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An image-based moving map display was created for the Voice Activated Poor Visibility Emergency Response System (VAPERS).
VAPERS is a commercial retrofit package designed to enhance the operation of fire fighting equipment deployed at military and
commercial airports. The system was designed and tested at Truax Field (Madison, WI) and Tyndall AFB (Panama City, FL). The
moving map was based on one-meter digital orthophotography, systematically aggregated to lower resolution displays and orga-
nized in a tiled TIFF format. Each resolution layer was enhanced with vector data deemed desirable by emergency vehicle opera-
tors. Given the availability of different data sources at each site, the protocols for producing the moving map varied. The success-
ful demonstration of VAPERS is discussed in terms of its future commercialization and potential future enhancements for the

moving map.
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the response of plane crash rescue
operations at both military and com-
mercial airports. Fog, snowstorms,
and darkness often obstruct emer-
gency vehicle operators from effi-
ciently identifying the crash site and
coordinating [ire-fighting vehicles to
the site. Delay in response time sig-
nificantly increases the chance of
loss of life and property damage.

A joint U.S. Air Force/Federal
Aviation Administration system de-
sign research project focused on
equipping emergency vehicles with
advanced technologies to signifi-
cantly decrease response time in in-
clement weather. Under a 1996
Small Business Innovation Research
grant, and teamed with the Astronau-
tics Corporation of America, Orbital
Technologies Corporation (ORBITEC)
proposed and developed the Voice
Activated Poor Visibility Emergency
Response System (VAPERS) in 1997,
The aim of the system was to im-
prove overall emergency response of
fire fighting personnel and equip-
ment to aircraft fires and crash siles,
consistent with FAA regulations
(FAA Advisory Circular 150/5210-
19).

Through the NASA Commercial
Remole Sensing Program Office al
Stennis Space Cenler and the Univer-
sity of Wisconsin-Madison sponsored

Affiliated Research Center (ARC)
program, ORBITEC teamed with
graduate students and faculty re-
searchers to develop an image-based
“moving map” demonstration for
VAPERS. VAPERS had already been
designed by ORBITEC to use scanned
hard copy maps when this joint re-
search project began. The objective
of this pilot project was to develop
an image-based moving map display
to supplement or replace the conven-
tional map data. Instead of scanned
hard copy maps, which were not of
high enough resolution (1-5 melers)

Table 1. The Capacity and Compeonents of VAPERS

Capacity of VAPERS

1. Locate a fire or crash site quickly
in all weather conditions.

2, Travel the most direct route to the
emergency site quickly and safely,
avoiding obstacles or non-trafficable
terrain,

3. Receive critical information while
en route to emergency site,

4. Communicate position of each ve-
hicle to dispatcher and fire chief.

5. Operate the FLIR and other system
components via voice activated com-
IIIEIIIl]S.

6. Access aircraft and hazardous ma-
lerials dataubases.

7. Locate "hot spots” and passcngers
through smoke or log.
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and were hard to read, remotely
sensed imagery was suggested as a
viable alternative. The team staled
that the moving map should be easily
read at a glance by the emergency ve-
hicle operator, and it should provide
for viewing at a range of scales to re-
spond to emergency situations
within a response radius of 30 miles

from the base of operation.

To aid fire-fighting personnel in re-

sponding to aircraft fire and crash

Components

Forward Looking Infrared (FLIR) Dis-
play.

Differential GPS (with local base sta-
tion) and a highly accurate map dis-
plav.

Data Link from each vehicle to the
base station.

Data Link with Mission Display.

Voice Activation and Display System.

Data Link and Display.

FLIR Display.
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incidents in all weather conditions,
VAPERS was designed to integrate
many components so as Lo provide
real-time navigation and emergency
information. Table 1 outlines the ca-
pacity of VAPERS with each of its
functional components.

For the highly accurate map dis-
play, the team proposed that a re-
motely sensed image base integrated
with digital vector information could
be used as an effective substitute to
hard copy scanned maps, since up-
to-date maps with the required spa-
tial resolution of a few meters do not
exist for all airport facilities. More
(and arguably better) information
could be derived from a remaotely
sensed image, such as the condilion
of the landscape beyond the roads,
location of buildings, etc. Imagery
could be updated more easily then a
conventional cartographic product,
and would he particularly valuable
in areas thal are developing quickly.
Finally, [uture one meter spatial
resolution imagery from commercial
remote sensing satellites will make
the creation of such maps possible
for virtually all military and com-

mercial airports worldwide.

ARC

Organizationally, the ARC pro-
gram is designed as a 6-9 month
no-exchange of funds partnership
between businesses and ARC pro-
gram universities, where techni-
cal, organizational, and financial
aspects of the introduction of
geospatial information technolo-
gies are examined on a pilot-
project basis focusing on an ob-
jective defined by the commercial
partner. It is hoped that these
short-fused projects stimulate the
partner commercial firm to be-
come further interested in pro-
curing and/or developing goods
and services employing appropri-
ate spatial data and technologies.
The University ol Wisconsin-
Madison ARC program is admin-
istered by the UW Environmental
Remote Sensing Cenler (ERSC).
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The original DOQQ for Tyndall AFB featuring the Silver Flag test area (left), subsequently
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classified and enhanced to create the moving map (right).

Test Site Locations

The system was tested at two sites -
Truax Field (Madison, WI) and
Tyndall AFB (Panama City, FL).
Truax Field was chosen as the initial
development site given its proximity
for validating system components.
Tyndall AFB was selected because it
is the location of the Air Force Fire
Research Group, and serves as both a
research site and training facility for
aircraft fire fighting personnel na-
tionwide,

Moving Map Preparation and Design
The development and demonstration
of the moving map occurred in three
phases: 1) project preparation and
planning, 2) development of a dem-
onslration map product for Truax
Field, and 3) development ol a dem-
onstration map product for Tyndall
AFB. The moving map preparation
and design ran in parallel with the
definition and development of the
hardware and software integration
involved in the overall design of the
VAPERS system. Given this, the
overall hardware and software envi-
ronment for this demonstration was

fixed by the original VAPERS design.
Project Preparation and Planning
Critical elements in the preparation
and planning phase included the
identification of appropriate raster
and vector data, review of VAPERS’
hardware and software system capa-
bilities, interviews with fire fighting
personnel, and identification of ap-
propriate software for creation of the
moving map.

VAPERS was designed to incorpo-
rate map layers at different spatial
resolutions to assist with the re-
sponse Lo emergency situations rang-
ing from on-site to within 30 miles of
the base station of operation. Emer-
gency vehicle operators could toggle
between maps with greater or lesser
spatial detail, enahling them to zoom
in and out to readily identify land-
marks. The system was originally
designed Lo provide scale change in
multiples of two (for example, layers
could be contigured to have spatial
resolutions of 5, 10, 20 and 40 m, or
alternatively 3, 6, 12 and 24 m). Ini-
tial experiments were conducted us-
ing combinations of image data sets
from multiple sources (for example,
Landsat TM 30 m data in combina-
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tion with 10 m SPOT®
data). However, the dra-
matically different re-
flectance characteristics
between these dilferent
data sets (in large part
due to temporal differ-
ences) proved to be
hard for to the emer-
gency vehicle operator
Lo read (or inlerpret) as
suggested. The team fi-

nally decided to use
data nominally at one
meter resolution and set
synthetically generated
images with lower spa-
tial resolulion. This
eliminated any varia-
tion in the spectral
characteristics of the data at the vari-
ous spatial resolutions.

For Truax Field, a ready source of
one meter panchromatic digital or-
thophotography data existed from
the Dane County Regional Planning
Commission (DCRPC). The data were
organized by township and nine
townships were included in the dem-
onstration project. Vector data were
also available [rom the Land Infor-
mation and Computer Graphics Fa-
cility (LICGF), University of Wiscon-
sin-Madison. A review of this data
set revealed that anly the lett edges
of roads had been digitized (versus
the centerline), and that significant
urban areas of the county were not
covered by the data. This caused ad-
ditional digitizing and manipulation
of the vector data files. For Tyndall
AFB, color infrared arthaphatogra-
phy from the Florida Resources and
Environmentlal Analysis Center
(FREAC) was found, and an AutoCAD
data base from the base engineer’s of-
fice at Tvndall AFB was used.

Early in the project, the team re-
viewed VAPERS' hardware and soll-
ware syslem components Lo deler-
mine what they needed for the
creation of the moving map. In gen-
eral, they found that:

* There was a limited screen ex-

tent (180 x 280 pixels) for map

The moving map as integrated into VAPERS and displayed on the LCD screen.

viewing (subsequently modified
lo 526 x 425 pixels);

* The radiometric resolution of
imagery was limited to one byte
(256 possible colors), with 240
colors available for the imagery
and 16 colars available to the

vector data;

= Zooming capacity, as discussed,
was available in multiples of
two:

* The MS-DOS based software
only supported raster data; and,

* Tiled TIFF formatted data was
required.
As a result, many information ex-
changes and maodifications were

made, with implications both for the

final soltware and mapping products.

The biggest change needed was to in-
corporate the vector data with the
imagery, Vector data had to be
“hurned into” the imagery at each
spatial resolution. This greatly in-
creased processing time because the
thickness of the lines and the size of
the features had to be produced spe-
cifically for each layer of imagery.
Changing to remotely sensed im-
agery for the moving map meant that

the team had to explain it to the
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emergency response ve-
hicle operator. Typi-
cally, a single person
operales the vehicles,
so any technological in-
novation must be easy
to understand and use
under the most chal-
lenging conditions. The
Fire Chiel and his staff
at Truax Airport de-
scribed their operating
procedures and present
capacilty for addressing
emergency situalions.
A series of meelings
and demonstrations
helped define the im-

RECORD.TAF

portant features to high-
light on the moving
map. For example, color schemes
helped identify major versus minor
roads, airport runways, selected
buildings and landmarks. Fire fight-
ers listed useful point features such
as fire hydrants: emergency crash
gates, fuel tarms, and ammunition
depots that could be GPS referenced
and included on the moving map.
Other themes, such as high-resolu-
tion contour information to deter-
mine the flow of leaking airplane
fuel, were beyond the scope of the
demonstration project, but were
noted as desirable information in fu-
ture generations of the system.

Three commercial software pack-
ages, Imagine® by ERDAS, Arc/
Info®, and Arc/View® by ESRI were
used lo process the data, along with
an UW/ERSC in-house remote sens-
ing software package. Supplemen-
tary programs were developed to
convert Imagine formatted images to
tiled TIFF format.

Development of a Demonstration
Product for Truax Field (Madisan, WI)
Image layers featuring ground resolu-
tions of 1, 2, 4, 16, 32, and 64 m
were created from the one-meter
digital panchromatic orthophotos
and combined with road and hydro-
graphic GIS layers. Additional
ground feature information was digi-
tized from the imagery by UW/ERSC

October |008 965



researchers and verified with ground
positions collected using a Trimble
GeoExplorer® GPS unit. The following
processing steps were performed at each
spatial resolution given the VAPERS re-
quirement for raster information:

* The image bases from nine Dane
County townships were imported
into Imagine®. Each pixel corre-
sponded to a 1m ground resolu-
tion and each township con-
tained 128 megabytes. These
files were mosaiced and then
sub-setted to the area of interest.
The resultant image was pro-
jected from the Dane County Co-
ordinate System to UTM coordi-
nates, Datum WGS84. The pixel
values were re-scaled to a range
of 0 to 239,

e The creation of multi-scale im-
age data involved using the one
meter orthophotography to syn-
thesize 2, 4, 16, 32, and 64 m
pixels. This process included
running one-meter data through
a low pass filter of appropriate
size, then sub-sampling the re-
sultant image to the appropriate
resolution. Using a low pass fil-
ter provided a sharper image
than one from sub-sampling the
original image to each spatial
resolution.

e

s Vector data were imported inlo

Arc/Info® and these coverages
were converted to raster files.
Each feature (including main
highways, county roads, run-
ways, airporl access roads, hy-
drography, airporl emergency
crash gales, airporl hydrants,
fuel stations, ammunition de-
pots, and the fire station) was
processed separately. Features
important to firefighters were en-
larged to be easily identified on
the moving map. After convert-
ing the Arc/Info® vector data to
a raster file, filters were run over
the raster file to thicken lines or
increase the size of a feature.
Each feature was assigned a
color when il was inlegraled
with imagery at each resolulion.
The digital values of the feature
colors were greater than the digi-
tal values assigned to the imag-
ery. Then the imagery data was
overlaid with each feature at
each spatial resolution. The
maps at each spatial resolution
included imagery came from the
panchromatic DCRPC orthopho-
tos with accompanying color-
coded features of varying line
thickness (for roads, ete.) and
different sizes ([ire station, elc).

A P-19 fire truck outfitted with VAPERS.
Note the FLIR device directly behind the water cannon on the top of the vehicle's cab.
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e Final images were converted lo
tiled TIFF format Lo be used in
VAPERS.

Development of a Demonstration Prod-
uct for Tyndull AFB (Panama City, FL)
As mentioned earlier, the available
data for the demonstration product
for Tyndall AFB site was dilferent
than that available [or Truax Field.
This meant some revisions of the
data processing protocol were needed.
The primary sources of dala for
Tyndall included
* 1 meter color infrared (CIR)
digital orthophoto quarter quad-
rangles (DOQQs), crealed from
1994/95 NAPP photography with
an assumed accuracy of 10-13
mefers

= AuloCAD® files, created from
1990 aerial photography (scale:
1:23,760) Lhat included coverage
layers for roads, [light paths,
buildings, etc.; and,

* GPS post-processed control
points.

In contrast with the one meter pan-
chromalic orthophotos used for the
Truax field demonstration product,
the team was concerned that there
would be problems reading the one-
meler DOQQs because in the CIR im-
agery, healthy vegetation was repre-
senled in shades of red. The
emergency vehicle operators did not
relate well 1o the concept of inter-
preting “red grass” and other vegeta-
tion in the imagery. An unsuper-
vised classification of the CIR images
was done at each spatial resolution
and differing tones of green were as-
signed to the various vegetation
classes.

The coverage area of the moving
map included the Silver Flag test area
(used for fire fighting research and
training purposes) and the fire station
administrative offices. The size of the
final computer files at a nominal reso-
lution of 1, 4, and 16m covered a
ground area of approximately 8.5 x 6.5
km. The following processing steps for
Tyndall AFB were similar to those
used for Truax Field:
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* AutoCAD® files were converted
to Arc/View® coverages then ed-
ited and cleaned in Arc/Info®.
The coordinate system of the
AutoCAD® files was not avail-
able, so the files were registered
to UTM coordinates, Datum
WGS84, via the GPS ground-
truth information. Coverages
were then converted to raster
files for each feature at each
resolution. Low pass filters were
applied to cach raster file to
thicken lines or increase the size
of point information, and colors
were assigned to the various fea-
tures.

= Four DOQQ files were imported
into Imagine®, and contrast
stretches were made so that the
spectral reflectance of all the im-
ages malched. These enhanced
images were mosaiced together
and a subset of the area of inter-
est was made. The spatial accu-
racy of the image was confirmed
using the GPS ground-truth in-
formation. A portion of the
original DOQQ is shown in Fig-
ure 1.

« As with the Truax demonstra-

tion, the mosaiced image was av-

| eraged using a low-pass [iller
and then sub-sampled to create
imagery at the various required
resolutions. As before, each im-
age al each resolution was classi-
fied and assigned digital num-
bers to emulate 1 true or normal
color rendering.

e The integration of the feature
data and classified imagery was
similar to the Truax Field dem-
onstration. The feature informa-
tion was overlaid on the classi-
fied imagery at each resolution,
and integrated with clustered
images at each resolution in
Imagine® (Figure 1).

* The images were exported from
Imagine and converted to tiled
TIFF format to be used in
VAPERS. Figure 2 shows the fi-

“Anytime that you can
better your vision in a
blizard, extreme darkness,
or a storm, and (provide) the
on-board mapping system
that is available within
VAPERS to the operator of a
vehicle, it is going to allow
us to get equipment to the
scene quicker. This, in the
long run, is going to assist
in saving lives.”

Fire Chief Richard Heft
Dane County Regional Airport
Truax - Air National Guard Base

nal product as displayed by the
VAPERS LCD (Orbital Technolo-
gies Corporation, 1998).

Using the moving map, the vehicle
driver was able to:
e Identify his/her DGPS position
wilh a high degree of accuracy;
¢ Recognize the major land cover
features of the area;
e See the major road networks,
runways, and buildings; and,

Flip back and forth on the map
display between the various
resolulions as needed for a gen-
eral overview of the region or
specific identification of the
emergency location,

VAPERS was tested at Tyndall
AFB in August 1997, To simulate to-
tal blackout conditions, black plastic
was affixed to the windows of three
P-19 fire-fighting vehicles (see Photo
1 for a picture of the P-19 fire-fight-
ing vehicle). Five fire emergency
situations were simulated, In all five
siluations, the system guided each of
the drivers to their specific emer-
gency response location, with ve-
hicles tested at speeds of over 40 miles
per hour. Periodically during the five
tests, vehicles were stopped and accu-
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racy tests were made to find out
whether the vehicle was in the loca-
tion indicated by the moving map and
DGPS. None of the vehicles was ever
more than 5 m off of the expected lo-
cation; and most were about 2 m or
less from the expected position. Per-
sonnel at the Tyndall AFB considered
the demonstration a success, and are
in the process of documenting the ex-
perience (Kempton, 1998).

To date, VAPERS has been suc-
cessfully demonstrated at Tvndall
AFB, Truax Field, and one major US
airport. The system is actively being
marketed worldwide, and is a lead-
ing candidate for installation at two
major US airports. Other govern-
ment and commercial entities are in-
terested in further demonstrations of
the system.

The moving map with an enhanced
image proved useful for emergency
response in a fire-fighting situation
and may be a valuable tool for other
emergency and transportation sys-
tems. Spin-off applications of the
moving map could include every-
thing from transportation logistics to
precision farming.

As ORBITEC continues the com-
mercialization of VAPERS, there could
be many more technical innovations to
further enhance the system. The mov-
ing map created for this study was
limited by the hardware and software
— the use of a Windows-based system
and increased computer processing
and storage could dramatically in-
crease the capacity of the map, and
make it easier to update. Modifica-
tions should be balanced against the
present cost of VAPERS. Further re-
search and quality control may be
needed to understand the
cummulative errors through the sys-
tem as a result of the characteristics of
the original source data, the DGPS,
and the moving map. Finally,
ORBITEC needs to evaluate the results
of this project to determine where to
obtain appropriate raster and vector
data, and how best to create or acquire
the moving map data on a production
hasis.
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For a short video clip of the
emergency response demonstration,
go to the ASPRS website at
www.asprs.org/asprs, click on the
October issue of PE&RS,

and find the link.

Nancy E. Podger, PhD candidate, Envi-
ronmental Monitoring, University of
Wisconsin-Madison,

James D. Gage, ARC research program
manager, Environmenatl Remote Sens-
ing Center, University of Wisconsin-
Madison.

Ronald Tetter, vice president nad COO,
Orbital Technologies Corporation
(ORBITEC), Madison, Wisconsin.

Thomas M. Lillesand, Director,

Environmenatl Remote Sensing Center,
University of Wisconsin Madison.
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