AD~A101 172 DEFENSE MAPPING AGENCY AEROSPACE CENTER ST LOUIS AIR ==ETC F/8 9/2
SENSOR IMAGE SIMULATOR. (U}
JUN 81 N B FAINTICH) P C FIGURA, E W QUINN

UNCLASSIFIED

NL
loe{ ]
a0
881
] 3
3




UNCLASSIFIED

SECURITY CILASSIFICATION OF THIS PAGE (When Data En(en‘d)‘

.
AIL INYTRUCTIONS
REPORT DOCUMENTATION PAGE B e A ERUCTIONS
1.}590»¥§umaea 2. GOVT ACCESSION NO| 3. RECIPIENUS ZATALOG NUMBER
e ADIAL61.1715
| N : ; o
‘wd Subtitle) ~54 Tip/a.o&' ’?;:PAORT & PERIOD COVERED
. ‘ i R )
i The Sensor Image Simulator. N Interimy Oct 79~ May QE;
' (/r"\\ 7 ['6. PERFORMING 0OG. REFORT NOWMBER
/O )
7. AM . 8. CONTRACT OR GRANT NUMBER(s)
Dr.[ Marshall B./Faintich
Mr. Paul C./Figura e
MrJ E. W./Quinn (Goodyear Rerospace Corporation)
3. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

X -
Defense Mapping Agency Aerospace Center/CDT ‘/’ - et -~
St. Louis AFS, MO 63118 ! S o~

1t. CONTRCLLING OFFICE NAME AND ADDRESS s EPORT DATE
Defense Mapping Agency 13, NUMBER OF PAGES

14. MONITORING AGENCY NAME & ADDRESS(if dilferent from Controlling Office) 15. SECURITY CLASS. (of this report)

—_—— . UNCLASSIFIED
- Voo ! T5a. DECLASSIFICATION DOWNGRADING
o i SCHEDULE
1
T

16. DISTRIBUTION STATEMENT (of (Nie-Raport)

Unlimited oo

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

To be presented at the Third Interservice/Industry Training Equipment
Conference, Orlando, Florida, 30 November -~ 2 December 1981.

19. KEY WORDS (Continue on reverse side if necessary ond identify by block number)

Computerized Simulation, Aircraft Simulators, Data Bases, Imagery

2118

29« ABSTRACT (Continue on reverse side if necesaary and {dentify hy block number)

" The primary objective of the digital sensor simulation investigations being
conducted at the Defense Mapping Agency (DMA) is to establish an editing and
analysis capability for the digital culture and terrain data bases, For
purposes of quality control and data base applicability investigations, DMA
has developed the Sensor Image Simulator (SI1S), a very high speed data base
edit station and static scene simulator that allows for interactive query and }

manipulation of individual features in the data base displays and/or

D FORM —
D 1 JAN 73 1473  EDITiON OF 1 NOV 65 IS OBSOLETE UNCLASSIFIED

; : - .
'/'f O ! ; ( SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered?




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

base files.

~simulated sensor scenes to determine the corresponding data base elements
responsible for the simulated features. The SIS was installed at DMA
in 1981, and is designed to play a key role in determining the applicability
of protctype data bases for use in advanced training simulators, as well
as to ensure the quality of, and coherence between, the various digital
data bases prior to new data insertion into the master cartographic data

UNCLASCIFIED

SECURITY CLASSIFICATION OF ?U':—FAGE(%"! Data Entsred)

.t




NAMES, TITLES, ORGANIZATIONS: Dr. Marshall B. Faintich, Supervisory Cartographer
Mr. Pau! C. Figura, Cartographer
Aerospace Cartography Department
Defense Mapping Agency Aerospace Center

St. Louis AFS, MO 63118

Mr. E. W. Quinn, Project Engineer
Goodyear Aerospace Corporation

Akron, OQH 44315

TITLE OF ARTICLE: The Sensor Image Simulator

WHERE AND WHEN TO BE PUBLISHED: To be presented at the Third Interservice/Industry
Training Equipment Conference, Orlando, FL,

30 November - 2 December 1981.

SUSPENSE DATE: 22 June 1981

1 HAVE READ AND APPROVE THIS RELEASE: /%7 slial( &cg‘: &

Marshall B. Faintich

Paul C. Figura ' R ——

© i dorumert has been approved
‘ar puitic relese and sale; 18

Celytion i unlimited. ] i




CERTIFICATION

ORGANIZATION: Aecrospace Cartography Department
Defense Mapping Agency Aerospace Center

St. Louis AFS, MO 631138
TITLE OF ARTICLE: The Sensor Iimmage Simulator.

WHERE AND WHEN TO BE PUBLISHED: To be presented at the Third Interservice/Industry
Training Equipment Conference, Orlando, FL,

30 November - 2 December 1981.

REVIEWED: ‘/ Technical Adequacy/Completeness
/Does not contain SAA data
SAA data discussed is unclassified

k- (Check two)

I have reviewed summary /p/aper and approve for presentation.

ROGERS R, ROBINSON




THE SENSOR IMAGE SIMULATOR

Dr. Marshall B. Faintich, Supervisory Cartographer
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Defense Mapping Agency Aerospace Center

St. Louis AFS, MO 63118
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ABSTRACT

The primary objective of the digital sensor simulation investigations being conducted at
the Defense Mapping Agency (DMA) is to establish an editing and analysis capability for
the digital culture and terrain data bases. For purposes of quality control and data base
applicability investigations, DMA has developed the Sensor Image Simulator (SIS), a very
high speed data base edit station and static scene simulator that allows for interactive
query and manipulation of individual features in the data base displays and/or simulated
sensor scenes to determine the corresponding data base elements responsible for the
simulated features. The SIS was installed at DMA in 1981, and is designed to play a key
role in determining the applicability of prototype data bases for use in advanced training
simulators, as well as to ensure the quality of, and coherence between, the various digital

data bases prior to new data insertion into the master cartographic data base files.
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THE SENSOR IMAGE SIMULATOR

INTRODUCTION

The pimary objective of the digital sensor simulation investigations being conducted at
the Defrnse Mapping Agency (DMA) is to establish an editing and analysis capability for
the digital culture and terrain data bases. These data bases are being produced by DMA
to support advanced aircraft simulators by providing an improved high, medium and low
level radar training capability offered by the digitally generated radar landmass images.
As a result of the technology developed for the aircraft simulator support, sensor

guidance reference scenes are also being generated.

In addition to radar scenes, visual and multi-sensor scenes are being digitally generated.
For purposes of quality control and data base applicability investigations, DMA has
developed the Sensor Image Simulator (SIS), a very high spegd data base edit station and
static scene simulator that allows for interactive query and manipulation of individual
features in the data base displays and/or simulated sensor scenes to determine the
corresponding data base elements responsible for the simulated features (see Figure 1).
The SIS was instailed at DMA in 1981, and is designed to play a key role in determining
the applicability of prototype data bases for use in advanced training simulators, as well
as to ensure insuring the quality of, and coherence between, the various digital data bases

prior to new data insertion into the master cartographic data base files.
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DATA BASE CONTENT

The current DMA standard production data bases (Level I) contain large area cultural
information and digital terrain data sampled at a 3" interval. The cultural data consists
of point, linear, and areal features described by characteristics such as surface material
category, generic identification, predominant height, structure density, and percentages
of roof and tree cover. The cultural data is in lineal (planimetric boundary) format and,
although feature sizes may vary depending upon local circumstances, reflects a resolution
on the order of 500 feet. Smaller features are aggregated into homogeneous features
described by predominant characteristics. The current high resolution (Level II) data
bases contain small area cultural information and digital terrain elevation data sampled at
a 1" interval. This translates to a resolution of about 100 feet, with smaller features
aggregated. Detailed information is available in "Product Specifications for Digital

Landmass Systermn (DLMS) Data Base" (1).

The terrain elevation data is produced by contour digitization from charts or directly
from stereo pairs of photographs using advanced analytical stereoplotters. The cultural
data is produced from both charts and photographs with a much higher level of manual
effort required in order to perform the complex feature analysis. Because of the labor
intensive nature of the task, the production of Level II cultural data ranges from 10 to 50
times the production cost of Level | data, depending upon the area. The current Level I
data base program covers roughly 24 million square nautical miles, with estimated data
base completion dates in the 1985 to 1995 time period. Level Il data is programmed only

for sinall selected areas of interest.
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The DLMS data bases have been shown to be adequate for support of long and medium
range radar simulation, and for short range radar simulation where Level ]l data is

available. In addition, these data bases have shown some applicability for multi-sensor

simulation (3, 4).
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THE SENSE SYSTEM

SENSE (2) is a software package developed for sensor simulation investigations by the
Defense Mapping Agency Aerospace Center. A powerful simulation tool, it runs in batch

mode on one of DMA's Univac 1100 series computers.

The SENSE process begins by defining the area for which an on-line data base is to be
constructed. Either center coordinates and areal extent or limiting geographic boundaries
may be entered. In both cases, output spacing is specified. Transformation to a local

coordinate frame for a number of point coordinates may also be specified.

The second step in the process is concerned with transforming the off-line data base
to on-line format. Two formats for input terrain (i.e., DLMS or DMA standard) may be
accepted. The latitude and longitude boundaries of the area are also input. For the input
cultural feature files, a variety of options may be exercised to define which manuscripts
or features are to be utilized. Synthetic feature breakup of the data base in accordance
with feature characteristics may also be specified. Output displays for terrain, culture or
merged data may be generated for the line printer or an Optronics film recorder. The

principal output of this step, however, is the on-line data base in blocked matrix format.

Once generated, the on-line data base may be processed by four separate program
structures; (a) the data base may be reblocked to provide an on-line data base of different
spacing, (b) it may be input to a plot module to provide a variety of plot types, (c) it may
be unblocked to provide a single large data base, and (d) it may be used as the input for

sensor simulation software.
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For sensor simulation, consitderable variation in the SENSE output is possible by

appropriate selection of input variables. These include:

I.  Input data base characteristics and portion utilized.

2.  Sensor coverage and characteristics (type, receiver characteristics, antenna

pattern, etc.).

3. Constants defining sensor position and the projection coordinate transform.

&, Weather options and atmospheric variables.

5. OQutput plot options.

A number of deficiencies result from the computer environment in which SENSE

oparates:

1. DMA's 1100 Series computers cannot be totally dedicated to quality

control/validation.

2.  The system is not interactive; editing is therefore not feasible nor are the results

of processing stages immediately available.

3. Both the off-line to on-line transformations and sensor simulation tasks are slow

(typically 10-30 minutes).

4. Program structures are not optimized.
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THE 515 CONCEPT

The natural evolution of sensor simulation at DMA led to the design and fabrication
of the Sensor Image Simulator (SIS), a dedicated minicomputer-based image processing

systern capable of performning simulations in an interactive mode.

The SIS brings together, in a self-contained integrated har ' are/software facility, a
significant capability to evaluate the DLMS data base. All operations are conducted
under interactive control. Both the software structure and operations sequence reflect a
top-down implementation philosophy wherein principal control functions are resident at
the top of the hierarchy and functions concerned with processing individual data elements
(I/Q, computation, etc.) are at the lowest. The system is implemented in such a fashion
that future changes in processing can be accomplished at the highest level of system

software support.

Basic input data to the systemn consists of the off-line DLMS data base tapes and
operator commands specifying which tape data available is to be transferred to secondary
storage (the system dis<). Editing commands revising the off-line data {on secondary
storage) may also be utilized, and a designated portion of the changed data may be
transferred back to tape, with appropriate optional diagnostics documenting transfers in

either direction.

Once resident on the system disk, any portion of the off-line data nay be
transformed into a viewable on-line format. In order to permit viewing of the data base,
a sensor module must be specified to transform feature data to sensor-related quantities

(reflectivity, albedo, etc.). The local coordinate transform may also be specified.




The cen-line version is constructed in such a fashion that the operator may easily

interrogate and change the data base and relate these revisions to the off-line data base.

The final step of processing under normal interactive controt is concerned with sensor
simulation. Two types of scenes are generated during this stage. The first of these
(selectable bv the operator) is the perspective view. This option permits selection of
position «nd line of sight for mapping the (three dimensional) data ba.e into the observer's
linage display coordinate frame. The second type of scene generated is the sensor display.
Data used is common to that generated for the perspective view. Modifications which
may be introduced into the sensor dispilay include sensor parameters (e.g., beam error) and
sensor display variations (e.g., zain). An important characteristic of the display transform
is that the operator can casily establish the relationship between the sensor display and

the on-line data base.

In addition to the processing stages (including editing), normally under operator

control, software developmant and maintenance is also an interactive function using the

system's text editor and FORTRAN compiler.




SIS OPERATIONS

The Sensor Image Simulator performs five major functions:

l.  Digital data base file input and output.

The capability of loading operator designated sections of the DLMS off-line data
base (both terrain and/or culture files) onto the system secondary storage device is
provided. The capability also exists to off-load such data (including modifications) onto
tape in DLMS standard format. A line printer listing documenting the loading process

may (at the operators discretion) also be provided.

2. Off-Line to On-Line Transformation.

The SIS system performs the processes (coordinate transformation, area fill,
etc.) necessary to transform the off-line DLMS data base, stored as described above, into
an on-line format capable of being viewed, and modified by the operator, as well as used
in subsequent stages of processing. The transformation is accomplished in approximately

two minutes for a 1% x 1° Level! I area.

3.  Sensor Simulation.
The SIS facility generates simulated sensor displays using the on-line data base.
The system is structured such that data from intermediate stages of processing is

avaijlable for viewing and/or the introduction of operator controlled variations.
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4. Interactive data base editing.
As a quality control tool for DLMS, the SIS provides the operator with the ability
to both dafine the characteristics of and modify the three principal data structures

present (oif-line DLMS, on-line DLMS, and the sensor display).

5. Sofrware Development and Maintenance.

In order to provide for the future evolution of sensor simulation, the SIS is
structurad to permit changes in function by modification of the appropriate software
medule/sub-modules affected. Whole modules may also be inserted or removed. Tbis
allows for variation in future data base formats. The commercially supported real time
multi-tasking operating system supports software development via system utilities (text

editor, assembler and FORTRAN compiler).




|

SIS HARDWARE

The SIS hardware may be discussed in four general areas (6).

l. Host Computer.
he host cornputer is a Data General "Eclipse" S/250 with integral array and

fleating point processors.

2.  Soft-copy Irnage Display Subsystemn.
Data base and sensor images are displayed on either the Aydin 8026 Color
Monitor or the Aydin 3037 Monochrome Monitor. Both units display 1024 x 1024 images
and are controlled by the Aydin 5116 Display Editor Keyboard and Joystick and the Aydin
5216 Display Computer. Graphic data may be displayed on the Tektronix 4006-1 Graphic

Display Terminal.

3. Hard-copy Image Display Subsystem.
Color hardcopy images are obtained from the Matrix Instruments %007 Color
Graphic Camera yielding both 8 in. x 10 in. instant copy and 35mm f{ilm output. For quick

inexpensive monochrome copy, the Tektronix 4634 Video Hard Copy Unit is used.

4. Peripheral Devices.

The SIS configuration is completed by the following peripheral devices:

a. Analogic AP400 Array Processor.

b. Data General 6026 1600/800 FPI Tape Unit.




)

C.Q

AVIV TFS 706-125 6250/1600/800 FP] Tape Unit.

Data General 6061 190 MB Disc Storage Unit.

Data General 6070 20 MB Disc Storage Unit.

Data General 6040 Terminal Printer.

Teletype 40 Line Printer.




SIS SOFTWARE ARCHITECTURE

he development of software for SIS was determined by the following requirernents:

l. The software structure must be user programmable to support changinz data

base and sensor support requirements.

2.  The throughput capabilities of the hardware elements of the system must be

accessible at the highest levels of software development.

3. User interaction with the system must be accemplished in such a fashion that
personnel not intimately familiar with digital processing are capable of utilizing its

functions.

Orderly development of SIS software was accomplished via a top-down
implementation philosophy wharein the seftware structure is strongly reflected in the
operations sequence. All application functions are accomplished via interactive control.
The hierarchial system structure guides the operator in defining a processing requirement
with an increasing level of detail until all necessary parametric entries are available. The
defined processing then takes place, after which the operator is given the choice of
returning to a higher level in the system or repeating the processing sequence with a

redefined set of parameters.

Accommodating a variety of users within the system has led to the development of

entry and menu display software which combines fail-safe operation and comprehensive

-




explanation capabilities with features designed to reduce redundancy for highly
knowledgeable personnel.  Although the principal application language is FORTRAN, the
decoding of operator entries is handled via application routines rather than standard
FORTRAN formatted 1/O. Thus, the detection of errors may be handled by the
application program, rather than at the systems level thereby avoiding execution abort
due to input error. In addition, the operator is given the opportunity to revise entries
before proceeding (via a simple carriage return on the system console). At the level
where a large number of entries (each with a variety of possible settings) is required,
submenus for each parameter are not initially displayed un.less requested by the operator
(by simply entering the parameter number). In addition, an entry of several parameter
values may be made simultaneously with repeated menu displays. At the same time, a
detailed explanation of possible entry values for various parameters is available directly

at the systeimn console via a simple procedure for each level of the process.
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CONCLUSIONS

The Sensor Image Simulator is designed to play a key role in both the requirements
analysis and quality control of the DLMS data bases being produced by DMA, Current
investigations are allowing for the development of production quality control scenarios to
maximize the capabilities offered by the SIS. The usefulness of SIS is being expanded
through the development of new sensor modules designed to determine data base

requirements for a variety of sensors.
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