Special radar significant
features, although belonging to one of
the 12 surface material categories,
can also be identified separately if
such emphasis is desired. Examples of
such features are listed in the speci-
fications and include bridges, tanks,
dams and airfields. All features,
whether broken out at Level I, II, or
iI%, .are described in Feature Analysis.
Table sheets. Descriptions include
predominant height, surface material
category, number of structures. per
square nautical mile, percent of tree
cover within a breakcout, and percent
of roof cover within a breakout, etc.
Azimuth of features, when reguired, is
also included to take into account spe-
cific aspect characteristics. (See
Figure 8)

These specifications do not place re-
solvability limits on the detail that
¢an be shown in the digital data base.
Since the digital data base allows
treatment of point features, targets
and operationally significant radar ob-
jects may be included in the cultural
digital data base as point targets with
all of the relevant information
developed as parametric header infor-
mation. Such things as towers and
other isolated constructions having
physical dimensions down to the reso-.
lution limit of the radar system being

simulated can be fully treated in the

‘cultural digital data base as point

targets. Thus, the dimensicnal speci-
fications establish criteria for rou-~
tine selection and encodement of
complexes., The emphasis here is

on the operational significance of fea-~
tures that are developed as point tar-
gets. The details mensurated, coded,
and complled in the cultural digital
data base is based on physical
characteristics. Since the digital
data base development will underge an
evolutionary process, it is considered
that the encodement in terms of physi-
cal characteristics and parameters will
most effectively support the develop-
ment of radar simulation and radar pre-
diction algorithms.

Within the DMA, policy dictates that
the off-line digital data base must be
a master file to be made available and
used as a source of digital data for
the total DOD mapping, charting and
geodesy community.

USAF Project 1183 (Nellis AFB Test)
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a., Area outline.  The area outline
for the Project 1183 prototype digital
data base covers scome 57,000 square
miles about a Tactical Alr Command
{TAC) training route at Nellis AFEB,
Nevada. Referring to Figure 9, the
legend shows Levels I, IT and IIT with
certain amounts of real estate associa-
ted with each digitization level.. Each
circular area contains cultural and
terrain breakout arcund specific points
selected by TAC for test and evaluation.

The DDB develcpment process consists of
four major categories of effort, i.e.,
feature analysis, digitization, editing
and data processing. The following
paragraphs describe these processes.

. DDB Production Procedures

1. Feature analysis. = For the
DRLMS project a considerable amount of
production effort is required for cod-
ing of cultural data characteristics,

The. analysis is performed to determine
areas which will affect the simulator
radar scope display portrayal. To per-
form the cartographic analysis the
cartographer creates a mylar overlay
upon which he plots and codes the’
point, linear and areal features to

be incorporated inteo the data base.
Associated with this overlay, descrip-
toxr data is recorded on a coding ghéet
by corresponding numbers for each fea~
ture. (See Figure 10) .
Hypsography data is not a part of this
analysis since radar reflection varia-
tions depend upon the slope and is
taken inte account by the transforma-
tion program when preparing the “on-. -
line" data base.

The results of the cultural and selec-
ted feature analysis is keyed to a
source map index. The mylar overlay
(by level) then becomes the mastexr )
graphic file referred to during subse-
guent updating procedures.

2. Dbigitization. To digitize,
the cartographer affixes the source
overlay, or terrain map, to the digi-
tizer surface. A matte surface mylar

. sheet is taped over the source, so an-

notation can be made during digitiza~
tion without cluttering the source
graphic. The cartographer then ini-
tializes the digitizer, and sets the
resolution and scale factors. Nor-
mally, however, source material is dig-
itized with data recorded at the same
scale.
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If the source is difficult to read or
odd-sized, it may be photographically
reduced or enlarged pricor to placing

it on the digitizer. The source is
digitized at its original sc¢ale and
retained in that scale until it is
edited so a plot to source comparison
may be made. Digitizing errors cannot
be easily detected unless plot scale
and source scales are consistent.. Dig-
ital scale ¢hanges may be made for sub-
seguent processing.

When the system has been initialized
and the scale and rescolution entered,
the cartographer now starts recording
data. The first entry is control, A
| header is entered and the digitizer
"stylus is positioned precisely over -
the first control point. A single
data point is digitized for this posi-
tion. This is repeated using the same
header until all control points are
digitized. 1In Project 1183 the four
map sheet corners are digitized and
identified with unigue headers. These
are permanently in the data file. The
geographic wvalues of these sheet cor-
ners are known and are used as the
ground reference control when perform-
ing the registration process. These .
same control points are used for sheet
reference.

Once the control and reference data has
been digitized, the remaining ertries
are feature data. To digitize feature
data, the stylus is moved to the start
of a feature and the feature nunber

(if contours the elevation) as the
header, is entered. The digitizer is
then put in the trace mode and the
stylus moved very carefully along the
feature. Digital dates is collected |
along the traced line. When a feature
is digitized, a mark is made on the
overlay to indicate completion. A new
header is then entered and the step
repeated. When possible, regular fea-
tures are digitized only at directional
changes of straight line segments,

This defines the feature and eliminates

the many data points along the straight.

line.

The final product of the digitization
process is a digital data file contain-
ing control, reference, teérrain and/or
feature data. The digital £file is a
duplication of the graphic overlay and
may be verified by plotting.

3. Editing. . Editing consists
of the actions necessary to ensure
that the digital file is free of
errors. and conforms to the specifica-
tion.

correct :and properly assigned.

The first step is to plot the data file
for review. The review task is similar
te that accomplished during normal
chart .production at DMAAC. Of consid-
erable impotrtance to the DRLMS is to
ensure that terrain elevations are

Presently, ‘errors are corrected by re—
digitizing edited overlays and making
the necessary correction to the data’
file, Features are accessed by FAC
code on a particular sheet by the .
computer. ~ Oonce the correct feature
point is found the computer digitally
splits the entire data file and either
ingserts or deletes data, dependlng on
the change described.

The first COmputer run is for regis--
tration. The ground reference control
points are used to register the digital
£ile, BAn adjustment rxoutine is entered
to provide a least squares “"best f£it"
for ground control. Remaining points
have applied to them the contrdl param—
eters. This places the data from sep-~
‘arately digitized sheets into.the same
ground reference system with maximum
relative aceuracy. Since geographics
are used in DRLMS, all data points are
expressed in geographic values. -

‘Figure 1l is a sample, from the Nellis
-test area,; of a synthetic radar scene

produced on a line plottexr. Develop-
ment efforts are just beginning that
will allow the display of the culture
file, and its consolidation with ter-
rain., These synthetic scenes are a
direct result of DMAAC's attempt to-
display the data base for ed;tlng pur-
poses. '

4., Data processing. The UNIVAC

- 1108 computer system is used to pro-

v1de the digital file in the format
'required for Project 1183,

The editing of contours and features
was a major bottleneck in the Project
1183 productiocn pipeline., Improvement
laction by management led to the pro-
curement of a very high speed procfing
plotter, capable of plotting & 2 x 9
inch sheet in two seconds. Also ag-
gquired was an interactive cathode ray
tube display allowing the cartographer
to see and correct errors “on-line"
and significantly reduce the editing
time.
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Hypsography reguires further processing
for placement intc a matrix array for-
mat., Since the data is collected lin-’
early, additional processing is per-
formed consisting of an interpolation
of elevations on a digitally created
scan line to the metrix interval
desired.

The files (terrain and culture) con-
stitute the off-line DDB and will be
submitted teo The Singer Company for
processing to the on-line file for ..
radar simulation purposes.

Major Challenges Facing the Carto- o

graphic Community

a. Reduction of unit cost--The cost
per -sgquare mile t¢o produce the DDB is
at present very expensive. . Lewvel I
.costs appear reasonable, approximately
20 man-hours for 100 sguare miles Qf .
moderately dense real estate. However,
the Level IT & IIT costs are signifi-
cantly higher and great care should be
exercised in determining requirements
for this level of data. . For example,
the user should keep in mind that Lev-

els II & I1I are not intended to cover

broad areas of the earth's surface.

The fewer highly dense cultural areas .
{(large cities) that must be digitized,
the lower the cost will be to the data
producers for expanded coverage.

b. Consolidation of user require-
ments—~-Early knowledge of =2ll user area
and product requirements will. allow
identification of common needs. Plan-—
ning can then preogress to support many
users with the same DDB on 2 priority
basis. It is critiecal that this as-
sessment be made as early as possible,
‘before large scale production begins.

c. Technplogy development——-with
present DDB development techrology it
will be impossible to be responsive. to

the needs of classic mapping and chart-—

ing in addition to providing the sup-
port of a myriad of different sensors.

The DMA recoghizes this fact, and is

devoting much of its R&D budget to im-
.prOVlng its ablllty to produce digital
data in a responsive cost~effective

manner, Eguipments are being. developed

and improved to digitize, edit, process
and store digital information. Initial
attempts to automate the feature anal-
ysis function have been initiated this
FY.

The present technclogy with respect to
digitization speeds is quite slow.
Faster digitizing techniques appear
c¢lose to becoming a reality. Graphic
editing technelogy using interactive
cathode ray tube displays is being im-
plemented to speed up the production
pipeline and reduce costs.

d. Standardization--Usually the =

i thought of being involved with diffi-

cult standardization efforts causes
everyone to run for cover. Neverthe-—
less, the cartographic community has a
standardization problem of consider—
able scppe facing it. Premature stand-
ardization stifles creativity. Lack

of timely standardization leads to
duplication of effort and additiocnal
cost. With these happy thoughts in
mind consider. the following enumeration
of areas ripe for the application of
standardization efforts:

® Specification 5evelopmentu—shoﬁld

& ‘specification be developed that sup-
"ports all functional users, €.¢9., radar

simulation, production, other sensors,
harbor entry training, correlation
needs, classical mapping, etc.? ghould
specification develcopment for each of
these proceed with the chjective of
consclidation at a latex date? The
first approach seems an almost lmpos—
sible task; yet the latter requires
additicnal time, which is not avail-
able considering the operat:l.onal need

-dates of many systems. = - - S
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® Computer £ile structure--the
specifics of record layout, header con-
tent and other design parameters are
very important to efficient transfer
of. information and subseguent proces-
sing.

» Data base management—-Standard-
ization procedures for the digitiza-
tion, dissemination, maintaining, stor-
ing and retrieval of digital data are
required. Subjects such as standard
scale size for feature analysis over-
lay maintenance need to be addressed.

Data base software for all involwved
processes is very expensive and should
be developed to a common requirement
against a common specification where



' possible. Users of the DDB will have
to receive a detaliled layout of the
file structure to properly convert te
their computer systems. Where joint
production programs (inter and intra -
DMA) are being considered common file
structures and specifications will
mitigate many problems associated with
data base management.

SUMMARY

The completion of the Project 11383
evaluation phase will provide a digital
radar landmass simulation benchmark to
all agencies involved in radar train- |
ing. The real training value of high-
fidelity radar simulation will be es-
tablished. Experience and data gath-
ered during the project will define
simulation: parameters for future pro-
curements.

The egquipment developed to fulfill
Project 1183 requirements and cbjec-—
tives will advance the state—of-the-
art in digital radar.landmass simula-
tion, by using the most effective
technology available or contemplated.
The system architecture and computation
technigues will provide global simula-
tion capability for long-range mis-
sions, with new standards of image
accuracy and fidelity.

‘Béyond'equipment development is

the following set of conclusions. which,
through Project 1183, forecasts a dy-

namic future: : . . ) " .

e Future trends are to support ad-
vanced high-performance systems with
¢artographic information in digital
form. Specifically, landmass simula-
tion will be accomplished exclusively
from digital f£iles within the next dec-
ade. . .

o The costs associated with prepara-

“tion of this data must be reduced and
-advanced technology holds the key to

this cost reduction.

e The Future of sensor simulaticn in -

- the digital realm is intermnational in

scope.

e The potential cost savings teo be
accrued via improved simulation tech-
nigues are very large. Consequently,
higher expenditures te create the dig-

- ital data required to accomplish im-

proved simulation are warranted.

e A significant effort to consolidate
user reguirements and evaluate stand- -
ardization potential is necessary.

e With proper planning, the possibil- s
ity exists to spread costs of DDB . , "

‘development over many end products..
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