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For many cities like Irving,
Texas, the 1990s have
brought radical changes to
the ordinary processes of day
to day government, often re-
sulting in the abandonment
of conventional thoughts and
procedures and replacing
them with a variety of tech-
nological solutions. Geo-
graphic Information Systems

[GIS) are one of the techno-
logical tools which have be-
gun to alter the business
practices of government.

The City of Irving is a
municipality covering ap-
proximately seventy squ€ue
miles located between Dallas
and Fort Worth, in North
Texas. kving's GIS project
consisted of bringing the cit-
y's current data (maps, aerial
photography, etc.) online in
order to provide a multiple
use capability. The project
began in 1990 with the ac-
quisition of aerial photogra-
phy at a scale of 1 inchr100
feet (National Map Accuracy
Standard). Digital planimet-
ric and topographic maps
were subsequently created
from the photography using
coordinate geometry. As an
accuracy assessment, ap-
proximately 150 first and
second order monumentation
points were surveyed and
entered into the GIS to con-
firm the accuracy of the or-
thophotos and resulting
planimetric maps.

The planimetric and
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topographic maps were de-
livered to the city in hard
copy and digital (.DXF) for-
mat. The following year GIS
hardware and software was
installed and initial system
training was completed.
Using the digital planimetric
and topographic maps, the
data was easily translated
into the new GIS which con-
sists of GDS software run-
ning on a DEC VAX
computer system.

tlt was in 1992 that the
GIS database began to take
shape; the city had trans-
formed its existing hardcopy
map files into a digital for-
mat. Data conversions in-
cluded subdivision plats,
zoning cases, utility as-
builts, construction plans,
and many others. A pilot
project area of approximately
sixteen square miles was se-
lected to serve as the testing
ground for this conversion
process. The pilot area
proved to be a valuable
learning tool and was subse-
quently used for all applica-
tions involved in the GIS
testing.

With this newly gained
knowledge in hand, data
conversion began for the re-
maining portions of the city.
As of the end of 1993, ap-
proximately 75 percent of
the land area and parcels
were entered into the GIS.
The comprehensive city digi-
tal map is expected to be on-

Iine by late spring 1994. At
that time the following
graphic data will be avail-
able city-wide: subdivisions,
lots, blocks, zoning, land
use, building footprints,
multi-family site plans,
water, sewer, storm, utility
appurtenances, trees, side-
walks, water bodies, tax par-

cels, fencelines, airport
detail, and census tracts and
blocks. For the first time in
the history of the city, the
ability to easily overlay mul-
tiple data elements simulta-
neously will be available.

Several applications uti-
lizing the new GIS have been
developed and are currently
online in the user depart-
ments. Some of these appli-
cations include zoning
change notification letters,
fire incident tracking, ad-
dress matching, census data
mapping, land use, traffic
flow analysis, multifamily
inspection tracking, and
many others. One of the
most unique of these appli-
cations involves the proce-
dure to create an assessment
process for use in conjunc-
tion with the guidelines es-
tablished by the U,S.
Environmental Protection
Agency (E,P,A.) for the Na-
tional Pollutant Discharge
Elimination System
(N.P,D,E.S,), Historically,
municipalities have been
concerned only with the
conveyance of drainage from

rainfall and its flood damage
potential. However, because
of growing environmental
concerns, cities are now
being required to address not
only the quantity of storm
water run-off, but also the
water quality aspect of the
run-off.

On November 16, 1990,
the E,P.A. published new
regulations requiriug munici-
palities and industries to ob-
tain N,P.D.E,S. storm water
permits, This Iegislation is a
result of the fact that run-off
water flows into storm
drains after picking up pol-
lutants from a wide variety
of sources such as oil and
grease from roads and park-
ing lots, pesticides and fertil-
izers from lawns, sediment
from construction sites, toxic
metals and other contami-
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nants from industrial sites,
landfills, junkyards, spills,
and improper waste dis-
posal. Unlike sanitary sewer
waste water, which is
cleaned before it is returned
to the environment, storm
water flows directly back
into lakes, rivers, and
streams without undergoing
any treatment to remove pol-
lutants.

Because no federal or
state funds have been made
available for this mandated
program, each local govern-
ment must generate funds to
cover the cost of the in-
creased water procegsing de-
mand placed on the existing
treatment facilities. To assist
in this fund generation, the
State of Texas passed legisla-
tion allowing municipalities
to create Drainage Utilities.
This is a utility fee which is
not assessed based on prop-
erty valuation, as has been
done historically, but instead
is associated with both the
land use and the actual
amount of run-off contrib-
uted by each parcel,

It was quickly realized
by the city that GIS would
play a key role in developing
the new assessment proce-
dures. The needs were clear;
however, the path to achieve
the results was not. The re-
quired capabilities included
the ability to view a current
image of the city's ground
cover and its structures, to
view parcel lines/property
boundaries, to determine the
sources of storm water run-
off, and to determine land
cover type. All of these data
elements had to be brought
together for a detailed analy-
sis at a parcel-by-parcel level
and then linked to the city's
existing utility billing sys-
tem.
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After this preliminary
evaluation of the project re-
quirements, it was decided
that the most efficient way to
determine the amount of
run-off generated per parcel
would be through the utili
zation of aerial photography
coupled with the existing
vector parcel base map of the
GIS. One of the initial plans
proposed for implementation
involved the scanning of ex-
isting 1990 photography into
the GIS and then overlaying
the vector parcel map. How-
ever, because the photogra-
phy was three years old and
the amount of change over
this time had been signifi-
cant, it was determined that
new photography was re-
quired. Further review of the
project goals concluded that
the most cost effective meth-
odology for determining the
volume of stormwater run-off
contributed by each property
parcel was to compute the
amount of water porous, or
pervious (vegetative cover)
versus water impervious
(concrete, rooftops, etc.) sur-
face area for each parcel.
This computation could be
accomplished with a vegeta-

tion analysis of each parcel
coupled with the vector par-
cel maps (created via COGO
at linch : 100feet accura-
cies).

Numerous manual
analysis methodologies were
discussed, but in order to
maintain a timely implemen-
tation schedule, analysis
through digital raster data
was the chosen solution,
Many digital image options
were reviewed, including
digital orthophotography,
satellite imagery, and low al-
titude multi-spectral imag-
ing'

Conventional black and
white aerial photography
would have provided the
high resolution needed and
was available at a moderate
cost, but it proved to be
somewhat limiting for spec-
tral studies. Satellite gener-
ated imagery could have
provided multispectral data
for the project at a fairly low
cost, but the low spatial res-
olution, inability to penetrate
clouds, and the scale of the
imagery were unsuitable for
the micro-mapping needs of
the city. The final digital
technology reviewed, the
Airborne Data Acquisition
and Registration (ADAR)
System 5000 designed and
operated by Positive Sys-
tems, Inc., couples the multi
spectral capabilities of satel-
lite technology with the
scale and resolutiou advan-
tages of low level aerial pho-
tography. Additional features
of the ADAR System 5000
include: a full frame format
which eliminates the line by
Iine misregistration which
can create problems with
data from airborne scanning
systems; data can be
processed utilizing photo-
grammetric techuiques, thus

providing a true orthorecti-
fied product; no film
processing is required be-
cause the image data is col-
lected digitally, thus
eliminating the use of envi-
ronmentally damaging chem-
icals; the flexible scheduling
allows imagery to be cap-
tured without cloud interfer-
ence; the data is dynamic in
that many spectral analyses
can be performed on a single
data set, resulting in a multi-
disciplinary tool; and rapid
data update for incident time
tracking,

A pilot project was
scheduled for early March
1993 to ensure leaves would
be absent from trees and
shrubs (to avoid obstruction
of the view of the surface be-
low). This pilot project was
limited to the same sixteen
square mile testing ground
used in previous test proj-
ects. The ADAR System 5000
was configured to record
four spectral bands to pro-
vide both true color and
"color infrared" composites:
the four bands included blue
(450 nm center wavelength/
80 nm band-width, green
(550 nm/80 nm), red (650
nm/80 nm), and near in-
frared (850 nm/40 nm), The
images were captured at one
meter per pixel resolution,
and Global Positioning Sys-
tem (GPS) information was
recorded simultaneously to
determine the horizontal lo-
cation of each image.

After acquiring the im-
agery of the test site, the 280
resulting multispectral digi-
tal images were compiled
into a seamless, orthorecti-
fied image mosaic by TRIFID
Corporation. This process
consisted mainly of four
tasks: data preparation, im-
age mensuration, triangula-
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tion, and orthorectification.
The data preparation be-

gan with acquiring ground
control for the ADAR System
5000 imagery. In addition to
utilizing the GPS informa-
tion captured with each im-
age, supplemental ground
control was also required in
order to generate a pixel-
level geopositioned orthorec-
tif ied mosaic. It was deter-
mined that the use of the
aerial photography acquired
in 1990 was the most cost ef-
fective method to transfer
ground control to the ADAR
System 5000 imagery. The
aer ia l  photographs (1:15,800
scale) were scanned and
used in a d ig i ta l  form. A d ig-
itai terrain model (DTM) was
also needed to support the
orthorectification process.
The city's 1990 aerial pho-
tographv also provided the
required DTM. The irregular
pattern of the existing DTM
was resampled to a regular
grid for orthorectification.

The next step in data
preparation was to perform
coregistration of the separate
spectral bands from the
ADAR System 5000. This
was completed using an au-
tocorrelation method, based
on a hieralchical pyramid
combined with a symmetric
matching algorithm to deter-
mine corresponding image
points in the different bands.
This was followed by a least-
squares adjustment to deter-
mine transformation parame-
ters between the bands.

The tie point and con-
trol point mensuration for
this project was performed
using manual methods in a
softcopy environment. Re-
cently, TRIFID has devel-
oped software employing
automatic tie point correla-
tion methods, thus allowing
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this process to be completed
automaticaily on future proj-
ects.

The next step was trian-
gulation. A simultaneous

triangulation of the ADAR
System 5000 imagery and
the scanned control photo-
graphs was performed to
provide optimal geometry as
well as procedural simplic-
ity. A self calibration adjust-
ment of the ADAR System
5000 was possible because of
the availability of GPS data
for the image exposure sta-
tions and the ground control
photographs, To accommo-
date this variety of measure-
ments and parameters, a
unified least-squares adjust-
ment approach was used.

The last step was the
preparation of the multispec-
tral, orthorectified mosaic,
This began with preparation
of a preliminary orthorecti-
fied mosaic of the red spec-

tral band (650 nm) sampled
at the full scale size of one
meter per pixel. This was
followed by manually plac-
ing feather lines between the
individual images in the
mosaic. The feathering
process uses a pyramid
feathering method based on
spatial frequency to provide
a seamless mosaic. The
feather lines are in the same
location for each of the
bands. The orthorectification
process was repeated for
each band using the feather-
ing method and the result
was four bands of multispec-
tral orthorectif ied seamless
mosaicked imagery. A subset
composed of approximately
20 ADAR System 5000
scenes from the resulting
mosaic is shown in Figure 1
(displayed in color infrared:
red/green/blue display show-
ing near infrared, red, and
green spectral bands, respec-
tively), including a vector
overlay of property parcel
data.

Following completion of
the image mosaic, the
process of image classifica-
tion was undertaken by
American Geographic Data.
As noted previously, the
method to be employed for
determination of pervious
versus impervious surface
areas was a vegetation analy-
sis of each parcel. Those
areas covered with vegeta-
tion would be considered
water porous, or pervious,
and thus expected not to
contribute substantially to
stormwater runoff, Those
areas devoid of vegetation
were to be classified as im-
pervious. While this ap-
proach was subject to minor
ambiguities, it appeared to
be the most cost effective
method available within the

cost and finan cial con-
straints faced by the city.

Image classification was
completed in two main
steps, Easily identif ied sur-
faces, such as golf courses
and lawns (pervious) and
rooftops, streets, and parking
lots ( imperv ious)  were c lass-
if ied first. This was done to
el iminate as much unambig-
uous area in the image data
as possible using the sim-
plest effective multispectral
classification rules. The sec-
ond step, classification of the
remaining areas, wil l be de-
scribed in further detail be-
Iow.

Since the goal was to
identify areas within the im-
age mosaic covered with
vegetation, a classic vegeta-
tion index was applied for
the first-stage classification,
The index used was the Nor-
malized Difference Vegeta-
tion Index (NDVI), which
compares data in the near
infrared and the red spectral
bands. At each pixel within
the image data, the following
calculation was applied:

NDVI=
(near infrared)
(near infrared) + (red)

The NDVI pixel values,
with an allowable range of
- 1..0 to * 1.0, were then
scaled to (0,255) to allow the
resulting data set to be
viewed and processed as an
B-bit grey-scale image. Figure
2 shows a subset image of
the project area (red spectral
band), with the same area
after NDVI processing shown
in Figure 3. Vegetation-cov-
ered areas appear bright in
the NDVI image, with streets
and other bare areas appear-
ing dark.

Comparison of full color
imagery with the NDVI im-
age allowed two thresholds
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Figure 1. A Subset Composed of Approximately 20 ADAR System 5000 Scenes (ln Color Infrared: RGB Display Showing
Near lR, Red, and Green Spectral Bands, Respectively) Including a Vector Overlay of Property Parcel Data.

to be selected in the NDVI
image, identifying the bright-
est areas as pervious and the
darkest areas as impervious.
Those pixels thus judged to
be pervious and impervious
were classified accordingly.
The remaining surface area,
displayed as dark- to light-
grey in the NDVI image, was
left in an "ambiguous" cate-
gory; a more rigorous classi-
fica-ion algorithm (as
described below) was ap-
plied to these areas. The
dual-threshold NDVI method
allowed a rapid classification
to be applied to approxi-
mately B0 percent of the
original image mosaic, The
surface area which remained
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was classified separately. A
mask was applied to elimi-
nate all surface area already
classified, leaving an image
mosaic populated only by
pixels deemed "ambiguous"
by the NDVI method.
Whereas NDVI examines
only two spectral bands, the
second-stage classification
utilized all four bands in the
image data.

Well-established classifi-
cation techniques were ap-
plied to the ambiguous
surface areas. A statistical
clustering method was ap-
plied to identify the primary
spectral signatures present
within the remaining image
data. Statistical clustering

collects signatures based on
homogeneity within contig-
uous pixels, thus utilizing
spatial as well as spectral in-
formation in the data set. An
additional feature of the sta-
tistical clustering technique
is that both scaled and uns-
caled spectral distance is
used. As a result, classes
may be spectrally similar,
but remain distinct if there
are many pixels within each
cluster.

Once prospective spec-
tral signatures had been de-
veloped, the next step was to
manually review the various
classes and reclassify each as
either pervious or imper-
vious. Reclassification deci-

sions were based on review
of true color composite im-
agery as well as ground truth
information.

One aspect of using im-
age data at one meter resolu-
tion was the delineation of
the shaded side of buildings,
trees, etc. In the final re-
grouping of spectral classes,
it was a relatively straight-
forward task to determine
the appropriate final class
for the shaded components
of the image mosaic.

At this stage of the clas-
sification process, a final
reconciliation of special
cases is necessary, Specifi-
cally, bodies of water (such
as a swimming pool) appear
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dark and thus impervious in
the NDVI image. However,
since stormwater is retained
by some water bodies, those
must be reviewed on a case
by case basis to ensure accu-
rate classification.

Another special case to
be addressed is the presence
of small "islands" of one
class within large areas of
the opposite class; examples
could include a concrete pad
in the middle of a grass field
or a landscape planter in a
Iarge parking lot. In each of
these cases, the small island
was properly classified as
being different from its sur-
roundings, but based on the
city's appli- cation these is-
lands should be eliminated
since they do not alter the
effect of the larger area on
the stormwater runoff vol-
ume,

For the sake of expe-
diency, the classified image
data was used to generate
preliminary reports at the
stage prior to final reconcili-
ation of the special cases.
Special cases wil l be re-
viewed prior to generation of
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the final reports, but adjust-
ments to the preliminary re-
sults are not expected to
exceed a few percentage
points.

The final phase of the
project consisted of the cal-
culation of the amount of
pervi.ous versus impervious
surface within each tax par-
cel. In order to determine the
percentage of each class
within individual tax par-

cels, the city's existing tax
parcel vector data was uti-
lized. This vector informa-
tion was overlaid with the
classified raster data file.
This enabled creation of re-
ports based on the number
and type of classified pixels
within defined polygons. In
this case, the property par-
cels served as the defined
polygonal areas.

The report consisted of a

listing of each tax number
and the associated pervious/
impervious surface area (in
either acres or square feet)
which corresponded to the
parcel represented by the tax
number. This data was then
Iinked to the city's existing
water utility billing system,
which calculated the amount
payable by each property
owner, and included said
amount in the monthly bill-
i n o  c f e i p m e n l

Reviews of the prelimi-
nary reports generated above
provided excellent results.
Surface area reports for indi-
vidual parcels, generated
from overlay of the raster-
format planimetric maps
with the classified image
data, showed correlation of
better than 1 percent with
the city's area calculations.

Based on the success of
the pilot project, the city has
decided to uti l ize this tech-
nology in the mapping of the
entire city of Irving (seventy
square miles). Some of the
procedures that were com-
pleted manual ly  dur ing tcst -
ing have been automated for

Figure 2. A Subset lmage of the Project Area (Red Spectral Band).

Figure 3. The Same Area as Figure 2 After NDVI Processing.
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the larger project, thus accel-
erating the process.

Without the utilization
of this automated low-level
multispectral imaging tech-
nology, a minimum of three
years would have been re-
quired to complete the cal-

culation of pervious/
impervious surface areas
within the city, given current
staffing conditions. In con-
trast, approximately eight
months of effort are pro-
jected to collect the data, or-
thorectify the imagery, and
conduct image analysis for
the entire seventy square
miles of the city. Not only
will timeliness be a critical
issue for this project in order
to meet N.P.D.E.S. compli-
ance guidelines, but the ac-
curacy of the data acquired
is also extremely important.
According to Jill Urban, GIS
Analyst for the City of lrv-
ing, "Through the utilization
of the selected imaging
process, not only was the
time factor reduced signifi-
cantly, but the achieved ac-
curacies exceeded the
expectations of all involved,
and provided the city with a
current view of itself from

which to produce the assess-
ments."

Although the initial im-
age acquisition costs are ap-
proximately one-third higher
than those associated with
conventional orthophotogra-
phy, the additional advan-
tages of spectral analysis,
timeliness in receiving the
results, multiple project
uses, and simplified and cost
effective updates for special
projects or growth areas on
an annual or semi-annual ba-
sis ultimately serve to reduce
the project cost. While the
utility application was the
primary justification for the
acquisition of this imaging,
numerous opportunities are
available for usage of the
data by other departments
for specific projects. Exam-
ples include flood plain
evaluation, comprehensive
planning, parks management,
and hazardous material mon-

itoring. This imagery is being
utilized and manipulated to
meet the requirements of a
variety of projects, The dy-
namic nature of the data has
opened the door for innu-
merable studies and special
projects which would have
been either cost prohibitive
or technically unachievable
for the city prior to the col-
lection of this multispectral
data.
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nician, Positive Systems,
Inc.;Jil l  S. Urban, GIS Ana-
lyst, City of Irving, Texas;
Dr. David Mulawa, Staff Sci-
entist, TRIFID Corporation;
and Cody A. Benkelman,
Principal Engineer, Positive
Systems, Inc., can be reached
at Positive Systems, Inc.,
P.O. Box 1551, Kalispell, MT
59903.

MUTTIPURPOSE GADASTRE: TERMS AND DEFINITIONS

This booklet presents a list of "core" terms and definitions that represent a good beginning to a
common vocabulary for use in GIS/LIS. Also included are terms used in the fields of automated
mapping, facilities management, land records modernization, natural resource management systems,
and multipu4)ose land information systems.
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AERIAL PRINTING AND FILM PROCESSORS LIKE NEW
I Versamat Model 1l CM Aerial Film and Paper Processor I LogEtronic Mark II Aerial Film Printers

r LogEtronic SP-1070 Roll Printer I Color Versamat Model 1411 r DURST - 1800 (10 X 10) Enlarger
r Kodak Copy Camera Model-11 RA-4 Color Processor r AGFA 950 36' Wide Paper and Film Processor

r Miller-Holzworth Color Composit Printer with Film Punch
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