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INTRODUCTION

An approach to using digital map data is needed for future
weapons systems. Automatic target recognizers (ATRs) need
information from digital maps to aid in image interpretation.
Digital maps can provide information to help ATRs interpret
signatures, to exclude portions of the images from detailed
processing, and to put the images in context with the
background. Pilots need digital maps to fill in where Forward
Looking Infrared (FLIR) sensors are obscured by atmospheric
conditions, and to give them the ability to know what to expect
over the next hill.

In the Phase I Small Business Innovative Research (SBIR) number
A87-305 effort "Parametric Analysis of Map Data" for the Center
for Night Vision and Electro-Optics (CNV&EO), DCS developed a
system concept for integrating digital map data with FLIR imagery
to benefit both ATR systems and pilotage. DCs first
investigated helicopter mission characteristics and developed a
system concept for night pilotage applications. To prove the
feasibility of this system concept, DCS then determined
representative navigation, FLIR, and display subsystems, and
investigated the characteristics of available digital map data.
DCS derived the error equations for each source of error in the
subsystems and data, and developed simulated pictures that showed
the errors as they would effect the night pilotage on a display.
The results of this study are provided in Appendix A, the interim
report. Incorporating feedback from CNV&EO, DCS revised the
system concept to emphasize ATR applications, and revised the
error calculations for ATR assumptions. This presentation is
provided as Appendix B. To conclude the Phase I effort, DCS
developed an approach to demonstrate and prove the ATR and
pilotage system concept. The proof of concept presentation is
provided in Appendix C.
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INTEGRATED FLIR/MAP SYSTEM

Figure 1 shows the block diagram for the Integrated FLIR/Map
Systemn. The inputs come from the navigation subsystem, the
piloting and ATR FLIRs, and the digital map subsystem. The
processing is divided into scene correlator map manager and map
analyzer modules. The outputs are pixel maps that provide
specialized information for each pixel in the ATR FLIR's field of
view, and displays for the pilot.

The navigation subsystem provides the 1latitude, longitude,
altitude, heading, and attitude of the aircraft. These
parameters are used with the bearing and elevation values from
the piloting FLIR's to determine the field of view of the
piloting FLIR within the digital map data base. This digital map
data and the piloting FLIR image will provide information to the
scene correlator. The navigation parameters are used with the

bearing and elevation values from the target acquisition FLIR to
determine the field of view of the target acquisition FLIR
within the digital map data base.

This digital map data will be used by the map analyzer to
provide detailed pixel information to the ATR. There are several
sources for digital map data from the Defense Mapping Agency.
The Digital Terrain Elevation Data (DTED) level II provides
elevations at approximately 30 meter intervals. It can be used
to construct a three dimensional model of the terrain. Other
sources of elevation data include Digitized Elevation Data for
FIREFINDER and TERCOM - Terrain Contour Matching Data Base. The
Digital Feature Analysis Data (DFAD 1, 1C, 2, 2J) provides map
features, such as rivers, lakes, forested areas, road, railroads,
and structures. The Vertical Obstruction Data (VOD) provides
information on vertical obstructions above a predetermined
altitude.
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> The scene correlator, map manager, and map analyzer modules
W process the inputs and produce outputs for the ATR and for the

\ ﬁ pilot's display. The scene correlator determines what part of
) “ the digital map elevation and feature data matches the navigation
& FLIR image. It determines from which viewpoint the FLIR would be
looking into the digital maps, so that it can make the best

! . alignment of FLIR and map data. This correlation eliminates the
. " navigation errors from effecting the accuracy of the system. It
. - will maintain the FLIR/map correlation from the start of the
= mission to minimize the magnitude of each correction. The map
- manager is the interface to the digital map data storage
K subsysten. It maintains the local map data base for the other
v modules. The map analyzer performs elevation data analysis and
;: feature data analysis. It provides detailed pixel map outputs to

the ATR, and it generates FLIR/map displays.

; S

The outputs are pixel maps to the ATR that correspond to the
pixels in its target acquisition FLIR, and displays for the

pilot. There are a number of different pixel maps. The range

: map provides the range for each pixel to the FLIR. It can be
T used by the ATR to determire the pixel sizes, which will indicate
the sizes of potential targets. The slope map provides the

‘ ground slope for each pixel. It can be used to determine aspect
1 ratios for potential targets, and can exclude targets from
:E:‘_ impossible slopes. The feature map has a feature code for each

: pixel that indicates the presence of a feature, such as a lake
oy or a building. It also has a confidence code for each pixel
that represents the confidence that the feature is in that
pixel. This allows the ATR to compensate for positional
uncertainties. The suitability map assigns a rating (e.g. 1-9)
to each FLIR pixel. The rating represents the likelihood of a
. & particular target type to be at the pixel. For example, it might
assign 1 for a tank in a lake, which is not generally expected,
‘_ and 9 for a tank along a road which is more probable. The
‘ signature map shows the expected signal intensity for each
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pixel, given known features, and assuming no targets are present.
The signatures would be adjusted for the temperature, time of
day, and atmcspheric conditions. The system will also generate
FLIR/map displays for the pilot. Digital maps can overlay FLIR
images, and feature symbology can be displayed. The pilot could
also ask for a display from a different position and altitude to
anticipate what is over the horizon.
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ERROR ANALYSIS

DCS performed an error analysis for the inputs to the scene
correlator to determine the feasibility of overlaying FLIR
imagery with digital map data. A typical helicopter mission is
depicted ‘1 Figure 2. The helicopter starts in an assembly area
and then flies at an altitude of 100 to 200 feet to a holding
area. From there it would fly at about 30 feet (called nap of
the earth flight) to its battle position. At the battle position
it would hover at about 10 feet, popping up to 30 feet to find a
target and fire. From the battle position it can either go to a
rearming and refueling area or return to the holding area on its
way home to the assembly area. From the rearming and refueling
area it can either return to the battle or return to the holding
area. A mission would last about one hour, and the velocities
can reach up to 180 knots. For this error analysis, DCS assumed
the aircraft was in the battle position at 30 feet altitude in a
hover-hold mode.

Errors are introduced in the system from the navigation, digital
map, FLIX, and display subsystems. The navigation errors are in
latitude, 1longitude, altitude, vyaw, pitch, and roll. The
digital map errors are in latitude, longitude, and elevation.
The FLIR and display errors are in their linearities. DCS
derived formulas for the angular error for each error source as a
function of range, and produced the corresponding draphs.
Pictures showing each expected error on a display were produced
for a 300 foot hill at a range of 0.75 km and a 3,000 foot peak
at a range of 4 km for night pilotage applications. These
pictures showed how much the expected errors would effect a
pilot's display. A combined error was also computed using the
root mean square of the errors, and its corresponding display
picture was produced. Next, DCS computed the errors at 1.5 and
3.0 km for use by an ATR system. The biggest error contributor
is the digital map, followed closely by the navigation subsystem.

6
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The error computations so far assumed an open loop system, where

there 1is no attempt to compensate for the errors. DCS then
computed the errors for a closed 1loop system with a scene
correlator to register the digital map with the FLIR image.
This effectively removes the navigation errors from
consideration. See Figures 3, 4, 5, and 6 for a summary of the
combined errors for open loop and closed loop systems. The Phase
I interim report for contract DAAB07-87-C-F069, '"Parametric
Analysis of Map Data", contains the error analysis details. The
report has been provided as Appendix A.

The errors for a closed loop system are within a reasonable

margin to be able to provide useful information to a pilot and an
ATR.
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BENEFITS

An integrated FLIR/map system will benefit ATRs by providing them
signature aids, exclusion aids, and context aids. It will
benefit pilots by providing map displays.

The system will provide signature aids to help an ATR in its
analysis of a FLIR image. A range pixel map will give the range
to each pixel in the target acquisition FLIR's image. This will
al'ow the ATR to better estimate the sizes of candidate targets.
A slope pixel map will allow the ATR to estimate the aspect
ratio of candidate targets in the image, and reduce their
possible number of orientations. Expected signature
characteristics for the background in the current environment can
be computed from the digital feature data. The ATR can use
variations in the image from the expected background as an
indication that detailed analysis of a region is justified.

The system will provide exclusion aids to help an ATR exclude
false targets. The indication of a lake or a dense forest from
the digital feature analysis would allow many potential targets
to be ruled out. A target might be unlikely to be on terrain

that is at a given slope. A candidate target might match a
digital feature of a similar size.

The system will provide context aids to help an ATR determine
whether a candidate is a target. Digital feature analysis data
can indicate the candidate is on or near a road, railroad, air
strip, or body of water. Digital terrain elevation data could
indicate the target is in the air.

The system will provide map displays to help the pilot. Digital
maps will overlay FLIR images to fill in areas that are obscured
by conditions in the atmosphere. Feature symbology will be
displayed to help the pilot recognize geographic and man-made

13

W 0 000 OO OONORESL OO K tu'0 DRI OO h )
B R 0.-' ey .9'0 ‘O'v*'k"'»'!' T Lk a 0'5 RO X R KRR

QSR
..‘.‘.’ AN




2%

ud.‘")fyﬁ

P 4
e

g

x

A e W S ST, R UK A X N R
» - 8

-

=_X

-
-

-

ol g

TP MV B W )

i

Sein o .
L;":'J".‘.EF\.‘ Pl

Lt A,

R
-

) »
Ci
-

s o

ey

-
a,
2% N1 e

0?;;

-

- o
- -
-
- s

w
-
-
e

!'.

L .

P

e

-

.
13

Sl

A
:
.

»x
p e

o

¥
1 2 4

Iy
14

b

,9, .a W, .\'D.n'!p,‘."!.: *.!'\o'l‘q ) .'l.,

landmarks. The pilot can also ask for a display from different
position and altitude to anticipate what is over the horizon.

14

X ) q‘»,: ,l a LK QU,&'Q\' "

‘ﬁ ‘ﬂ |’ “’ Q' ..’ '.‘ "‘:“h" AN

Ok \
R TR R R IR IR RN

‘h



)
|
)
¥
¥

=

/ »

rL S
Ll o

g
LIRS ¥ - -

PO e N

v oo
¥y N
P

by

s

P o
T a

PR

Jule

T

RECOMMENDED PHASE II TECHNICAL OBJECTIVES AND APPROACH

TECHNICAL OBJECTIVES

The technical objectives that are recommended for the Phase II
effort are to:

1. Validate the concept of the Integrated FLIR/Map System.

2. Demonstrate that the system would provide the stated
benefits for ATR and pilotage uses.

The first objective 1is to validate the system concept by
developing the algorithms to accurately register the FLIR and
map data. To validate the system concept, the scene correlation
capability must be developed. Without an accurate registration
of image and map data, the ATR and piloting aids are inaccurate
and could be dangerously misleading. When the digital map
accurately overlays the FLIR image, then th2 pixel maps to
assist ATRs can be computed and displays can be generated. The
second objective is to demonstrate the scene correlation, pixel
maps and pilot displays with real FLIR imagery and map data on a
computer workstation.

APPROACH
DCS's approach to meeting the technical objectives is:

1. Obtain digital maps of the Shenandocah region of
Virginia.

2. Collect FLIR imagery of Shenandoah region from a
helicopter.

3. Develop an integrated FLIR/map workbench, which allows

15
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graphic display of imagery and map data, and allows easy
choice and modification of algorithms.

Use the workbench and the Shenandoah data to test
correlation and pixel map algorithms, and display
techniques.

Demonstrate FLIR/map correlation with the Shenandoah
data.

This approach of using real FLIR and digital map data will
validate the system concept by demonstrating graphically the

registration of FLIR imagery and digital maps. The demonstration

will follow the helicopter on its mission, continually updating
the FLIR/map registration as it goes. The ATR system aids may
be displayed by operator command at any time.
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RECOMMENDED PHASE II WORK PLAN

INTRODUCTION

DCS recommends implementing its approach by breaking down the
work into three work packages: data collection, workstation
design, and algorithm development and demonstration. The data
collection task will develop and execute a plan to collect FLIR
imagery and record navigation data from a helicopter flight.
Digital elevation and feature data will be obtained for the
flight path. The workstation design task will develop a computer
based workstation that is capable of digitizing the FLIR video,
performing various image processing functions, and displaying the
images. It will also be able to read digital maps from magnetic
tape, crate graphics to overlay the FLIR imagery, and generate
pixel maps for use by an ATR. The algorithm development and
demonstration task will develop the scene correlation and pixel
map algorithms. A demonstration will be developed using the
algorithms on the workstation to dynamically show the scene
correlation 1in action for the data collection task flight.
Graphic representations of the pixel maps will be displayed.

DATA COLLECTION TASK

The DCS recommendation is to rent a helicopter, assemble a data
collection system on it, and collect imagery on a route from
Northern Virginia to the Shenandoah region of Virginia and back.
DTED and DFAD digital map data will be obtained for the route.
Figure 7 is a block diagram of the helicopter data collection
system. A DCS owned FLIR can collect the FLIR imagery, which ;
will be recorded on a portable U-Matic format VCR. The
latitude/longitude position will be maintained by a global
positioning system (GPS) navigation system that uses satellite
signals to determine the position. The altitude will be
determined by a radar altimeter. The bearing and attitude will

17
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be determinced by an inertial navigator. Th-se navigational
- systems will be connected to a ruggedized personal computer,
[‘ which will store the data on a hard disk during the flight. Aan
. IRIG time code generator will provide time of day data to the
\ personal computer and to the audio track of the VCR for accurate
‘ time coordination of the imagery and navigation data. A power

invertor will convert the 28 VDC current available on the
helicopter to 60 Hz AC power for use by the instruments.

>

“

hA A route for the helicopter will ba planned to go from Northern

- Virginia to the Shenandoah region of Virginia. It will provide a

'3'.: view of major peaks, and will go through a valley as a

. helicopter mission might be expected to do. It will also go

N through the Piedmont region, which will require scene coirelation
without being able to key off of major peaks. The route should

. also follow and cross major roads as a secondary means of

. verifying the position, and may need to pass an airport for

- refueling. The Government will approve the general flight plan.

L Details will be worked out with the pilot.

w3

3 DCS considered two alternatives for the data collection: using

the system described above, or using a Government owned aircraft
. without the precise navigation equipment. While the latter
alternative would save money on the rental of equipment, more

:':_'\ manual effort would be expended in generating the aircraft
g\ . . . .

location and orientation after the flight. This would be
expensive. The results would be less precise and would not
- provide realistic flight data. This would make the algorithms
- for scene correlation more difficult, and if they failed to
< correlate satisfactorily, the results of this proof of concept
- would be inconclusive. The safest course of action is to use the
::: sophisticated data collection scheme described above.
o
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The data collection task will produce the following
deliverables:

1. Data collection plan

Pirad

2. Data collection software and user guide
3. FLIR imagery on U-Matic tape

-

4. Navigation data in digital format
i 5. Data collection hardware that was purchased

. g. 6. Data collection mission report

Y

]
- WORKSTATION DESIGN AND FABRICATION TASK

¥ l:-‘
. DCS recommends the design of a computer workstation that is
e capable of processing the FLIR imagery, navigational data, and

digital map data. It will be able to display the imagery with
graphics overlays of map data and ATR aids derived from map data.
Figure 8 is a block diagram of the workstation. The main
w, computer is a Sun Microsystems 3/260 CXP workstation with 654
MBytes of disk space and both half and quarter inch magnetic

AT e R
TS

o tapes. It has a floating point accelerator and graphics
R accelerator to maximize the performance. A 19 inch color monitor
' with a resolution of 1152 x 900 pixels will provide its display
, I capability. Attached to the workstation is an image processing
; subsystem, consisting of an analog/digital interface, : frame

ﬁ. buffer, a pipeline processor and a real-time convolver. The

N analog/digital interface will digitize an analog video signal and
; ij put the digital representation in the frame buffer. It can also

s convert the frame buffer to a video signal to display on an

- analog video display. The pipeline processor is programmed to

$: perform various filters on the data, as specified by the

.- controlling program. The real-time convolver allows very fast
':§ applications of convolution algorithms to the data. A U-Matic

format VCR is connected to the image processor to read in the

?I video signal. An IRIG time code generator/translator reads the

time signal from the audio track of the VCR to provide time
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coordination between the video signal and the navigation data.
The workstation design and fabrication deliverables are:

|

A e e T
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1. Workstation Plan

2. Workstation Hardware and Vendor Software

a
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3. User Manuals
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ALGORITHM DEVELOPMENT AND DEMONSTRATION TASK

Figure 9 shows the software functional organization for the
workstation. Functionally, the software has four major sections:
the user/data interface, the FLIR/map correlation, elevation data
analysis, and feature data analysis.

The user/data interface gets commands from the user and presents
menus, data, and graphics for the user. It also provides the
interface to the physical devices connected to the workstation:
the image processor, the IRIG time code translator, and the data
management devices (disks and tapes). It simulates the interface
to a navigation subsystem, by reading the navigation data
collected on the mission and coordinating it with the IRIG time.

The FLIR/map correlation provides the scene correlation
capabilities. DCS would initially approach the correlation by
approximating the map position from the navigation data, and
estimating the maximum error from a dynamic error analysis. DCS
will seek to develop metrics for map projections that will allow
rapid discrimination between the ridge lines extracted from the
image and the candidate map projections. The final candidate map
projection will be aligned with the image.

The elevation data analysis will produce the range and slope maps
derived from the elevation data. These maps will provide the

range and the slope corresponding to each pixel of the target
acquisition FLIR. They can be used by an ATR to determine pixel
sizes and aspect ratios.

The feature data analysis will produce the feature, suitability,
and signature maps derived from the feature data. A feature map
will consist of a feature code for each pixel in the target
acquisition FLIR. Since there 1is some uncertainty associated
with the exact location of the features, a confidence code will

23
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also be provided for each feature for each pixel. The feature
map can be used to prevent features from being classified as

2

targets. A suitability map will provide a rating for each pixel
which represents an estimate of the suitability for a particular
type of target to be located at that pixel. The workstation will
compute a signature map that represents the expected intensity
for each pixel based on the type of terrain and features,
adjusted for the temperature, time of day, and atmosphere.

LALLM
-‘..l’_ Y

»

,_
s

N

W
2.;5 The algorithm development and demonstration task will culminate
g.:T in a demonstration. Figure 10 shows the possible organization of
j} "> displays for the demonstration. The image processor can display
‘i N the raw FLIR image, or processed images. The high resolution of
% the Sun monitor can show the FLIR image overlaid with the

[ 24

correlated digital map projection using approximately one-fourth

N

of its screen. The demonstration would show the correlation
taking place dynamically. The rest of the screen can be divided
into windows to show various pixel maps, commands, statistics,

>
R

L

and graphs.
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The Phase II effort will be performed over a 24 month period.
Figure 11 shows the Phase II schedule.
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PURCHASES FOR PHASE II

{l n The following items need to be purchased for the data collection
£ .. task:
oY
(N
h .
D TERRA TRA 3000/TRI 30 Altimeter
]
&
o DATUM Model 9300 IRIG Generator/Translator
b O
4 ﬁ
‘\' =
N AUT Model 2A1000-16 Inverter
| =
E v 1Cs Model 8531 Ruggedized PC-AT
t
JEA
:ﬁ_ SONY Model V0-4800 Portable U-Matic VCR
j: The following items need to be purchased for the workstation

) design and fabrication task:

3/260 CXP-8 SUN Workstation With 8MB
19" Color monitor 1152 X 900
b - 256/16.7 Million Colors

TS WY
- <4
e ’l"a

>
2

. - Graphic Acceleration H/W
._ - Double Buffering
- 16 Bit Z Buffer For Fast 3-D

(‘:(“::5

150A Floating Point Accelerator

e

517A 654 (2 X 327)MB Disk With 60 MB 1/4 Inch Tape Cartridge

A

670AR2 1600 bpi 1/2 Inch Tape Subsystem

) &

: ;.‘:: SYS3-01 System Software

\
3
S
)
)
¥

I,
b

950A Meter High Cabinet For Tape

3 28




v

‘- Imaging Technology 151 Image Processor

- ADI-151 Analog/Digital Interface
- FB-151 Frame Buffer
- ALU~151 Pipeline Processor
RTC-151 Real-Time Convolver
ITEX 151 Software Library
DATUM Model 9300 IRIG Generator/Translator

SONY Model V0-4800 Portable U-Matic VCR

The U-Matic VCR and IRIG time code generator/translator are
shared with the data collection task.

RENTALS FOR PHASE II

The following items need to be leased for one month for the data
collection task:

LITTON LTN-92 Inertial Navigation System

LITTON LTN-700 GPS Receiver

16 hours of helicopter rental (10 hours to equip, 6 hours
of flight time)
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Contract DAABO7-87-C-F069

Parametric Analysis of Map Data

Contractor's Progress, Status, and Management Report - Interim
24 February 1988

CDRL Sequence A002

For

Code W26P72
Center for Night Vision and Electro-Optics
Fort Belvoir, Virginia 22060-5677
ATTN: AMSEL-NV-ACD (G. D. Singer)
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Contract DAABO7-87-C-F069
Parametric Analysis of Map Data

i‘ Contractor's Progress, Status, and Management Report - Interim
24 Fekruary 1988

. a. Summary of work performed:
u 1. Defined the Integrated FLIR/Map Display System concept.
3 2. Investigated navigational systems.
g% 3. Investigated FLIRs and FLIR displays.
‘ 4. Investigated digital map data.
? 5. Performed error analyses. l
~ See Attachment (1), Viewgraph Presentation - 1Interim
;Z Program Review for details of the work performed.
R b. Work to be performed for the remainder of the contract:
iA 1. Determine the system requirements to bound the error to

acceptable limits.

'ﬁ 2. Develop a computer model to demonstrate the concepts.
v c. Status of contract funds:
Costs accumulated through January 1988: $17,631

. Funds remaining: 31,755
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PRELIMINARY CONCLUSIONS

THE SYSTEM AS DEFINED IS MARGINALLY USEFUL

DUE TO THE MAGNITUDE OF THE COMBINED ERRORS
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