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ABSTRACT

The Advanced Visual Technology System (AVTS) computer image generator was modified to
produce highly accurate simulations of Synthetic Aperture Radar (SAR) reflectivity and
glevation effects that _can - be precisely correlated with corresponding visual and infrared.
imagery. The resulting SAR snapshot is a plan view of the selected patch area, with the
field-of-view corresponding to the selected scale - ,65, 1.3, or 2,6 nm, The image generator
is interrupted for only one frame time, during which the -entire processing power of the AVIS
is  brought to bear on the SAR snapshot; i.e., up to 4000 polygons,. Once _the SAR patch is
computed, the AVTS continues with visual and infrared processing. A post-processor then adds

interpatch and dintrapatch- shadows, horizontal
fall-off 1in azimuth and range, ~and speckie.

and vertical incidence. effects, resolution
This system is presently be1ng used to help

determine requirements for simulated SAR data bases. _

INTRODUCTION

Modern weapon system trainers freguently need.

to provide high resolution sensor imagery, as well
as out-the-window visual imagery, to the aircrew
in order to train weapon system employment. As
part of its Tong range aircrew training effective-
ness research and development -effort, the Air
Force . Human Resources Laboratory,  Operations
Training  Division  (AFHRL/OT)}, is conducting
- research to determine the scene content required
for effective and efficient afrcrew training.

Part of this research involves determining the

simulation requirements associated with visual,
forward looking infrared, and synthetic
aperture radar.

In order to provide correlated high
resolution sensor and  visual imagery for
real-time simulation experiments, AFHRL/OT
sponsored the development of a Synthetic Aperture
Radar ({SAR) capability for the Advanced Visual
Technology System  (AVTS) computer  image
generator. This - development, accomplished by
General Electric's SimuTation and Control Systems
- Department,
infrared sensor channel and the addition of height
and surface material information to. the data base.
The result is a highly accurate simulation of SAR
elevation and reflectivity effects which can be
precisely correlated with corresponding visual and
infrared imagery. Same significant performance
features include:

- High resolution ground patches with
better than 10 foot ground rasolut-
fon and ranges up to 40 nm;

- Operator selectable patch Tocation
as well as range and scale;

- Accurate shadowing by terrain and 3D
features within the patch and by in-
tervening terrain cutside the patch;

involved modifications to an AVTS -

- Harizontal and vertical incidence
effects, including surface transi-
tions [2.9., far shere enhancement);

- Azimuth reselution loss (blurring)
as a function of squint angle;

- Speckle or noise and receiver gain.
APPROACH

The AVTS dimage generator was modified to
simulate SAR wusing high resolution, plan view
ground: patches. These patches are retrieved from
the AVTS data .base as a function of the user
selected patch location (latitude, longitude) and
the selected range/scale. A SAR only pseudo
viewpoint is then -created directly over the

- selected patch with the appropriate field-of-view
“and® altitude, thus

creating the plan view
representation.

The plan view image created by the AVTS image

generator 1s captured via a 1/30 second snapshot.
During this time all the resources of the AVTS are

- applied to capturing the ground patch reflectivity

and 3D feature elevation data in the AVTS video
Memory . This causes AVTS to skip processing a.
single  frame of visual imagery whenever a SAR
patch is requested. The resulting visual effect
is nearly imperceptible to the observer.

AVTS Components

Figure 1 dillustrates the major components of
this _AVTS SAR simulation. Three major units of
the AVTS 1image generator perform specialized
functions during this 1/30 second SAR frame: _the
Vertex Processor, the Face Modulation Processor,
and the Video Memory Combiner. The Vertex
Processor substitutes feature reflectivities for
the out-the-window red companent of the RGB video
data and feature elevation data for the out-the-
window blue companent. This substitution allows



simultaneous and correlated out the window and SAR
processing. The Face Modulation Processor selects
onty the SAR specific. texture maps during the
snapshot . process, 0f the sixteen cell textured
maps’ AVTS provides, four are designated SAR only
for those data bases with SAR capability. The
Video Memory Combiner -(VMC) uses a. ping/pong
memoty to hold the odd or even lines of video
data. During the snapshot frame, the VMC places
the odd 1lines of SAR data in the ping memory and
the even Tines in the pong memory to ensure that
properly oriented data is sent to the SAR post
processor,
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Figure 1. Synthetic Aperture Radar Block Diagram

The AVTS real-time software monitors and
controls the progress of capturing and shipping
the SAR snapshot to the SAR post-processor. The
AVTS: General Purpose Computing Subsystem and the
SAR post-processor are in constant communication

‘during real-time operation  across a high speed
data 1interface. When the operator enters the
patch Tlatitude, Tongitude, and size through the
user interface, this data 15 transferred to AVTS
and the radar position s returned from AVTS.
Then, when the operator requests a SAR image of
that area, the environmental data representing the
patch area 'is 1loaded into the AVTS image
generator. When this s complete, a frame of AVTS
processing s taken for SAR processing. During
this frame, the ownship is positioned at the
pseudo viewpoint location directly above the patch
and SAR specific parameters are sent to the AVTS
imaga  generator. There is no objectionable
dagradation - to the visual imagery durirg this
frame and normal processing resumes the following

-frame. The AVTS image generator captures the SAR
image coded with reflectivity and elevation data
in the AVTS video memorfes. The data from the
video memories §s transferred to the SAR post- ]
processor. Subsequent snapshots can be taken as
soon as the current -snapshot has completely
processed. Photograph 1 shows an example of the
resulting image.
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Photograph L. Simutated SAR elevation and -

reflectivity effects for two scenes
Once "this single frame plan view has been
created, the SAR post-processor, consisting of a
Sun Work Station equipped with image processing
hardware and software, creates shadows and radar
effects. This  post-processor accepts the
reflectivity and elevation data from the AVTS

-image generator and the current location of the

aircraft (i.e., antenna position) from the AVTS
general purpose  computer. This data 1is then
combined “with the intervening terrain elevation
data which was previously compiled and stored in
the Sun‘s memory to compute radar shadows., This
post-processor also computes radar effects such as
incidence effects, azimuth resolution loss as a
function of squint angle, speckle, and receiver
gain. Approximately one minute is required to
complete all processing and display the resulting
simulated SAR image. .

Data Base _

To construct a visual data base, the off-1ine
AVTS Data Base Generation System creates polygons
from Defense Mapping Agency Digital _Terrain
Elevation Data (DTED} and Digital Feature Analysis



Data (DFAD) or other user supplied infermation.

Visual = Data Base. Saveral attributes
were added to features in the visual data base Lo
be used for SAR. Each object that will be visible
in the plan view snapshot 1s assigned a radar
reflectivity and a SAR height. Features which are
not visible in the visual data base are tagged
with a SAR-only flag.

The radar reflectivity is processed by the
image generator in the red component of the
video data. When the data base is generated, the
reflectivity s stored as a 5-bit index into.a
table which contains the 8-bit reflectivity value.
The index comes from a look-up table based con the
DFAD Feature Identification Code and Surface
Material . Code. During the snapshot processing,
the 1image generator uses this index to access the
red companent .of . the color table.

AVTS

The SAR height is assigned for objects which
will cast
generator using the blue component of the color

table, The color table contains 8-bit values,
with the 1least significant bit representing four
feet.

The texture patterns used ‘during the SAR
snapshot are different from the visual image
texture patterns, This provides modulation to the
reflectivity of the ground that more closely
resembles radar returns.

0ff-line Terrain. Grid Data Base. .The data
base containing the terrain elevations used by the
post~processor for terrain shadow calculations is
generated off-1ine and stored on the Sun Work
Station disk. The Terrain Grid Data Base consists
of grid posts representing elevation in feet at
three arc second spacing. The grid posts are
ordered -in one minute square blocks to minimize

shadows, and is processed by the image-

disk seek time when the terrain is read in for

shadow calculations,

The off-line terrain grid data base can be
generated to precisely match the visual data base
terrain or to use all elevation data provided by
the DMA source. The latter can be desirable in
order to. obtafn more shadow detail and thereby
create  the effect of higher density terrain
information when exact correlation with the visual
data base 1is not required, Therefore, the user
has the option of building a compietely correlated
terrain grid data base or a noncorrelated SAR only
data base with higher feature density. For a

completely correlated data base, the terrain
elevation data 1is reverse transformed from the
visual data base such that the resulting terrain

surface exactly matches the visual (polygonal)
terrain surface. For a SAR only data base, the
original Defense Mapping Agency DTED and DFAD can
be used without the need to reverse transform
since data base correlation between SAR and visual
is no longer a requirement.

SHADOW GENERATION

The SAR post-precessor receives the plan view
complete with radar reflectivities and the three
dimensional feature: grid from the real-time AVTS
image - generator. ' The post-processor combines the
three dimensional feature grid with the off-line

terrain data base stored in the:Sun to compute a
shadow mask which s merged with the final SAR
picture to black out areas with no radar returns.
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Figure 2, Synthetic Aperture Radar Simulation

) The radar shadows are computed using the ray
tracing algorithm Ji1lustrated in Figure 2. This
ray tracing algorithm includes both the interven-

ing terrain (interpatch) and the terrain and other
three dimensional features within the patch
{intrapatch). This algorithm is based on a
front-to-back elevation grid scan, wherein grazing

angles are computed and compared for each
elevation grid value within each column. Each
elevation grid value is = the sum of the

interpolated terrain elevation and the height of
any objects on the terrain.

Intervening Terrain Shadows

- Shadows from intervening terrain are computed
for the area between the ownship -and the SAR
patch. One minute square blocks of the off-line
grid data base are read in starting at the ownship
and continuing to the front of the SAR patch. The
terrain in each of nine equally spaced view rays
is  sampled using a Tline of sight occulting
algorithm, A1l of the terrain data for the ninea
view ray tangents in a single one minute square
block are recorded when a bjock is read in.
eliminates
result from reading
times.

in the same block multiple

These .. 1intervening terrain - shadows are
calculated by tracing. nine equally spaced rays
from the radar to the near edge of the patch. The
points are sampled at a spacing equal to the
off-line terrain point spacing. The tangent of
the depression angle at each point is computed for
each scan and the minimum tangent for each sweep
is saved. The minimum tangents for the nine

" sweeps are interpolated to get 256 values that are
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used in computing intrapatch shadows.

Intrapatch Shadows

_dimensional

The intrapatch shadows are calculated based on
the terrain elevations within the patch and three
feature heights. The -intervening
terrain  shadows are generated using terrain
elevations between the radar:and the patch.

This
any excess processing time which would” ~



The {intrapatch terrain is generated using the
off~-1ine terrain grid data base. A 32 by 32
intrapatch grid is constructed by reading the data
point - from the grid data base that is the closest
to each of the patch sample points. The intra-
patch  grid 1s expandad to 256 by 256 points via
interpolation and added to the three dimensional
feature heights. Shadows inside the patch are
computed using: 256 parallel sweeps from front to
back, with 256 points in each sweep. The tangent
of the depression angie at each point is computed
and campared with the previous minimum tangent for

each -scan. The first point .on each scan is
compared- with the result of intervening 'terrain
caleulations,’ If the tangent is Tess than the

previous minimum, the point s visible and this
value becomes the new minimum, Otherwise, the
point is 4in shadow, and the old minimum i3
retained. The calculation of these intrapatch
shadows is shown below:

FOR j =1, grid size
TAN MIN = int_terrain_tangent (j)
Dp = Dg
FOR 1 = grid_size, 1
TAN_HERE = (Er - E (i, i) ) /7 0p
Op = Dp +
If TAN HERE > TAN MIN THEN
S (i, ) = SHADOW
ELSE
TAN MIN = TAN HERE
s (T, §) = ND_SHADOW
WHERE:
h] column number

i row number

nnunan

Er elevation of radar

E (3, 1) elavation at this (i,])
Tocation

Dg = ground distance from radar to
beginning of patch (feet}

DP = ground distance to current
{i,j) elevation point

F = scale factor in i direction
(feet/1ine)

grid size = number of rows and columns in

SAR image = 256

S(j,i) = shadow mask memory value
written into the frame buffer

TAN MIN = TAN of angle from radar to
max alevation in column so
far

TAN_HERE = TAN of angle from radar to
current (i,j) elevation

TAN_INIT = Er/Bg = Initial value for
TAN MIN at start of each
cotumn

SHADOW =0

MO_SHADOW = 'FF' hex :

int_terrain_tangent (j) = interpolated
minimum tangent value for
intervening terrain between
the ownship and this column

The shadow wmask is then filtered to decrease its

square, cellular structure and is oriented line of
sight up.

Shadow Merge

A low pass Tilter convolutfon is applied to
smooth the edges of the shadows after the shadow
mask is generated. This smoothing reduces the

- features.

©areas  are |

_ convolution on

savaral

stark contrast between shadows

image i.e., all pixels within shadowed
set to zero to black out the shadowed

plan view

areas.,
RADAR EFFECTS -

The post-processor _ adds both incidence and

image effects to the shadowed image.

Incidence Effects

. Horizontal and vertical incidence affects are
simulated in both. AVTS _and the post-procéssor.
The AYTS dimage generator computes incidence
effects by _utiiizing the solar {iliumination
hardware. as a radar iljumination simulation, with
the source located at the radar antenna. The
calculation is:

Ro = RT (k1 + TLU (k2 * [I dot Nf] )}, where:

Ro =.0uput refiectivity .

Ri = Inpgt reflectivity {assigned in the
VDB

k1 = Ambient iTTumination

kZ = MuTtiplicative illumination

I = INlumination Unit Vector (points to
- - antanna)
Nf = Face Normal Unjt Yectcr

© _ dot = Yector Dot Product
TLU = Table Look Up {values stored 1n
PROM)

and where k1 and k2 are controllable uniquely for
the SAR channel. The TLU funct1on can be adjusted
to accentdate small angles - when the face normal
is nearly aligned with the illuymination vector -
thereby providing low altitude/small grazing ang1e
effects.

The post—processor computes vertical incidence

effects to simulate Dbrighter returns along
vertical surfaces and. shorelings. - These two
situations are. detected and handled by separate

~algorithms.

The brighter returns resulting from the radar
reflecting off of a surface normal to its
‘are simulated by increasing the intensity of

pixeis, which follow a positive change in

the height of 3D features. The leading edges are
detzcted using a horizontal edge detection

beam
path

from AVTS. Several pixels above each pixel in a
leading edge are marked for further processing.

" The intensities of the pixels in the plan yiew

image corresponding to the marked pixels are
muitiplied by a power of two using'a binary shift
and Timited to 255 to simulate the brighter
returns.

The brighter radar returns from shorelines
perpendicular to a radar beam path are simulated
by fincreasing the intensity of several pixels
behind a water-to-Tand transition. A water-to-
Tand transition is detected by searching for water
pixels adjacent ta Tand pixels. A water pixel is
represented by an intensity value ranging from
Zero to three, and a Tand pixel is represented by
an intensity value greater than three.  The
transition line pixels are emphasized by mulfi-

plying their intensities by a power of two using a.
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and adjacent .
The mask is logfcally AND'ed with the

the 3D feature heights received .



binary shift. The intensity facter and the number

of pixels affected at each detected transition can
ba varied to fine tune the far shore enhancement.
Photograph -2 - shows
combined

effects with shadows and incidence

effects.

a, Dodge, ND .

b. Eglin AFB, FL

Photograph 2. Simulated SAR elevation,
reflectivity, shadows, and incidence

Image Effects B
The -radar image effects simulated 1n the
post-processor include loss of azimuth and range-
resolution: as "a  function .of squint angle, the
addition of noise, and a receiver gain- function.

Resolution Blur. The resolution blur is used
to simulate the Toss in resolution as .the radar
antenna - Is moved toward the nese of the airplane.
for snapshots: taken at squint angles from 15 to 60
degrees,- a convolution -is- performed using a one
row by four column Tow pass filter kernel. For
snapshots taken with squint angles less than 15
degrees,. a larger kernel with four rows and eight
columns s used to produce more blurring. These
kernels can be easily changed to provide a wide
range of blurring effects.

reflectivity and elevation -

5§.

- present

" control

Rayleigh Noise. After imade blurring, noise
is randomly assigned for each pixel using a
Rayleigh distribution  to simulate the nofse
in actual SAR  images. The standard
deviation of - the noise values is chosen based on
the radar -operating mode, The noise values are
selectively added: to the image using the image
processing hardware, Noise is not added to pixels
representing the regions. with low radar returns
(shadows; water, and roads) by identifying and not
modifying features having an intensity below .a
given threshold.

Recefver Gain.
simuTated through the user interface on the Sun
work station after the snapshot processing is
completed. It provides a variable brightness

areas. The function is -implemented with a Took-up
table which. _controls the dintensity of. the
displayed image. The look-up table consists of a
function with -a constant. slope, but varying
x~intercept. . The intensities .are clipped to a
range of Q to 255, Photograph 3 shows final,
simulated SAR images.

b. Eglin AFB, FL

Photograph 3. SAR simulation including image

effacts

~ A receiver gain function is

that can be used for isolating target



APPLICATIONS

Data Base Evaluation.

AFHRL/OT 1is conducting a test of data base
requirements for simulating - SAR in support of
other Air Force and Department of -Defense
agencies. DTED was combined with different
prototype - DAFD products and imaged using the AVTS
SAR  simulator. Air Force SAR subject matter
experts then performed a navigation update task
using these 1images and evaluated their adequacy
for use 1in a weapons system trafner. For this
application, correlation with a visual or infrared
image was not raquired allowing very high terrain
and feature densities.

Multisensor Image Correlation.

AVTS SAR simulation 1is being combined with
visual, forward Tlooking infrared sensors for
navigation (FLIR), and targeting dinfrared (IR}
jmagery %o allow evaluation of integrated,
multisensor simulation. For this evaluation, all
images can be perfectly correlated so that the
pilot will see the same features plus sensor
specific effects 1in each image. Alternatively,
feature density can be increased for SAR and
targeting IR compared to visual and navigation
FLIR. AFHRL/OT will be conducting studies to
evaluate the utility of correlated vs. maximum
detail multisensor imagery using the capabilities
of AVTS.

CONCLUSIONS

Modifications to the AVTS computer image
generator have produced accurate simuTations of
SAR elevation and reflectivity effects. SAR
effects which result from Doppler phenomena are
not simulated using this approach. The AVTS SAR
simulation can produce high density SAR images or
correlated visual infrared, and SAR images. This
modification to AVTS is allowing AFHRL/OT +to
conduct research on SAR simulation requirements
and on integrated, multisensor simulation-based
training.
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