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O. ALSTRACT

An integrated set of computer software is described for the generation of airborne

radar displays, :-lulating tht 2,arth's topographic features and man-made objects to

the extent they htre apparent on the indicator of a modern scanning radar, as a func-

ticn of the aspe. t from which the earth is viewed and the salient characteristics of

the viewing radar system. The programs are based on previous PRA work in the simu-

lation of air-to-ground radar displays and provide a versatile laboratory tool for

the evaluation of radar simulation techniques w-ith a variety of user options for

adjusting scale factors, inserting/deleting special effects, changing the precision

of the calculations, incorporating nonlinearities, and varying characteristics of

the simulated radar and its antenna. P rtions of the software have been developed

to enable experimentation on a general- urpose digital computer, with the design

parameters (e.g., wcrd length, accuracy, and transfer functions) of the digital

and analog processing that will later be cast in special-purpose hardware for a

training device. Other portions of.the software represent programs that will

actually be executed to prepare the radar simulation data base and to generate

the display in real time. The set of software described herein is designed to

operate in non-real time, ;:Ithough it develops an output file that can be presented

to an observer (via a special-purpose display device) in the time frame at which a

high-resolution scanning radar in a Mach 2 aircraft views its ground targets.
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Technical Report: NAVTRADEVCEN 7C-C-0262-2

DEVEIOPMNT OF A HYBRID RADAR 1ANDMASS SIMJLATOR:
ENGINEERMIG REPORT 7

ABSTRACT

An integrated set of ccumputer software is described for the generation of

airborne radar displays, simulating the earth's topographic features and

man-nade objects to the extent they are apparent on the indicator of a

modern scanning radar, as a function of the aspect frcm which the earth is

viewed and the salient characterir-tics of the viewing radar system. The

programs are basea on previous PRA work in the simulation of air-to-ground

radar di splays and provide a versatile laboratory tool for the evaluation

of radar simulation techniques with a variety of user options for adjusting

scale factors, inserting/deleting special effects, changing the precision

of the calculations, incorporating nonlinearities, and varying characteristics'

of the simulated radar and its antenna. Portions of the software have been

S J developed to enable experimentation on a general-purpose digital ccmputer,

with the design parameters (e.g., word length, accuracy, and transfer

* functions) of the digital and analog processing that will later be cast in

special-purpose hardware for a training device. Other portions of the

software represent programs that will actually be executed to prepare the

radar similation data base and to generate the display in real-time. The

set of software described herein is designed to operate in non-real time,

although it develops an output file that can be presented to an odbserver

(via a special-purpose display device) in the time frame at which a high-

resolution scanning radar in a Mach 2 aircraft views its ground targets.
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'-' FOREWORD

Since the development of air-to-ground mapping radar in the 1940's,a
need for radar-simulator training devices has existed. This need has been

omet, until only recently, by analog/optical systems in which aerial
photographs are scanned optically to simulate an actual scanning radar.
The photographic transparencies, however, are expensive ýnd difficult to
update, their resolution has a low practical limit, and the associeted
hardware is generally unwieldy. The Naval Training Device Center
(NAVTRADEVCEN) has long been actively engaged in research into digital
radar landmass simulation.

It has long been recognized that the radar data base represented by
transparencies could be stored and handled digitally, precluding the
problems mentioned above. However, speed and cost constraints of available
digital hardware have, in the past, prevented an all-digital approach to
radar simulation. Today's hardware capabilities and cost make an all-digital
approach feasible.

This report describes software written by Pennsylvania Research
Associates, Inc.,for NAVTPADEVCEN which formats and compresses digitally-
encoded terrain data for a representative portion of the United States.
Software is also described which processes this terrain data along with
cultural information to produce intensity profiles for display on

- NAVTRADEVCEN's special hybrid equipment. The several intensity profiles,
when properly combined and displayed, are intended to simulate an
analogous radar scan of the area.

It should be pointed out that NAVTRADEVCEN required the contractor to
use FORTRAN IV as the main programming language for all software developed
under this contract. While the contractor has pointed out that this
restriction often leads to long run times for some of his software, it is
nevertheless in the best interest of the Government, because FORTRAN IV is
a powerful high-level language producing source programs which are concise,
easily interpreted and readily modified. Furthermore, the extended version
of FORTRAN IV provided to the contractor allows the arbitraxy insertion of
assembly language statements within the FORTRAN source program wherever
desired.

CONCLUSION: The terrain data base developed by the contractor under this
contract is a valid compression of the original digital terrain data.
While the contractor did not produce simulated radar scans on the display
device, NAVTRADEVCEN personnel have used this data base to produce
simulated radar scans, demonstzating the technical feasibility of an
all-digital simulator.

The findings in this report are |7

not to be construed as an official Project Engineer

Department of the Navy position. Naval Training Device Center

ii
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SECTION I

INTRODUCTION

This is the final report on Contract N61339-70-C-0262 between the U. S. Naval

Training Device Center (NTDC) and Pennsylvania Research Associates Inc. (IRA).

The purpose of the contract is to provide ccipater software that enables the

radar1 landmass simulator being developed at ?fIDC to incorporate data on nat-

ural terrain, in addition to the real-time display of cultural targets that

was provided for in Contract N61339-69-C-0086. The radar landmass simalator

uses TRADEC, the NTDC digital computer system.

The ultimate objective of this effort, of which the current contract is a

component, is to advance the technology of using digital and hybrid techniques

for radar landmass simulation. The anticipated purpose of a simulator is fleet

training in the operation of radar systems and the interpretation of radar

displays, in which the flight plan is variable in real time and in which the

~, radar system operator has the full flexibility of the radar panel controls

at his disposal. At present the work is oriented toward simulation of con-

venticnal scanning radars, although the same techniques can be shown appli-

cable to the higher resolution synthetic aperture (side-looking) airborne
radar systems.

The problem area chosen for this simulation is sufficiently large to illus-

trate and exercise all the techniques of data representation end real-time

display reconstruction, yet not so large as to prohibit the development of
a simulator with a modest rate of funding. The problem area corresponds

to the 1:250,000 scale topographic map sheet;Warren, Williamsport, and

Scranton, Pa., bounded by latitudes ul°N and 42°N and by longitudes 80°W and

7o°W. This area is approxivately 60 x 270 nautical miles in extent and en-

compasses a wide and representative variety of natural terrain and cultural

ccuplexes.

The cultural data display in real time previously accomplished is considered

- Phase 2 in the four-phase developiment of the radar lainmass simulator. The

current effort is part of Phase 3 -- the augentation of the display with
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terain infomation. This portion, designated herein as Phase 3A. uses gen-

eral-purpose cmputer software to simulate the real-time processing that will

be performed by the special-purpose co-tational equippent.

,Phase 3A is a computer simulation of the real-time radar landmass simulator;

jPhose 3B is contemplated to be the embodiment of the vnquatified real-time

isimwlation. The Phase 3A display will be produced in real time for view by
!thq observer. The concession is that the coqzutations leading up to prepara-

tion of the data for the display will be performed in advance. Thus in Phase

"3A the flight plan of the radar being simlated is known prior to writing of

the cathode-ray tube indicatorp while a simulator designed for fleet training

purposes must aflow the flight plan to be changed under operator control.

This pre-•lculation of information for the display is nevertheless oriented

toward the fleet training application: many of the ccapotational approaches

and ccmputer progrems incorporated in the Phase 3A system will be directly

usable in a real-time radar simulator. The purose of the present development

of the radar landmass simlator is to evaluate approaches, develop techniques,

and establish guidelines for the eventual procurement of an efficient and

effective training device. Hence flexibility is provided in the system

being prepared under Phase 3A, and options are incorporated vwhich enable a

wide latitude for laboratory experimentation.

Section Il gives a statement of the problems and delineates the processing

required of each of the programs prepared under this contract. Section III

describes the programs that have been written, with a subsection for each

of the programming tasks. This descriptive information provides the program

structure, input/output formats, arithmetic and logical functions, and oper-

ating instructions. Section IV reports on operating experience with the

progrms (e.g., time and storage requirements, examples of final display,

etc.) to the extent this information is available at the time of writing.

The detailed documentation of, and microflovcharts for, each of the in-

dividual routines and subroutines is given in a series of correlative documents,

for each task. These documents are listed in the references (Section V).

4 )

2
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*Z •SECTION II

STkTEHfNT OF PROBIEMS

There are five steps to produce the simulated radar pictures of

Phase 3A: Reformat Terrain Data, Compress Terrain Data, Produce Sweep

Profiles, Produce Intensity Waveform, and Generate Display. The first

two prepare the data for the terrain profile generation. This resulting

data can also be used in the actual radar simulator. The other three steps

simulate the radar simulator. The work was divided into five tasks, cor-

responding to these five steps in the processing.

1. REFORMAT TERRAIN DATA

To produce a radar landmass simulation system of any significance

requires the compilation of a data base for a resonably large area. Radar

landmass simulation systems for use in actual training devices will require

a data base covering at least half of the continental United States (CONUS).

For this effort a minimal area -- that defined by three 1:250,000 scale USGS

maps -- of 6 degrees of longitude and I degree of latitude was chosen.

Culture data has already been assembled for the chosen area. It is necessary

to assemble terrain data from available sources and compile it into a unified

data base for use in this study.

The available data on terrain heuight represents digitization of contours on

many separate maps at. a scale of 1 :250,000. Each map is roughly aligned

¶ with the cartesian coordinate system of the digitizer, and the contours are

traced by a skilled hand. The digitizer is equipped with a grid of mesh

0.01 inch in both coordinates, and every crossing of a grid line is recorded.

Subsequent computer processing formats a magnetic tape which contains terrain

height at every intersection of these 0.01 inch grid lines, as indicated by

Figure 1. Those points on the tape that were obte4ned directly from the

contours (closed squares) are tagged differently from those points that

have been interpolated (open circles).

3
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point

point

0 0

0.01 inch at mpscale 1:250,0000
(- 208-1/3 feet at ground scale)

Fig~ure 1 -CONTOURF A.' DIGITIZED FROM MA~P (M~G1IFTED 67X)
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e 1U. S. Aw ftpograhic CinndA (TOPOCON) In conducting a terrain-digitizing

program. Whs to an on-goiiW program, under the cognIzance of the Defense
IntllguuceAgsWc (DIA), Wich Is making high-re solution tpopogqhc data

avialeI standaird digital foumat. The source for this digitizing is

the 1:250#000 t Morpi np, the largest scale Wa that covers the CallU.I

The contmr Intervals for this we series are 2%, 50., 100, 20, an 500 feet,

depending on the nature of the terrain. All. contours are digitized, except

those In areas vwhee the ste~spess of the slope is co great that individual.4
EcntowsP E!*M be adqMtely separated. The absolute resolution of the

device which converts line (graphic) Informatlio to digital fors is 0.01
Inch, which correspood to a relative resolution of about 200 feet on the

gromd. Omwe digitized and verified, this data in processed by a comuter 9I
progra Vhich itroate etwme contours and arranges the information
Into 1mWividal elevations at a aensit7 of 0.01 Inch over the entire uap

sheet.

Approximately half of the COMM io cvrrently In digital fore. included in
this area to that portion at CONUM represented by the three 1:;250,0000 maps

WAN= WIZZIA)6P01? and OCRANTON. These same three maps vere digitized
by PRA to extract the cultural and hydrograhic infornation under contract

961339-C.68-0155 (see Ref. 1). After digitizingthe maps were pen~led.
(Paneling Is the tern used In the cartographic industry to describe the

smooth Joining of two adjacent charts In a common coordinate system to

forma single chart.)

An supplied by TOPOCON the digital terrain data for each 1:.250j,000 map is

rectwded on two reels of magnetic computer-readable, tape: the west half

on-one ta- sand the east half on the other. Sach half mp is In it,% ownI ~comrdivate system with Its south-vast corner near the origin. For vest
half maps, the e&As edge io parallel to the y-axis; for east half a"s,

the vest edge Is parallel to the y-axis. Each half map to Mroximastel~y11 ~a trapezoid (the north and mouth edges are slightY curved). Figure 2
shows at aggeasted diagrm of two half sops, with their coordinate
systems, ad gives lg~cal dimensions In Inches.



NAVTRADEVCzg To-C-0262-2

x

a.a

S ---

8$0,

XI I

A ii

I 0

tm('O

I I



NAVoADEVCEN -C262-2

The x- and y-coordinates are represented by 12 bits (0.01 inch out of 4o.96

inches). The height, or z-coordinate, is represented by a sign and 15 bits

(1 foot out of + 32,768 feet) along with two bits which distinguish recorded

contour points and map-edge points fic. cuoputer-interpolated points.

The grid spacing of 0.01 inch corresponds to 2,500 inches or 208-1/3 feet

at ground scale: this is the sWmpe point spacing, in the coordinate system

in which the map was digitized. When related to the unified coordinate

system, the three maps of Figure 3 form a data base contained within a

rectangle'60 X 270 (nautical) miles.

The coordinate system chosen for the culture data has its origin at the

south-west corner of the WARREN (vest most) map. The y-axis is along the

vest edge of the WARREN map (i.e., along the 800 longitude line). The

x-axis is perpendicular to the y-axis and is tangent to the south edge of

Sthe WAREN map at its south-west corner. Figure 3 gives an exaggerated

diagram of the paneled six half-maps in this coordinate system and gives

dimensions In inches. Section 111.1.2 describes the transformat-ons.

The data is organized on the tape as 18-bit words. This organization is

not convenient for processing on a ccimputer with a 32-bit word. The job of

Task 1 is to panel the six half-maps into a unified data base using the

same coordinate system used for the culture data. and incidental to this

paneling, Task 1 should reorganize the data into a format more convenient

for processing on a computer with a 32-bit word.

2. COMPRESS TERRAIN DATA

This secticn sutuarizes the considerations entering into the

representation of natural terrain for the purposes of real-time digital

simulation of radar displays. It serves also as a primer on approaches

f9r ftding a method by which natural terrain can be represented in a

ccamputer-readable forim tjhat is efficient for use by a real-time digital

simulator.

7
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The "radar landmass siaulator" provides a display that appears the some as

the display the observer vouU see if he were operating a radar set in an
actual aircraft. The simulator design team is given a data base which

describes the terrain in cartographic terms (generally contour maps). The

real-time system is provided with a simulator map which is derived from the

information in the data base and is stored in a suitably encoded and cam-

pressed form.

Preparation of the sLoulator map is strongly dependent on the processing

that will be employed in ',he simulator to reconstruct terrain height profiles

along each radar sweep within the scan. For the prez-nt project, the scan

format is the plan position indicator (PPI), and radar weeps are equispaced

rcdial lines originating from the current position of the vehicle in which

the radar is mounted. Camptational techniques suitable for terrain re-

construction have been studlied at some length in previous projects. Straight-

forward tabulation of terrain height and various -e-thods of compressing such

a tabulation have been investigated in the past. It is currently believed

that a functional approximation will allow the simulator to take beat ad-

vantage of the redundancy (smoothness, regularity, consistency, etc.)

inherent in the terrain height as a function of lateral position.

Several serious considerations underlie the terrain fitting problem. Among

these are the computer-oriented limitations on storage size, processing

speed, and transfer rate, which are directly translatable into dollars per

unit area of real estate (for data preparation) and dollars per simulator

(for fabrication of the device proper). Further, as a pictorial display

the simulated radar scope must cater to the capabilities and vagaries of the

human observer: disturbing patterns or unrealistic effects cannot be allowed,

and the presented image must look radar-like regardless of any convenient

mathematical formulation that may be found. These factors reduce the nwmnber

of variables or options in the terrain fitting problem and, in turn, give

rise to same constraints that =st be taken into account in making the

(digital) sbiultor map.

9
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2.1 COMPUTER HIAIUIfl OF SIMUIATOR MAP. The computer processing to

reconstruct terrain height is going to be repeated for every resolvable

element along a radar sweep line, which line may have its end points located

anywhere within the problem area. It is intuitively obvious that the burden

on the coMputer will be alleviated if one or more data groupings are made,

intermediate between the resolvable-element level and the problem area level.

The area of terrain that corresponds to a group of resolvable elements,

having a specific size and shape, is termed a region. For simplicity, both

the area covered by a region and the data that characterizes that area are

frequently referred to as regions. The simulator map, to be prepared from

the data base described above, should group the data by regions for ease of

computer handling.

Further developing the concept, one recognizes the convenience of computer

handling that arises from making a region's dimension a binary multiple

(2,4,8,16,...) of the dimension of a resolvable element. In a digitrl comn-

puter the digits defining the coordinates of a region are the high order

digits, and those defining the location of a resolvable element within the

region are the low order digits, with no overlap. This makes addressing

calculations simpler both to program and to execute. For example, as a

radar sweep is traced out by counting resolvable elements from some
starting value (xin, n to sace ending value (xmax, y 1a), the high

order digits of the x-counter and y-counter determine the region in which

the sweep lies at any instant. Further, the repetitive nature of the low

order digits in the counters is useful in generating signals which depend

only on sweep location within a region.

This method is diagramed in Figure w which illustrates the case of 16

resolvable elements in each axis, grouped into four regions in each axis.

Two x-bits and two y-bits determine the region, and two more x-bits and

two more y-bits determine the resolvable element within the regicn. The

heavy outline on Figure 4 bounds region (x = 10--, y = 01--), and the

resolvable element (hereafter called a dot) illustrated takes position

(x = -- 10, y = --11) within that region. Hence, the comlete coordinates

of that dot are (1010,0111).

10
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In pre-ious work, the standard has been afcited that a region contains

32 X 32 dots, or five bits for the low order part of the x- and y-coordi-

nates. Further, the region dimension has been set at 5,000 feet, corresponding

to a dot size (resolution capacity) of 5,000/32 = 156.25 feet. The data on

culture for the sme problem area has previously been encoded in a unified

cowdinate system using increments of 156.25 feet, and computer programs to

handle culture data in this form are in existence.

The region dimension is thus exactly 24 times the grid line spacing, although

the grid lines of any digitized map are skewed with respect to the final

simulator map. Regions on a 1:250,000 scale map can br. visualized by looking

through a quarter inch aperture. (To be exact a 0.24 x 0.24 inch grid is

necessary.)

A region must comprise an independent packet of data, so the terrain-recon-

structing comuter may handle it individually. The choice of 5,000-foot

regions is a compromise between wall regions that would require an excessive

mnber of storage accekses, and large regions that require excessive amounts

of data to be handled per storage access. This dimension corresponds to just

over 10 microseconds of two-way signal travel across the terrain.

The mathematical notation reflects the grouping of data by regions. Capital

letters are used to denote regions, and small letters are used to denote

position within a region. Thus, the dot coordinates (X+x, Y~y) imply region

(X,Y). As mentioned above, five bits is sufficient to represelt x or y.

For the problem area presently used, X requires seven bits. (It may be of

interest to note that 12 bits for X and 5 bits for x allows representation

of )4,096 regions, or 20.480 feet, or about 3,350 (nautical) miles -- more

than adequate to span the continental U.S.A.) The radix point -s considered

to be placed so that 0 < (x) < 1, and the region coordinates XY are integers.

Y

12
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2.2 PROBLEM Me ARTIFICIAL PATTERNS. The copMUter processing May tead

to introduce artificial patterns., as from roundoff or truncation Prror at

regular intervals. Even if such errors are small compared to the error in

the fitting process, their regularity will provide visual Laes that -- in

the final reconstructed image -- will be disturbing and thus unrealistic.

Such cues may take the form of moire patterns, resulting from the beating

of two, individually invisible, sets of quantization steps. A well-known

example from previous work is the moire effect caused by calculations made

in a polar coordinate system being displayed on a cartesian raster of com-

parable resolution.

Gramilarity in the final didplay will arise if insufficient precision is

used for the intensity coordinate. The eye will be drawn to patches of

relatively constant intensity with well-defined boundaries. For smoothly

varying radar intensity, these granularity boxmdaries take the form of

contours: the terrain will be terraced. To avoid contouring, the intensity

coordinate is frequently made an order of magnitude more precise than its

accuracy or error size would require. That is. several low order bits must

be carried for purposes of smoothness, even if there is no Justification

for that nmber of significant figures in terms of accuracy of fit.

Checkerboard patterns are particularly likely to result from the grouping of

resolvabir elements into regions described above. If small errors are made

in the height of each region, there will be bluffs or escarpments at the

region boundaries which, of course, will show up as bright lines or shadows 4

in a most regular fashion. Moreover, the radar display is sensitive to

slope. Slope discontinuities in the terrain are transformed into intensity

discontinuities in the display. These would appear as contours of intensity,

here aligned nicely with the region boundaries to give the impression of a
grid superposed over the radar display.

13
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A mathematical formulation of boundary continuity is appropriate. Let the

actual terrain height z be approximated by the 2iunction hxjy(x.y). From the
previous discussion of Yigure 14, this means the approxiiited height h in

region (X,Y), at position x.,y). The critericn of boundary continuity in

height and slope is then expressed as:

2XJY (0,y) : h1:x-.,Y (Iy) for all Y (0,1)

as h• xO s yJ

(xo) (x,,) for all x = (Op)

where s = 0,1 (height and gradient).

This is illustrated in Figure 5, where the arrows show possible radar sweeps

across region boundaries. The criterion of boundary continuity must be imposed,

whatever the fitting scheme may be, to avoid the checkerboard pattern (in

addition to the above criteria relating to moire patterns and granularity).

One way of doing so is illustrated by Figure 6. Here four sets of alternating

nonadjacent regions are individually fitted and the fits are combined. If

the fit to each region includes same area in the adjacent regions, then

the average fit will be reasonable and will exhibit suitable continuity.

2.3 SIMPLE RECONSTRUCTION. It is desired t~hat the terrain height

reconstruction be ccmputationally simple. Wile "simplicity" is an intuitive

rating, certain basic properties of the reconstruction process will be readily

agreed as leading toward a simpler mechanization.

114
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A A A B B

* A- - L~

A A -A B B

A A A B B= J, ,L L =

.... and so oan for the 'C' and the MDO sets of regions.

For each set of regices, the coefficients of the simulator

map aro foun by trldng the area ithin and neaft the

regioni oa lri•sing the set. This provides four site of

coefficlents, which are assigned to region corners.

The fn coefficients are found by (weighted? averaging

of the four sets of coefficients, at corresponding corners,

In other words, a four-color checkerboard is conceived.

Each color (A, B, C, D) is treated separately, and

coefficients for the respective regions a&- computed,

each region being a bit larger tkan originally assigned

(overlapping the regions of the other colors, ns shown).

Then coefficients for each corner of the original size

t regions are found by averaging ths respective coeficients

computed for the four oversize regions which include each

cornero

Figure 6 -- FITTING TO ALTERNATING SETS OF REGIONS
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The first such property is superposition. If the approximated terrain height

at any point can be found by the superposition of independently calculated

functions, such calculations may proceed in parallel (perhaps by analog

computing gear) and summed for the resultant value of height. That is, a

reconstruction formula in the following form is preferred:

h(x,y) = 9 (Xy)

i4

where the set of coefficients ci is appropriate to the region (X,Y)

oeing reconstructed. The approximation is thus a linear cumbination of

the basic functions g,.

The second property is separability. Since the terrain is arbitrarily

located with respect to the problem area coordinate system, symmetry should

exist between the x- and ---coordinates. Separability implies that the
I independent calculation of functions that are superposed, be extended to

independence between these coordinates. Thus the following form is assumed

to be "simpler" than the above:

h(xy) = g (x)l tc g(y)j

c J4~ c~Si(x) g3(y)
ij

where the set of coefficients c is appropriate to the region (x,Y),

and g1 = g for i = J, with any argument x or y.

The third property leading toward simple methods of reconstruction arises

from a recognition that the criterion of boundary continuity places some

constraints on the coefficients in adjacent regions. Hence coefficients

for adjacent regions are somehow related and ý'.ld be combined to serve

* j 17
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more than one region. The desired property is thus coefficient sharing,, or
the use of coefficients by more than one region, leading to less total
storage and less data transfer.

Carrying this property further, one may Lonceive of coefficients being assigned

to corners of regions, to be shared by the four regions adjacent to each corner.

There are as man corners as regions in the problem aread so this scheme pro-

vides as many sets of coefficients as regions. However, each region is re-

constructed fran four sets of coefficients, and passing across a reg.'on

boundary requires changing only two of these sets of coefficients.

The fourth property which prcmotes a simple means of reconstructing the approx-

imated height is the ready cowmutation of each of the gi(x) anl g1 (y). That

is, the form of the basis functions should be easily amenable to mnmerical

evaluation on 4 ccnuiter. As an example, polynomial forms have been used:

gx) a0 + ax+ ax 2 + ... , and the varions specialized forms of poly-

nomials (Legendre, Tchebyschev, Lagrange, etc.) have diffs-ing characteristics

that are worthy of consideration.

Since the basis functionas are the same for all regions, their calculation
may be replaced by table lookup. To this extent, sinplicity of the basis

functions themselves is not so important. If the region size is 32 dots

on a side, as previoucly standardized, and if the basis functions are

separable into functions of x and .Nrictions of y, the-, each basis function

requires at most 32 table entries. (Lack of separability would mean that

each besis f7unction g (x,y) xiight have 32 X 32 = 1024 table entries,
1

although a waller number of different functions gi, would suffice.) Tabu-

lation of Lagrange polynomials has been effective in past work.

Each region may be considered to include its left and bottom boundary but not

its right or top boundary; this is equivalent to defining a region as the area

within the interval x - (0,1], y = (0,1]. Then regions may be named by the

coordinates (X,Y) of their lower left corners.

18
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\_ 2.4 THE FITTING PROBIRM. In view of the foregoing considerations, the
problem of terrain fitting my be stated as: Given the actual height z as
described in Section I1.1, find a method of fitting z which allows reconstruction

of an approximate height h on a region by region basis as described in Section
11.2.1. There =at be continuity of height and slope across the region bound-
ries as described in Section II.2.2, and the several desirable properties
described in Section 11.2.3 should apply. The approximation can be expressed

as:

n n
X1z ~hxy C, Yi i(x;)) g=(Y;)

where X,Y = regions designator (integer part of lateral coordinates)x,y = position In region (fractional part of lateral coordinates)

i, J = indices of summation, corresponding to order of g1, gj

C, y, = coefficientE of order i,j (applying to region X, Y)

si(x;k), gj(y;)) = basis functions of orders i,J (ccmnon to all regions)

n = degree of approximation (indicative of nunber of coeffients used)

= specific set of basis function (e.g., Lagrange polynomials.)

The form of the basis functions should be selected to (a) minimize the amount
of data contained in storage and transferred during reconstruction and (b)
maximize the accuracy of fitting relative to same appropriate criterion.
Obviously this represents a tradeoff, and this tradeoff is the fundamental
problem of terrain fitting. Data minimization (or data compression is
affected by:

a the degree of approximation n

* the number of bits carried in the coefficients c
o the extent to which coefficients apply to more than one region.

The problem of data compression is easily recognized.

19
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The accuracy, or fidelity, criterion is more complicated than has been rec-

ognized in previous work. Although reduction of rms error between z and h

is mathematically convenient, it is believed that a re-exunination is needed

of the relation between same height metric and what the radar observer aees.

2.5 RADAR-ORIENTED FITTIN CRITERION. Regardless of how well the fitting
is done, the appearance on the observer's PPI is all that matters. Discussion

of artificial patterns above suggested that the observer's eye is sensitive

to intensity changes, with absolute intensity levels of little significance.

In light of the variation allowed in the radar set's contrast and sensitivity

controls, it would be unnecessarily confining to attempt an accurate match

of terrain height. Instead, the changes in scope internity should be matched

-- which correspond more or less to the second derivative of terrain height

as a function of lateral coordinates. (Intensity corresponds to terrain slope,

except for shadows and other objects where they occur.)

The airborne radar observer is trained to identify locations of ridge and

drainage lines in the terrain and to interpret topographic features by

: re:°erence to their intensity contours and shadow boundaries. He looks for

cues such as angularity vs. smoottess in the lateral sense, and such as

sharpness vs. diffuseness in intensity. He attaches little significance

to variations in intensity level that are mall compared to the average

variation within the area of scrutiny. The radar is usually viewing the

terrain at low elevation angle, and the pattern is changing with motion

of th2- vehicle in which the radar is located. Sharp convexities, cliffs,

and scarps are praminent regardless of radar position or panel control

settings, while flat valleys, plateaus, and low rolling hills tend to be

masked by noise or by hydrographic and cultural features.

These properties must be used In the formulation of a fitting criterion.

The criterion must take into account the different kinds of terrain: a

200-foUt hill in the flat midwest is significant, whereas it is irrelevant

20
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in the western mountains. Consideration has been given to a criterion that

is related to spatial frequency content of the terrain fluctuation (where

the high-amplitude components are weighted more heavily), and to a criterion

that places emphasis on the second derivative of terrain height. Further

work is required to formlate more specific fitting criteria having radar

significance, and to relate subjective pictorial accuracy to a mathematically

expressed fitting criterion.

2.6 PROGRAM To BE WRITTEM. The job of Tas. 2 is to prepare a reasonably

generalized terrain compression program which ccopresses the terrain into a set

of coefficients for each region as described above. Variation is allowed in the

following parameters:

"* Basis Function. A subroutine is provided to tabulate the

basis functions of a single variable. Only the separable form

is provided for. Up to ten basis functions may be used.

" Region Size. Any integral nultiple of the grid lines spacing

of the original data may be used.

"* Degree of Overlap. The concept of a group which surrounds a

region is introduced. The region is centered within its

associated group, and the gr -zp size may be anywhere from the

region size to twice the region size.

" Problem Area Size and Location. Any rectangular problem area

may be defined. The units are grid spacings within the original

data. The problem area may be wholly within the area covered by

the data, the data -Ay be wholly within the problem area, or

there may be same of the problem area not containing data and

data not contained within the problem area. Coefficients are

computed only for those regions whose associated group is wholly

contained within the area covered by the data. All other regions

have zeros for their coefficients.

21
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0 Coefficient Precision. A maxim= of 15 significant bits plus

sign is output from this program. The power of two represented

by the most significant bit and by the least significant bit

may take any values provided that no more than 15 significant

bits lie between the most significant and least significant.

9 Coefficient Sharing. If the degree of representation is denoted

by N, there are N2 coefficients for each region. One quarter

of these N coefficients is associated with each corner. To

provide for boundary cmtinuity as described above in addition

to the criterion placed upon the functions, the corresponding

coefficients must be equal between neighboring regions. For

exmVple, the coefficient which is multiplied by those two functions

which take on the value unit at the lower right corner of a region

must equal that coefficient which is multiplied by those functions

which take on the value unit in the lower left corner of the next

region to the right. The program allows for any subset of the
N2/1 coefficients to be aver.Sed with the coefficients in

neighboring regions and the resulting average used for both

regions. Therefore, n degree of boundary continuity may be

incorporated within the resulting simulator map.

* Section 111.2.3.2 gives d~tails ori how the above parameters are specified.

The lizits mentioned above indicate the mxtumi for each particular parameter.

However, the exercising of all options at their maxim= value is not possible.

Associated with each value of the above parameters is a core storage require-

ment. The set of parameters chosen must be such that the total available

core memory is not exceeded. Section 111.2.3.3 tells how to ccmpute the

required storage for any given set of parameters.

22
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3. POIDUCE SWEEP PROFILES

The radar landmass simulator designed by RA under previous contracts

(see Refs. 2, 3, and 4) can be diagramed by Figure 7. It consists of three

sections: the culture profile generator, the terrain profile generator, and

the radar effects generator. These three are controlled by and receive their

data from the general-purpose digital ccmputer. As described in Ref. 2 the

ccuputer software is organized in a multiprogramming structure. There is

a special-purpose control program, five primary tasks*, and secondary tasks

as needed. The secondary tasks interface the input/output units with the

primary tasks; the primary tasks perform the actual control function of the

simulator system. The names and functions of the five primary tasks are as

follows:

9 MISCON simulates aircraft motion,

* TFICONT produces height profiles for a scan,

9 CFCONT produces reflectance profiles for a scan,

* TFPREP updates the terrain data window

* CFPREP updates the culture data window.

Figure 8 shows the system cycle. While the height profiles are written, the

culture window is updated as appropriate. Then, while the reflectance pro-

files are writtea, the terrain window is updated and the aircraft position

is updated. In addition to updating the culture data window, CFPREP also

tries to keep ahead of the aircraft by predicting which strip of culture

and terrain data will be needed for the next update. Prediction is possible

because the window is sufficiently larger than the scan. Updating is then

done either when the data is available (usually one scan after it was

requested), or when the current window cannot hold the current scan. The

terrain window is updated whenever the culture window is updated.

*Both the RIMI system software and the project management are divided into
"tasks." An RIMS system software task is one or more programs which perform
some function within the simulator. A project mana ement task, on the other
hand, is one or more jobs to be performed as specified in the project work plan.
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Figure 9 shows the initial system cycle. The system begins by starting

MISCON, CFCONT,, TFPIEP., and CFCONT. CFCONT and TFPREP wait for CFPUEP;

CFIREP waits for 0ISCOli. MISCON calculates the initial plane position.

CFIBEP then creates the initial culture window. CFCONT and TFIREP in

parallel write the culture scan onto tape and create the initial terrain

window. When CFCONT exits, T'CONT and CFPREP are entered.

The system is now ready to operate as shown in Figure 8. MONT and CFPRP

begin operating in parallel. Before CFP EP can proceed it must wait for

MISCON to finish. Before 1TCONT can proceed, it must wait for TFIMP to

finish. Both MISCON and TFPREP were entered during the previous cycle.

The waiting is included in the programs as a safety factor.

TONT and CFPREP is parallel write the terrain scan onto tape and update

the culture window. When TFCONT exits, MISCON, CFCONT, and TFPREP are

entered. CFCONT and TFHMEP must wait for CFP1P to finish. Again, this

waiting is included as a safety factor. MISCON, CFCONT, and TFPREP will,

in parallel update the plane position, write the culture scan onto tape,

and update the terrain window. When CFCONT exits. TFCONT and CFPREP are

again entered, starting the cycle over again.

A radar landmass simulation system which consists of che culture profile

gernerator, display, and general-purpose ccmputer is currently operational

at NTDC. Under Contract N61339-69-C-0086 PRA designed and implemented the

software for this system consisting of:

"* The special-purpose multiprograming tontrol program.

"* All necessary secondary tasks.

" The primary tasks MISCON and CFPREP.

This system is described in detail in Ref. 4. As stated in Section I this

is known as the Phase 2 system. The Phase 3 system will include the hardware

and software to produce terrain profiles and combine the two profiles into

26
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SJ a radar picture. Numerous questions were raised in connection with the

detailed design of the Phase 3 system (see Ref. 6); therefore Phase 3A

was included in the program to simulate the proposed special-purpose

hardware, prior to performing Phase 3B which will satisfy the original

Phase 3 concept.

The purpose of Task 3 is to develop those computer programs which calculate

terrain height and radar reflectance profiles as a function of ground range
along each of the sweeps comprising a radar scan. Those portions of the

Task 3 progams that have to do with calling the errain data from the

simulator map form the prototypes of the real-time programs to perform

the correspondin operations. Those portions of the Task 3 programs

that simu~late the spcial-purpose hardware perform calculations that

faithfully represent the design of the special-purpose hardware.

4* PROUCE INTENSITY WAVETORM

Previous design work has de-emphasized the radar effects geruerator

portion of the radar landmass simulator. Satisfactory radar effects generators
exist within factored transparency simulators. N"TDC directed that PRA con-

centrate its efforts on those aspects -- in particular the terrain profile

generator -- of the radar landmass simulation for which unique technological

innovations and significunt resulting improvements were contemplated over

the factor-ed transparency approach.

The job of Task 4 is to write a program which will take the culture and

terrain profiles and produce an intensity profile similar to that produced

by the radar effects generator. The steps involved in this are as follows:

* Perform smoothing of the terrain height profile to simulate

removal of quantization noise. The degree of smoothing will

be pre-set by an assembly parameter to this program.
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e Mix terrain height profiles with culture reflectance profiles,

taking account ofLambert's law, antenna elevation pattern,

and terrain shadowing

* Perform ground-to-slant range transformation, including

atmospheric refraction and earth curvature

* Compress the resulting slant range intensity profile,

representing the signal to be applied to the display.,

to a form suitable for later access in real time, and

store on tape and/or disc

* Perf•rm such control and housekeeping tasks as are necessary

to provide for effective operation of the above programs.

Section 111.5 describes the programin structure and mathematical techniques

to accomplish the above.

5. GENME DISPLAY

The purpose of the Task 5 program is simply to read the data from

tape and/or disc that has been previously calculated, and to control the

special-purpose display hardware constructed by NITC for driving the cathode-

ray tube indicator. This is to be a "load and go" program, suitable for

demonstration of radar simulation capabilities with little or no preparation

on the part of the computer operator. Thus even thouh the data is prepared

by a non-real-time computation, the Task 5 program provides output to the

display equipnent in a time frame corresponding to the scanning sequence of

a radar, irrespective of the amount of computmtion in Tasks 3 and 4 that was

necessary to support such a display. As mentioned above, only the scan format

of a 20-mile range, 450 sector is provided at the present time. Computer

programs vithin Task 5:
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"* Provide information regarding position and orientation of

each sweep for transmission to display hardware

"* Read the intensity profile from tape or disc for each sweep

and transmit it to the special-purpose hardware for display

writing

"* Provide necessary control and ackmowledgement signals via the

ccmPuter input/output channel required to Interface with the

display hardware

I Perform such control and housekeeping tasks as are necessary

for effective operation of the above program.

~J1
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SECTION III

DESCRIPTION OF PROGRAMS

Section II introduced the five tasks in Phase 3A of the development of a

hybrid radar landmass simulator. The job of each of these tasks vas to

write a program. This section contains the overall description of each of

these programs and their urer documentation. Detailed programming documen-

tation is provided in separate documents Refs. 8-12.

I. REFORMAT TERRAIN DATA

The Job of Task 1 is to accept the six tapes representing the

WARREN, WILLIAMSPORT, and SCRANTON maps and c-eate a unified map of the

sami problem area. The program is spccifically tailored to process these

six tapes, However, it is possible to process six similar tapes with this

progr'•.

ST1its section contains a description of the overall program structure,

followed by a description of the program flow. Then the "User's M!nual"L for this pro Wim is presented.

1.1 PROGRAM STRUCTURE. The Task 1 program consists of a main program

and nine subroutines. Figure 10 is the call tree for this program. It

shows which subroutines call which other subroutines and which subroutines

are called by which subroutines. For example, the subroatine with the

main entr, point PROEI calls the subroutine with the main entry pcint RDDC

and is called by the executive and the subroutines with the main entry

points CHECKPNT and PROD.
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The executive does none of the actual proceliing; rather it calls upon six

of the nine subroutines in the proper order. These six subroutines do the

actual processing with the aid of the other three subroutines. Figure 11

shows these six subroutines and the interfaces among them.

PROA takes the coordinate definitions of corners of each of the six half-

maps and computes the transformation parameters.

PROB reads one column of data frco the TOPOCOM data tapes each time it is

called. This column of heights is unpacked and stored one height per word

into an array. The (X,Y) coordinates of this colwmn are also extracted

from the data tape and unpacked.

PROC applies the transformation parameters to the X,Y coordinates for the

current column to comute the new coordinates (X, X.) for each height in
I ~the current colwmn. These coordinates are stored into two arrays.

PROD uses the (X ,Y1 ) coordinates to store the column of heights into an

intervmediate array on the disc. Depending upon which half map it came

* frcm, a column of data my contribute to as few as 19 columns in the final

output or as many as 118 columns in the final output. The intermediate

* array contains 120 columns.

PROEI empties one column at e time frum the intermediate array and reformats

it into final output. It also acts as n interface between the disc and

the other routines.

CHECKPNT saves the tranoformation parameters ind the intermediate array

onto the checkpoint tape. This is to allow stopping arn restarting the

program at intermediate points. It also allows saving intermediate re-

sults for retarting in case of machine failure.

Detailed docmeutation of all programs constituting Task 1 may, be found

in Ref. 8.
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1.2 PROGRAM FIi. The Task I program computes new coordinates for each

point in the original data, and the data is arranged in columns (constant X')

ir, the new coordinate system. The original data consists of six independent

coordinate systems. if X.,Y is a point in one of these coordinate systems, then

the new coordinates X',Y' can be found from the transformation:

XI - X cos 0 - Y sin e + Xt

Y- - X sin 0 + Y cos 0 + Yt

This is a rotation by an angle 0 and a translation of an amount Xt in the X

direction wnd Yt in the Y direction. The values sin G, cos 0, X., and Yt are

called transformation parameters and are computed for each of the six half-maps
from west to east. As described in the detail documentation of subroutine PROA

in Ref. 8, the angle between the left edge of the "current" map and the right

edge of the "previous" map is found by the formula cos 0 - cos (a-b) - cos a

cos b + sin a sin b, where cos a and sin a are the direction cosines of one edge

and where cos b and sin b are the direction cosines of the other edge. (The
direction cosines are found by dividing the X-ccmponent and the Y-component of

any edge by the length of that edge as usual.) The rotation is applied to the

current map's edge (XtmYt-O). Then the distance between the lower left corner

of the current map (after rotation) and the lower right corner of the previous

map (rotated earlier) is found by the formulas Xt= Xa°% and Yt- Ya~Yb where

(Xa, Y) and (Xb,Yb) are the coordinates of the corners. The foregoing transfor-

mation, using these parameters, is applied to each map in turn.

A column of data (constant X) is read. The above equation is applied to each co-

ordinate in this column to create a set of X',Y' coordinates. This set of coor-

dinates will represent several (from 10 to 118) columns of constant Y'.

A sliding array of 120 columns is maintained on disc. Initially the leftmost

column of this array corresponds to the zeroth column of the X',Y' coordinate

system. The column of heights is placed into this array in the locations
indicated by the X',Y' coordinetes.

The next column of data is read and the X',Y' coordinates are computed for

it. Then the heights are stored into the disc array. After .processing

several columns of input data, the set of X',Y' coordinates will contain a

contribution of the 12)th colmn. The leftmost column is then reformatted

and written onto the output tape. This column is now made to correspond to
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the 12Dth column. If I represents the lowest column currently represented

in the disc array, then when data arrives for the i+1 20th column, the Ith

column is written onto the output tape and the array "slides" one column.

After all of the input has been read, the disc array is emptied onto the

output tape. Figure 12 is a macroflowchart of the Task I prog am.

The processing takes over twenty-four hours. Also the SIGMA-7 operating

system cannot "know about"more than five different tapes at any given time.

This program requires a total of ten tapes to be processed. Therefore,

provision is made within the program to take a checkpoint after each input

column is processed. To take a checkpoint all necessary variables (e.g.,

the transformation parameters) and the disc array are written onto a tape.

Checkpoints are taken in response to the operator setting a sense switch

or after a predetermined number of input records have been processed. When

the program begins execution, a sense switch is checked to see if the check-

point tape should be read instead of computing the transformation parameters.

1.3 PROGRAM OPERATION. This section serves as the User's Manuel for

the Task 1 program. It assumes that any arbitrary six sequential half maps

are to be processed. There are two steps: preparation of the input deck,

• and operation of the computer.

1.3.1 Preparation of Input Deck. Fitre 13 shows the program deck. It

shows three subdecks and several control cards. Two of these three subdecks

must be prepared particularly for those input tapes to be processed, and

the third -- FORTRAN source program -- may have to be modified to adjust

the disc array size.

To properly prepare the program deck the following data must be known for

the input tapes to be processed: map name, corner coordinates, map sheet

number, map sequence number, tape serial number. Table I shows this

information for the six data tapes processed under this contract. The

- ! map sequence number is assigned frcm one to six and indicates the order

from west to east that the tapes are to be processed. The data tape

••i .... .. • 36
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serial numbers are assigned by the using computer center. The corner coord-

S) minates are supplied by TOPOCOM along with the data tapes. These coordinates

are entered in Table 1 in clockwise order starting at the southwest corner.

The coordinates are to be punched one card per map in accord with the

FORT1'1 format (4(21.4,1)). Other data such as the map sequence nuber and
map sheet name and possibly map sheet number may be punched on the right
hand half of the data cards for convenience of the operator. Figure 14

shows the data deck used for the six data tapes processed.

The !ASSIGN cards are made up of the input !ASSIGN cards, output !ASSIGN cards,

the disc file :ASSIGN card and the checkpoint !ASSIGN cards. The input !ASSIGN
cards contain the data tape serial numbers from Table 1 or its equivalent.

The sequence numbers assigned to the other !ASSIGN cards is up to the user.

Figure 15 shows the input !ASSIGN cards; Figure 16 shows the output !ASSIGN

cards, Figure 17 shows the disc !ASSIGN card; and Figure 18 shows the check-

point !ASSIGN cards. At no time may there be more than five !ASSIGN cards

which refer to tapes. For this reason the deck must be modified periodically

throughout the run. The set of !ASSIGN cards will usually consist of the

following:

* the UASSIGN card for the current input tape

* the !ASSIGN card for the next input tape

* the !ASSIGN card for the current output tape

* the UASSIGN card for the disc (This doesn't count in the limit

of five.)

a the two 'ASSIGN cards for the checkpoint tapes.

Once an input tape has been processed and the program switches to the next

input tape, a checkpoint should be taken and the program stopped. The deck

may now be rearranged by replacing the !ASSIGN card for the just completed
' input tape by the !ASSIGN card for the tape to follow the one now being

processed. If the output tape is near ccmpletion the !ASSIGN card for the

second output tape should be placed in the deck instead of the !ASSIGN card

for a new input tape.
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1.3.2 Ccmputer Operation. This program operates as a batch program under
BPM. There arr. three circumstances which require special operator action:
inital starting of a program, taking a checkpoint, and restoring fron a
checkpoint.

1.3.2.1 Initial Start. The deck should be arranmed as shown in Figure 13
with the following changes:

o there sbould be no switch card

* the !ASSIGN cards should consist of:
- the !ASSIGN card for the first input tape
- the !ASSIGN card for the second input tape
- the !ASSIGN car.- for the first output tape
- the !ASSIGN card for the disc
- the !ASSIGN cirds for both checkpoints tapes

The data cards should be properly prepared and in proper order.

Start the program in the nornal BPM manner. Mount the tapes on the drives
in response to the messages typed by the operating system. When an input
tape has been completely processed it will be rewoun and a request mede to
mount the next input tape. Soon after the second input tape has begwu
processing it is advisable to take a checkpoint and stop the program and
charge the ASSIGN card as indicated in Section 111.1 .3.1 above.

1 .3.2.2 Taking a Checkpoint. The taking of a checkpoint may be initiated
by the operator or may be done periodically by the program. Ideally this
period should be between ome half hour and one hour. Table 2 shows the
number of records to be processec for arproximately one half hour check-
points versus which input is to be processed. I:ziti&lly this period is
600 records, however, when the last tape is being processed this peric:.
is merely 225 records. To change this period the 40th card cf the main
programs must be changed. This card currently reads

IF (KOU .RGE.225) GO TO 0O

j IThe number 225 should be charged to the desired checkpoint interval.
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STA.BIE 2 -- CHECKPONT IN•ERNAL

MAP APPROXIMATE NUXM OF RECORDS

NUwME PER HAIP HOUR

I 6W0

. 2 525

3 450

4 375

5 300

6 1225
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Alternatively the operator may initiate checkpoints by zetting the BB4 virtual

sense switch 2 to the ON state, by the procedure of Sectioha: .2.3.-.3. In

either case when a checkpoint is being taken the following procedure should be

followed:

0 The typewriter will type

ENTER CHECKPT, RECORD SAVE TAPE NUMER

At this point the typewriter lamp will light. The operator

may now make any notations he desires such as the serial

number of the checkpoint next to be used. The checkpoint

tapes are automatically alternated beginning with -the first

checkpoint tape (i.e., that tape indicated by the UASSIGN

for F:11). It is also advisable to note the time of day.

* The new line key should be pressed. The system will now
. begin writing the information on the current checkpoint

tape. It is possible that the system will type a ' MTKrJT

message for the checkpoint tape -- this should be responded

to accordingly.

0 If it is desired to continue processing after this checkpoint

has been taken, the BPM virtual sense switch 2 should now be Eet

OFF, as described in Section III.2.3.4.3.

If sense switch 2 was set OFF as above the program will now continue processing;

otherwise, the program will come to an orderly halt.

1.3.2.3 Restoring From a Checkpoint. To restart from a checkpoint the

Job is started as described above in Section 1111..3.1 with one major excep-

tion. The 'SWIT.H card as irdicated in Figure 13 should be inserted as

follows:

!SWITCH (SET,1)

& ...
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The program will request that the checkpoint tape be mounted first. The

checkpoint tape mounted in response to this request should be that tape on

which the desired checkpoint was taken. The serial number indicated in

the ! !MDUNT message may be wrong. It is therefore very important that

when checkpoints are taken (see Section 11.1.3.2.2 above) that the serial

number of the tape on which the checkpoint is being taken is recorded

along with the time of day and any other pertinent information.

2. COMPRESS TERRAIN

This section describes the program that compresses the terrain

data by comlpting coefficients of a polynomial. This program accepts gridded

height values from tape stored as columns of constant X. It also reads cards

which specify the value of those parameters listed in Section 11.2.6. One

of these parameters -- the basis functions -- cannot easily be specified by

cards which are read at execution time. Instead a subroutine written in

FORTRAN (or some other language acceptable to the object ccomputer) must be

included in the program deck to spectiy the basis functions. The output

of this program is a tape containing one record for each region. (The

definition of a region is given in Section II.2.1.) The first two words of

each record will be the X and Y numbers for the region (the lower-left region

is assigned the number 0,0) followed by the coefficients packed two per

word and scaled as indicated by the parameter cards.

The program structure is now described, follow-d by a description of the program

flow. Finally a discussion of program operation, including preparation of

azx. limitations to the parameters, is presented.

,!. PROGPAM STRUCTURE. The program consists of two components: the

computational section and the control section. The ccmput1ational. section

processes eacn region individually. Since it is desirable that there

be an overlap of the date, processed for each region, each height value may be
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processed by the computational section more than one time. The control

section reads the height values and gives them to the computational section

along with the proper control parameters. It also collects the output of

the computational section, reformats it, and writes it onto the output tape.

Figure 19 shows this structure. The names inside the boxes are subroutine

namee. Details of the individual subroutines are described in Ref. 9.

2.1.1 Computational Section. For each region a coordinate system is 4

defined thus:

Region boundaries are (0,0),(0,1),(1,1), and (1,0)

Group boundaries are (-g,-g), (-g,1 .g), (1+g, 1 •g), and (i +g, -g)

where < g <:

If the region size is N grid elements on a side and the group size is NSr g

grid elements, then

g N - N(1
g = g 2Nr

r

Figure 20 shows this coordinate system.

Let x w represent the set of all x-coordinates of elements lacluded in a group

and Yw represent the set of all y-coordinates of elements included in a group

then - 5 yw +

and set X equals the set Y.
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Let z(xwYw) represent the actual height values at the point x~yw and

Lh(xw,y w) represent the approximated height values at the same point.

It is desired to comute a vector of coefficients C such t.hat

z (xx,,Yv) - h(x,,Yw)) 2  (2)

is minimized.

In Section 11.2 h(x)y) was defined by

n n
"h(x,y) - c G (x ) (3)

Substituting equation (3) into formula (2), differentiating the result

with respect to cij, and setting this result equal to zero yields the

following equation:

•w • =IJl G~ wGj ' G(X) jYw)Clj] V )GI Gj(yw) z(xw'yw). (4)

Equation (4) represents n2  simulta&.eous equations -- one for each possible
2value of I and J. The vector of n cis is the set of coefficients which

will minimize formula (2).

This set of equations can be written in matrix form MC = P,

where M is an n2 X n2 matrix with the elements mTt; T n(I-1)

S-, J, t = n(i-1) + J, and (5)

mTt E Gi(x) GI(x) G (yw) Gj(yw) (6)
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C is the n2 element vector defined by,

C (ca, c,2, cnn) (7).

P is the n2 element vector with the elements pT defined by,

SPT -- G I (x ) Gz(x ,y.,)

Finding C requires inverting M and multiplying the P, thus

C= ' P (9).

For the Lagrange 2-2 polynomial the number of functions n - 6. Therefore,

the matrix M is 36 X 36. Standard matrix inversion packages tend to produce

poorer results the larger the matrix. Unless one uses double precision

arithmetic or an iterative inprovement (see Ref. 7) even a 6 x 6 matrix

can be inverted to o,1" one significant digit accuracy. The use of both

double precision an. -rative improvement (this presents special diffi-

culties) probably u: ot be of any help. Programs to invert large

matrices (e.g., linear programzming packages) are tailored to matrices

with particular properties (e.g., sparceness). Fortunately the matrix M

has a special property which is now presented*.

The matrix M is defined above by equation (6). Each element of M is a

sum over all grid points w within the group being processed. Since the

grid points are uniformly spaced the set X (and the set Y which is equal to X)

is the same for all groups and is defined thus:

*Acknowledgement is hereby given to Dr. F. J.Murray of Duke University
who pointed out the property of the matrix M which makes the computation
of M inverse so ccuputatione-lly simple.
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k

xo Y= 1  gj-- gforal k = 0o , NandallkON .0)

where Nr is the number of grid points along a side of a region,

where N is the number of grid points along a side of a grCup,

g

and g is defined by equation (1) above. The summation over w now

becomes summation over k and 1; equation (6) may, therefore, be rewritten

N N
g g

= Z Gi(xk) GI(xk) G3 (y1 ) Gj(yl1 ) (11)
k=O 1-0

Two matrices, a and b, each nxn are defined to have the following elements:

N

9

a = G~ i(xk ) G, (xk) (12)
k-O

N
9

b = G4 (yl) Gj(yl) (13)
~jj 1-0 rU

(It should be pointed out here that a and b are equal, but this is not

necessary for the argument that follows and treating them separately

makes this argument easier to understand. For actual ccmputation, however,

only one matrix will be generated.)

Let (Y = a" with the elements *il

and = b" with the elements jj
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By the definition of matrix multiplication and matrix inverse it follows that

i

and b - 6 (15)

The 6 is known as the Kroneker delta and is equal to one if and only if
op

o = p and is otherwise equal to zero. (The matrix M is the Kroneker

product of the matrices a and b.)

Consider the matrix A with the elements

AsS = x 8

where s = n(k-1 ) + 1 (16)

S = n(K-) +k

(i.e., the Kroneker product of a and 0.)

Then
2n
S' b AtK =JL (17)

t t=I al b iK L

where t n(i-1) + j

n n
=J a b of (18)
i=1 J=1

n n
a=1 Ii iK a =1 bjj JL

I6 8 (20)
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This is equal to one if andonly if I=K and J=LT and is equal to zero other-

wise. Defining T = n(I-1) + J as before and S as above

M~ 4AtS = T (21)
t

Therefore

A= 1

To ccmpute M" it is only necessary to invert the n X n matrix a to produce

a and generate the Kroneker product of c with itself.

The ccmputational section consists of three modules: one to ccmpute ,

one to ccmpute the vector P, and one to ccmpute the vector C. The interface

with these modules is thus: (See Figure 19)

a -1
Cqqute M

"* input:

Function definitions

Region size

Group size

" output:

The matrix 9-1

ccipute P

*input:

A height value

Coordinates of valve with respect to region being processed.

Partial3y cumputed P vector

Function definitions
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Ccompute P cont'd.

e output:

Partially ccoputed P vector (with the input height's

contribution added)

Compute C

"* input:

The P vector for this region

The matrix M"

"" output:

The vector C

2.1.2 Control Section. This section is the interface between the compu-

tational section and the outside world. It consists of three modules: input,

£xecutive, and output. The input module is the interface with the input

tape(s); it furnishes a height value upon request. The executive module,

controls the flow of data and contr.l through the other modules; it calls

for data from the input, computes relative coordinates, calls upon the

appropriate modules of the computaticnal section, and calls upon the output i

module when required. The output module is the interface with the output

tape; it takes the C-vector from the computational section, averages it 7

with the C-vectors of neighboring regions as required, reformats the resulting

average, and outputs it.

Details of the modules in the control section are in Ref. 9 under the

discussion of the following routines:

input module: IGETX and IGETY

executive module: 4MAIN and MAIN

output module: AVERAGE, INDEX, and OWTINT-OUTHJT

A general description of the control section is in the discussion of program

flow below.
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2.2 PIOGRAM FI(. The program begins by reading and interpreting the

parameter cards. Storage is then allocated and the moxule within the ccmpu-

tational section is called upon to compute M 1. The program is then ready

to process the input data -- one height value at a time. Figure 21 Is a

macro flowchart of the program.

The data is organized on the input by columns of constant x. The processing

is, therefore, done by columns. The problem area is also organized into

columns of regions with their associated groups. The main loop of the

program reads and processes a column of data. Every few columns (this

int#erval is the regioca sise) a pass is made through the columis of P-vectors

which have been c'aleted to turn them into C-vectors. The output module

l fthen averages these C-vectors with the previous column and outputs the

previous column.

On each pass through the main loop sense switch 1 is examined. If it is ON

the checkpoint subroutine Is called upon to write all internal variables --In including the partially completed P-vectors and partiilly averaged C-vectors

-- onto a tape. If sense switch 2 is also ON the program continues, other-

-Ase the program stops. The progrm may be restarted by setting sense.

switch 2 ON by means of a LSITCH card when starting the program.

The program continues (the checkpoint taking has no effect) by reading the

next column. The program processes every column of regions in the defined

problem area whether or not there is any data for the total area or not.

The left most or the right most column may not have data associated with it.
If a request is made of the input module (subroutin.- IGETX) to fetch a

column of data which exists within the problem area, but for which there is

not any data, a null column indication is returned instead. The program

then sets the P-vectors for all groups in this region column to null and

proceeds as if all data for the current region column has been processed.
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If data is returned fron IGE'rZ, a pass is then made through the data. Again,

processing is for every region (with its associated group) in the problem

area. At the bottn or top there may be groups that lie outside the area

covered by the input data. If the currently processed group has no data

associated w . it, the input module (subroutine IGETY) will return a nul

indicator instead of data. In this case the P-vector for this group is set

i I to null and the next group Is made the current group.

Each height value may contribute to more than one group. In addition to the

current group, a height value may contribute to the next higher and

(in cases of maximum overlap) the second higher group. It may also con-

tribute to the next right groups to the current and next higher grcup(s).

(In cases of maxim= overlap the second right groups are handled by special

logic in the input module.) The program maintains partial P-vectors for two

coumnns of groupzo The partial P-vectors are fed along with the heigLts and

the relative coordinates o,* the height to the appropriate module (subroutine

COMP) in the ccuputational section. This is done for each group to which

the current height contributes.

If all heights in the current data column which contribute to the current

group have been processed, the next higher group beccmes the current group.

After all height data in the current column has been processed, a check is

made to see if all columns of data which contribute to the current group

column have been processed. If not, the first group in the column is

again made the current group and the loop continues by checking sense

switch 1.

If all data contributing to the current group column has been processed, the

P-vectors are converted one at a time to C-vectors. These C-vectors are then

fed to the output module which averages appropriate ccmponents with the pre-

vious column. This previous column is then reformatted and output. If an

region (group) columns in the problem area have been processed, the last
column ir reformatted and output , and the programs stops. Otherwise Vrocessing

continues by checking sence switch 1 to see if a checkpoint should be taken.

62



NAVTRAD)EVCEN 70-C-0262-2

If, when the Input module is called upon to fetch the next data column, it

is found that there is no more data, the remaining columns are set to null.

After all remaining columns in thaproblem area have been accounted for, the

program stops.

2.3 PROGRAM OPERATION. This section serves as an user/operator manual

for the Task 2 program. It is divided into four subsections: definition

of the basis functions, preparation of the parameter cards, calculation of

required storage, and operation of the cumputer.

2.3.1 Definition of the Basis Functiuns. The approximation of height

h(x,y) has been defined above as

n n
h (x.,y) 1; EC Gi W G (y).

i=1 J=1 ij a

The G's are the basis functions. Provision is made for the definition of
any desi-Ui set of basis functions -- up to ten functions.

The rask 2 program includes a definition of the normalized Lagrange 2-2

polynomials. To define another set the subroutine GG must be replaced

by a subrcAttine with the following characteristics:

It. must be equivalent to the following FORTRAN subroutine

SUBROUTINE GG (X, V)

GYOBAL N

DATA N1 the-number-of-functions/

DIMENSION V (the-number-of-functions)

clding as necessary to store intoV(9i) the value Gi(X)

F.ETRN

END
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* The argument X is a realvalue between 10.5 and 1.5. The region

boundaries are at X=O.O and X=1.0.

* The functions should be nornalizedl so that for all Gi and all
X such that -0.5 <5X < 15.5, -1.0 < G i(X) <5 1.O0.

2.3.2. Preparation of the Parameter Cards. There are six types of parameter

cards, each specifying one of the following:

"* Region/Group Size

"* Problem Area Size and Boundaries

" Inut Unit(s)

"* Coefficient Scaling

"o Ontput Unit

"* Coefficient Sharing (two cards required)

4- Figure 22 shows the layout of each of these cards.

"2.3.2.1 Region/Group Size Specification.

Card Type Code: 01

SVariables: NR The number of data points along
side of a region.

•G The number of data points along side of
of a group.

Restriction: NR < NG < 2NR

FORTRAN FORMAT: (12, 4X, 14,14X, II.)

2.3.2.2 Problem Area Size and Boundaries. The problen area is rectangular

and is specified in terms of the data base's coordinate system. The units

are data grid points.

6i4
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Card Type Code: 02

Variables: XMIN The minimum x-coordinates of the problem area

YMIN The minimum y-coordinate of the problem area

XM The maximum x-coordinate of the problem area

YMAX The maxim=m y-coordinate of the problem area

Restriction: XMf < XMAX

YMIN < YMAX

FORTRAN FORMAT: (12, 4(6X,16)

2.3.2.3 Input Unit(s).

Card Type Code: 03
Variables: NOTAPE The number of input tapes to be read

UNITS The actual logical unit number for
each input tape

Restriction: NOTAPE < 10

There must an !ASSIGN card for each unit
number speci:%.ed.

FORTRAN FORMAT: v12,7X, 10(12, 1X)

2.3.2.14 Coefficient Scaling.

Card Type Code: o14

Varibles: SIGMA The power of two represented by the
most signfrcant bit in the outputed
coefficients (exclusive of sign).

TAU The power of two, represented by the
least significant bit in the outputed
coefficients.

Restriction: SIGMA-TAU+1 < 15

FORTRAN FORMAT: (12, 7X, I3, 5X, I3)
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2.3.2.5 Output Unit.

Card Type Code: 05

Variables: OUTPUT The actual logical unit nubc.r for
the output tape.

Restriction: There must an !ASSIGN card for this unit.
This unit may not be one of the above used
for input.

FORTRAN FORMAT: (12, 8X, 12)

2.3.2.6 Coefficient Sharing. If the number of functions is denoted by

N., then there are N2 coefficients. They are allocated to storage as though

they were in the following FORTRAN array:

CVECTOR (O:N/2-1,O:1,0:N/2-1,O:1)

and accessed as CVECTOR (QJ,P,I) in the normal FORTRAN manner. The indices

I,J indicate which corner by I=X and J=Y. The indices indicate which derivative

for Lagrange n-n polyncmials (n=N/2-1). For other basis functions it merely

refers to one of the N2/ possible coefficients for each corner. Two cards

are required to specify which of the N2/4 coefficients are to be averaged

and shared with the neighboring regions.

Card Type Code: 06

Variables: PMAX Equal to N/2-1

Q$AX Equal to N/2-1

EIEMENTS The actual PQ pairs for the elements
to be averaged.

Restriction: Since it is possible that there be 25 pairs
(for N=IO) a second card with only -he type
code must be included if less than 13 elements
are to be averaged.

FORTRAN FORMAT: (i2,6X,12,,13(11, 1X, I1))
This FORMAT is used to read each card individually.
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2.3.3 Calculation of Storage Required. The number of words of core

storage required for internal arrays is calculated by the following formla:

1 + N (NG+1) N2 (N 2 +1) 4' N 2 (YMAX-YMI)

2 WR

where N is the number of functions

NG is the size of a group

IR. is the size of a region

YMAX is the maxi--n y-coordinate of the problem area

YMIN is the minimum y-coordinate of the problem area

Mhere are 13, 35 words available. Therefore, the above formula must be

a number less than or equal to 13,305.

2.3.4 Ccoputer Operation. The deck set up is shown in Figure 23.

The !ASSIGN cards are used as follows:

o F:1 is the first input tape

o F:2 is the second input tape

o F:33 is the output tape

o M:CK is the checkpoint tape.

The option PERM is included on the UH)AD card so that

reloading of the binary deck is not necessary for subsequent

restarts from checkpoint. If the binary deck still exists

as the user file Task 2 the binary deck beginning at the MLOAD

and ending with the MEOB card need not be included in the deck.

The Task 2 prograzr requires very little operator intervention.

The following circumstances, however, require operator inter-

vention: initial start up, taking a checkpoint and continuing,

taking a checkpoint and terminating, switching input tapes, and

starting from a checkpoint.
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. 2.3.4.1 Initial Startup. The initial startup procedures is thus:

Sprepare the deck as shown in Figure 23 modifying the !ASSIGN

cards to indicate the proper serial nwibers and modifying

the cards following the !DATA card as desired. Place this

deck into the card reader and then start the Job in the normal

manner under BPM. It is also convenient to mount the required

tapes onto the tape drive without dialing unit addresses.

e When the program begins execution, the typewriter will type

* EXECUTION COMENCI1G. MOUNT FIRST INPUT TAPE. MOUNT FIRST

INPUT TAPE. CONTINUE WHEN READ.

* It should be pointed out that this message doesn't ccmpletely

fit on the teletypewriter line and the last few characters

may overprint one another. This, however, in not a serious

problem. The light on the typewriter will now light up.

OCce the first input tape has been mounted onto a tape drive,

the new line button the typewriter should be pressed. The

system will now respond with the following message:

':?4XJNTT9TAO, iii

where iiil is the serial rnmber of the first input tape.

The drive which has the first input tape mounted upon it

should be dialed to the zero position, the tape should be
loaded (i.e., the load light should be lit) and the buttons

ATTENTION, START should be pressed in that order.

* After awhile the system will type

N.UT 9TA81, ,oo
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where oooo is the serial number of the output tape. The

procedure used in response to the similar message for the

input tape should be followed for the output tapes except

that the tape drive should be dialed to 1.

The program is now executing normally and will continue to do

so until a new tape is required or until the program finishes.

2.3.4.2 Switching Input Tapes. The procedure for switching input tapes is

as follows:

"* When it becomes necessary to read the second input tape the

following message will be typed on the typewriter

MW NE fPM TAPE. CONTINUE WHEN READY.

Again this message will not entirely fit on the typewriter,

but this is no problem. The typewriter laep will then light.

'When the second input tape has been mounted onto a tape drive

the new line button should be pressa4 on the typewriter.

"" The system will now type

S!!MOMJ' 9TA83,1iii2' I
Mii2 is the serial number for the second input tape. In

response to this message the tape drive which contains the

second input tape should be dialed to 3, loaded, and the

ATTENTION and START buttons pressed in that order.

The system is now processing with the second input tape.
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o 2.3.4.3 Taking a Checkpoint and Continuing. The procedure for taking a

checkpoint and continuing is as follows:

* If this is the first checkpoint, do nothing; if this is

other thian the first checkpoint, press RESET button on the

drive containing the checkpoint tape.

* Press the INTRRUPT key on the console, the system will respond- j
SEYI-

SType "%SWITCH nnnn,(SET,1)" where nnnn is the ID of this job.

ID of this job is printed in large numbers on the first sheet

of paper coming fram the line printer for this job.

* The system will eventually respond

ENTER CHECKPOI• T ID

and the typewriter lamp will light. Type any three unique
characterd. These three characters must be different each

time a checkpoint is taken. For example, within a particular

run the first checkpoint ID should be AAA, the second BBB, the

third CCC, and so on. CAUTION: Failure of the checkpoint ID

to be unique will make it impossible to recover at this partic-

ular checkpoint.

v The system will type

' 9TA8n MANUAL

where lower case n is the number which has been assigned to

the checkpoint tape drive. If this is the first checkpoint the

system will instead type
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""MOM TA82sccc

where lower case cccc is the serial number of the checkpoint

tape. In this case the standard mount procedures as described

above for the input tapes should be followed instead.

WARNIrG: DO NOT YET RESPOND TO THIS MESSAGE. YOU WILL BE

BE INSTRUCTED TO DO SO IN A LATER STEP.

"" Press INTERRUPT on the console. The system will type

"! KEY IN"

"* Type

!SWIITl~immj, (RESET 1) (SET 2)

where mmn is the job ID as mentioned above.

e The system may or may not give you another

" !gTA8n MANUAL"

message. In any event, press START on the tape drive containing U

the checkpoint tape. (If this is the first checkpoint, the

"mount procedure should not be followed as described above for

> i the input tapes).

The system will now continue processing.
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2.3.4.14 Te:ng a Checkpoint and Terminating.The procedure for taking

a checkpoint and terminating is the same as the procedure for taking a check-

point and continuing except that instead of typing

11~SWI¶ICH nnnn., (RESET, 1) (SETj, 2)

the following should be typed:

!SWITCH nnnn, (RESET, 1,2)

The program will now come to an orderly halt. Near the bottom of the output

from the lineprinter should be STOP 99999.

2.3.14.5 Restarting from a Checkpoint. The procedure to restart from a

checkpoint is as follows:

0 In the input deck,, immediately following the 'LIMIT card,

place the following card:

i '.SWITCH (SET, 2)

If the binary deck program is still recedent on the disc, the user

file Task 2 binary decks may be removed as described above. Mount

the required tapes on the drives but do nAt assign numbers. Then

start the job in the normal BPM manner.

o The system will now type

ENTER CHECKPOINT ID

and the typewriter lamp will light. Enter the three characters

which were typed at the time the desired checkpoint was takea. This

is usually the checkpoint which waa taken when the program was

last terminated.
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The system will now type

!1MGJNT 9TA8O,ccce

where cccc is the serial number of the checkpoint tape. The

unit containing the checkpoint tape is to be dialed to zero,

the ATTENTION button should be pressed and then the START

button should be preasee.. The tape will now move forward

very rapIdly for a brief pcriod of time. The more checkpoints

that have been taken the longer the tape will move.

* The system will now type

!'MOUNT 9TA81, ooooo

'I where ooooo is the serial number for the output teipe. The

drive containing the output trpe should be dialed to one,

the ATTENTION button should be pressed and the START but ton

should be pressed. This tape will now proceed to move forward

for some period of time. If the checkpoint iu taken near the

end of the run the tape may move forward for as much as five

minutes.

* The system will n-w type

!!.WbNT 9TA82, iiiii

* where iiiii is the serial number of eithf.E the first or second

input tape whichever was the last one being processed The

drive containing the appropriate Input tape should 1-e dialed to 2,

the ATTENTION button pressed, arn the START button pressed. This

tape will also ino4'e forward f.•r some period of time. If t ie

checkpoint was taken soon before t-e -iput tapes were switched

the tape may move torward as long as 15 minutes.

The program will now continue proceesing normally.
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3. PRODUCE CULTURE SWEEP PROFILES.

As stated in Section II._% the Job of Task 3 is to simulate the

special-purpcse hardware of the radar landmass simulator %.o produce sweep

profiles. The purpose of this non-real time simulation is to experimentally

determine those criteria -- especially in the terrain profile generation --

that will enable the government to produce satisfactory simulation hardware

at the lowest possible price. Therefore, it was felt that greater flexibility

could be obtained in the terrain profile generation writing it as a separate

program. Task 3 consists of two prog aiming tasks: Task 3A to produce cul-

ture profiles, Task 3. to produce terrain profiles. Task 3B is discuSsed in

Section III.4; Task 3A is discussed here.

The joftware system described in Ref. 4 was taken and modified to form the

Task 3A program. Section 111.3.1 describes those aspects of the Task 3A

program that result from modifications to the existing RIM1 software. In

addition to modifications to the RIMS software two programs -- CFCONT and

IMISCON -- were completely rewrittcn. CFCONT -- the program to simulate the

scan converter -- is described in Section 111.3.2 MISCON -- the program

to simulate the motion of the aircraft -- is described in Section 111.4.3

(in the section on terrain profile generation). Section 111.3.3 serves as

an operators manual for the Task 3A program. Details on the individual

routines written and modified to produce the Task 3A program are in Ref. 10.

3.1 RIM SYSTEM MOMTFICATIONS. This section describes those aspects

of the Task 3A program t'.at result from modifications to the RIMS system

software produced previously. An understanding of the system as described

in Ref. 4 is necessary fcr understanding of this section. Changes were

made in the following areas:

e the control program

* the UCB-TCB list

* input/c:t•.put coatrol tasKs

* the ABEND task

o the CFPREP %ask.
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3.1 .1 The Control Program. Although the control program currently in

operation would suffice for the Task 3A program, certain enhancements wouJd

increase qystem speed, and ease debugging. These are:

"* Interrupt Tracing

"* Register Set Usage

"* Waiting for Itself

e Fix Discovered Bugs

3.1 .1 .1 Interrupt Tracing. It is very helpful when determining the cause

of a !jstem failure to kncw what the system was doing at the time of the

failure. In straightforward programs the location of the last instruction

is usually sufficient to indicate what the system was doing. In multi-

Srograzwed systems -- such as the RIM. system -- the location of the last

instruction is not always sufficient. One helpful piece of information is

a listing of the last few interrupts processed by the system. This will

tell where in the system cycle the system was at the time of the failure

and how the task which contains the failing instruction came to have control

at the time of the failure.

The control progrr.- hlas, therefore, been modified to store the followingH4information each time it processes an interrupt:

"* The task in control at the time of interrupt

"* The type of interrupt

"* The PSD) at the time of interrupt

3.1.1.2 Register Set Usage. 11U2S Phase 2 uses one register set for the

control program, and one register set for comrputational tasks. The machine

has four register sets. By assigning a register set to a tat when that

task is started, and releasing it when the task coopletes, the control pro-

gram only need save registers in core when there are no free register set

available. Thus, the time to switch control frum task to task is reduced.

Z1
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3.1.1.3 Waiting for Itself. Empirical evidence indicates that the "waiting

for itself" flag, which makes it possible to start a running ccaputational

task, does more harm than good, since it prevents RIM programers from

debugging the syste cycle. Attempting to start a running ccmputa'onal

task is now an error condition and treated accordingly.

Starting an I/O control task that is in operation will still cause the

calling task to wait for the current I/O operation to complete. No change

has been made in this portion of the control program.

3.1.1.4 Fix Discovered Bugs. The control program failed to mark the I/O

control task READY when it was given control in response to an interrupt.

This would occasionally cause the system to permanently enter the WAIT state.

This has been corrected by inserting the appropriate coding into the interrupt

handling portion of the control program. (See Ref. 10 for the details.)

3.1.2 The UCB-TCB List. Table 3 lists tht UCB-TCB list for the Task 3A

program. There are twelve entries; of these five are UCB's and seven are

TCB's.

* tTYPE - This task controls the output to the console typewriter.

It is the same as the Phase 2 system.

e SPRINT - This taks controls output to the printer. It is the

same as the Phase 2 system.

a tCARD - This task controls input from the card reader. It

was added for the Task 3A program.

* tTAPE - This task controls input from and output to magnetic

tape units. It was added for the Task 3A program.

i7
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TABIE 3

UCB-TCB LIST FOR THE TASK 3A ?ROGRAM

___ NA TYPE ARGUMENTS

1 ~ YFEUCB TFSIO, TYlfINT,.X 001'
2 $PRIN UCB PRTSIO, FRTING, X' 002'

3 $ADUCB CIDSIOCMMflIX'003'

4 ft~APE UCB TA1ESI0. TAFUN, X'08O&'

5 tRAD UCB RADSIO, RADNT., X'OFi'

*6 $TMPSERV TCB TYPESRV,. X'AO'

7 $MBND TCB AMEND.,X'AO'

8 #&UAREG TCB REA4DRWGX' AO'

9 WSCON TOB NCN.,X'00'

10 $TFOONT TOB MFONT.,X'AO',. ($cFICONT, $CFPREP)

11 CFCONT TOB CFICONT,X'00'.. ($CIFPREP, $CFCONT)

12 $CFPREP TBCFFREP, X, 00,
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9 *RAD - This task controls the input from the HAD. In addition

to routine 1/0 servicing, this task does special processing

when a horizontal strip of regions is being read for the CFFREP

task. It is the same as the Phase 2 system.

i $tLPYESERV - This task enables the buffering o: :,essages on the
S1 on-line typewriter. It is the same as the Phase 2 system.

* $ABEND - This task prints and error message, the contents of

the current registers, the error PSD), and all of core memory,

in response to the control program's detection of an error.

This task was modified for the Task 3A program.

* *READREG - This task is called upon by the CFPREP task to
read culture data from the RAD., a strip of regions at a time.

- Having this routine as a seperate task permits overlap between

inpud/output on the RAD and computation. This task is the same

as the Phase 2 system.

9 tMISCON - This task is the primary task which performs the

aircraft sinulation. It reads cards which define the flight

path to be followed. This task was rewritten for the Task 3A

program. It calls upon a FORTRAN subroutine to do the actual

work. This subroutine is also used by the Task 3B program

and is described along with the rest of the Task 3B program in

Section 111.4.

* $TFCONT - This is the primary task which -- in the Phase 2 system
-- contro!!td reeding of the scan converter. It is replaced by

tL dwm- -- .P it, utning -- routine for the Task 3A program. It is

retained within the UCB-TCB list to maintain the system cycle.

Exiting from TFCONT causes MISCON and CFCONT to be started.
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* tCFCONT - This primary task simulates the action of a scan-

converter by examining the culture window produced by CFPREP

and generating polar sweeps. This task was written especially

for the Task 3A program and is the heart of it.

e $CFPREP - This primary task brings culture data from the RAD

and assembles it into a window for processing by CFCONT. As

the simulated aircraft flies, this window is updated appro-

priately. Minor mcdifications wer- made to this task for the

Task 3A program.

3.1.3 Input/Output Control Tasks. The Task 3A program must cc•muicate

with two I/0 devices not used in the Phase 2 system: the card reader, and

the tape drives. I/O control tasks were written for these devices. Details

of these programs are in Ref. 10.

3.1 .4 The ABEND Task. The Phase 2 dump routine, although useful, was

found not sufficiently general. The dump program simply printed each location

in hexidecimal. The improved version now also prints each location in EBCDIC

and prints the mnemonic of the location's op code. The mnemonic also includes

an "*" if the location specifies indirect addressing. The highest location

dumped was changed to 48K to account I'or the additional core storage in TRADEC.

3.1 .5 .he CFPREP Task. Minor modifications were made to CFPREP to allow

for initializing the culture window from any point in the problem area and
at any time in the flight in response to a flag set my MISCON. Also a special

version of the subroutine DVCT which converts the data from the RAD into La,-

ternal format and setups the specularity table has been written. This specia,

version of DVCT replaces specular objects with non-specular entries in the

window. This deletes specularity as requested by NTDC. Details of these

changes are d.escribed in Ref. 10.
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3.2 SCAN CONVERTER SIMIATION. The Phase 2 RIMS system writes the

culture data onto a scan converter in horizontal scans, and then reads theIf
scan converter in radial sweeps and sends this data to the final display.
For Task 3A program no scan converter is used. The CFMONT program, which

formerly wrote the horizontal data on the scan converter and caused the

data to be tran~nitted to the display, is replaced by a program which

simulates the scan converter. This program produces a list of intensities

for each sweep corresponding to the intensity profile resulting fram reading

the scan converter.

The TFCONT task in the Phase 2 RIMS system calculated the initial point,

angle, and length c! each sweep. This was then fed to a sweep generator.

For the Task 3A program this sweep generator is simulated. The simulated

sweep generator is used as a subroutine to CFCONT, and is discussed in

Ref. 10. M

-4

Figure 24 is a main flowchart of CFCONT. The subroutine which computes the

intensities is explained in the following text.

Examine Figure 25, the window being used is a 10 X 10 window. Its appearecnc.z

if it were to be displayed is shown on the top. The numbers are intensities,

the diagonal line is a radial scan. Below the "core" format commands to

produce the top five lines of the display are shown. The ccerands marked

-with a "*" are the ccumands which are examined for the converted intensity.

The co. .erted intensities are 3, 4, 5, 5, and 3.

The program is called once for each radial scan line to be produced. The

first call, irn addition to creating the first scan line, produces entries

in a table of 832 entries. Each entry corresponds to a horizontal raster

line in the window. These entries are filled in by the programs the first

time it needs to use an intensity code on the horizontal raster that matches

the entry. Second and succeeding references to the horizontal segment proceed

quite rapidly because information about where the radial sweep last passed

82
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F R

2 This section of

CFCONT is discussed

DEVEOPL hereI

BUMP

Figure 24 -- CFCONT MACFOFL0'CWART
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3• dial scan

2 5

x -,

(a) I1E OF CULT•U•
ON A SCAIN CONVERTER

core location X I

x 0 3 3
x+1 0 1 2
x+2 0 3
x+3 1 4 5
X+4 0 4 *
x+5 0 1 2
x+0 5 5
x+7 0 4 3
x+8 0 5 5 *
x+9 I 3
x+1O 0 3
X+11 0 4 *
x+12 1 3 3
x+13 0 2 3
x+14  0 3 5
x+15 1 5 3 *

(b) THE SAME IMAGE IN RUV-LEIlGTH CODE
("CORE" FORMAT)

Figure 25 -- CULTURE DATA FORMATS
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is used as a first order approximation of where it will go next. Since the

'iariation in angle between a given sweep and the next sweep is amall, the

next sweep strikes very close to the previous sweep. Knowing where that

was speeds processing. The table consists of entries which include both

the location of the coamnd last referenceO. on this line, and the sum of

of the delta x's on this line which preceded the delta x of the ccand.

pointed to.

Table 4 shows the table produced after the radial scan line in Figure

is produced. The location of the coands used to form the radial scan

and the sum of delta x's which preceded the segment pointed to on the

scan line.

The CFCONT -- Develop Intesity List flowchmrt (Figure 26) shows the method

of stripping off the desired intensities and storing them, uaing the table

of pointers described above. Numbers in parenthesis indicate flowchart

block numbers.

The first two blocks are shown to indicate that they are needed, but should

not be located in the program when it is implemented, since they will pre-

vent maximum efficiency. The boxes in question, first check to see if there

is room to create the table. (1) If not, the program takes an error exit,

indicating no core available. Next the pointer table is cleared (2).

This process is normally done only once for each horizontal to radial con-

version, while this program would clear the table each time it is called.

(The program is called once for each radial scan line.)
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TABlE i

HORIZONTAL RASTER SEGME~NT POflF1nR

Horizontal Scan Core Location F (& X)

S1 0

2 0

3 0

0

5 0 -

' 6 x 0

7 X44 0

8 x+8
9 x+1l 3

10 x+15 5

86I
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A subroutine is called to get the X and Y coordinates of the intensity

desired on the window. (3) If the routine indicates that a complete radial

scan has been converted, the Develop Intensity List program returns. (4)

The Y coordinate returned by the get XY routine is used to index the pointer
table. (5) If the entry in question is zero, (6) the program must manually
skip to the horizontal raster in question, using the "f" bit of the commands

to count horizontal raster segments. (7) When the segment in question is

foud, the sum of delta x's is set to zero (8), and the pointer is set to

show the first command on the line (9). If the pointer was not zero, the

sum of delta x's is moved to SDX. (9.1)

Whether or not the pointer was zero, the program is now ready to extract the

intensity from the line. The sm of delta x's is compared with the X co-

ordinate needed. (10) If the sum is less than X; the program must travel

down the line segment. The "next" command is fetched, (this is the ctwm'and

pointed to by the pointer table). (11) SDX is incremented by the value of

the delta x in the fetched command. (12) The incremented value is compared

with X, to see if we have reached a cammar- which Includes the point we are

interested in. (13) If not, the program loops back to pickup the next

command. (11) If so, the program is ready to collect the required intensity.

If the sum of delta x's was greater than the X coordlnate required, the

ccermand currently pointed to is saved. (17) The previous command is

fetched (18), and its delta x is decremented from SDX. (19) SDX is then

checked to see if it is now less than X. (20) If it is not, we back up

1nother czmiand in check again (17). If SDX is now less than X, the

previous cormuand is the comand which has the intensity required. This

cimnand is picked up out of the save area. (21)

The intesity required Aas been found, a.id is handed to the store program.

(14) The pointer to the command most recently used in this raster segment

is stored back in tht pointer table (16), and the program returns to the

beginning (3) to perform =other major cycle.
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17

SAVE•- CURRENf; s.--

GETT
SNEXT PREVIOUS
CCMD COMMAND

SX+SD X SDX--AX

• N ... N

x. •GET THE /GET SAVED

I UPDATE
POINTER

II

II

A

Figure -6 -- CFCOIC1 -DEVELOP INTiESITY LIST
(Sheet 2 of 2)
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3.3 PROGRAM OPERATION. This section serves as the user's manual for

Task 3A program. Figure 27 shows the deck setup. The preparation of data

cards is given in Section III1.I..1. The data cards used should be the

name ones used to prepare the terrain profile tape with the Task 3B program.

This will guarantee that the two tapes correspond.

To operate the Task 3A program:

"" Verify that the RTM data base has been loaded onto RAD OF1.

If not load it.

"* Prepare the deck into the card reader.

"" Mount the output tape onto 9TA80

"* Use the standard load sequence to load the standalone loader.

The typewriter will indicate it is ready for input.

" Type "!L RBOO, PAA, N" into the typewriter, followed by the 0
(ne. line) key. The RIM binary decks will the be read, and

the printer will produce a memory map. The typewriter will again

indicate it is ready for input.

"* Type "!R BEGIN". The PIPS system will begin executing, after

key is pressed.

On.
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-. PRODUCE TBRAIN PROPIIES. It was felt by IDC that greater flexi-

bility would be achieved if the program to produce terrain profiles were

written in FORTRAN as a separate program rather than as in assembly language

(METASYMBOL) as a task under the RIM system. Section IV.2 discusses tne

consequences of this decision as it relates to the resulting program

efficiency. This section describes Task 3B to a macro level of detail.

Ref. 11 gives micro details of the individual program.

4.1 OVERALL DESCRIPTION OF THE PROGRAM. Figure 28 is a structural

diagram of the Task 3B program; Figure 29 is a macroflavchart of this program.

The MISCON subroutine is the interface between the flight control deck and

the program. The TF'REP subroutine (along with its subroutines) is the

interface between the data base, which is stored onto the RAD, and the

program. The TFCONT subroutine (along with its subroutines) is the

simulator of the special-purpose hardware to be used in the real-time system.

The terrain portion of the system cycle is simulated. There are three steps:

(1) Obtain the new location of the aircraft

(2) Update the window

(3) Generate a scan

Step (1) is performed by the MISCON subroutine; step (2) is performed by the

TFPREP subroutine; and step (3) is performed by the TFCONT subroutine. Macro

descriptions of the MISCON and TFCONT subroutines we given in the next two

subsections.

4.2 M3LTRIX SD4JATION. Figure 24 serves equally well as a TFCONT

macroflowchart except that the subroutine to compute intensities is replaced

by a subroutine which 'computes heights. This Eubroutine simulates the mul-

tiplying matrix (niltrix) which will evaluate the height approximation

polynomisl in real time in the Phase 3B siwulator.

9
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ALWCATE
STORAGE

EVAIA.ATE

FUNCTIONS

IWT

U1l-ATE

TCNT

CREAT

TPROlES UFDATI
Figure 29 -- TASK 3B MAIN PROGRAM4 MACROFLOCHvCART
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The process of finding which regions are, of interest which was discussed in

Engineering Report 6 (Ref. 6) is much simpler for the Phase 3A syste,.

Since each resolution element of a sweep is processed, the high order bits

determine which coefficients are fed to the simulated taltrix and the low

order bits are the X and Y fed to the siwLated t•Litrix.

The multiplying matrix (a1trix) performs the fixed-point calculation for

each resolvable point in the region:

UA U n n
z (Xi,Y) = 23 2 3 3 g1 (x) 83 q(Y)(1

i=o J=0 p-o q=o

where z(x,y) reconstructed terrain height at point (x,,-)

c coefficients tor the region

g = basis functions (e.g., Lagrange poloyncmils)

i, j = corner of the regi(n frcm which c s are drawn

pp q = order of the basis function

U = degree of representation used.

The actual calct•i.tion to be made is:

n n n n
Z(x,y) = jpq Gp(x) G 0, (2)

i=O 3=0 p-O qzO

The bracketed term is developed by a replicated set of hardware, which is

then sequenced among the four corners. The capital letters ludicate norzal-

ization:

G=G N

Ni 
._•

4. 95
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The NN are chosen so as to confine the G G to the range -1 < G < +1;

the values of N depend en the form of the G

Establish the convention that a represents the exponent of the most signifi-

cant digit and T represents the exponent of the least significant digit in

a fixed-point number.

A twos-ccuplement binary number having a +1s, = -3 for exsnp1 I, would

contain five bits and lock like:

I 2+120 j1 122 1231
A

radix
point

In like manner a positive decimsl nutber having a = +2, r = +1 would have

two digits and look like:

radix
point

The a, T method of indicating precision and radix point location is

used for simulating the multrix; a, i values will be provided as input

parameters at strategic points in the simulated calculation. The operaticn

"delimit" is defined: trureate the most significant digit to the a value

and raind the least significant digit at the T value. This delimit oper-

ation is .implemented as a METASYMBOL procedure so as to produce a more

efficient program.

The multrix is anticipated to operate in binary, with tvos-complement

arithmetic being employed.

96
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Three a, r pair? are needed to svpecift the multrix's implementation of

eq. (2). -ho basis functions G, the coefficients C, and the partial

sums (in Li• iAets) alJ have limited register sizes. Mnltrix simulation

can be formlated as shown ln Figure 30 for any point (x,y) in the

region. Obviously the calculation of Figure 30 can be iterated over all

points ccuprising a profile through any number of regions.

11.3 DES'RIPTION OF MISCO PROGRAM. The program to simulation the

I nction of the aircraft (which contains the simulated radar antenna) has

"•o ~ ý,." '.ten L. accept a preprge~med flioht path.

Th 2u.erimenter initializes the problem by specifying an initial position.

1 " distance east of origin

"* distance north of origin

* altitude

and an initiale velocity vector:

* course * rate of climb

* speed * duration of this velocity

Thereafter the experimenter specifies up to three types of acceleration by

providing entries to the system containing:

"* turn rate (change in course)

"* longitudinal acceleration (change in speed)

"* vertical acceleration (change in rate of climb)

"* duration of this acceleration

Accelerations are signed numbers. A zero acceleration of any type means

to retain the current velocity constant for the duration specified. Two

or all three types of acceleration may be changed for the same duration.

Obviously the sum of the Ourations is the tptal duration of the flight.

0
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The foregoing method is obvious to program yet allows convenient prediction

of the result of each new entry as it affects vehicle position and orientation.

The computer response is to repeat the initial position and velocity at tiae

zero., then to give position and velocity in tabular form at specified intervals

(such as each radar scan). Further, the flight path can be i.econstructed

frcm the output alone by having the tabular printout of position and velocity

vs. time interspersed with a repeat of the commands.

There are three poss units in which the above quantities may be v:

internal units, conventional units, and map unit,. Internal units express

distance in regions and dots, and express time in system cycles. Conventional

units are ,iles, feet, and seconds. Map units express position in terms of

latitude and longitude. This program provides for internal and conventional

units. The next section describes the details of the data cards.

4lr.4 PROGRAM OPERATION. This section is the user's manual for the

Task 3B program. Figure 31 shows the deck arrangement. Actual ccmputer

operation is straightforward and is discussed briefly in Section 111.4.4.3

below. Section 111.4.4.2 discusses the other parameters that may be varied.

'The preparation of the data cards is not as simple. This is discussed here.

4.4.1 Preparation of the Data Cards. The data cards are used to define

the flight path of the aircraft a-d provide miscellaneous control information.

dAll cards are read by the same FORTRAN FORMAT. Figure 32 shows a generalized

data card. There are four alphanumeric fields and four numeric fields. There
are seven types of data cards. Not all fields are used for each type of data

- card. The individual c-rds are now described.

4.4..1., Initial Position Card. This card defines the initial position of

the aircraft. The alphanumeric fields (columns 1-13) contain "FOSITION" with

Sthe "P" in column 1. The first three numeric fields contain integers all

- right Justified in their respective fields as followc:
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Numeric Field Colbns Contents
1 15-19 The distance east of the origin

2 21-25 The distance north of the origin

3 27-31 The altitude

}I

In addition to these cobu=ns 39-42 indicate which set of units were used.

Absence of any specification will indicate internal units (i.e., dots).

If conventional units are used (i.e., feet), the letters "CONV" must be

punched into coluns 3942•-

4.4.1.2 Initial Velocity Card. This card defines the initial velocity

of the aircraft. The alpbawaieric fields (colums 1-13) vast contain

"VEWCITY" with the "V" in colbm 1. The four numeric fieldc all contain

integers right Justified in thir respective fields as follovs:

Numeric Field Coluns Contents

C) 1 15-19 The aircraft heading expressed in

degrees. Heading is measured

clockwise with respect to the left 4,

edge of the problem area. (At the

left edge this is north. East of

this edge zero becomes slightly

east of north.)

2 21-25 The speed of the aircraft.

3 27-35 The rate of climb of the aircraft.

4 33-37 The duration of this velocity, i.e...

the time until the next card is to

be read.

In addition columns 39-42 indicate the set of units. Internal units express s

both speed and climb rate in dots per cycle. Conventional units express these

102
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in feet per second.. The duration is conventionally measured. in seconds and
internally measured in cycles. rolvans 39-42 must contain "CONV" to inaicate

that conventional units were used.

14.14.1.3 Acceleration Card. This card indicates accelerations. The alpha-

nuneric fields (colvmns 1-13) must contain "ACCEIMRATIO0M" with the "A" in

column 1. The four numeric fields all contain integezs right justified in

their respective fields as follows:

Numeric Field Col0mss Contents

1 15-19 The turn rate. This is expressed

as the number of minutes for a full

3600 t

2 21-25 The change in speed

3 27-31 The change in clibo rate

4 33-37 The duration, i.e., the time until

the next card is read.

Columns 39-42 indicate the units. Change in speed and change in climb rate

are expressed conventionally as feet per second per secoed; they are ex-
pressed internally as dots per cycle per cycle. Duration is empressed
internally as cycles and conventionally as seconds.

4.4.1 .14 Few Flight Card. This card signals the beginning of a flight.

There may be several flights per run of the Task 3 programs. The first
alephanumeric field (columns 1-4) must contain "IEW". The second alpha-

nuneric field (colomus 5-8) contain the flight number. This saime four-

characters identifier must be given to the Task 4 and Task 5 programs to

process this flight. 'It is the identifying characteristic that distinguishes

one flight from another. The first three numeric fields contain integers

right justified as follows:

0
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& N eric Field Columns Contents

1 15-19 The beam spacing in '4096ths of

a radian.

2 21-25 The mnmber of sweeps in a scan

3 27-31 The beam width (used only by
Task 3A) in 4096'ths of a radian.

4.4.1.5 Initiate Data Recording. This card signals the ISWON subroutine

should print the position of the aircraft once each cycle. The first alpha-

numeric field (columns 1-4) must contain "DREC". All other fields are ignored.

14.4..1.6 Stop Data Recording. This card signals the MISCON subroutine

should no longer print the data record. The first alphammeric field

(columns 1-4) should contain "NDRC". All other fields are ignored.

4.4.1.7 Stop Simulation. This card signals that the Task 3A or Task 3B

U program is to came to a halt. The first alphanumeric field (columns 1-4)

must contain "STUP". All other fields are ignored.

4.4.2 Simulation Parameters. The Task 3B program can recontruct terrain

from any data generated by the Task 2 program. The basis functions are definodl
by incl-.-ing the Task 3B program the ewe subroutine GV as was uscA- in the

Task 2 program. Other parameters may be set by modifying the BUOCK LATA

subrcutine in the Task 3B program.

The possible parameters for modification are as follows:

0
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_________NAME IUINhG AMD R~ESTRICTIONS

REGSIZ The naber of dots per side ef a region

WSIZ The number of regions per side in the window

K The number of words stored per region in the

window. This is equal to n /2 where n

is the nmnber of basis functions.

NXREG., NYRE The size of the prcblea area in regions

IDOT The size of a dot in 1/16 of a foot.

TIhE The time per cycle in second3.

MAXRAMGE The sweep length in dots

The following are sigma-tau values used in the MJLTIX sinilation (see Section

111.4.2)

CI-,CIT The initital sigoa and tau of the coefficients

CDS, CDT The desired sigma and tau of the coefficients

GIS,GIT The sigma and tau for the tabulated functions

GGS, GGT The sigma and tau for the product G(x) G(y)

GGS, CGT tie sigma and tau for the product C and G(x) G(y)

SGSSGT The sigsm end tau for the final sum

4.4.3 C2Mter Operation. This program operates as a batch program under

BPM. A special opera$.ing sys'a which bas over 507,455 words of FORTRAN

razdom access dizc space available mst- be used.

The program optional1ly loads the terrain data base onto the disc each time

it is run. It is advisable to keep a special copy of the system taken

after the Task 3B program has been run which includes the data. The

"!SWITCH (SET.1)" card Is used to oypass the writing of the tape onto disc.

The "ASSIGN cards are used as follows:

F:1 The disc

F:2 The &xta, base on tape frcs Task 2

F:3 The output tape

105 I



'7V

!i-V1mmDEcEN 7o-C-0262-2

5. FRtUCE TITF WAVEFM

Task 4 produces intensity profiles correspading to sweep A.nes

on the PPI, in comressed (run-length coded) form for'later playback to the

special-purpose display equipmnt in simulated real time (Task 5). It

re%',ires as input either or both the culture (reflectance) profiles from

Task 3A and the terrain (height) profiles from Task 3B, which are coubined

with various "rad.r effects" inserted. Task 14 also performs the coordinate

transformations between the culture and terrain profiles (produced in true

geographic orientation and groumd range) and the display coordinates (required

in offset-center, sector scan format and slant rarge).

The insertion of radar effects such as earth curvature, target shadow, and

side lobe phencmena is provided in a modular manner, so that experimentation

can be performed by changing =4 =all portions of tht. Task 4 program. In

addition, the algoritbas perusining to display format are generalized 'allowing

ease of expansion to displays other than the basic 45-degree sector, 20-mile

range format mhich is being i ~luented at present.

The operations of this task are directed by punched cards for each flight

to be processed. Sense switches are used to indicate wben the last culture

or terrain tapes are mounted as well as to signal an operator requested

termination. Figure 33 shows a model of Task 14.

5.1 PROCEXJRAL DESCRIPTION OF TASK 4 ýMOCESSOR. The description

below may be followed in diagratic form as it is keyed (ba' number) to

the macro diagram of the Task 4 processor, Figure 39, included in this

report.

I
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FROM TASK 3A PREPARED FOR FROM TASK 3B
TASK4

LTURE [ITERRAIN
CTA!CE TSK ~(EEIGHT)

-OFILES DIRECTION CARDS PROFILES

TASK 14

PREPARE DISPLAY
(InTMNSITY)

PROFILES

DISPLAY
(ITFMsIT
PROFILES

-.TO TASK 5

Figure 33 -- TASK 1 MODEL
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Task It receives its processing directions via punched card input.

Certe-4n optional directions modify flight processing. These modifying
options include. STATUS reports to be printed BY PLIGT or BY SCAN,,

SMOOTH options to smooth terrain data by a factor N, GRATICUIE options

to 3djust the simulated gratimule from dark to bright (0 to 7), and

GROWD RAME to prepare data in ground range rather than slant range.

Modifying option cards are given prior to flight processing directions

and remain at their selected state for all flights unless changed prior

to a flight by another modifying option. If no options are given, de-

faults of STATUS BY SCUA, SMOOTH level O(off) and GRATICUIE light of -1
(off) are assumed. Slant range conversion is always operating vnless

grond range is specified for particular flight to ohmee grond

range. Figure 34 gives a descrption and a list of allowable modifying

options to flight processing.

Direction cards for flight processing should follow theirmodifying

options (if any) with the flight numbers in the same order as they appear
SAJ on the input tape(s). The flight processing directions include the

I&-character flight number and an option to process TEFMIN ONLY, CULTUE

ONLY or BOTH FACTORS. If all flights on the input tape(s) are to be

processed the same, one card bpecifying ALL flights for that processing

option may be given. If no flight processing cards are present the
program nssumes ALL flights to be processed with BOTH FACTORS present. (1,2)

"The description end format of Task 4 Direction cards are given
in Figure 34 (DI-1). Every flight proceisi;ng card wist have a correspond-

ing flight on the input tape(s). However, not all flights on the tape(s)
need have a processing card. After tVe first directions are read and

stored (3), or the default directions stored (4), the beginning of

the data to be processed is looked for on the input tape(s) to verify

its presence. (5) If the ligbt on the processing card cannot be found

on the input tape (culture and/or terrain), no other flights of that

type of data vill be processed as tapes are only read once.
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A flight log (or status report) is written on the line printer
giving specific information about the data to 'e processed and the

option for processing requested (5A). A sap~le of the flight log is
given in Figure 35 Flight log Sable (DI-2). Any messages pertainin

to specifics of processing that are 2f Importance are listed under the
entry for the flight (or scan). A new flight will start on a new page

unless only Information BY FLIGHT was requested.

If, at any time during the processing, the operator wishes to

stop the job and have a complete Display Profile tape up to the presently
processing scan, Sense Switch #1 my be turned on. The S&nse Switch
will be interrogated and the job stopped. Once the processing has
been stopped, there is no recovery from that condition (5B).

If the directions for processing the flight call for COUTMXRE ONLY

or BOTH FACTORS (6), then one sweep of the Cultural Profile tape firom
- Task 3A is read and stored for processing by the read c' mand (7).

Figure 36 shows the format for the input tape(s) form Task 3 (DI-3)o

If the option for TERRAIN ONLY was requested for this flight, default

values for culture would be stored (8). The default value for culture
is a uniform intensity of 3 for all dots in the sweep.

The sweep data given as cu.'ture is processed by two subroutines

which perform the following:

9 ENHAAC Performs overall enhancements such as far-shore brightening
or shadowing by cultural objects, to augment the specular effects handled
individually in the culture map, and Inserts glint or other extraneous
signals to be sinulated. (9) This program operates by altering the value

of each dot (resolution element) along the reflectance profile obtained as
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a tape file from Task 3, it accord with a user-specified table. The table

is in the form of an 8 x 8 array whose row corresponds to the present reflec-

tance level (0-7) and whose column corresponds to the value of the previous

reflectance level; each entry in the array provides the value to be added to

the current reflectance level. In general these entries winl be zero but

may take either algebraic sign, enabling increase or decrease in the apparent

reflectance level at a boundary or transition (such as an increase at a

water-land boundary or a decrease at a culture-terrain boundary) without

affecting the reflectance level ascribed to the feature away from the boundary.

As originally programmed no special effects are inserted; however, all current

reflectance levels of "1", indicating water, are made negative. The water-

negative convention is used by the following programs.

0 CULTSCL Performs scaling of culturtl reflectance to account for

contrast and brightness settings and for logaritImic or other culture repre-

sentation. (10) This program operates by looking up the output reflectance

level corresponding to the input reflectance level in a user-specified table

of eight entries. Negative numbersj, indicating water, are left unchanged.

If the directions for processing the flight call for TERRAIN ONLY or BOTH

FACTORS(11) then one sweep of the Terrain Profile tape from Task 3B is read

and stored for processing by the read command. (12) Again, Figure 36 shows

the format for the input tape(s) from Task 3(DI-3). If the option for CULTURE

ONLY was requested for this flight, default values for terrain would be stored.

(13) The default value for terrain is a uniform intensity of 0 for all dots in

'.,e sweep.

The sweep data given as terrain is processed by four subroutines which perform

the following:

0 SMOOTH Performs smoothing of the digitally generated profile

to alleviate quantization and sampling effects and calculates smoothed terrain

slope at each resolvable point. (14) This program unpacks and tr-"usforms the

compacted terrain heights obtained from Task 3 as a tape file to floating point

form.* It then invokes a sliding parabolic fit to the height profile with a

*This program, along with other 1"t. 4 programs, accesses the scan header on the

input file for scale factors and other parameters needed to perform the indicated

functions.
113

¼ 4



NaVRAnEVo 7o-C-0262-2

user-specified number of points to be fit at each iteration. Specification

of 3 points to be fit indicates no smoothing, since a parabolic fit to 3 points

is exact; specification of 4 or mort )oints to be fit indicates increasingly

heavy smoothin6 on the terrain profile. Such snoothing in used to eliminate any

kinks or gliches that might have occurred in the previcts processing and enables

a smoother terrain profile to be presented to the following computations.

o EARTH Compensates for earth curvature and atmospheric refraction by

decreasing the height as the ground range Increases, and calculates elevation

'angle of the ray to each resolvable point on the height profile for aircraft

altitude being simulated.(15) The adjusted profile is the terrain height with

respect to a plane perpendicular to the earth radius extended to the radar posi-

tion. This program coimputes the adjusted height profile. The earth radius,

normally set to 4/3 the geographic earth radius, is an assiembly parameter wthich

may be changed to account for different degrees of atmospheric refraction. A

secondary output of this program is the slope of the line of sight between the

radar and each point on the adjusted height profile.

o TERRFL Calculates terrain reflectance, occurrence of local shadow

(at the backside of a hill and occurrence of remote shadow (from intervening

hills) along the profile). (16) Terrain reflectance is based on LaJ'bert's Law:

the signal power level reflected by terrain is proportional to the cosine of the

angle between the line-of-sight and the normal to the surface. The slope of the

line of sight for each point is an input variable from the preceding program.

The normal to the surface is determined by the central difference of the heights

at adJacent points. Occurrence of local shadow determined by the angle between

the line-of-sight to the terrain and the normal to the surface going from acute

to obtuse, and remote shadow is determined by compp ,ing the slope of the line-

of-sight to each point with the most nearly horizontal slope previously obtained

in tracing out the profile. Output of the program is a terrain reflectance

profile, or return sigr.al power-for each resolvable increment of range, due to

terrain alone. Any negative value indicates shadow; the shadow-negative conven-

tion is used by the following programs.

0
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0 TERSOL Performs scaling of terrain reflectance to u-'count for contrast j
and b:ightness settings and for logaritbmic or other terraiD representations.

(18) This program accesses a user-specified table of 16 entries; the table

represents a piecevise linear approximation to the logaritbm (or other desired)

curve for converting signal power to a decibel formulation. Output is an
intensity profile due to terrain in a form compatible with the intensity profile I
from culture and bydrography (levels 0-7).

Before continuing with the description of the process., a few notes about

the input tapes need be ginen:

1. Where both tezrain and cultural data are provided for a flie.t,

the sequence and quantity of data must correspond as they *eta

produced from the sam flight path and display format controls.

a. Each scan on the culture tape must have a corresponding

scan on the terrain tape (vice-versa) for the same flight.

b. The scans must be in the same order and, within a flight•,

must have the same number of sweeps per scan.

c. Each sweep within a flight must have the same nauber of

dots per sweep.

2. More than one flight may be present on either or both types

of input tapes.

3. There may be more than one input tape for each type of data.

I4. Sense Switch #2 "ON" indicates the current culture input tape(s)

is(are) the last tape(s) of that type to be processed. Sense

switch f3 "ON" does the same for terrain tapes. (At the be- A

ginning of each computer run these sense switches are automa-

tically assumed to be "OFF". V
A single end-of-file signals the end of a tape.

115
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Continuing with the description of processng, at this point one sweep of

data is stored for terrain and one for culture (whether from tape or by default).

If these sweeps are the first oa the scan from the input tape(s) (19) a scan

header is prepared and written to the output tape so the later sweep data will

have descriptive information (M)). If the sweep is not the first of a scan a

heeder would have already been written so it is unnecessary to write another.

The following four programa combine the cultural and terrain data and insert

effects on that combined sweep data:

o COMBIN Combines the two profiles, taking account of shadowing and

superposition of ground features. (21) For r.-ach resolution element along the

profile the cu),tu-al Intensity is used., unless it references terrain, in which

case the terrain intensity is used. However, if culture intensity is negative,

indicating hydrography, or if terrain intensity is negative, indicating shadow,

a zero intensity output is produced. The result of this program is the combined

intensity profile in ground range coordinates.

o ATo•N Performs signal attenuation in accord with the antenna eleva-

tion pattern, and inserts random noise in the receiver. (22) This program

accesses a user-specified table of thirty values, corresponding to the simula-

ted antenna elevation pattern. That is, the slope of the line of sight is used

to access the table of attenuations (given in 3-degree increments), and the
attenuations are applied to the intensity profile. A ain•mlated fan beam uses

zero attenuation at each point. A user-prepared program module can be incorpora-

ted here to insert random noise: glint noise is inserted prior to antenna

elevation pattern attenuation, and radar system noise is inserted afterward, if

desired in the simulation.

0 SRCONV Determines the slant range that corresponds to each resolvable

point of ground range, associates points having the same slant range, and inserts

the altitude hole.(23) This program effectively projects ground range resolution

elements onto slant range resolution elements of the same size and performs an

averaging process to distribute the intensities according to the fraction nf

each ground range bin that corresponds to each slant range bin. A fliling-in

p
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process is also performed, so that all slant range bins are accounted for,

including those within the altitude hole (which are given zero intensity).
This program is not called if ground range display format is directed.

o RNGEFF Simulates range-dependent effects such as time-varying gain

and pulse stretching. (24) Provision for this program enables insertim of a

user-prepared module which manipulates resolution elements along each inten-
sity profile to incorporate such effects.

Certain effects and insertions nust be made which involve examining data
on neighboring sweeps. The Task 4 program will gather the necessary sweeps
before writing the results to the output tape. But, in all cases, the number

of 5-weeps (or pnirc of rgecps if processing BOTH FACTORS) re*l from the inpit

tapes.

The following eftects and processes Pre performed on the combined sweep:

o AZEFF Simulates atimuth-dependent effects such as beam-spreading

and side lobe phenanena.(25) Provision for this program enables the insertion
of a user-prepared modu.e which manipulates resolution elements across adjacent

intensity profiles to incorporate such effects.

o GRAT Superposes a graticule (range rings and azimuth lines) on the
display. (26) Ranges at a quarter, half, and three quarters of the maximum
range, and an azimuth line corresponding to the aircraft centerline, are super-

posed onthe dismlayable profiles. The intensity of this graticule is au input
parameter and may be set to any desired value, lighter or darker than the
average displayed intensity; it may also be turned off completely.

o RUNL Converts intensities at successive resolvable points to run-

length code so that a sequence of identical intensities is compressed into a

single display ccumand. (27) These display ccomands, consisting of intensity

and length of each run as shown in Figure 37, are a&ranged two to a word in
the format required by the special display hardware. This program also counts

the number of points and the number of runs per sweep for housekeeping purposes

0
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and places the data describing the content of each profile in the output which

will be -written on tape for Task 5.

0 ROTATE Develops the angle, of each sweep in display coordinates
(relative to aircraft beading being simulated) for the display format i~ple-7
mented. (2) This program produces the header for each sweep which precedes the

sequence of run intensities and length, independent of the actual content of each

sweep profile and inserts this header into the output for Task 5. Each sweep

within the scan may thus be processed by the display independently, since it

comprises both a header describing its location, orientation, and run count,

as well as intensities and length of each run along the sweep thus described.

The fully procesaed s-eep data is now written to the Display (L-teiiaity) Profi ie

tape to be used later in Task 5.(29) The format for this output tape is given

in Figure 38. (DI-4).

If more sweeps tre to be read to complete the current flight being processed
the program returns to the tape reading section. If a new flight is to be

1, read the program starts from the beginning where new directions for processing

are read. If there is no more input data, the job stoaps and Task 4 is ct5plete. (30)

When a new scan is read, that scan will or will not be prinved in the log as soon

as it is read according to the STATUS options BY SCAN or BY FLIGHT. (31).

Figure 4O shows a schematic of the profile processing as extracted from the

overall Task 4 process.
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START
DIRECTING TASK 4 A

DI-1
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CARID 'fE
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0I
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FIND-5A "

DI-2

FLIGHT LOG

(STATUS RE-PORT)

Figure 39 -- MACROFI0NCHART OF TASK 4 PROCESSOR
(Sheet 1 of 5)
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Figure 39 -- MACROFLOWCHART OF TASK 4 PROCESSOR
(Sheet 2 of 5)
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Figure 39 -- MACROFLCWCHART OF TASK 4 PROCESSOR
(Sheet 3 of 5)
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Figure 39 -- MACROFLOWCHART OF TASK 4 PROCESSOR
(Sheet 4 of 5)
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Figue 40-- SKEXAIC F TAK 4 ROFIE P ROEFILE
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043F 5.2 A SAME TASK 4 JOB. This section contains a sample of the
operation of a Task 4 computer run. The sample is not necessarily indicative

of a typical run rather it attempts to show some of the variations which may

be done with Task 14.

5.2.1. Preparing a Task 4 Job.

Input Tapes:

Ctiatim. Data Tfr', ask NAR ) -- on 3 tapes cclta-;:-x4  fligt ;s
14F3, 27A2, 071, 12G5, and 17G2.

Terrain Data (from Task 3B) -- on 4 tapes containing flight
30H15, 14FP3, 27A2, 19B9, 07A1, and 1205.

Display Tape to Contain:

1. Flight 14F3 is to contain information for both culture

and terrain. Graticule light to be full bright with no

a•oothing factor on terrain. Status reports to be given

and each scan processed.

2. Flight 27A2 is to contain terrain information only.

Graticule light to be full bright with smoothing
factor of 10. Status reports to be given with each

scan.

3. Flight 27A2 is to contain culture information only.
Graticulelight to be full bright. Status reports to

be given with each scan.

4. Flight 07A1 to contain both culture and terrain information.

Graticule light to be full dark with no terrain smoothing.
Status reports to be given only once for the entire flight.

Ground Range view is desired.

5. Flight 17G2 to contain tvlture information only. Graticule

light to be turned off. Status reports to be given with

C) each scan.

127
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The Task 4 Direction Cards to be loaded with the operating deck

should be prepared as follows to yield the five displays required:

C C
0 0
L L

STATUS BY CCAN
GRATICUIE 7

10F3 BOTH FACTORS

NOT: Modifying option cards
2) 8KMOTH 10 for a Vight always precede

27A2 �ERAIN ONLY flight processing card. Once
the option is set it rmains
the same for each mirceeding
_flight unless change.
except for GROUND RANGE option

GPATICULP. 0 which acts only on the-'flight
SMOOTH 0 ntiber which it precedes.STATUS BY FLIGHT •

07A1 BOTH FACTORS

17G2 CULTURE ONLY

1i
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The ccuplete read to load, operating deck for a Task 1ru is

assembled as follows:

Sl JOB. ... ......

!ASSIGN F: 1o, (DEVICE, 9T), (INmm, aLT), (TRIEs, 25)
!ASSIGN F: 11, (DEVICE, 9T), (IM,, TERR), (TRIES, 25)
!ASSIGN F:12, (DEVICE, 9T),, ( ), ( ~jDSND8PY), (TRIES, 25)

Oi AD (GO), (UNSAT, (AMLB)). (BI)
(put all program binary decks here)
MEOD
!BCD
!RUN
!DATA
(put all processing direction cards here)
'EOD.!FIN

"As shown above, all culture tapes to be read (ring out) will be
mounted as requested in the course of the run on the tape drive designated

2as logical unit 10. Terrain tapes will be mounted on logical unit 11
"(ring out). Display (Task 4 output) tapes will be mounted on logical
unit 12 (ring in).

At the start of the run all Sense Switches are assumed to be "OFF."
Sense _oitc.i 1 will be turned "ON" only if it is desired to stop the job
in the middle of the run. There is no recovery frcm such a stop, however,
the Display Tape will be complete to that point.

5.2.2 Procedure for Rcunning a Tasis 4 Job. With the input and output t.pesSon hand and the operating deck (including the processing directions cards) in
proper order, the deck is loaded into the card reader and the job started
£from the SIGMA-7-console. As the console requests that tapee be mounted,
the operator mounts the first reel of culture, terrain or display tape on
the appropriate transports. The job proceeds as indicated by tape move-
ment and log printing.

During the course of the job, each time one of the three mounted
tapes reaches an end-of-file mark, the tape will rewind and a message

129
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will be typed on the console to mount the next tape containing like data.

When the last culture tape is mounted Sense Switch 2 should be turned "ON"

to indicate 'last culture tape'. When the last culture tape reaches

end-of-file only request to process terrain data will be executed. When

the last terrain tape is mounted Sense Switch 3 should be turned "ON"

to indicate 'last terrain tape'. When the last terrain tape reaches

end-of-file only requests to process culture data winl be executed.
If both types of input data are exhausted or the card reader shows no

more flight processing directions the job stops. A message that the

Jcb is finished is typed on the console.

I;

1p
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SECTION IV

DISCUSSIOL.

This section discusses the experience with the programs. Unfortunately

time has not permitted much experience with the production programs. In

fact., the Task 5 program has not yet been written so that the simulated

radar pictures from Tasks 3A, 3B, and 4 have never been placed into pictorial

form. It is hoped that by the time the final version of this report is

published, pictures will have been made to demonstrate the flexibility of

the system created under this contract.

Mach experience was gained, however, in the operation of the data preparation

programs: Tasks 1 and 2. These two tasks had one very striking thing in

comon: they both took over twenty-four hours of computer time on NTDC's

SIGMA-7 computer. For production programs with which experimentation is to

be performed, this is not a good characteristic. However. Task 1 is not

designed as a production program, but rather it is a one-time tool to

k,- prepare a problem area of 60X270 miles as the data base for the experiments

to be performed by the rest of the system. For experimental runs, it is

not necessary to use the Task 2 processor for the whole data base, but

rather a small sub-area is quite adequate. Processing time of the Task 2

program is directly proportional to size of the area processed.

The limited experience with Tasks 3A, 3B, and 4 indicates that while Tasks

3A and 4 have rapid computer processing times, Task 3B does not. This is

because Task 3B was written in FORTRAN by NTDC direction. As it currently

exists, Task 3B takes 45 seconds to produce one terrain height profile

--,'eep of 777 resolution elements in length. This implies that the data

for each radar scan requires over an hour of computer execution time

(depending on the scan pattern, to be simulated). An equally flexible, more

simply constructed, and more cumprehensable program could have been written

in assembly language. Analysis indicates it would produce the same terrain

height profile in abcut a tenth the time of the FORTRAN program.
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The long execution times experienced are due to limitations imposed by the J
SIGMA-7's operating system and more specifically the FORTRAN (both compiler

and run-time subroutine library) included in that operating system, as
discussed below.

1. TDIMIN EXPERIENCE WITH TASK 1.

The Task 1 program stores a large array onto the RAD. The major

bottleneck in processing is accessing this array. Each input data column

zust be added to several columns in the disc array. The structure of the

PAD is such that the required updating may be done in two revolutions of

the RAD for each column updated. Table 5 shows the number of columns to

be updated for each map, the number of input columns, and the total revolu-

tions required for the processing. The RAD rotates at 1774 revolutions per

minute. From this the Task 1 program can be expected to take approximately

10 hours.

- ( The above timing assumes that the programs which access the RAD operate with

reasonable efficiency. Since the Task 1 program is found to require 2.5

times the predicted figure, this assumption is false. The FORTRAN randon

access feature is not an efficient program. An extremely sophisticated

program to allow random accessing of the RAD via FORTRAN could be written

that would result in a Task 1 processing time of 7.5 hours. A relatively
simple program allowing the same facility could be written that would

result in a Task 1 processing time of 10 to 12 hours. Neither of these

prcra-ns, however, can use the BPM I/O facilities. After study of the

BPM I±nual and searching for some random access facility within BPM, one

is forced to conclude that the authors of the FORTRAN subroutine library

deserve ccmnendation to have supplied a random access facility at all.
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"2. TIMING EXPERIENCE WITH TASK 2.

As originally written the Task 2 program would have taken 60 hours

to process the total problem area. By hand-compiling one bottleneck sub-

routine, this time was reduced to 24 hours. An additional 25% reduction could

have been obtained with the use of additional 1,500 words of memory and major

rewriting of this routine. The 1,500 words of memory were not available, and

the reprogramming time would have exceeded the processing time saved.

The 60 hour to 24 hour saving is all due to the hand-ccupilation of the

subroutine COMP. There were two differences between the original machine-

compiled version and the hand-compiled version: (a) the mathematical laws

of commutation, distribution, and association were applied to the formula

and loops to take advantage of the autcmatic indexing facilities of the

SIGMA-7, and (b) the automatic indexing facilities were used to implement

the index and DO-loop statements of the program. If only (a) were dofte

and the result fed to the FORTRAN compiler, no saving in time would have

been realized.

The FORTRAN compiler of the SIGMA-7 cannot remember that the needed index
is still in a register and must reload it. Other FORTRAN compilers on

other computers have this facility. In the case of the COKP subroutine

this accounts for a 75% possible saving. h
Independent of the DO statement, the FORTRAN compiler on the SIGMA-7 has a

standard way of implementing DO-loops. Therefore it does not take advantage

of the automatic indexing facilities in the computer. Other FORTRAN compilers

do not allow as much variation in the DO-statement, and therefore can produce

a better standard DO-loop implementation. The DO-loop inefficiencies account 4

for the remaining saving.

i
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3. TIMM EXPRNCE WITH TASK 3B.

The Task 3B program takes 45 seconds tc produce a terrain height

profile of 777 resolution elements. The major culprit is the FORTRAN sub-

routine linkage. In order to allow the flexibility in word size reqaired

of the multrix simulator, for example, several subroutines were written to

perform the intermediate operations. PRA originally planned to write

METASYMBOL procedures instead of FORTRAN subroutines. The multrix simulation

subroutine would have been generated by the METASYMBOL assembler with all

the shifts and masking as constants. Thus only a few instructions would

be executed to evaluate each term, as opposed to the several instructions

required to call all the subroutines to evaluate the same term. A fartor

of 10 improvement is possible by the use of METASYM)OL procedures.

A detailed example is now presented. The FORTRAN coding for the "delimit"

function, required several times in the multrix simulation for ech resolv-

able point on the terrain, is:

SUBROUTINE DELIMIT(ISIG, ITAU, NSIG, NTAU, VALUIE)

DATA MASK/Z7FF'FFFF/

DR = ITAU-NTAU

VALUE = ISA(VAIlJE, DR)

L = NSIG-NTAU+2

DELIMIT = ISA(ISL(VALUE,32-L),L-32)

RETURN; END

The term DELIMIT (10,-5,8,O,X) results in approximately 50 instructions being

executed.

Writing the equivalent NETASYMBOL procedure would result in the term

DELIMIT (10, -5,8,O,X), from which the following code would then be

generated:
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z-I),O X MAD X

SAS,pO -5 Shift right 5 (i.e., by DR)

SLS.'O 22 Shift left 22 (e.e., by 32-L)

SAS,O -22 Shift right 22 (i.e., by L-32)
STWiO Store result (i.e., return value of DELIMIT)

At cowapile time the number DR and L would be computed to be -5 and 10

respectively. It can be seen that only 5 instructions need be executed to

perform the "delimit" function.

.)
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Naval Training Device Center, Orlando, Florida DESCRIPTORS

TR NAVTRADEVCEN 7o-c-0262-2 UNCLASSIFIED Radar Landmass Simulator

AD. Culture Data Displays
Terrain Data Displays

DEVELOPMET OF A HYBRID RADAR LANDMASS SIMULATOR: Digital Computer
ENGINEERING REPORT 7(U). June, 1971, 136+iv pp, Computer Programing
40 illus., 5 tables, 12 refs. Multiprogramming

An integrated set of computer software Is des- Pennsylvania Research
cribed for the generation of airborne radar Associates Inc.
displays, simulating the earth's topographic Wolfgang, Paul A. T.
features and man-made objects to the extent
they are apparent on the indicator of a modern N61339-70-C-0262
scanning radar, as a function of the aspect
from which the earth is viewed and the salient
characteristics of the viewing radar system.
The programs are based on previous PRA work
in the simulation of air-to-ground radar
displays and provide a versatile laboratory
tool for the evaluation of radar simulation

techniques with a variety of user options.
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