ey
ST NI

o e R TR e Ry
"WF\M et =

e
B e omNg

> s
g Cedssy w
D

BTN, SR ey

H

'\n
~

Technical Report: NAVTRADEVCEN 70-C.0282.2

DEVELOPHMENT OF A HYBRD
RADAR LANDMASS SISULATOR:

!

Paul A T. Holigrax

PENNSYLVANIA RESEARCH ASSOCIATES, INC.

101 North 83 Street .
Philadelpizis, Penm yivania 19104

" Contrect N61839-70-C-0262
NAVTRADEVCEN Task Mo, 7884

June 18T1

J
2
5]

eromh marer bt ot

)
)
2

1
]
)

NET ONE_TECS fa, “I} T F
‘_¥,A'JJA :l‘ :E:. :E ‘1‘. ;“-): 28 ;"%?ﬁ g

. ;r\ii i i 1

{1 |

R H EN ¢

[
o
e
i
L3
i
il
e
e
( 0
g:,m.
(o=

Dol Distribution Statemant

Approved for putlic release;
distribution unlimited.

b
]
A

L Vi
et

.
1
ufllmmm-;sknm.4..¢\&u.v,a.r..~::m-am.-.NA\,cm.m e v R e WYy

WM’H‘J#’& PO VIR 1t
iSh

A
n‘ﬁﬁﬁ?’&. Il?\mlff{':ﬁ*}(:\fw

Iy 'é-

T CATE)
CRA N

k&

-,
"

eltiin,

4

4

;gmm

T oo A

1 1 ﬁ‘m(

% LE
I3ty




usLaas Sia Lt

&cmltx Classification
‘ (Security clsssification of title. bedy of abstract end lmlhs ancotation must be entered when the oversll

DOCUMENT CONTROL DATA-R & D

E“g 1. ORIGINATING ACTIVITY (Corporvete auther) 28. REPORT SECURITY CLASSIFICATION
é&_ PENNSYLVANIA RESEARCH ASSOCIATES INC. _ Unclassifisd

o 101 North 33 Street T

X thiledelphia, Pennsylvania 1910k NA

REPORT TITLE

DEVELOPMENT OF A HYBRID RADAR LANDMASS SIMJIATOR:
ENGINEERING REPORT 7

4.

DESCRIPTIVE NOTES (TYpe of report and Inclusive dates)

Engineering Repcrt covering contract period Junq‘1970 to June 1971

AU THOR(S) {’ln: name, midse initial, last name)

Panl A. T. Wolfgang

None U. € Naval Training Device Cznter
Orlendo, Florida 32812

6. REPORT SaTE 78. TOTAL NO. OF PAGES 78. NO. OF REFS
June 1971 137 + vii
se. CZNTRAC? on 6.”‘2’6 NO. e. ORIGINATOR'S REPOART HUMBER(S)
N61339-70-C-0262
1-1
5. PROJECT NO. u7 298
€. 0. g;r:ccn REPORT NOL3) (Any other numbers Shat moy bo sesigned
e P WAVTRADEVCEN 70-C-0262-2
- 10. DISTMBUTION STATEMENT
= Distribution of tnis document is unlimited. .
i‘ 11. SUPPLEMENTARY NOTES 12. SPORSORING MILITARY ACTIVITY

3. ABSTRACTY

2
\§¥§lAn integrated set of compuler software is described for the generation of airborne

radar displays, rimulating the earth's topographic feetures and man-mede objects to
the extent they ar-= apparent on the jndicator of & modern scanning readar, &s a func-
ticn of the aspert from which the eartn is viewed and the szlient characteristics of
the viewing redar systew. 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
tho eveluation of radar simulaticn techniques with a variety of user options for
adjusting scsle factors, jnserting/deleting special effects, changing the precision
of the calculatiors, incorporatling nonlinearities, and varying cheracteristics of
the simulated rader and its antenna. P rtions of the software have been developed
to enable experimentation on a general-purpose digitel computer, with the design
parameters {e.g., werd length, accuracy, and transfer functions) of the digital

and analoy processing thai will later be cast in special-purpose hardware for a
training device. Other portions of .the software represent prcgrams that will
actually be executed to prepare the redar simulation gata base and to generate

the display in real time. The sel of software described herein is designed to
operate in non-real time, z1though it develops an output file that can be presented

to an observer (via a special-purpcse 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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ABSTRACT

ERREPITS X

An integrated set of computer software is described for the generation of
airbtorne 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 from which the earth is
Tae
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viewed and the salient characteristics of the viewing radar system.
programs are pase: on previous FRA work in the similation of air-to-ground
radar displays and provide a versatile laboratory tool for the evaluation

of radar simalation 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’
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3 of the similated radar and its antenna. Portions of the software have been
developed to enable experimentation on a general-purpose digital computer,
<R with the design parameters {e.g., word length, accuracy, and transfer

functions) of the digital and analog processing that will later be cast in
Other portions of the
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special-purpose hardware for a training device.
csoftware represent programs that will actually be executed to prepure the i

? 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 observer 5
‘ (via a special-purpose display device) in the time freme at which a high-
resolution scanning radar in a Mach 2 aircraft views its ground targets. }
i :
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FOREWORD

Since the development of air-to-ground mapping radar in the 1940!s,a
need for radar-similator training devices has existed. This need has been
met, until only recently, by analog/optical systems in which aerial
photographs are scanned optically to similate an actual scanning radar.
The photographic transparencies, howaver, are expensive ond difficult to
update, their resolution has a low practical 1imit, 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 date base represented by
transparencies could be stored and handled digitally, precluding the
problems mentioned sbove. 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.
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This report describes software written by Pennsylvania Research
Asaociates, Inc.,for NAVIRADEVCEN 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,
L vhen properly combined and displayed, are intended to simulate an
analogous radar scan of the area,
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It should be pointed out that NAVIRADEVCEN required the contractor to
use FORTRAN IV as tne main programming lan;uage 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
g nevertheless in the best interest of the Government, because FORTRAN IV is
43 a powerful high-level language producing source programs which are concise,
2 easily interpreted and readily modified. Furthermore, the extended version

of FORTRAN IV provided to the contractor allows the arbitrsry insertion of
= assembly language statements within the FORTRAN source program wherever

3 desired.

‘ CONCLUSION: The terrain data base developed by the contractor under this
3 contract is a valid compression of the original digital terrain data.

E While the contractor did not produce simulated radar scans on the display

device, NAVIRADEVCEN personnel have used this data base to produce
similated rsdar scans, demonstiating the technical feasibility of an

all-digital simlator. .
7 . (‘ f’._ i
ﬂaé Kcun ~ i v 7e
The findings in this report are

not to be construed as an officiall Project Engineer
Department of the Navy position. Naval Training Device Center
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SECTION I

INTRODUCTION

E 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. (FRA).

The purpose of the contract is to provide camputer software that enables the
;‘ radar, landmass simulator being developed at NIDC to incorporate data on nat- .
= ural terrain, in addition to the real-time display of cultural targets that p

: was provided for in Contract N61339-69-C-0086. The radar landmass simmlator
e uses TRADEC, the NIDC 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 similator is fleet ]
training in the operation of radar systems and the interpretation of radar i
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

N at his disposal. At present the work is oriented toward simulation of con- :
venticnal scanning radars, although the same techniques can be shown appli- 3
cable to the higher resolution synthetic aperture (side-looking) airborne
radar systiems.
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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 tc prohibit the development of
a simulstor with a modest rate of funding. The problem area corresponds

to the 1:250,000 scale topographic map sheets Warren, Williamsport, and
Scranton, Pa., bounded by latitudes 41°N and 42°N and by longitudes 80%W and
= 7h°w. This area is approximately 60 x 270 nautical miles in extent and en-

campasses & wide and representative variety of natural terrain and cultural ’
camplexes.
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. The cultural data display in real time previocusly accamplished is considered 5

i —\) Phase 2 in the four-phase develomment of the radar landmass simulator. The :
t

i - current effort is part of Phase 3 -- the augmentation of the display with
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(l terrain information. This portion, designated herein as Phase 3A, uses gen-
' eral-purpose camputer software to simulate the real-time processing that will
be performed by the special-purpose camputational equipment.
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,Phase 3A is a camputer simulation of the real-time radar landmass simulator;
4 {Fhese 3B is contemplated to be the embodiment of the ynqualified real-time

3 Esiwlation. The Phase 3A display will be produced in real time for view by
i_thg observer. The concession is that the camputations leading up to prepara-
A ‘tion of the data for the display will be performed in advance. Thus in Phase
E '3A the flight plan of the radar being simulated is known prior to writing of
E the cathode-rey tube indicator, while a simulator designed for fleet training
s purposes must allow the flight plan to be changed under operator control.
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This preca.culation of information for the display is nevertheless oriented
toward the fleet training application:

many of the computational approaches
and computer programs incorporated in the Phase 3A system will be directly

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

‘ of the radar landmags simulator is to evaluate approaches, develop techniques,
and establish guidelines for the eventual procurement of an efficient and
effective training device.

bt ns andar £anr srviiae o wh e

Hence flexibility is provided in the system
being prepared under Phase 3A, and options are incorporated which enable a
wide latitude for laboratory experimentation.
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Section I1 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.

s rod

This descriptive information priovides the program
structure, input/output formats, arithmetic and logical functions, and oper- :
ating instructions.
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Section IV reports on operating experience with the
programs {e.g., time eand storage requirements, exampies of final display,
etc.) to the extent this information is available at the time of writing.
The detailed documenitation of, and microflowcharts for, each of the in-

vy e

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

for each task. These documents are listed in the references (Bection V).
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SECTION II

STATEMENT OF PROBLEMS

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
simulete 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 ares -- that defined by three 1:250,000 scale USGS
maps -- of 6 degrees of longitude and 1 degree of latitude was chusen.

Culture data nas already been assembled for the chosen area. It is necessary
to assemble terrain data fram available sources and compile it into a unified
data base for use in this study.

The available data on terrain height represents digitization of contours on
muny separate meps 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 vhich 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 obtained directly from the
contours (closed squares) are tagged differently from those poinis that

have been interpolated (open circles).
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'.\ S d
0.01 inch at map scale 1:25G,000
(= 208-1/3 feet at ground scale)

Figure 1 -- CONTOURS A¢ DIGITTZED FROM MAP (MAGNIFIED 67X)
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The U. §. Army Topographic Camend (TOPOCOM) is conducting a terrain-digitizing
progran. This is an on-going progras, under the cognizance of the Defense
Intelligence Agency (DIA), which is making high-resolution topogrsphic data
availedle in a standard digital format. The source for this digitizing is
the 1:250,000 topogrephic map, the largest scele map that covers the CONUS.
The contour intervals for this map series are 20, 50, 100, 200, and 500 feet,
depending on the nature of the terrain. All contours are digitized, except
those in areasz vhere the steepuess of the slope is so great that individual
contours camot be adequately separated. The abaclute resolution of the
device vhich converts line (graphic) information to digital form is C.O1
iach, wvhich corresponds to & relative resclution of about 200 feet on the
ground. Once digitized and verified, this data is processed dy & casputer
program vhich interpolates between contours and arranges the information
into individual elevations at a density of 0.0 inch over the entire map
sheet.

Approximately half of the CONUS is currently in digital form. Included in
this area is that portion of CONUS represented by the three 1:250,000 maps
WARREN, WILLIAMSPORT, and SCRANTOM. These same three maps were digitized
by PRA to extrect the cultural and hydrograhic information under contract
N61339-C-68-0155 {see Ref. 1). After digitizing, the maps were panzled.
(Paneling is the term used in the cartographic industry to describe the
mooth joining of two adjacent charts in & cammon coordinate system to
form & single chart.)

As supplied by TOPOCOM the digital terrain data for each 1:250,000 map is
recorded on two reels of magnetic casputer-readadble tape: the west half
on. one tayc and the east half on the other. Each half map is in it: own
coordimate system vith its south-west corner near the origin. For vest
half maps, the east edge is parsllel to the y-axis; for east half maps,
the west edge is parallel to the y-axis. Each half map is approximately
a trapezoid (the north and scuth edges are slightly curved). PFigure 2
shows ;s enggerated disgram of two half maps, with their coordinate
systems, and gives typical dimensions in inches.
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The x- and y-coordinates are represented by 12 bits (0.01 inch out of 40.96
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-edgs points from computer-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 sample 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 btase contained within a

rectangle 60 x 270 (nsutical) miles.

The coordinate system chosen for the culture data has its origin at the
south-west corner of the WARREN (west most) map. The y-axis is along the
west edge of the WARREN map (i.e., along the 80° longitude line). The
x-axis i{s perpendicular to the y-axis and is tangent to the south edge of
the WARREN map at its south-west corner. Figure 3 gives an exaggerated
diagram of the paneled six half-maps in this ccordinate system and gives
dimensions in inches. Bection III.1.2 descrides the transformations.

The data is organized on the tape as 18-bit words. This organization is
not convenient for processing on a camputer 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 ilis
paneling, Task 1 should reorganize the data into a format more convenient
for pro:essing on a camputer with a 32-bit word.

2. COMPRESS TERRAIN DATA

This secticn sumarizes the considerations entering into the
representation of natural terrain for the purposes of real-time digital
similation of radar displays. It serves also as a primer on spproaches
for fiading & method dy which natural terrain can be represented in e
camputer-readabie form that is efficient for use by a real-time digital

simletor.
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The "radar landmass simulator" provides a display that appears the same as
the display the cbserver would see if he were operating a radar set in an
actual aircraft. The simmlator 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 mep which is derived fram the
information in the data base and is stored in a suitably encoded and com-

oressed form.

Preparation of the similator map is strongly dependent on tne processing
that wil) be employed in the simlator to reconstruct terrain height profiles
alonz each radar sweep within the scan. For the presont project, the scan
formai is the plan position indicator (PPI), and radar sweeps are equispaced
redial lines originating fram the current position of the vehicle in which
the radar is mounted. Camputational techniques suitable for terrain re-
construction have been studied at same length in previous projects. Straight-
forward tabulation of terrain height and various methods of campressing such
a tabulation have been investigated in the past. It is currently believed
that a functional approximation will allow the simulator to take best ad-
vantage of the redundancy (smoothness, regularity, consistency, etc.)
inherent in the terrain height as a function of lateral position.

Several sericus considerations underlie the terrain fitting problem. Among
these are the camputer-oriented limitations on storage size, processing
speed, and transfer rate, which are directly translateble into dellars 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 mumber
of variables or options in the terrain fitting problem and, in turn, give
rise to some consiraints that must be taken into account in making the

{digital) simulator map.
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2.1 COMPUTER HANDLING (F SIMULATOR MAP. The computer processing to
reconsiruct terrain height is going to be repeated for every resolvable
element along a vadar 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 referrad to as regions. The simulator map, to be prepared from
the dats base describsd above, should group the data by regions for ease of
camputer handling.

Further developing the concept, one recognizes the convenience of camputer
handling that arises from meking a region's dimension a binary multiple
(2,4,8,16,...) of the dimension of a resolvable element. In a digit-l com-
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 ocut by counting resolvable elements from same
starting value (xmin’ y nin) to some ending value (x A’ ym), the high
order digits of the x-counter and y-counter determine the region in which
the sweep ljes 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 diagrammed in Figure b 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 k& bounds region (x = 10--, y = O1--), and the
resolvable element (hereefter called a dot) illustrated takes position

(x = --10, y = --11) within that region. Hence, the camplete coordinates
of that dot are (1010,0111).
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In previous work, the standard has been adopted 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 same problem area has previously tcen encoded in s unified

ceordinate system using increments of 156.25 feet, and camputer programs to
hendle 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
simalator map. Regions on a 1:250,000 scale map can be visualized by looking

through a quarter inch aperture. {To be exact a 0.2% x 0.24 iach grid is
necessary. )

A region must cooprise an independent packet of data, so the terrain-recon-
structing camputer may handle it individually. The choice of 5,000-foot
regions is a campromise between small regions that would require an excessive

mmber of storage acce:ses, 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 represet 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 4,006 regions, or 20,480 feet, or about 3,350 (nsutical) miles -- more
than adequate to span the continental U.S.A.) The radix point .s considered
to be placed so that 0 < (;) < 1, and the region coordinates X,Y are integers.
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2.2 PROBIEMS CF ARTIFICIAL PATTERNS. The camputer processing may tend
to introduce artificial patterns, as fram roundoff or truncation zrror at
regular intervals. Even if such errors are amall campared to the error in

the fitting process, their regularity will provide visual cues that -- in
the final reconstructed image -- will be disturbing and thus unrealistic.

Such cues may take the form of moire patterns, resulting fram the beating
of two, individually invisible, seic of quantization ateps . A well-known
example fram 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.

Gramlarity in the final display will arisge 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 amoothly
varying radar intensity, these gramularity boundaries 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 cerried for purposes of smoothness, even if there is no justification
for that mmber of significant figures in terms of accuracy of fit.

Checkerboard patterns are particularly likely to result fram the grouping of
resolvabic 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
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 contcurs of intensity,
here aligned nicely with the region boundaries to give the impression of a

grid superposed over the radar display.
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A pathematical formulation of boundary continuity is appropriate. Let the
actual terrain height z be approximated by the Zunction bx Y(X,Y) Fram the
previous discussion of ¥Yigure U4, this means the approximted height h 4n
region (X,Y), at position x,y). The criterican of boundary contimuity in

height and slope is then expressed as:

AT A A AN R AT RIS G TN 7 € ArE Nt LS ALALRAE Ba AT 32 £ s B 29 ses et s

8 8

3 d

-a-;hx,y ©y) = =5y, ¢y (Ly) forall y = (0,1)
3 | ox x

a8 2°

2 ;;'a’”x,z (x,0) = " By Yol (x,1)  for all x = (0,1)
= vhere s = 0,1 (height and gradient).

This is illustrated in Figure 5, where the arrows show possidble 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 gramilarity).
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, One way of doing so is illustrated by Figure 6. Here four sets of alternating %
nonadjacent regions are individually fitted and the fits are cambined. If ! ’
. the fit to each region includes scme area in the adjacent regions, then %
the average fit will be reasonable and will exhibit suitsble continmuity. :
i1
; { 2.3 SIMPLE RECONSTRUCTION. It is desired that the terrain height "
2 % reconstruction be camputationally simple. While "simplicity" is an intuitive

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

agreed as leading toward a simpler mechanization.
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(x-1, Y)
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(x, Y-1)

Figure 5 =-- ILLUSTRATION OF CONTINUITY REQUIREMENTS
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eces &nd 30 on for the 'C! and the 'D! sets of regions,

For each set of regicas, the coefficients of the similator
map are found by teking the arca within and nearby the
regions comprising the set, This provides four sste of
coefticients, which are assigned to region cornsrs,

The final ocoefficients are found by (weighted?} averaging
of the four sets of coefficients, at corresponding corners,
In other words, a four-colzér checkerboard is conceived,
Each color (A, B, C, D) is treated separatsly, and
coefficients for the raspective regions are computed,

each region being a bit larger than originally assigned
(overlapping the regions of tiie other colors, ns shown).
Then coefficients for each corner of the original size
regions are found by averaging tho respsctive coeficients
ccaputed for the four oversize ragions which include sach
corner,

Figure 6 -- FITTING TO ALTERNATING SETS OF REGICNS
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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 J
camputing gear) and summed for the resultant value of height. That is, a
reconstruction formula in the following form is preferred:

tar e i o oo
A L SO R et AV Y s L ATt

[N PVIUReLS

n(x,y) = ?ci & (%)

DA P A Kol ves

where the set of coefficients c¢ N is appropriate to the region (X,Y)
oeing raconstructed. The approximation is {hus & linear cambinstion of
the basic functions 8;°

The second property is separability. Since the terrain is arbitrarily
Jocated with respect to the problem area coordinate system, symretry should
; exist between the x- and --coordinates. Separcbiiity implies that the

E: independent calculation of functions that are superposed, be extended to
independence between these coordinates. Tmus the following form is assumed
to be "simpler" than the above:

T s L T B Y TAR LA S KA NN L L 2346 ks,

xx Bt v oan <Mt

; hxy) = ZT (e, g,(x)) )
; x,y) L5 c; g;(x)] [y g,(y)

?? ¢y4 8 (%) 84()

F: :

= where the set of coefficients ¢y j is appropriate to the region (X,Vv),

5 and g; = &y for 1 = §, with any argument x or y.
e 3
_ The third property leading toward simple methods of reconstruction arises 5

fram a recognition that the criterion of boundary continuity places some 3
5 constraints on the coefficients in adjacent regions. Hence coefficients ‘
| for adjacent regions sre samehow related and «:v:1d be combined to serve
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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.

Cerrying this property further, one may conceive of coefficients being assigned
to corners of regions, to be shared by the four regions adjacent to each cormer.
There are as many corners as regions in the problem area¥ so this scheme pro-
vides as many sets of coefficients as regions. However, each region iz re-
constructed fram four sets of coefficients, and passing across a reg.on
boundary requires changing only two of these sets of coefficients.

srurdsa bl ios G LN

T

i h 2 AT Al sk vids daa 7D

Bradca LAY b Ykt

The fourth property which pramotes a simple means of reconstructing the approx-
imated height is the ready camputation of eech of the gi(x) and g 3 (y). 'fhat
is, the form of the basis functions should be easily amenable to mumerical
eveluation on a camputer. As an example, polynamial forms have been used:

gix) = 8, +ax+ aaxa + ..., and the various specialized forms of poly-
nomials (legendre, Tchebyschev, Lagrange, etc.) have diffs-ing characteristics
that are worthy of consideration.

Since the basis functions are the seme for all regions, their calculation
may be replaced by tsble lookup. To this extent, sirmplicity of the dasis
functions themselves is not so important. If the region size is 32 dots
on a side, as previoutly siandardized, and if the basis functions are
separable into functions of x and functions of y, the'. 2ach basis function
requires at most 32 teble entries. (lack of separability would mean that
each besis Tunction g, (x,y) might have 32 x 32 = 1024 table entries,
although a smalier number of different functions g;, would suffice.) Tabu-
laticn of Lagrange polynamials has been effective in past work.

Fach region may be considered to include its lert and bottom boundary but not
its right or top boundary; this is egquivalent to defining a region as the area
within the interval x = {0,1]), ¥ = (0,1]. Then regions may be named by the
coordinates (X,Y) of their lower left corners.
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2.4 THE FITTING PROBIEM. In view of the foregoing considerations, the
problem of terrain fitting may be stated as: Given the actual height z as
described in Section II.1, f£ind a method of fitting z which allows reconstruction
of an approximate height h on & region by region basis as described in Section
II.2.1. There must be continuity of height and slope across the region bounda-
ries as described in Section II.2.2, and the several desirable properties

described in Section II1.2.3 should apply. The approximation can be expressed
as:

n n
z ~ by y(oy) = 17:‘-0 3§0 S y,1,3 8 (%52) &;5(vir)

vhere X,Y = regions designator (integer part of lateral coordinetes)
x,y = position in region (fractional part of lateral coordinates)
4,3 =

indices of summation, corresponding to order of 8 8 1

c = coefficients of order 1,j (applying to region X,Y)
xY14,)
gi(x;x), gd(y;l) = basis functions of orders 1,3 (cammon to all regions)

n = degree of approximation (indicative of number of coeffients used)
A = 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 Jduring reconstruction and (v)
maximize the accuracy of fitting relative to same appropriate criterion.
Obviously this represents a tradeoff, and this tradeoff is the fundamental

prodvlem of terrain fitting. Data minimization (or data coumpression is
affected by:

o the degree of approximation n
e the nmumber of bits carried in the coefficients ¢
o the extent to which coefficients apply to more than one region.

The problem of data coampression is easily recognized.
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The accuracy, or fidelity, criterion is more camplicated thean has been rec- r
ognized in previous work. Although reduction of rms error between z and h i
is mathematically convenient, it is believed that a re-examination is needed [
of the relation between same height metric and what the radar cbserver sees.

T AR AN

2.5 RADAR-ORIENTED FITTING 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 ailowed 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 intensity 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.)
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The airborne radar cobserver is trained to identify locations of ridge and
3 drainage lines in the terrain and to interpret topographic features by

} reserence to their intensity contours and shadow boundaries. He looks for
% cues such as angularity vs. smocthness in thc lateral sense, and such as
{ sharpness vs. diffuseness in intensity. He attuches little significance
to variations in intensity level that are smsli compared to the average

4 variation within the area of scrutiny. The radar is usually viewing the
2 terrain at low elevation angle, and the pattern is changing with motion
of th: vehicle in which the radar is located. Sharp convexities, cliffs,
and scarps are praminent regardless of radar positior or panel control
settings, while flat valleys, plateeus, and low rolling hills tend to he
masked by noise or by hydrographic and cultural features.
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These properiies must dbe used in the formmulation of a fitting critericu.
The criterion must take into account the different kinds of terrsin: a
200-foct hill in the flat midwest is significant, whereas it is irxelevant
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in the vestern mountains. Consideration has been given to & criterion that
i3 related to spatial frequency content of the terrain fluctuation (where
the high-amplitude components are weighted more heavily), and to a criterion
that places empnasis on the second derivative of terrain height. Further
work 1s required to formulate more specific fitting criteria having radar

significance, and to relate subjective pictorial accuracy to a mathematicaily
expressed fitting criterion.

2.6 PROGRAM 70 BE WRITTEN. The job of Task 2 is to prepare a reasonably

generalized terrain campression program which campresses the terrain into a set
of coefficients for eszch region as described abcve. Variation is allowed in the
following parameters:

e Basis Function. A subroutine is provided to tabulate the
basis functions of a single varisble. Only the separable form
is provided for. Up to ten basis functions may be used.

e Region Size. Any integral multiple 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 grcip size may be anywhere fram the
region size to twice the r=gion size.

© Problem Area Size and Locatiocn. Any rectanguler problem area
may be defined. The units are grid spacings within the original
data. Th= problem area may be wholly within the area covered by
the data, the data may be wholly within the problem ares, or
there mey be sane cf the problem area not containing data and
data not contained within the problem area. Coefficients are
camputed only for those regions whose associated group is wholly
contained within the area covered by the data. All other regiomns
have zeros for their coefficients.
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S A Y

o Coefficient Precision. A maximm of 15 significant bits pius

provide for boundary contimiity as described above in addition

to the criterion placed upon the functions, the corresponding
coefficicnts must be equal between neighboring regions. For
exanple, the ccefficient which is multiplied by those two functions
: vhich take on the value unit at the lower right corner of a region
; must equal that coefficient which is multiplied by those functions
vhich take on the value unit in the lower left cormer of the next
region to the right. The program allows for any subset of the
N2/h coefficients to be averuged with the coefficients in
neighboring regions and the resulting average used for both

= ' regions. Therefore, any degree of boundery contimuity may be

. incorporated within the resulting similator map.

‘ o sign is output fram this program. The power of two represented
by the most significant bit and by the least significant bit

” may take any values provided ihat no more than 15 significant

e bits lie between the most significant and least significant.

‘:” o 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

Section III.2.3.2 gives dztails or: how the above parameters are specified.

} The 1limits menticned above indicate the maximm for each particular parameter.
However, the exercising of all options at their maximm 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

\‘;“*)ﬂ","\'"” oy

Geder

core memory is not exceeded. Section III.2.3.3 tells how to coampute the
required storage for any given set of parameters.

s
ES
oY,
33

LTS Rt N A R R oA B L B N AR o A R O i e N T SRR Y ATt S ERA N P T d S




G R B L R e BB B3 R o R B A S R R > ST Ty

ISP ——

NAVTRADEVCEN 70-C-0262-2

Z 3. PRODUCE SWEEP PROFIIES

The radar landmass simulator designed by PRA under previous contracts
(see Refs. 2, 3, and L) can be diagrammed by Figure 7. It consists of three
gections: the culture profile generator, the terrain profile generator, and
3 the radar effects generator. These three are controlled by and receive their
data from the general-purpose digital computer. As described in Ref. 2 the
> computer software is organized in a multiprogramming structure. There is

TN

- a special-purpose control program, five primary tasks¥*, and secondary tasks
as needed. The secondary tasks interface the input/cutput units with the
primary tasks; the primary tacks perform the actual control function of the
‘ similator system. The names and functiones of the five primary tasks are as H
follows:
| e MISCON simlates aircraft motion, W
, o TPCONT produces height profiles for a scan,
¢ CPFCORT produces reflectance profiles for a scan, -
e TFPREP updates the terrain data window i
B ° ;

CFPREP updates the culture data window. H

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

POV

culture window is updated as appropriate. Then, vwhile 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 reeded for the next update. Prediction is possible .
_L y because the window is sufficliently larger than the scan. Updating is then
j done either when the data is available (usually one scen after it was

:

i requestsd), or when the current window canrot hold the current scan. The
' terrain window is updated whenever the culture window is updated.

#Both the RIMS 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 management task, on the other :

hand, is one or more jobs to be pertormed 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, TFPREP, and CFCONT. CFCONT and TFPREP wait for CFPREP;
CFPREP waits for MISCON. MISCON calculates the initial plane position.
CFPREP then creates the initial culture window. CFCONT and TFPREP in
parallel write the culture scan onto tape and create the initial terrain
window. When CFCORT exits, TFCONT and CFPREP are entered.

The system is now ready to operate as shown in Figure 8. CFCONT and CFPREP
begin operating in parallel. Before CFPREP can proceed it must wait for
MISCON to finish. Before TFCONT can proceed, it must wait for TFPREP to
finish. Both MISCON and TFPREP were entered during the previous cycle.

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

TFCONT and CFPREP 1s parallel write the terrain scan onto tape and update
the culture window. When TFCONT exits, MISCON, CFCONT, and TFPREP are
entered. CPFCONT and TFPREP mmust wait for CFPREP 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 eagein.

A radar landmass simulation system which consists of che culture profile
generator, display, and general-purpose carputer is currently operational
at NIDC. Under Countract N61339-69-C-0086 PRA designed and implemented the
software for this system consisting of:

o The special-purpose mltiprogramming ~ontrol program.
® All necessary secondary tasks.
¢ The primary tasks MISCON and CFPREP.

This system is descridbed in detail in Ref. L. 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
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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 camprising a radar scan. Those portions of the
Task 3 programs that have to do with calling the ‘errain data from the ’
similator map form the prototypes of the real-time programs to perform

the corresponding operations. Those portions of the Task 3 programs

that simulate the special-purpose hardware perform calculations that

faithfully represent the design of the special-purpose hardware.

4. PRODUCE INTENSITY WAVEFORM

Previous design vork has de-emphasized the radar effects generator
portion of the radar landmass simulator. Satisfactory radar effects generators
exist within factored transparency simulators. NIDC 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

ianovations and significunt resulting improvements were contemplated over
the factored transparency approach. ;

The job of Task 4 18 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 simlate
removal of quantization noise. The cegree of smoothing will
be pre-set by an assembly parameter to this program.

wor o n ..
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e Mix terrain height profiles with culture reflectance profiles,
L taking account of Lanbert's law, antenna elevation pattern,
and terrain shadowing

¢ Perform ground-to-slant range transformation, inciuding
atmospheric refraction and earth curvature

o Campress 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

b9 30 :\’.}(':"lemu»w o EAREAAT AR E1 P et AN kT M2 &

e Perf.rm such control and housekeeping tasks as are necessary
to provide for effective operation of the above programs.

Section III.5 describes the programming structure and mathematical techniques
to accomplish the above.

5. GENERATE DISPLAY

(JLNTe kv AV Nty 2h ALY SO dn 2y

The purpose of the Task 5 program is simply to read the data fram
tape and/or disc that has been previously calculated, and to control the
special-purpose display hardware constructed by NIDC for driving the cathode-
ray tube indicator. This is to be a "load and go" prcgram, suitable for
demonstration of radar simlation capabilities with little or no preparation
on the part of the computer operator. Thus even though +the data is prepared
by a non-real-time cocmputation, the Tesk 5 program provides output to the
display equipment in a time frame corresponding to the scanning sequence of
a radar, irrespective of the amount of camputstion 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, h5° sector is provided at tne present time. Computer
programs vithin Task 5:
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e Provide information regarding position and orientation of
each sweep for tranamission to display hardware

o Read the intensity prcfile froam tape or disc for each sweep

and tranamit it to the special-purpose hardware for display
writing

o Provide necessary control and acknowledgement signals via the

camputer 1nput/m1tput channel required to interface with the
display hardware

e Perform such control and housekeeping tasks as are necessary
for effective operation of the above prograus.
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SECTIOR IIX

DESCRIPTION OF PROGRAMS

Section IX introduced the five tasks in Phase 3A of the develommert of a
hybrid radar landmass simulator. The Job of each of these tasks was to
write a program. This section contains the overall description of each of
these programs and their urer documentation. Detailed programming documen-
tation ie provided in separate documents Refs. 8-12.

. REFORMAT TERRAIN DATA

The job of Tusk 1 is to accept the six tapes representing the
WARREN, WILLIAMSPORT, and SCRANTON maps and cveate a unified map of the
sar™ problem area. The program is spccifically tailored to process these
six tapes. However, it is possidle to process six similar tapes with this

Progr.

This zection contains a description of the overall program structure,
follownd bty a description of the program fiow. Then the "User's Mamal"
for this prog.am is presented.

1.3 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 vhich 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 1s 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 ectual processing; rather it calls upon six
E of the nine subroutines in the proper order. These six subroutines do the

o L

ye b

actual processing with the aid of the other three subroutines. Figure 11
] shows these six subroutines and the interfaces among them.

PO NTIPORT T N
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PROA takes the coordinate definitions of corners of each of the six half-
maps and camputes the transformation parameters.

1aae s 2

[RCTTT o

FAROTIT VTV

PROB reads one column of data fram the TOPOCOM data tapes each time it is I
calied. 7This column of heights is unpacked and stored one height per word ‘
into &n array. The (X,Y) coordinates of this column are also extracted
fram the data tape and unpacked.

PROC applies the transformation parameters to the X,Y coordinates for the
current column to ccmpute the new coordinates ()S ,X‘) for each height in
the current coluumn. These coordinates are stored into two arrays.

M AES AR LA s Aot TN AL LRI (A vt

L3N Ny

5 PROD uses the ()(1 ’YI) coordinates to store the column of heights into an
| intermediate array on the disc. Depending upon which half map it came :
, % fram, a column of data may contridbute to as few as 19 columns in the final :
" output or as many a8 118 colurnz in the final cutput. The intermediate :i
4 array contains 120 columns. -
': PROEI empiies one column at e time fram the intermediate array and reformats .
it into final output. It 2lso acts as ma interface between the disc and z
, the other routines.
‘.7 CHECKPNT saves the trensformation parameters and the intermediate array
>3

= onto the checkpoint tape. This is to allow stopping and restarting the
3 prograx at intermediate points. It alsc allows saving intermediate re- 3
: sults for restarting in case of machire failure.

s Detziled documentation of all vrograms constituting Task 1 may be found

o in Ref. 8.
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TOPOCCM
COORDINATE ATA TAPES
DEFINITIONS
PROA | mmos
' T
A
| B :
TRANS- X,Y COOR- OKE CO
[FORMATION DINATES OF HEIGHTS
PARA- FOR THIS WITH
METERS COLAMN FLAGS
: 1
3 PROC
= T
3 ONE COLUMN
9 OF X, Y
v COORDIRATES
- T
i -1
- PKOD
2 “NTERMEDIATE
= ARRAY OF
£ Ck: - PNT | HEIGHTS
PROEI
CHECK- FINAL
POINT
: TAPE OUTPUT
Figure 11 -- TASK 1 INTERFACE DIAGRAM
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1.2 PROGRAM FIOW. The Task 1 program computes new coordinates for each
point in the original data, and the data is arranged in columns (constant X')
in the new coordinate system. The criginal data consists of six independent
coordinete systems. I€ X,Y is a2 point in one of these coordinate systems, then
the new coordinates X',Y' can be found froam the transformation:

Xt -XcosO-Ysin0+xt

Y! SXS1n0+Ycosa+Yt

This is a rotation by an angle © and a translation of an amount Xt in the X
direction and Yt in tne Y direction. The values sin 8, cos 6, Xt’ 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 cog @ = cos (a-b) = cos a
cos b + 5in 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-component and the Y-component of
any edge by the length of that edge as usual.) The rotstion is applied to the
current map's edge (xt-’ft-o). Then the distance between the lower left corner
of the current map (after rotation) ani the lower right corner of the previous
map (rotated earlier) is found by the formulas th X, X, aod Y = Y Y, wvhere
(Xa’Ya) and (Xb,lb) are the coordimtes 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 colunns is mainteined 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 camputed 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 120th column. The leftmost column is then reformatted
and written onto the ocutput tape. This column is now made to correspond to

35
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3 )
2 . the 120‘"h column. If i represents the lowest column currently represented
3 in the disc array, then vwhen data arrives for the i+l eoth column, the 1th

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 ‘fask 1 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 ipput
column is processed. To teke a checkpoint all necessary variables (e.g.,

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

= Checkpoints are taken in response to the operator setting e sense awitch

= 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-
z point tape should be resd instead of camputing the transformation parameters.

SIALN NS

1.3 PROGRAM OPERATION. This section serves as the User's Mamuel for
the Task ! progrem. It assumes that any arbitrary six sequential half maps

s ‘A‘:\“\\ .;‘ l‘h‘ﬁux

2
ik
o

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

JI“

and operation of the camputer.

1.3.1 Preparation of Input Deck. Figue 13 shows the program deck. It
5 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
mmber, Eap sequence mumber, tape serial number. Table 1 shows this
: information for the six data tapes processed under this contract. The

- map sequence mumber is assigned from one to six and indicates the order
fram west to east that the tapes are to be processed. The data tape

SRR I A SN D e R A g s
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Figure 12 -- TASK i MACROFLOWCHART
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-2
, \ serial mubers are assigned by the using camputer center. The corner coord-
' L inates are supplied by TOPOCOM along with the data tapes. These coordinates

i
«
Y63 4705 T MADLRPRARLON m‘mwv)ﬁ’

R

(o

are enterasd in Teble 1 in clockwise ordesr starting at the southwest corner.
The coordinates are to he punched one card per map in accord with the

d FORTR'Y format (4(2I.4,1)). Other data such as the map sequence number and
map sheet name and possibly map sheet number may be punched omn the right
hand half of the data cards for convenience of the operator. Figure 1k
shows the data deck used for the six data tapes processed.

Ao 1T i gas e

o e WA K AR R T AL

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 mmbers from Table 1 or its equivalent.

The sequence mumbers assigned to the other 'ASSIGN cards is up to the user.
Figure 15 shows the input !ASSIGN cards; Figure 16 shows the ocutput !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 periodicaliy
throughout the run. The set of !ASSIGN cards will usually consist of the

PN R AP I W PRI Y S NN YR LIV P PV P S

B
v
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following:

-

3 . e the !ASSIGN card for the current input tape

i‘ ©¢ the !ASSIGN card for the next input tape ;
e the !ASSIGN card for the current output tape f
e the !ASSIGN card for the disc (This doesn't count in the limit ‘
& of five.)
s the two !ASSIGN cards for the checkpoint tapes.

Once an input tape has been processed and the program switches to the next
input tape, & checkpoint should be taken and the program stopped. The deck

2 revn neeriatae

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 i1s near campletion 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 Computer Operation. This program operates as a batch progrer under
BPM. There are three circumstances which require special operator action:

inital starting of a progranm, taking a checkpoint, and restoring fram a
checkpoint.

7.3.2.1 Initial Start. The deck should be arranged as shown in Pigure 13
with the following changes:

¢ there should be no switecn card
e the 1ASSIGN cards shculd coneist of:

- the lASSIGN cerd for the first input tape

- the {ASSIGN card for the second input tape

- the !ASSIGN card for the first output tape

- tne !ASSIGN card for the disc

- the IASSIGN cards for both checxpoints tapes

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

Start tne program in the nornal BP™ manner. Mount the tapes on the drives
in response to the messages typed by the operating system. When an input
tepe has been campletely processed it will be rewound and a request mede to
mount the next input tape. Soon after the second input tape has begua
processing it is advisable to take a checxpoint end stop the program and
change the !ASBIGN card as indicated in Section II1.1.3.1 sbove.

o e——— e

R IR
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[ X5,
S

A

13

gz

1.3.2.2 Teking a Checkpogg_g - The taking of a checkpoint may be initiated
by the operator or may be done perriodically by the progran. Ideally this
: period should be between one half hour and one hour. Table 2 shows the

WA AR,
W s, e

iz

iy TP g ey A st
AT RS

number of records tc be processsl for sonroximately one half hour check-
points versus which input is to be processed. Iuitielly this period is
600 records, however, when the last tape is being processed this peric..
is merely 225 records. To change this period the hoth card cf the rain
programs mist be changed. This card currently reads

ARy
s

. R ..
Y, ”0‘: t". bhols

k]

IF (KOUNTER.GE.225) GO TO Lo

15 AT Y
AN

=3
)

The number 225 should be changed to the desired checkpoint interval.
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TABIE 2 -- CHECKPOINT INTERNAL
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Alternatively the operator may initiate checkpoints by zetting the BIM virtual
genge switch 2 to the ON state, by the procedure of Section:IX.2.3.4.3. In

either case vhen a checkpoint is being taken the following procedure should be
followed:

° The typewriter will type
ENTER CHECKPT, RECORD SAVE TAPE NUMBER

At tkis point the typewriter lamp will light. The operator
may now make any notations ke desiree such as the serial
number of the checkpoint next to be used. The checkpoint
tapes are automatically alternuted beginning with the first
checkpoint tape (i.e., that tepe indicsted by the !ASSIGK
for F:11). 1t is also advisable to note the time of dey.

) The new line key should be pressed. The system will now
begin writing {he information on the current checkpoint
tape. It is possible that the system will type a !!MOUNT

wesgage for the checkpoint tape -- this sbould be responded
to accordingly.

® If it is desired to continue processing after this checkpoint
has been taken, the BPM virtual sense switch 2 shovld now be sget
OFF, as described in Section III.2.3.k.3.

If sense switch 2 was set OFF as above the program will now continue processing;
otherwise, the program will came to an orderly halt.

1.3.2.3 Restoring Fram a Checkpoint. To restart fram & checkpoiut the
Job is started as described sbove in Section III.1.3.1 with one major excep-

tion. The ISWITCH card as indicated in Figure 13 should be inscrted as
follows:

ISWITCH (SET,1)

S TSI TS T YRITe e eIy o
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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
vwhich the desired checkpoint was taken. Thke seriasl mumber indicated in
the !!MOUNT message may be wrong. It is therefore very important that
when checkpoints are taken (see Section I1I1I.1.3.2.2 sbove) that the serial
number of the tape on which the checkpoint is being taken is recorded
aloag with the time of day and any other pertinent information.

2. COMPRESS TERRAIN

This section describes the program that compresses the terrain
data by camputing coefficients of & polynamial. This program accepts gridded
haight velues fram tape stored as columns of constant X. It also reads cards
which specify the value of those psrameters listed in Section 1I1.2.6. 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 computer) must be
included in the program deck to specify the basis functions. The ocutput
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 muber 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 discuseion of program operation, including preparation of
anc. limitations to the parameters, is presented.

2.1 PROGRAM STRUCTURE. The program consists of two camponents: the
camputaticnal section and the control section. The camputational section
processes each region individually. Since it is desirable that there

be an overlap of the dats processed for each region, each height value may bte
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:
,, processed by the camputational section more than one time. The control ?:
a section reads the height values and gives them to the camputational section ;
: along with the proper control parameters. It also collects the cutput of ,
; ! the computational section, reformats it, and writes it onto the output tape. t
-‘ : Figure 19 shows this structure. The names inside the boxes are subroutine H
’ names. Details of the individual subroutines are described in Ref. 9.

| i
2.1 Computational Section. For each region & coordinate system is

defined thus:
Region boundaries sre (0,0),(0,1),(1,1), and (1,0)

troup boundaries are (-g,-g), (-g,1+g), (14g,14g), and (1+g,-g)

20O SN nhaa SRV I TE S 6 P AT A OV 82T LUk d TR S e 1ESYG A € 017
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where 0535%

T T
RO i
P

1
; i If the region size is Nr grid elements on a side and the group size is Ng 5
: grid elements, then
e N -N . |
£ g =_& _r (1)
o 2N
r
f’ Figure 20 shows this coordinate systewm.
H
3 Let x, represent the set of all x-coordinates of elements iacluded in & zroup

sy
0 A

I
R
(;

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

VAR 4 ¥iidi

™

X
then -g < (y:) <

)
.

iy ‘?ﬁ’[f"‘*ﬁ’ )
% 04,

and set X equals the set Y.
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Iet z(x w’yw) rapresent the actual height values at the point x @Yy and
h(x P yw) represent the approximated height values at the same point.

It is desired to comrute a vector of coefficients C such that

2(x,y,) - Blxpy)) (2)
is minimized.
In Section II.2 h(x,y) was defined by
n n
noy) = L ¢y 4 Gy(x) Gyly) (3)

1=1 =t

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

with respect to Cryp and setting this result equal to zero yields the

following equation:

n n
z 2 “G(x 6 (5, )67 ()6 57, )e, 4| = 23 Gy(x)65(v,) 2(x,y,) ()

e . —— R R = m -

Equation (4) represents n2 similtai.eous equations -- one for each possible

value of I and J. The vector of n2 c's 18 the set of coefficients which
;

will minimize formula (2).
This set of equations can be written in matrix form MC =

where M is an n2 x n2 matrix with the elements L T = n(I-1)
+J, t =n(i-1) + J, and (5)

By, = % 6, (x,) Gr(x,) G5(v,) G lv,) (6)
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C 1is the n2 element vector defined by,
C = (C", c12, ese cnn) (7).
P 1is the n2 element vector with the elements Pp defined by,

Pp = % GI(xw) GJ (yw) z(xw’ yw) (8)-
Finding C requires inverting M and multiplying the P, thus
C = M P (9)-

For the Legrange 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 doible precisicn
arithmetic or an iterative improvement (see Ref. 7) even a 6 x 6 matrix

can be inverted to orlv one significant digit accuracy. The use of both
double precision an . --rative improvement (this presents special diffi-
culties) probably w: ot be of any help. Programs to invert large
matrices (e.g., linear programming packages) are tailored to matrices
with particular properties (e.g., sparceness). Fortunately the matrix M

has a8 special property which is now presented#.

The matrix M is defined above by equaticn (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 &ll groups and is defined thus:

*Acknowledgement is hereby given to Dr. F. J.Murray of Duke University
who pointed ocut the property of the matrix M which makes the camputation
of M inverse so camputationelly simple.
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.k __ L _ =
"u"'w‘nr g,Nr g for all k-o,ugandanm,ng .10)

where Nr is the number of grid points along a side of a region,
where l&l8 is the number of grid points along a side of a grcup,
and g is defined by equation (1) above. The summation over w now

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

N N
g€ &

e T Eo 11-?0 Gy (x) Gp(xc) 6,(y;) 65(v,) (11)

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

g
=5 G G, ( (2
811 40 1 () 65 0x) )
N
g
by = EF G0 6lny) (13)

(It should be pointed cut 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 camputation, however,
only one matrix will be generated.)

-

a ' with the elements a

Let o i1

"

'b.1 with the elements B 33

R

et
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By the definition of matrix multiplication and matrix inverse it follows that

b1k

Zi; 811 %k

JJ a;jI.

Z b
y JL

The 60p
o = p ard is otherwise equal to zero.
product of the matrices a and b.)

Consider the matrix A with the elements

Res = O Pig
where s = n(k-1) +1
S = n(kK-1) + x

(i.e., the Kroneker product of o and B.)

Then
2
% By P = g] 11 P53 ik By
where t = n(i-1) +J
n n
= g 32 ®11 Y53 %1k Byr,
n n
= E] %11 %k JZ LTI
= S b

is known as the Kroneker delta and is equal to one if and only if
(The matrix M is the Kroneker

S R e S o e e R e e ;12;:;%

P el

i« fnds B

Al L WANHF AL

(14)

(15)

P T T I P T W T L GNPy 3 LR

SIS

NI T

PPN SRR R R AT LT T L SRR TRPFRERY TORTY XYY ST E) LR VRS TS

(16)

(17)
:

(18)

(19)

(20)




RS SN PRy S 2 Al R Sl I e S Sl S i et ST T oL T eyt AT T it L~
N R T e A e oy X, e AR Tt 2% O3 P, 00 i ket Sy B or A ST g F R S i ™ mepe . 2R 120, g
B o S PR

NAVTRADEVCEN 70-~C-0262-2
| This 18 equal to one if andonly if I=K and J=L, and 18 equal to zero other-
: wise. Defining T = n(I-1) +J as before and § as above
% Mg Aig = bps (21)
Therefore
A = M)
To compute M’l it is only necessary to invert the n X n matrix a to produce
o and generate the Kroneker product of a with itself.
The camputationai section consists of three modules: one to campute M'1 )
one to campute the vector P, and one to compute the vector C. The interface
with these modules is thus: (See Figure 19)
C e M
¢ 1imput:
Function definitions i
B Region size j
Group size '
§
e output:
The matrix M ' .
K
Compute P :
&
e imput: i
A height value
Coordinates of valve with respect to region being processed. ,‘
Partially camputed P vector 4
Punction definitions :
}

e Aty g et

ViRa {thariee? e 13 baaten

y-
i
-
$
W
;
3
.
3
B
\V\‘
3
i
3
.
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Coampute P cont'd.
e output:

Partially camputed P vector (with the input height's
contribution added)

Coampute C

¢ input:

The P vector for this region
The matrix M '

e output:

The vector C

2.1.2 Control Section. This section is the interface between the campu-
tational section and the outside world. It consists of three modules: input,
executive, and ocutput. 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, camputes relative coordinates, calls upon the

appropriate modules of the computaticnal section, and calls upon the output
module when required. The output module is the interface with the output
tape; it takes the C-vector fram the coamputational section, averages it

with the C-vectors of nelghboring 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: LMAIN and MAIN
output module: AVERAGE, INDEX, and QUTINT-OUTPRUT

A general description of the control section is in the discussion of program
flow below.

é
3
:
j

i

RS-

N SR A R A S A R A A e R B MRS AR it




§~ ﬁ?’&"\.:.“ Ty

FAI PSR R AR

. , ,“-
i AR s
IR SO R AT,

o An s wdale® ge il rgl 62 FiPue
e

T et LR D Qe

A
A

5%

o i
R I AT IO

i

bt e St

o s TR L N R A R LA
ST ER WSS IR P IRRRL,

NAVTRADEVCEN 70-C-0262-2
2.2 PROGRAM FLOW. The program begins by reading and interpreting the
parameter cards. Storage is then allocated and the module within the campu-
tational section is cailed upon to ccmpute M". The program 1s then ready

to process the input data -- one height value at a time. Pigure 21 ig a
macro flowchart of the program.

Tie 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
interval is the region size) a pass is made through the columns of P-vectors
vhich have been c/mpleted to turn them into C-vectors. The output module

then averages these C-vectors with the previous column and cutputs the
previous column.

On each pass through the main loop sense switch 1 is examined. If it is ON
the checkpoint subroutine is callad upon to write all internal variables --
including the partially campleted P-vectors and partislly averaged C-vectors
-~ onto a tape. If sense switch 2 is also ON the program contimes, other-

wige the program stops. The program may be restarted by sctting sense
switch 2 ON by means of a {SWITCH 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 dats, & 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 ali data for the current region column has been processed.
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take
checkxpoint

compute
the Ce-vectore
for all groups
in this column

set P-vector
for &il groups
in this colurn
to mill

set C-veltor
for all groups
in thie colurn
o null

grevp in this
colum

ser P-vector
for this group
to rull

set indicies
for firct

group in thic
eolumn

;

Jrat 18

r'os nexi
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el
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thoge P-vecior:

ool ned bo l

- Figure 21 -- TASK 2 MACROFLOWCHAKT
(Sheet 2 of 2)
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set indicies
for Tirst

group in next
colu=n

STOP
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If data is returned fram IGEYZ, a pass is then made through the data. Again,
processing is for every region (with its associated group) in the problem
area. At the bottom or top there may be groups that lie outside the ares
covered by the input data. If the currently processed group haz no data
associated wiw. it, the input module (subroutine IGETY) will return a mull
indicator instead of data. In this case the P-vector for this group is set
to null and the next group is made the current group.

Each height value may coatribute 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 a2lso comn-
tribute to the next right groups to the current and next higher grcup(s).
(In cases of maximum overlap the second right groups are handled by special
iogic in the input module.) The program maintains partial P-vectors for two
coiumns of groups. The partial P-vectors are fed along with the heiglits and
the relative coordinates of the height to the appropriate module (subroutine
COMP) in the camputational section. This is done for each group to which
the current height contributes.

=3
<
€
B

Eaz

B e )

A.,!‘_N‘ VY ¢
5 T R

If all heights in the current data column which contridbute to the current
f group have been procegsed, the next higher group becames the current group.
3 After all height data in the curreant colwmn has been processed, a check is
made to see if all cclumns 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.
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If all data contributing to the current group coiumn has teen processed, the
P-vectors are converted one &t a time to C-vectors. These C-vectors are then
fed to the cutput module which averages appropriate camponents with the pre-
vious column. This previous column is then reformatted and output. If all
region (group) columns in the problem area have been processed, the last

: column ir reformatted and output, and the programs stops. Otherwise yprocessing
i }‘ contimues by checking sense switch 1 to see if a checkpoint should be taken.
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If, when the input module is called upen to fetch the next data column, it
is found that there is no more datea, the remaining columns are set to null.
After all remaining columns in theproblem area have been accounted for, the

program stops.

2.3 PROGRAM OPERATION. This section serves as an user/operator manuul
for the Tagsk 2 program. It is divided into four subsections: definition
of the basis funciions, preparation of the parameter cards, calculation of
required storage, and operation of the camputer.

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) = z

i=1 3=1 cid Gi(X) GJ(Y).

The G's are the basis functions. Provision is made for the definition of
any desir.a set of dbasis functioms -- up to ten functicns.

The lask 2 program includes & definition of the normalized Lagrange 2-2 .
polynomials. To define another set the subroutine GG must be replaced !
by a subrcatine with the following characteristics: i

e It must be egquivalent to the following FCRTRAN subiroutine

SUBROUTINE GG(X, V)

GLOBAL N

DATA N/ the-mmber-of-functions/
DIMENSION V (the-number-of-functions)

coding as necessary to store intoV(9i) the value G, (X)
RETURN
END
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e o The argument X is a real value between 10.5 and 1.5. The region

i boundaries are at X=0.0 and X=1.0.

e The functions should be norralized so that for all Gi and all

3 X such that -0.5 <X < 1.5, -1.0 < G, (X) < 1.0.

&4

4 i 2.3.2. Preparation of the Parameter Cards. There are six types of parameter ‘
cards, each specifying one of the following:
t‘ e Region/Group Size

~ ¢ Problem Area Size and Boundaries ;
*, e Input Unit(s)
e Coefficient Scaling
o Output Unit ?
2 o Coefficient Sharing (two cards required) '

d
5
s

£
ES
z
RE
B
3

Figure 22 shows the layout of each of these cards.
! 2.3.2.1 Region/Group Size Specification.
; Card Type Code: 01 .
2 ' Variables: NR The number of data points along
3 side of a region.
» G The number of dets points along side of ;
H of a group. ‘
K Restriction: NR < NG < 2R ;
A FORTRAN FORMAT: (12,4x, Ik, bx, I4)
2.3.2.2 Problem Area Size and Boundaries. The problem area is rectangular :
‘ 3 and is specified in terms of the data bace's coordinate system. Thne units
& are data grid points.
4 i
3 {
z i
¥ 64 :
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Card Type Code: 02

Variables: XMIN The minimum x-coordinates of the problem area
YMIN The minimus y~coordinate of the problem area
XMAX The maxipum x-coordinate of the problem area
YMAX The maxirum y-coordinate of the problem area

Restriction: XMIN < XMAX
2 YMIN < YMAX
3 FORTRAN FORMAT: (12,4(6%,16)

P

2.3.2.3 Input Unit(s).

AN

T

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

UNITS The actual logical unit number for
each input tape

Restriction: NOTAFE < 10

There mast an !ASSIGN card for each unit
nunber speciied.

RO b A

FORTRAN FORMAT: v.12,7X,10(12, 1X)

2.3.2.4  Coefficient Scaling.

2

£ Card Type Code: ok

- Varibles: SIGMA The power of twc represented by the
most signficant bit in the ocutputed
e coefficients ( exclusive of sign).

TAU The power of two, represented by the
least significent blt in the outputed
coefficients.

Restriction: SIGMA-TAU+I < 15
FORTRAN FORMAT: (12,7%,13,5X%,13)
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2.3.2.5 Output Unit.

Card Type Code: 05

Variables: OUTPUT The actual logical unit mumbcr 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 h’2 coefficients. They are allocated to storage as though
they were in the following FORTRAN array:

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

and accessed as CVECTOR (Q,J,P,I) in the normal PORTRAN manner. The indices
I,J indicate which corner by I=X and J=Y. 7The indices indicate which derivative
for Lagrange n-n polynamials (n=N/2-1). For other basis functions it merely
refers to one of the Nz/’i poscible coefficients for each corner. Two cards
are required to specify which of the Nz/h coefficients are to be averaged

and shared with the neighboring regions.

Card Type Code: 06
Variables: PMAX Equal to N/2-1
QMAX Equal to N/2-1

EIEMENTS The actual P,Q pairs for the elements
to be averaged.

Restriction: Since it is possible that there be 25 pairs
(for N=10) a second card with only ‘he type
code must be included if less than 13 elements
are to be averaged.

FORTRAN FORMAT: (12,6%,12,13(11,1X,11))
This FORMAT is used tc read each card individually.

67
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2.3.3 Calculation of Storage Required. The number of words of core
storege required for internal arrays is calculated by the following formula:

1 + K(NG+1) +N2LN2+1) + §° (YMAX-YMIN)
2 FR

where N is the number of functions
NG is the size of a group
NR. 1is the size of a region
YMAX is the maximum y-coordinate of the problem area
YMIN is the minimum y-coordinate of the problem area

e m—aim pnt

! Tnere are 13,345 words available. Therefore, the above formula must be
a number less than or equal to 13,345.

2.3.k Computer Operation. The deck set up is shown in Figure 23.
The (ASSIGN cards are used as follows:

F:1 is the first input tape
F:2 is the second input tape
F:33 is the output tape

M:CK is the checkpoint tape.

o O O o

The option PERM is included on the !IOAD card so that
reloading of the binary deck is not neceasary fcr subseguent
restarts from checkpoint. If the binary deck still exists

as the user file Tagsk 2 the binary deck beginning at the !LOAD
and ending with the !EOB card need not be included in the deck.

The Task £ prograr requires very little operator intervention.
The following circumstances, however, require operator inter-
vention: initial start up, teking 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: :

e prepare the deck as shown in Figure 23 modifying the !ASSIGN §
cards to indicate the proper serial numbers and modifying
the cards following the !DATA card as desired. Place this :

e 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. ;

@ When the program begins execution, the typewriter will type

e EXECUTION COMMENCING. MCUNT FIRST INPUT TAPE. MOUNT FIRST
INPUT TAPE. CONTINUE WHEN READ.

AP YA Lt ALY

e It should be pointed ocut that this message doesn't campletely
fit on the teletypewriter line and the last few characters
mey overprint one another. This, however, is not a s=rious
problem. The light on the typewriter will now light wup.

Cuce the first input tape has been mounted onto a tape drive,
the new line button the typewriter should bde pressed. The
system will now respond with the following message:

vt LR TA S TE LIV TR
b RN 4:”"\ v
LR KA A

e

>
v e g —_—
-

ERSVERRIPL LRV ARPRwe]

3
rrnp o

b ! MOURTT9TAB0, 1111

where 1iil is the serial number of the first input tape.
The drive which has the first input tape mounted upon it
shculd be dialed to the zero position, the tape should be
loaded (i.e., the load light should be 1it) and the buttons
ATTENTION, START should be pressed in that order.

Y '}\:1{.{«’7}‘»{{ T

ey

e

e After awhile the system will type

{{MOURT 9TAB1, 000
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vhere o000 18 the serial number of the cutput tape. The
procedure used in response to the similer message for the
input tape should be folowed for the cutput tapes except
that the tape drive should be dialed to 1.

The progranm is now executing normally and will continue to do
s0 until a new tape 1s required or until the program finishes.

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

as foliows:

¢ VWhen it becames necessary to read the second input tape the
following message will be typed on the typewriter

MOUNT NEW INPUT TAPE. CONTINUE WHEN READY.

Again this message will not entirely fit on the typewriter,
but this is no problem. The typewriter lamp will then light.
; When the second input tape has been mounted onto & tape drive
' the new line button should be presssd on the typewriter.

27 Mosashr «

- e The system will now type

!!MOUNT 9TAB3,1ii2

iji2 1is the serial number for the second input tape. In
response to this message the tape drive which conteins the
' second input tape should be dialed to 3, loaded, and the
ATTENTION and START buttons pressed in that order.

&4
The system is now proceszing with the second input tape.

xl, e L . et
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2.3.4.3 Taking a Checkpcint and Continuing. The procedure for taking a
checkpoint and continuing is as follows:

e If this is tne first checkpoint, do nothing; if this is
other than the first checkpoint, press RESET button on the
drive con‘aining the checkpoint tape.

e Press the INTERRUPT key on the console, the system will respond.
! KEYIN

o Type "!SWITCH nnnn, (SET,1)" where nnnn is the ID of this job.
ID of this job is printed in large mumbers on the first sheet
of paper caming fram the line printer for this job.

o The gystem will eventually respond
ENTER CHECKPO'IWNT ID

and the typewriter lamp will light. Type any three unique
characters. 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 BEB, 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.

® The system will type
! 19TABn MANUAL
vhere lower case n 1s the number which has been assigned to

the checkpoint tape drive. If this is the first checkpoint the
system will instead type

S R o

PR

PO

3t
< e N gt
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Y IMOUNT 9TAB2, ccc
vhere lower case cccc 1s the serial number of the checkpoint

tape. In this case the standard mount procedures as described
above for the input tapes should te followed instead.

WARNING: 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

"!1KEY IN"

Type

! {SWITCH nnnn, (RESET 1), (SET 2)

where munn is the job ID as mentioned ubove.

i e The system may or may not give you another

!

"119TABn MANUAL"

message. In any event, press START on the tape drive containing

the checkpoint tape. (If this is the first checkpoint, the
mount procedure should not be followed as described above for

the input tapes).

The system will now continue processing.
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2.3.4.4  Tav'ng a Chackpoint and Terminating.The procedure for taking }

J a checkpoint and terminating is the same as the procedure for taking a check-
point and continuing except that instead of typing

' {SWITCH nnnn, (RESET, 1), (SET, 2)

the following shouid be typed:

N en o) VAN N A N

! {SWITCH nnnn, (RESET,1,2)

43 e Y

The program vill now came to an orderly halt. Near thc bettom of the output
from the lineprinter should be STOP 99999.

2.3.4.5 Restarting from a Checkpoint. The procedure to restart from a
checkpoint is as follows:

; o In the input deck, immediately following the !LIMIT card,
place the following card:

ISWITCH (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 n>t 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 taken. This
is usually the checkpoint which waa taken when the program was
last terminated.
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The sysrtem will now type

! IMOUNT 9TAB0, ccce

where cccce is the serial number of the checkpoint tape. The

X unit containing the checkpoint tape is to be dialed to zero,

i‘t the ATTENTION button should be pressed and then the START

: button should be preaser.. The tape will now move forward

é very raplaly for a brief period of time. The more checkpoints
that have been taken the longer the tape will move.

”’ ¢ The system will now type
5 ! {MOUNT 9TA81, coooo
,:4 : where 00000 1is the serial nmumber for the cutput tupe. The
j drive containing the output tepe should te dialed to une,
3 the ATTENTION button should be pressed and the START button |
“ shouid be pressed. This tape wlll now proceed to move forward ’H
3 for some period of time. If the checkpoint iy taken nesr the :
end of the run ¢‘he tspe may move forward for as much as five
e minutes.
' o Tne system will ncw type
%
{UMOUNT 9TA82, 111i4
;
d where 11113 1is the serial number of eitlie: the first or second
s input tape whichever was the last one being processed The
* * drive containing the appropriate input tape should e dialed to 2,
Q the ATTENTION button pressed, ard the START button pressed. This
" tape will &lso move forward for some period of time. If tae
*\; checkpoin: was taken soon before tle liput tapes were switched
’ 5 the tape may mcve forward as long as 15 minutes.

The program will now continue processing normally.
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3. PRODUCE CULTURE SWEEP PROFIIES.

As stated in Section II.3 the job of Task 3 is to similate the
special-purpcse hardvare of the radar landmass simulator “o produce sweep
profiles. The purpose of this non-real time sirmlation is to experimentally
determine those criteria -- especially in the terrain profile generation --
that will enable the govermment 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
progeam. Task 3 consists of two prog amming tasks: Tesk 34 to produce cul-
ture profiles, Task 3L to produce terrain profiles. Task 3B is discussed in
Section III.h; Task 3A is discussed here.

The software system described in Ref. 4 was taken and modified to form the
Task 3A program. Section II1I.3.1 describes those aspecis of the Task 3A
program that result from modifications to the existing RIMS software. 1In
addition to nodificaticons to the RIMS software two programs -- CFCONT and
MISCON -- were completely rewritten. CFCONT -- the program to simulate the
scan converter -- is described in Section III.3.2 MISCON -- the program

to simul=te the motion of the aircraft -- is described in Section III.L.3
(in the section on terrain profile generation). Section 1I1.3.3 serves as
an operators manual for the Task 3A program. Details on the individusl
routines written and modified to produce the Task 3A program are in Ref. 10.

3.1 RIMS SYSTEM MCODJFICATIONS. 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 fecr understanding of this section. Changes were
made in the following areas:

the control program

the UCB-TICB list
input/cutput coavsrol tasks
the ABEND task

the CFPREP iask.
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3.1.1 The Control Program. Although the control program currently in
operation would suffice for the Task 3A prcgram, certain enhancements would
increase system speed, and ease debugging. These are:

Interrupt Tracing

Reglister Set Usage
Waiting for Itself
Fix Discovered Bugs

3.1.1.1 Interrupt Tracing. It is very helpful when determining the cause
of a ssstem failure to kncw what the system was doing at the time of the
failure. In straightforward programs the }oéation of the last instructicua
is usually sufficient to indicate what the system was doing. In multi-
wogrammed systems -- such as the RIMS system -- the location of the last
Instruction is not always sufficient. One helpful piece of information 1is
a listing cf the last few interrupts processed by the system. This will
tell where in the system cycle the sysiem was at the time of the failure

and how the task which contains the failing instruztion came to have control
at the time of the failure. ;

The control progrr:: has, therefore, been modified to store the following

information eacn 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. RIMS Phase 2 uses one register set for the
control program, and one register set for compuistional tasks. The machine
has four register sets. By 3assigning a register set to a ta: when that
task is started, and releasing it when the task completes, the control pro-
gram only need save registers in core when there are no free register set
available. Thus, the time to switch control from task to task is reduced.
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T

: _ 3.1.1.3 VWaiting for Itself. Empirical evidence indicates that the "waiting
for itself" flag, which makes it possible to start a running camputational
task, does more harm than good, since it prevents RIMS programmers from
debugging the system cycle. Attempting to start a running computs*ional
task is now an error condition and treated accordingly.

Starting an I/0 control task that is in operation will still cause tue
calling task to wait for the current I/O operation to camplete. No change
has been made in this portion of the control program.

PR

3.1.1.4  Fix Discovered Bugs. The control program failed to maerk the I/0
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
handiing portion of the control program. (See Ref. 10 for the details.)

G R R R e b e
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3.1.2 The UCB-TCB List. Table 3 lists the UCB-TCB list for the Task 3A :
program. There are twelve entries; of these five are UCB's and seven are

TCB's.

PO R

e $TYPE - This task controls the output to the conscle typewriter.
It 1s the same as the Phase 2 system.

e $PRINT - This taks controls output to the printer. It is the
same as the Phase 2 system.

e §CARD - This task controls input fraom the card reader. It
was added for the Task 3A program.

° $TAPE - This task controls input from and output to magnetic
tape units. It was added for the Task 3A progran.

1
i
]




U 1Lt UL L SoE o eyt et T i —
s el b s DR Ysesh i g ZRRRY AT R o

N2

R

EY
3
X
A
s
g

NAVTRADEVCEN 70-02€2-2

:

W 0O~ O\ & w o~

- et b
v o~ O

TABIE 3

UCB-TCB_LIST FOR THE TASK 3A ROGRAM

NAME e
$TYPE UCB
$PRINT UCB
$CAFD UCB
$TAPE UCB
$RAD UCB

$TYPESERV TCB

$AEEND TCB

ARGUMENTS
TYPESIO, TYPEINT, X' 001"’
PRTSIO, PRTING, X' 002"
CRDSIO, CRDINT, X' 003’
TAPESTO, TAPEINT, X' 08"
RADSIO, RADINT, X' OF1'
TYPESERV, X' A0*
ABEND, X' AO*
READREG, X' A0’
MSCN, X'00*
TFCONT, X' AG',, (§CFCONT, $CFPREP)
CFCONT, X'00', (§CFPREP, §CFCONT)
CFPREP, X' 00'

AU O RO AR YL S ALY 8 0 A AT,
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4
3 e $RAD - This task controls the input fram the RAD. In addition
_ to routine I/O servicing, this task does special processing
when a horizontal strip of regions is being read for the CFPREP
‘ task. It is the same as the Phase 2 system.
- e $TYPESERV - This task enables the buffering ot ~essages on the
& on-line typewriter. It is the same as the Phase 2 system.
5 ° $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 progrem.
P o $READREG - This task 1s called upon by the CFPREP task to
} read culture data from the RAD, a strip cf regions at a time.
Having this routine as a seperaste task permits overlap between
3 inpuv/output on the RAD and camputation. This task is the same
E: as the Phase 2 system.
o $MISCON - This task is the primary task which perfoms the
ke aircraft simwlation. It reads cards which define the flight
ﬁ path to be followed. This task was rewritten for the Task 3A
program. It calls upon a FORTRAN subroutine to do the actual
j_ work. <This subroutine is alsc used by the Task 3B program
A and is described alcong with the rest of the Task 3B program in
' Section III.k.

e §$TFCONT - This is the primary task which -- in the Phase 2 system

‘ -~ controll«d reeding cf the scan converter. 1t is replaced by
& dumy -- Lo uuihing -- routine for the Task 3A program. It is
3 retained within the UCB-ICB list to maintain the system cycle.
Exiting fram TFCORT causes MISCON and CFCONT to be started.

3
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) $CFCONT - This primary task simulates the sction of & 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
o
=
&
33
2
3
B
B
8

$CFPREP - This primary task brings culture data fram the RAD
and assembles it into a window for processing by CFCONT. As
‘ the simlated aircraft flies, this window is updated appro-

3 ' priately. Minor mcdifications wer~ made to this task for the ‘
; Task 3A program. T

T
[ J

,,,
oy "t

3.1.3 Input/Output Control Tasks. The Task 3A program must cammunicate ¥
with two I/0 devices not used in the Phase 2 system: the card reader, and

the tape drives. I/0 control tasks were written for these devices. Details ¢
of these programs are in Ref. 10.

3.1.L% 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 eack location in EBCDIC
K 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 Zor the additional core storage in TRADEC.

=
4
3
73
2

3.1.5 Tae CFPREP Task. Minor modifications were made to CFPREP to allow

i

KB

for initializing the culture window from any point in the problem area and
at any time in the flight in response to a fleg set my MISCON. Also a special
version of the subroutine DVCT which converts the data fram the RAD into .a-

o
y

T ey IO
it T,

ternal format and setups the specularity table has been writiten. This specisa”
version of DVCT replsces specular objects with ncn-specular entries in the

window. This deletes specularity as requested by NIDC. Details of these i
changes are cescrided in Ref. 10.
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3.2 SCAN CONVERTER SIMULATION. The Phase 2 RIMS system writes the
culture data onto a scan converter in horizontal scans, and then reads the
scan converter in radial sweeps and sends this data to the final display.
For Task 3A program no scan converter is used. The CFCONT program, which
formerly wrote the horizontal data on the scan converter and caused the

data to be transmitted to the display, is repiaced by a program which
This program produces a list of intensities

simulates the scan converter.
for each sweep corresponding to the intensity profile resulting from reading

the scan converter.

The TFCONT task in the Phase 2 RIMS system calculated the initial point,
angle, and length ¢? aach 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 & subroutine to CFCONT, and is discussed in

Ref. 10.

Figure 24 is a main flowchart of CFCONT. The subroutine which camputes the

intensities is explained in the following text.
Examine Figure 25, the window being used is a 10 %X 10 window. Its appearcnc.
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
rroduce the top five lines of the display are shown. The commands marked

with a "*" are the cammands which are examined for the converted intensity.

The cc. .erted intensities are 3, 4, 5, 5, and 3.

The program is called once for each radiel acan line to be produced. The
first call, in additicn tc 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 firsi
time it needs to use an intem::ity code on the horizontal raster that matches
Second and succeeding references to the horizontsl segment proceed

the entry.
quite rapidly because information about where the radial sweep last passed
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This section of

CFCONT is discussed ¥
DEVEIQOP

f here
! INTENSITY

LIST

SEND TO ]

. OUTPUT
; TAPE

e ebiete

b
BUMP
‘l SCAN ANGIE

kw e A r—— e A v P

Figure 24 -- CFCONT MACROFLOWCHART
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E core locaticn £ AX I
3 X 0 3 } * :
x+1 0 1 P f
4 x+2 0 : 3 ;‘
X+3 1 k 5
b3 x+h 0 L 3 * 'f
3 *+5 0 i 2
x+5 1 5 5
: x+7 0 4 3 :
- 3 x+8 o 5 5 * ;
x+9 1 1 3
g %+ 10 0 3 33 2
3 X+ 11 0 L 5 * ?
x+12 1 3 3
x+13 0] 2 3 ;
x+1k o] 3 5
X+15 1 5 3 *

(v) THE SAME IMAGE IKN RUN-LENGTH CODE f

("CORE" FORMAT)
Figure 25 -- CULTURE DATA FORMATS
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AT 0 I
L SEA G e BT L AT

is used as a first order approximation of where it will go next. B8ince the
rariation in angle between 8 given sweep and the next sweep is a«nell, the
next sweep strikes very close to the previous sweep. Knowlng where that
was speeds processing. The table consists of entries -which include both
the location of the cammand last referenced on this line, and the sum of
of the delta x's on this line which preceded the delta x of the cammand

pointed tec.

L e N Y e VR AT L 102

by

SATY
Ty

ARNESON
AT N IT IO Lo 2Tapdean S

REEN¢

Table L shows the table produced after the radial scan line in Figure
is produced. The location of the commands used to form the radial scen
and the sum of delta x's which preceded the segment pointed to on the

EREYERATIS)

% scan line. A
k- §
g The CFCONT -- Develop Intesity List flowchart (Figure 26) shows the method
of stripping off the desired intensities and storing them, using the table :
5 of pointers described above. Numbers ir parenthesis indicate flowchart
block mumbers.
-
;' The first two blocks are shown to indicate that they are needed, but should ;
b not be located in the program when it is implemented, since they will pre- ;
j vent maximum efficiency. The boxes in questiom, first check to see if there ?
~' is roam to create the table. (1) If not, the program takes an error exit,

;‘a indicating no core available. Next the pointer table is cleared (2).

2 This process is normally done only once for each horizontal to rsdial con-

3 version, while this program would clear the table each time it is called.

3 (The program is called once for each radial scan line.)




RPN

S

o SaX N TR T

gz

N AR e 1,

LR

&

ST

AET

C

TS AT — s -

o

 w . sam AT O

TYEATC P AN 4 SaTvem

NAVTRADEVCEX 70-0262-2

ETRLE AP A fn

(LSO Ty

YTy

HATYC

HTs oo sy = = .
R O e N e e N i SO X Ry ry = Mwmay e e ey RIS T

R e ey o R
PR LT a2 VRIS 4 O T A A OV s YRE IR e TNV e

TABIE L

HORIZOKNTAL RASTER SEGMENT POINTERS

o (A X

Core location

Horizontal Scan

© O © ©o O " )

-

' ] ' ] o o < i} w

+
x+3
x#11
x+15

23\456789.@




NAVTRADEVCEN 70-C-0262-2

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 X,Y routine is used to index the pointer
table. (5) If the entry in question is zero, (6) the program mist 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
found, 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 fram the line. The sum 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 ccrmand
pointed to by the pointer table). (11) SDX is incremented by the value of
the delta x in the fetched camand. (12) The incremented value is compared
with X, to see if we have reached a cammar: whicli inzludes the point we are
interested in. (13) 1If not, the prograr loops back to pickup the next
camrard. (11) If so, the program is ready io collect the required intensity.

If the sum of delta x's was greater than the X coordinate required, the
command currently pointed tc is saved. (17) The previous command is
fetched (18), and its delta x is decremented fram SDX. (19) SDX is then
checked to see if it is now less than X. {(20) If it is not, we back up
incther camand in check again (17). If SDX is now less than X, the
previous command is the command which has the intensity required. This
camnand is picked up out of the save area. (21)

The intesity required has been found, aud is handed to the store program.
(14) The pointer to the command most recently used in this raster segment
is stored back in the pointer table (16), and the program returns to the
peginning (3) to perform =zother major cycle.
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Figure 26 -- CFCONT - DEVELOP INTENSITY LIST
(Sheet 1 of 2)
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3.3 PROGRAM OPERATION. This section serves as the user's mamual for
Task 3A program. Figure 27 shows the deck setup. The preparation of data
cards is given in Section III.k.4.1. The data cards used should be the

came 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 RIMS data base has been loaded onto RAD OFl.
If not load 1it.

o Prepare the deck into the card reader.
@ Mount the cutput tape onto 9TAS0

e Use the standard load sequence to load the standalone loader.
The typewriter will indicate it is ready for imput.

e Type "!L RBOOO,MAP,N" into the typewriter, followed by the @
(nexw line) key. The RIMS binary decks will the be read, and
the printer will produce a memory map. The typewriter will sgain
indicate it is ready for input.

e Type "!R BEGIN'. The PIMS system will begin executing, after

@ key is pressed.
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5 3.
E &L L. PRODUCE TERRAIN PROFTIES. It was felt by NTDC 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 RIMS 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 progrem.
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k.1 OVERALL DESCRIPTION OF THE PROGRAM. Figure 28 is a structural

disgram of the Task 3B program; Figure 29 is a macroflowchart of this program.

)“ The MISCON subroutine is the interface between the flight control deck and

the program. The TFPREP subroutine (along with its subroutines) is the

: interface between the data base. which is stored onto the RAD, and the

3 program. The TFCONT subroutine (along with its subroutines) is the v
simulator ¢f the special-purpose hardware to be used in the real-time system. '
= B Q The terrain portion of the system cycle is simulated. There are three steps:

|

E {1) Obtain the new location of the aircraft
(2) Update the window
(3) Generate a scan

FRU (4 ALt 7y,

s gt yrrtih

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 are given in the next two

Lo

112040y

subsections.

4.2 MULTRIX SIMULATION. Figure 24 serves equally well as a TFCONT

_ macroflouchart except that the subroutine to compute intensities is replaced
i B by & subroutine which computes heights. This subroutine simulates the mul-
T tiplying matrix (multrix) which will evaluate the height approximation

PR AT

E § polynomial in real time in the Phase 33 simulator.
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The process of finding which ragions are. of interest which was discussed in
Engireering Report 6 (Ref. 6) is much simpler for the Phase 3A system.
Since each resolution element of a sweep is processed_, the high oxder bits
determine which coefficients are fed to the simlated #mItrix and the low
order bits are the X and Y fed to the simulated raltrix.

The multiplying matrix (mltrix) performs the fixed-point calculation for

each resolvable point in the region: 1
2z Z 3 (x) g, ()

z(x,y) = c g, (x) g, (v (1)

10 j=0 p0 go P77 "Jg

whers z(x,y) = reconstructed terrain height at point (x,¥) !
c = coefficients For the region M

g = basis functions (e.g., lagrange polynmmials)

i, 3 = corner of the regi<n fram which c¢’s are drawn

P q = opder of the basis function

ARSI (SIS,

E: B n = degree of representation used. ;
' The actual calcul=tion to be made is: ‘
3 : n n n n ]
2(x,y) =L Z PIEDY ciqu Gip(x) qu(y) (2)

; i) J=0 p0 q=0

The bracketed term is develcped by a replicated set of hardware, which is

; then sequenced among the four corners. The capital letters i{rdicate normal-
ization: -

\‘ G 4 = Ni 81 G 3 = NJ g.j §
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The Ni’ NJ &re chosen so as to confine the Gi’ GJ to the range -1 < G < +13
the values of N depend on the form of the G .

£stablish the conventicn that o represents the exponent of the most siguifi-
cant digit and T represents the exponent of the least significant digit in
a fixed-point number.

A twos-camplement binary number having o = 41, T = -3 for exampl: would
contain five bits and lock like:

41 .0 2-1 2-2 2«3

4

radix
point

In like manner a positive decimal number having o = 42, T = +1 would have
two digits and look like:

102 |10’ ]

a
radix
point

The o, T method of indicating precision and radix point location is

used for simulating the multrix; o, T values wili be provided as input
parameters at strategic points in the simulated calculation. The operaticn
"delimit" is defined: trurcate the most significant digit to the o valve
and round 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 1s anticipeted to operate in binary, with twos-carplement
arithmetic being employed.

[IRR PRTRSNRITY STV, 1

a1 A LN

"o

SO MU, i A

24058 bt 2 Arban

Nawmrs

AWML €03 220u ra

VNt L TS B R T e end WA M hihed YA GG Le 1 A dbns ne

FLTE IRy Wi s

I T N LR

Svdinehnrnl nde oo aests

i



= T e v -
J” = - Ry e AT g e Rt T T F S Ay — -

B i it T L N i e SRS NS P o
b & £ R e
SN T

© rnecat e bR

¥ VTRADEVCEN 70-0262-2

-~
o
3
H

.:
n
3
3
3

Rl
]
¥
3
2
2z

Three o, T pairs are needed to specify the miltrix's implementation of
eq. (2). 720 dasis functions G, the coefficients C, and the partisl
sums {in L.ickets) al) have lizited register sizes. Multrix simulation
can be formlated as shown in Figure 30 for any peint ‘(x,y) 4n the
regicn. Cbviously the calcnlation of Figure 30 can be iterated over all
points ccmprising a profile through any number of regioms.

4,2 DES RIPTION OF MISCOK PROGRAM. The program to simulation the
potica of the aircraft (which contains the similated radar antenna} has

“sen &t “fen L sccept & preprograrmed flight path.
The :ucerimenter initializes the problem by specifying zn initial pocition.

e distence east of origin
e distance north of origin
e altitude

and ar initial. velocity vector:

e rate of climb
¢ duration of this velocity

® course
®» speed

Thereafter the experimenter specifies up to three types of acceleration by
providing entries to the system containing:

e ‘turn rate (change in course)

o longitudinal accelerstion (change in speed)

e vertical acceleration {change ir rate of clixzb)
e duration of this acceleration

-

A zero acceleration of any type means
Two

Accelerations are signed numbers.
to retain the current velocity constant for the duraticn specified.

or all three types of acceleration may be changed for the same duration.
Cbviocusly the sum of the durations is the tptal duration of the flight.

T N L R R R T

.
NG AN G ¢ b s ety

§ T olopatpiyaby ) a
& OO I S e ettt oy ot
R e R
- s - ¥ [

P e TR




R AR ) T WTTER TR

T IR Bt i A T S I e S S S e MY g M s oL Z, A= O s
GRS xymwmwﬁmwé&%%%mmy&mmwﬁ R TR TP D e Sl wﬁ%

Aza? A=At

YEr

sS&ey f_-o

. m
£ OAL™ o 7F SOUR CORVERS
e (4 TERN (N BRACKETS)
- S DawRs FVIL Ve ED.

—_ - 3 -V?;:
NAVTRATEVCEN 70-C-0262-2 i 3

3 ;

VHLUE OF m,, FORMUAS FeR G (D AV 60, yood

ST 2 H ;
£ D SET o ¥ (hh)‘ COLFF/ICren?s C MUST B& i f
8 QM AYWLORLE, THREE FYRS oF G T MUST BE FROVINED, * 3
S F
: J SET £=0, 49 ¢
‘ fro 9 g
s Z=0 : < I
= : :
5 ‘ ;i
H &7 Z . =0 N ¥
3 ‘/I N é
; ; -3
E: ::
: ¢ Z
FaM G, #65y pELIn! T & B

Wb pdeimsy M2Z=Z +Z: 5

. 4 )

i

) 2 ,
3 FIVD Cipg P2
1] AND DELAIT P
tog

. 54

| } ¢ g T ‘3;

s Zf +(£'jfg . ES

¢ :

oNE TETN o TWE DERTOOY 3

H A BEWY AT ED, 3

3

N L=art Pod

=50 |

ves

Vg

3

£L=0 B 3

SE7 g=0 ; 51

13

33

3 ¥

y 13

WRITE 2 s §

veo % H

§

1

33

3

g

Ko

g.

F‘é Figure 30 -- MJLTRIX SIMULATION MACROFLOWCHART

A TeCH St an R 2V R W SAGE




2
S
5
,
5

A

pockys NG A,
Ped:

o o

¢ .
A1 arty f @ 451
3P

NAVIRADEVCEN 70-C-0262-2

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 camputer response is to repeat the initial position and velocity at tiue

zero, then to give position and velocity in tabular form at specified intervals

{such as each radar scan). Further, the flight path can be recorstructed
fram the ocutput alone by having the tabular printout of position and velocity
vs. time interspersed with a repeat of the coemands.

There ere three possible units in which the above quantities may be giveh:
internal units, conventional units, and map unit,. Internal units express
distance in regions and dots, and express time in system cycles. Conventional
units are miles, 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 deteils of the data cards.

.4 PROGRAM OPERATION. This section is the user's mamual for the
Task 3B program. Figure 31 shows the deck arrangement. Actual camputer
operation is straightforward and is discussed briefly in Section III.h.L.3
below. Section III.L.4.2 discusses the other parameters that may be varied.

"The preparetion of the data cards is not as simple. This is discussed here.

L.k Preparation of the Data Cards. The data cards are used to define

the flight path of the aircraft and provide miscellaneocus control information.
All cards are read by the same FORTRAN FORMAT. Figure 32 shows a generalized
date card. There are four alphanumeric fields and four numeric fields. There

are seven types of data cards. HNot gll fields are used for sach type of data
card. The individual curdas are now described.

4. h,1.7 Initial Position Card. This card defines the initial position of
the aircraft. The slpharameric fields (columns 1-13) contain "FOSITION" with
the "P" in colwmn 1. The first thres numeric fields contain integers all

right justified in their respective fields as followe:
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- NAVTRADEVCEN 70-C-0262-2
3 J
Numeric Field Columns Contents
1 15-19 The distance esst of the origin
2 21-25 The distaace north of the origin i
3 27-31 The altitude P

-
R L Y

In addition to these colwms 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 .
puncked into colusms 39-h2. :

z

HLMAL b ce atii EILTUPW LIRSS 9

L. 4.1.2 Initial Velocity Card. This cerd defines the initial velocity

of the aircraft. The alphammeric fields (colwms 1-13) must contain
"VELOCITY" with the "V" in column 1. The four numeric fields ali contain ;

integers right Justified in their respective fields as follows: i

APt e g T T R R I s
.

AL e sy

Numeric Field Columns Contents
- 1 15-19 The aircraft heading expressed in

1}

{‘J degrees. Heading is measured
clockwise with respect to the left
edge of the problem area. (At the
left edge this is north. East of
this edge zero becames slightly
east of north.)
2 21-25 The speed of the aircraft. ‘
21-35 The rate of climb of the aircraft. .
33-37 The duration of this velocity, i.e.,

the time until the next card is to

be read.
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In addition colu=ns 39-2 indicate the set of units. Internal units AXPress
both speed and clixdb rate in dots per cycle. Conventional units express these




N PRI D SRS L F T e s = s e o e
S T s e R I RS

NAVTRADEVCER 70-C-0262-2

in feet per second. The duration is conventicnally measured in seconds and
internally measured in cycles. Columns 39-42 must contain "CONV" to indicate
that conventional units were used.

h.4.1.3 Acceleration Card. This card indicates acceierations. The alpha-
mameric fields {colwmns 1-13) must contain "ACCEIERATIONS" with the "A" in
column 1. The four mmeric fields all contain integers right justified in
their respective fields as follows:

E Numeric Field Columns Contents

1 15-19 The turn rate. This is expressed
- as the nuber of mimites for a full
, 2 21-25 The change in speed

% 3 27-31 The change in climb rate

5 4 33-37 The duration, i.e., the time until
Z the next card is read.

. O

f Colums 39-42 indicate the units. Change in speed and change in clixd rate
; are expressed conventicnally as feet per second per second; they are ex-

' pressed internally as dots per cycle per cycle. Duration is expressed

_ internally as cycles and conventionally as geconds.

4.i.1.% New Flight Card. This card signals the beginning of & flight.

4
i

There may be several flights per run of the Task 3 programs. The first
alphanumeric field (columns i1-4) must contain "NEWF". The second alpha-
numeric field (colums 5-8) contain the flight number. This same 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
cne flight from another. The first threes numeric fields contain integers
right Justified as follows:

ik
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é:;g Numeric Field Columns Contente
1 15-19 The beam spacing in L096'ths of
a radian.
2 21-25 The mumber of sweeps in a scan
3 27-31 The bean width (used only by

Task 3A) in 4096'ths of a radian.

L.4,1.5 Initiate Data Recording. This card signals the MISCON subroutine
should print the position of the aircraft once each cycle. The first alpha-
numeric field {columns i-I) must contain "DREC". All other fields are ignored.

L.h,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 alphamumeric field (columns 1-4)
must contain "STUP". All other fields aie ignored.

L h.2 Simlation Parameters. The Task 3B program can recontruct terrain
3 from any data generated by the Task 2 program. The basis functions are defined
by incluiing the Task 3B program the same subroutine GG as was used in the
.. Tesk 2 program. Other parameters may be set by modilying the BLOCK LATA

N subrcutine in the Task 3B program.

b

=

The possible parameters for modification are as follows:

3
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MEANING AND RESTRICTIONS

The mmber of dots per side c¢Z a region

The number of regions per side in the window
The mmber of words stored per region in the
window. This is equal to n2/2 wvhere n

is the number of basis functions.

NXREG, NYREG The size of the prcbleam area in regions
IDOT ’ The size of a dot in 1/16 of a foot.
TIME The time per cycle in seconds.
MAXRANGE The sweep length in dots

The following are sigma-tau values used in the MULTRIX simulation (see Section
II1.k.2)

CIS,CIT The initital sipoa and tau of the coefficients
CDS,CDT The desired sigma and tau of the coefficients
GIS,GIT The sigma end tau for the taubulated functioms
GGS,GGT The sigea and tau for the product G(x) G(y)
GGS,C5T The= sigma and tau for the product C and G(x) G(y)
SGS,SGT The sigma snd tan for ihe final sum

L. h.3 Computer Operation. Thiz program operates as a batch program under
BPM. A special operaling sys*em which has over 507,455 words of FORTRAN
random access dizc space aveilable =izt be used.

The program optionaily loeds the terrain data base onto the disc each time
it is run. It is advisavle to keep a special copy of the system taken
after the Task 3B program has been run which includes the data. The
"1SWITCH (SET.1)" card is used to vypass the writing of the tape onto disc.

A

The 'ASSIGN cards are used as follows:

E:l The disc
F:2 The cdata base on tape from Task 2
P:3 The ocutput tape
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@ 5. PRODUCE INTENSITY WAVEFORM

Task % produces intensity profiles corresponding to sweep (ines
on the PPI, in compressed (run-length coded) form for later playback to the
special-purpose dispiay equipment in simulated real time (Task 5). It
reyires as input either or both the culture (reflectance) profiles froam
Task 3A and the terrain (height) profiles from Task 3B, which are combined
with various "rad.r effects" inserted. Task 4 also performs the coordinate
transformations between the culture and terrain profiles (produced in true
geographic orientation and ground range) and the display coordinates (required
in offset-center, sector scan format and slant rarge).

The insertion of radar effects such as earth curvature, torget shadows, and
side lcbe phentmena iz provided in a modular manner, so that experimentation :
can be performed by changing only small portions of th: Task I program. In :
i : addition, the algoritlms perisining to display format are gencralized allowing '

: ease of expansion to displays other than the basic hS-degree sector, 20-mile
', range format wvhich is being impiepented at present.

o g

The operations of this task are directed by punched cards for each flight
to be processed. Sense zwitches are used to indicate whes tihe last culture
or terrain tapes are mounted as well as to signal an oversior requested
termination. Figure 33 shows & model of Task 4.

5.1 PROCEDURAL DESCRIPTION OF TASK 4 ‘PROCESSOR. The description
below may be followed in diagrammatic form as it is keyed (by mumbar) to
the macro diagram of the Task 4 processor, Figure 39, included in this
report.
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GROUND RANGE to prepare data in ground range rather than slant range.
Modifying option cards are given prior to flight processing directions
7 and remain at their selected state for all flights unless changed prior
e to a flight by another modifying option. If no options are given, de-
faults of STATUS BY SCAN, SMOOTH level O(off) and GRATICUIE light of -1 , \
(off) are aszumed. Slant range conversion is always operating unless :
ground range is specified for particular flight to cbserve ground
range. Figure 3 gives a descrption and a list of allowable modifying

options to flight proceasing.

—‘—my_\g-m’aq SR
3 NAVTRADEVCEN 70-C-0262-2 3
3 2
= ]
Task 4 receives its processing directions via punched card input. {
3 Certein optional directions modify f1ight processing. These modifying :
3 options include STATUS reports to be printed BY FLIGHT or BY SCAN, *
: SMOOTH options to amooth terrain data by a factor 'N, GRATICUIE optiouns ;
to adjust the simmlated graticule fram dark to bright (0 to 7), and |

b s e cedatbe s tea

LT By
. ’.

&)

PRI
1

RCIPD
VIR

3 Direction cards for fiight processing should follow their modifying
options (if any) with the flight numbers in the same order as they appear
4. é _j on_the input tape(s). The flight processing directions include the

h-character flight nuxber and an option to process TEFRAIN ONLY, CULTURE
ONLY or BOTH FACTORS. If all flights on the input tape(s) are to be
processed the same, one card specifying 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 and format of Task L Direction cards are given
in Figure 34 {DI-1). Every flight procesising caxd mist have a correspond-
ing flight ocn the input tepe(s). However, not all flights on the tape(s)
need have & processing card. After the first directions are read and
stored (3), or the default directions stored (), the beginning of
the data tc be processed is looked for on the input tape(s) to verify
its presence. (5) If the flight on the processing card cannot be found
on the input tape (culture and/or terrain), no other flights of that
LUype of data will 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 Le processed and the
‘option for processing requested (5A). A sample of the flight log is
given in Figure 35 Flight Log Sasple (DI-2). Any messages pertaining
to specifics of processing that are sf 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 opereior wishes to
stop the job and have a camplete Displsy Profile tape up to the presently
processing scan, Sense Switch #1 may be Yurnel on. The S~nse Switch
will be interrogated and the job stopped. Once the processing has
been stopped, there is no recovery fram that condition (5B).

TR BT Y,

T
AR nl'w“

FrOay

If the directions for processing the flight call for CULTURE QONLY
or BOTH FACTORS (6), then one sweep of the Cultural Profile tape fiam
- Task 3A is read and stored for proceasing by the read command (7).
{Q} Figure 36 shows the forrat for the input tape(s) form Task 3 (DI-3).
If the option for TERRAIN ONLY was requested for this flight, default
vaiues for culture would be stored (8). The default value for culture
is a mmiform intensity of 3 for all dote in the sweep.
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The sweep data given as culture is processed by two subroutines
vwhich perform the following: :

St o RO s
£ Cot]
. »’«Wl‘ DT

Ak

T r—

° ENHARC Performs overall enhancements such as far-shore brightening
or shadowing by cultural objects, to augment the specular effects handied

individually in the culture map, and inserts glint or other extranecus »
signals tc be simulated. (9) This program cperates by altering the value
of each dot (resolution element) along the reflectance profile cbtained as
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R P STy 07

a tape file from Task 3, in accord with a user-specified table. The table
@ is in the form of an 8 x 8 array whose row cozrresponds to the present reflec-
tance level (0-7) and whose column corresponds to the value of the previous
reflactance ievel; each entry in the array provides the value to be added to
the current reflectance level. In general these entries will be zero but
nay take either algebraic sign, enabling increase or decrease in the apparent

S e AL o port b

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 fram the boundary.
As originally programmed no special effects are 1nierted; however, all current v
reflectance levels of "1", indicating water, are made negativc. The water- ;

negative convention is used by the following programs.

® CULTSCL Performs scaling of culturel reflectance- to ‘account for
contrast and brightness settings and for logarithmic or other culture repre-
sentation. (10) This program operates by looking up the output reflectance
level corresponding ©vo the input reflectance level in a user-specified table
of eight entries. Negative numbers, 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 velues for terrain would be stored.
(13) The default value for terrain is a uniform intensity of O for all dots in
*..¢ sweep. o

The sweep data given as terrain is processed by four subroutines which perform
the following:

) SMOOTH Performs smoothing of the digitally generated profile
to alleviate quantization and sempling effects and calculates smoothed terrain
slope at each resolvable point. (1%) This program unpacks and tr ‘nsforms the
campacted 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 Ta.: 4 programs, accesses the scan header on the
input file for scale factors and other parameters needed to perform the indicated
functions.
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user-specified number of points to be it et each iteration. Specification

of 3 polnts to be fit indicates no smoothing, since a parabolic fit to 3 points
is exact; specification of & or mor. ,oints to be fit indicetes increasingly
heavy smoonthing on the terrain profile. Such smoothing is used to eliminste any
kinks or glichea that might have occurred in the previcus processing and enables
a smocther {errain profile to be presented to the following camputations.

o EARTH Compensates for earth curvature and atmospheric refraction by
decreasing the height as the ground range increases, and calculates eievation
‘angle of the ray to each resolvable point ¢m the height profile for aircraft
altitude being simulated.(15) The adjusted profile is the terrain height with
respect to a plane perpendicuiar to the earth radius extended to {he radar posi-
tion. Thic program computes the adjusted height profile. The earth radius,
normally set to l$/3 the geographic earth radius, is an a2ssembly parameter which
may be changed to account for different degrses of atmospheric refraction. A 7
secondary ocutput of this program is the slope of the line of sight between the ] f‘;
radar and each point on the adjusted height profile. i

o A A K UL LS VANl 1 = 8. A
b2 S ONTRI R K i O S 103"

(s} TERRFL Calculates terrain reflectance, occurrence of local shadow

(at the backside of a hill and occurrence of remote shadow (from intervening
hills) aiong the profile). (16) Terrain reflectance is based on Lambert'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 compr.ing the slope of the line-
of-sight to each point with the most nearly horizontal slope previously obtained
3 in tracing out the profile. Output of the program is a tzarrain reflectsance
profile, or return sigral power-for each resolveble increment of range, due to
terrain alone. Any negative value indicates shadow; the shadow-negative conven-
tion is used by the following programs.
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@ ¢  TERSCL Performs scaling of terrain reflectance to ¢~count for contrast

and brightness settings and for logarithmic or other terrain representations.
(18) This program accesses a user-specified table of 16 entries; the table 3
represents a piecewise linear approximation to the logaritim {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 intenaity profile 3
from culture and hydrography (levels 0-7). j
3
Before continuing with the description of the process, a few aotes about '
the input tapes need be given:
1. Where both tezrain and cultural data are provided for a flight,
the sequence and quantity of data must correspond as they wece z
produced fram the same flight path and display format controls. %
|
a. Each scan on the culture tape pmust have a corresponding i 5
scan on the terrain tape (vice-versa) for the same flight. i
U b. The scans must be in the same order anl, within a fiight, ‘ 3
mst have the same mumber of sweeps per scan. ; ’H
¢ i
c. Each sweep within a flight must have the same mmber of 5
dots per sweep. .
2. More than one flight may be present on either or both types ,o
of input tapes. )
3. There may be more than one input vape for each type of data. :
L. Sense Switch #2 "ON" indicates the current culture input tape(s) ;
is(are) the last tape(s) of that type to be processed. Sens= 3 i
switch #3 "ON" does the same for terrain tapes. (At the be- {
ginning of each camputer run these sense switches are autama-
tically assumed to be "OFF".
A single end-of-file signals the end of a tape. ]
S
N e é’
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Continuing with the descripticn of processing, at this point one sweep of

%} data is stored for terrain and ome for culture (whether from tape or by default).
" If these sweeps are the first of the scan from the input tape(s) (19) a scan
header is prepared and written to the ocutput tape so th_e iater sweep data will
have descriptive information (20). If the sweep is not the first of a scan a
hecder would have already been written so it is unnecessary to write another.

The following four programs combine the cultural &nd terrain data and insert
effects on that cambined aweep data:

o COMBIN Cambines the two profiles, taking account of shadowing and
superposition of ground features.(21) For rach resolution element along the
profile the cultural intensity is used, unless it references terrain, in which
g case the terrain intensity is used. Hoxever, if culture intensity is negative,
indicating hydrography, or if terrain intensity is negative, indicating shadow,
g a zero intensity cutput is produced. The result of this program is the cambined

wrTe
HE

: intensity profile in ground range coordinates.

2

i.) 0 ATTEN Performs signsl attenuation in accord with the antenna eleva-

3 tion pattern, and inserts randcm noise in the receiver.{22) This program

“ ‘ accesses a user-gpecified 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-Cegree increments), and the

‘{ attenuations are applied to the intensity profile. A eirmilated fan beam uses

W zero attenuation at each point. A user-prepared program module can be incorpara-

}" ;? ted here to insert randam noise: glint noise is inserted prior to antenna

i % elevation pavtern attenuation, and radar system noise is inserted afterward, if
desired in the simulation. }

o SRCONV Determines the slant range that corresponds to each resolvable
point of ground range, asaociat;s voints having the same slant range, and inserts
the altivude hole.(23) This program effectively projects ground ronge resolution
elements onto slant range resolution elements of the same size and performs an
averaging process to distribute the intensities according to the fraction ~f
each ground range bin that corresponds to each siant range bin. A fiiiing-in

16
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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 Simatea range-deperdent effects such as time-varying gain
and pulse stretching.(24) Provision for this program enadbles insertion of a
user-prepared module which manipulates resolutior elements along each inten-
sity profile to incorporste such effects.

Certain effects and insertions must be made which involve exsmining datas
on neighboring sweeps. The Task 4 program will gather the necessary sweeps
before writing the resulte to the output tape. But, in all cases, the number
cf sweeps {or pairs of sweeps if precessing BOTH FACTORS) read from the inmput
tapes.

The following eftects and processes are performed on the combined sweep:

o AZEFF Simulates =zimuth-dependent effects such as beam-sprecding
and side lobe phenomena.(25) Provision for this program enables the insertion
of a user-prepared module 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 disnlaysble profiles. The intensity of this graticule is aa 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 command.{27) These display commands, consiating of intensity
and length of each run as shown in Figure 37, are avranged two to & word in

the format required by the special display hardware. This program also counts
the mumber of points and the number of runs per sweep for housekeeping purposes

R
7
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et b § 0

and places the data describing the content of eack profile in the output which
will be uritten on tape for Task 5.

&

Irantiuaemg

o ROTATE Develops the engle, of each sweep in display coordinates
(relative to atrcraft heading being simulated) for the display format imple-
mented.(28) 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 cutput for Task 5. Each swezp
within the scan may thus be processed by the display independently, since it
comprizes both a header describing its location, orientation, and run count,

ag vell as intensities and length of each run along the sweep thus described.

AR A 4 oY St "
AR i Ante 2 AL N1y S 4900 v AR 0 Abe B s 16

The fully processed swcep daia is now writtea tc the Display (Intenaity) Profiie
tape to be used later in Task 5.(29) The format for this output tape is given
in Figure 38.(DI-4).

'IFahdoMbed

If more sweeps are toO be read to complete the current flight being processed
the program returns to the tape reasding section. If a new flight is to be
{j recd the program starts from the dbeginning where new directions for processing
are read. If there is no more input data, the job stons and Task 4 is cuszplete.(30)

St KBRS b ST At ihen X

When a new scan is read, that scan will or will not be princed in the log as soon
as it is read according to the STATUS options BY SCAN or BY FLIGHT.(31).

Figure 40 shows a schematic of the profile processing as extracted fram the
overall Task b prccess. )
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3
( START ) 3
DIRECTING TASK 4 A §
DI-1 q A é
3
READ
TASK 4 A DIRECTION g
DIRECTION CARDS CARDS :
|
3
-
3
_ STORE DEFAULT TORE DIRECTIONS
i DIRECTIONS FROM CARDS
L
5
FIND |
FIND THE BEG
OF THE DATA TO BE
PROCESSED
'—
4 A
FLIGHT
e 10G ON
f LINE PRINTER
¢ DI-2 .
FLIGHT 10G -
(STATUS REPORT o
Figure 39 -- MACROFIOWCHART OF TASK 4 PROCESSOR
(Sheet 1 of 5)
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S Figure 39 -- MACROFLOWCHART OF TASK 4 PROCESSOR
3.2 (Sheet 2 of 5)
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PROCESSING
TERRAIR DATA
NO
DI-3
13
TERRAIN
(HEIGHT) TEAD TER.. STORE DEFAULT

TAPE AS PER
DIRECTION

I |

SMOOTH
REMOVE EFFECT OF
DIGITAL SAMPLING

FROFILES f™= = TERRATN VALUES

1 15
EARTH
COMPENSATE FOR

EARTH CHARACTER-
ISTICS AND

4 16

TERBFI,

CAICULATE TERRAIN|
REFLECTANCE AND
SHADCHW

¥ 18
TERSCL
SCAIE TERRAIN
REFLECTANCE

Figure 39 -- MACROFLCWCHART OF TASK 4 PROCESSCR
(Sheet 3 of 5)
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| INSERTING EFFECTS

COMBINING BOTH
DATA AND

AIORG A SWEEP

COMBINE THE
TWC PROFILE

SWEEPS
4 22
JATTEN

INSERT SIGNAL
ATTENUATION AND

RECEIVER EFFECTS|

N
SRCONY

INSERT EFFECTS
DUE TO SLANT
RANGE

3 b

RNGEFE
INSERT RANGE
DEFENDENT
~ EFFECTS

(Sheet & of 5)
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Figure 39 -- MACROFLOWCHART OF TASK 4 PROCESSOR
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INSERTING EFFECTS
ACROSS SWEEPS AND
=~ — =1 OUTPUT TO TAPE
29
L AZEFF
INSERT AZIMUTH
DEPENDENT
EFFECTS
26

pum. 'y m—-———-
SUPER TMPOSE
GRATICUIES
ON DISPLAY

AR ISR e il 2 €

¢ 27

RUNL
CONVERT DOT
DATA INTO RUN-
LEFGTH DATA

i =8

SET ORIGIN,
DIRECTION AND
PO, SPACTNG FOR

L5 b oo o f 63 B R SO R hedil]

29__

WRITE SWEEP
DATA ONTO
OUTRUT TAPE

DISPLAY
(INTENSITY
PROFIIES

BY SCAN

BY FLIGHT

Figure 39 -- MACROFLOWCHART OF TASK 4 PROCESSOR
(Sheet 5 of 5)
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5.2 A SAMPIE TASK & JOB. This section contains a sample of the
operation of a Task 4 camputer run. The sample is not necessarily indicative
of a typical run rather it aitempts to show some of the variations which may
be done with Task k.

5.2.1. Preparing a Task 4 Job.

3?5 4.s

Input Tapes:
Cultur: Data {€rom Task 24) -- on 3 tapes containi-; fliglis '

14F3, 27A2, ¢T1, 1265, and 17G2.
Terrain Data (from Task 3B) -- on L tapes containing flight
3°H5, 14F3, 27A2, 19B9, $7A1, and 12G5.

B A UL R L LYW NI Joer

Display Tape to Contain:

1. Flight 14F3 is to contain information for both culture
and terrein. Graticule light to be full bright with no
smoothing 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 amoothing
factor of 10. Status reports to be given with each

scane.

3. Flight 27A2 is to contain culture information only.
Graticulelight to be full bright. Statue reports to
be given with each scan.

TR A IR B A A b dr eNAAY WL, 724 K A0

RYTRYs

4. Flight #7A1 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.

ot Y Yoo s Bvas

5. Flight 17G2 to contain culture information only. Graticule
light to be turned off. Status reports to be given with
each scan.
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PP TP SR P T RO

&

1 The Task % Direction Cards to be loaded with the operating deck
should be prepared as follows to yleld the five displays required:

v R a3 e Mvn et o A O AR

TARN
-

roaQ
toQ

Gy PRy

3
g
%
:

G it 2L Albra W TSAL Lkt 4 bkl

1) GRATICULE 7

:
%
>
:

NOTE: Modifying option cards
for a fiight always precede
flight processing card. Once
the option is sef i7 remains
3) 272 CULIURE ONLY the same for each surnceeding

xrhesdietio sty

2) SMOOTH 10

BN G PR R RN

PR DRSS

i i
i flight unless changed
5 except for GROUND RANGE option é
;’, GRATICULE 0 which acts only on the-flight f
SMOOTH 0 mwber vhich it precedes. :
: L) STATUS BY FLIGHT

GROUND RANGE
L dra1 BOTH FACTORS

5) GRATICUIE -1
STATUS BY SCAN
1762 CULTURE ONLY
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The coamplete read to load, operating deck for a Task 4 run is
assembled as follows:

:JOB...h‘l...
LASSIGN F:10, (DEVICE, 9T), (INSN, CULT), (TRIES, 25)

!ASSIGN F:11, (DEVICE, 9T), (INSK, TERR), (TRIES, 25)

'ASSIGN ¥:12, (DEVICE,9T), (OUTIN), (OUTSN,DSPY), (TRIES, 25)
{10AD(GO), (UNSAT, (F411B)), (BI)

(put all program binary decks here)

fEOD

!BCD

{RUN

IDATA
(put 811 processing direction cards here)

{EOD
FIN

As ghown above, all culture tapes to be read (ring out) will be
nounted as requested in the course of the run on the tape drive designated
as 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 L«itch 1 will be turned "ON" only if it is desired to stop the job
in the middle of the run. There is no recovery fram such a stop, however,

the Display Tape will be coamplete to that point.

5.2.2 Procedure for kunning a Task 4 Job. With the input and cutput u.pes
on 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 ome of the three mounted
tapes reaches an end-of-file mark, the tape will rewind and a message
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will be typed on the console to mount the next tape containirg 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 %o pmceés terrain data will be executed. When
the last terrain tupe 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 will 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

Job 18 finished is typed on the console.

=
&
A
3
%
-
=3
[
>
f=.
o~~~
= > ?
e - /7
=
I
A
B
ey
i3
¥
w v

' J,f iz

% 130

s

3
. &f ._'—q‘{ R L TR ‘." ',ﬁ




NAVTRADEVCEN 70-C-0262-2

SECTION IV
DISCUSSIOL

This section discusees 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. 1t 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.

Much 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
common: they both took over twenty-four hours of computer time on KIDC'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
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, und 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 NIDC direction. As it currently
exists, Task 3B takes 45 seconds to produce one terrain height profile
sweep of T77 resolution elements in length. This implies that the data
for each radar scan requires over an hcur of camputer execution time
{depending on the scan patterr. to be similated). An equally flexible, more
simply constructed, and more comprehensable program could have been written
in assembly langusge. 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
SIGMA-7's operating system and more specifically the FORTRAN (voth compiler
and run-time subrcutine library) included in that operating system, as
discussed below. :

1. TIMING 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
mist be added to several columns in the disc array. The structure of the
PAD is such that the required updating may dbe done in two revolutions of
the RAD for each colum updated. Table 5 shows the number of coclumns 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. Fram this the Task 1 program can be expecied to take approximately

10 hours.
|
(’ ) The above timing assumes that the programs which access the RAD operate with
S reasonable efficiency. Since the Task 1 program is found to require 2.5

times the predicted figure, this asssumption is false. Tne FORTRAN random
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

b simple program allowing the same facility could be written that would
” result in a Task 1 procecssing time of 10 to 12 hours. Neither of these
& prec.—ams, however, can use the BPM I/O facilities. After study of the

BPM .anual and searching for some random access facility within BPM, one
is forced to conclude that the authors of the FORTRAN subroutine lidbrary
deserve commendation to have supplied a random accegs 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 totel problem area. By hand-compiling omne 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 reprograpming time would heve exceeded the processing time saved.
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The 60 hour to 2k hour saving is all due to the hand-campilation of the
subroutine COMP. There were two differences between the original machine-
compiled version and the hand-compiled version: (a) the mathematical laws
of cammitation, distribution, and association were applied to the formula g
and loops to toke advantage of the automatic 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 dofie
and the result fed to the FORTRAN campiler, no saving in time would have
been realized.

'}} 13 %3

AN
¥
P A T T g T

IR RN TYRYRY

Yo M st

R R T

14 20N B sk e ea N

The FORTRAN campiler of the SIGMA-7 cannot remember that the needed index
is still in a register end must reload it. Other FORTRAN campilers on
other camputers have this tacility. In the case of the COMP subroutine
this accounts for a 75% possible saving.
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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 camputer. Cther 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 ,
for the remaining saving. (
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TIMIN: EXPERIENCE 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 required
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 terfm. A factor
of 10 improvement is possible by the use of METASYMBOL procedures.

A detailed example is now prosanted. The FORTRAN coding for the “"delimit”
function, required several times in the multrix simulation for eesch resolv-
able point on the terrain, is:

SUBROUTINE DELIMIT(ISIG, ITAU, NSIG, NTAU, VALUE)
DATA MASK/ZTFFFFFFF/

DR = ITAU-NTAU

VAIUE = ISA(VALUE,DR)

L = NSIG-NTAU+2

DELIMIT = ISA(ISL(VALUE,32-L),1~32)

RETURN; END

The term DELIMIT (10,-5,8,0,X) results in approximately 50 instructions being

executed.

Writing the equivalent METASYMBOL procedure would res:it in the term
DELIMIT (10,-5,8,0,X), fram which the following code would then be
generated:

-
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IOAD X
Shift right 5 (i.e., by DR)
Shift left 22 (e.e., by 32-L)

Shift right 22 (i.e., by 1-32)
Store result (i.e., return value of DELIMIT)

At ccovpile 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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B \‘} Naval Training Device Center, Orlando, Florida DESCRIPTORS

TR NAVTRADEVCEN 70-C-0262-2  UNCLASSIFIED Radar Landmass Similator
AD Culture Data Displays
Terrain Data Displays
DEVELOPMENT OF A HYBRID RADAR LANDMASS SIMULATOR:| Digital Computer

3 ENGINEERING REPORT 7(U). June, 1971, 136+iv pp, | Computer Progrsmming

9 4o 11lus,, 5 tables, 12 refs, Multiprogramming

e An integrated set of computer software is des- Pennsylvania Research

4 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-T70-C-0262

e scanning radar, as a function of the aspect

= from which the earth is viewed and the salient

L characteristics of the viewing radar system.

2 The programs are based on previous PRA work

3 in the simulation of air-to-ground radar

3 displays and provide a versatile laboratory

s tool for the evaluation of radar simlation :
techniques with a variety of user options. ;
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