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Airport Design Application
Photogrammetric method is considerably more
economical than conventional ground surveys.

ABSTRACT: Photogrammetry is applied to a clear-zone-the zone which aero
planes use when approaching for landing and taking off from an airport. This
zone must be free from any obstruction. Rectified photographs were used to deter
mine the ~ocation and the identification of the obstructive object, and its elevation
was obtawed by a Kelsh-plotter, orienting it to the clear zone. The economical
evaluation resulted in a 1:9 ratio favoring the photogrammetric method when
compared to ground methods.

INTRODUCTION

J\ IR TRAFFIC HAS INCREASED several fold
n during the last decade, compared to that
of the .previous period. This increase, ac
companIed by a complete utilization of jet
transport planes has resulted in an increased
capacity and greater air speed. These factors
contribute to the inadequate capacity, as far
as the runways and passenger handling is
concerned, at most of our airports. As a con
sequence, the airports must expand in order
to provide the service demanded by the com
munity in which thev are located. The exten
tion of an existing ;irport, or the establish
ment of a new airport, is an integl'ated ac
tivity involving the design of terminals ca
pa~le of handling passengers and cargo, the
design of runways, and the study of the clear
zone for air traffic control.

Photogram metry can be used in all of
these three phases; however, in this article
our remarks are confined to the clear zone.

PROBLE~I DEFINITION

The clear zone is composed of three planes
forming a geometrical shape like a channel.
The basic plane, which is usually referred to
as the clear zone slope, begins at about the
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end of the runway, has a slope of 35: 1 to
40: 1, and extends usually 10,000 feet along
the centerline of the runway. This is illus
trated by Figure l-A, where the clear zone
slope begins at 200 feet beyond the runway,
has a slope of 40: 1 to 5000 feet with a change
of slope to 37: 1 at this point, and extends
another 5000 feet. This clear zone slope is
500 feet wide at the beginning and is 2500
feet wide at the end.

Two so-called transitional surfaces tie to
this plane which are represented by Figure
I-B. The transitional surface extends 150
feet in elevation above the elevation of the
airport. The top view of this clear zone is
given by Figure l-C where the solid lines rep
resent the outlines of the planes as labeled.

This clear zone is the zone which the aero
planes use when approaching for landing or
taking off from the airport. As a consequence,
this zone must be free from any obstruction.
Therefore, the basic project is to study the
zone and analyze it with respect to (a) the
elevations of the objects in this zone, and
(b) their horizontal locations. This is indi
cated by the trees in Figure I-A. A clear zone
study can be divided into two basic phases:
firstly, the identification and determination
of location of objects, and secondly, the deter
mination of the elevation of objects with re
spect to these design planes.
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FIG. 1. The clear zone is defined by inclined planes in space oriented with respect to
an airport runway
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The specifications, as far as the required
accuracy is concerned, can be established for
these two phases of work. rn the first phase,
the identification and the location of the ob
ject, the emphasis is on identification, so
plani metric accuracy can be of a lower order.
For example, if the object is a tree which can
be identified, the planimetric accuracy does
not need to be better than ± 15 feet because
the point is within the crown of the tree with
this specification. The first conclusion can be
is that a rectified photograph or photo-map
would be ideal for this purpose because the
identification on this map is positive and the
accuracy of this photo-map can be obtained
within the above limit.

The accuracy of the elevation of these ob
jects related to the planes should be greater
than that of mention of the planimetry. The
required accuracy can be specified as ± 1 foot.
This accuracy can be obtained photogram
metrically, for example, if one uses Kelsh
plotter and the model scale is 1 inch = 100
feet. The accuracy of the elevation read at a
point is about the above mentioned value.

The conclusion of this problem analysis is
that the clear zone study can be performed
photog.-ammetrically, and the application of
photogrammetry has the advantage that the
time required for this study is approximately
one tenth of the time needed by a conven
tional ground survey, particularly if large
numbers of objects violate the clear zone.
The economy is better by an estimated 1: 7
to 1: 10 ratio.

PHOTOGRAMMETRTC METHOD

The actual photogrammetric process was
established by Harry P. Jones Associates,
Inc., within the contract by Port 01 Portland
Commission, associated with the extention
of Portland I nternational Airport.

The site was studied on a USGS quadrangle
map with respect to the .-elative elevations on
the ground and to the required photo-cover
age. The elevation of the airport runways is
17 feet above mean sea level and the eleva
tion of the end of the clear zone is abou t 200
feet abo\'e sea level. The area was covered by
eight photographs or seven models, (see
Figure I-C) assuming a photograph scale of
1 inch = 500 feet, which was determined by
the accuracy requirement for elevations. The
maJ-.imum relative ground elevation on a
single photog.-aph was found to be 60 feet,
and in a stereo model, somewhat more than
30 feet.

These data determine the choice of the
aerial camera. A camera with 8 1/4-inch focal

length would be more suitable for the photo
map because the image displacement due to
relative elevation of the g.-ound would be
considerably smaller than on photographs
taken with a camera of 6-inch focal length.
However, the base height ratio of 8 1/4-inch
photographs is far less favorable than that
of 6-inch photographs. Because elevation
accuracy which is a function of base-height
ratio, is .-ather important, the a.-ea was flown
with Zeiss RMK-A-15/23 camera (which has
a 6-inch focal length) at a flying height of
3100 feet above sea level. \\'ith these data
and those of .-elative ground elevations, the
maximum image displacement due to the re
lief was analyzed, and it was decided that the
rectification will be performed by models
rathe.- than by photographs in order to reduce
this displacement. The maximum image dis
placement for one-half a photograph (a
model) was computed and found to be about
±0.02 inch on the photograph, or ± 10 feet
on the ground. In this computation, it was
assumed that the elevation of the plane of rec
tification corresponds to the middle elevation
of the ground covered by the part of the
photograph in question. The maximum value
of image displacement, ±0.02 inch, on the
photograph corresponds to 0.10 inch on the
map after the five-time magnification; this
value is considered permissible.

The ground control points were signalized
before the flight, and thei.- positions were
determined by Electrotape \\'ild T-2 theodo
lite measu.-ement, and by leveling.

The photogram metric process in the Kelsh
plotter began with the usual relative and ab
solute orientations, utilizing the ground con
trol points. On the first working sheet addi
tional controls, such as fence corners, st.-eet
inte.-sections, etc., were plotted for rectifica
tion. Further, on this sheet an arbitrary coo.-
dinate system was selected and all the g.-ound
control was dete.-mined in this new system.
This arbitrary coordinate system was ori
ented in such a way that the origin of the
system coincided with the beginning of the
free zone, and the x-axis was identical with
the extended center line of the nl1lway, or
the center line of the clear zone. By knowing
the horizontal position of the ground control
in this arbit.-a.-y system, the elevations of the
ground control were transfo.-med so that the
clear zone slope was assumed as the datum
plane having ze.-o elevation. The Kelsh
plotter then was .-eoriented, as far as the ab
solute orientation is concerned, to this new
coordinate system. This resulted in a rotation
of the stereo-model around the axis of the be-



976 PHOTOGRAMMETRIC ENGINEERING

FIG. 2. Rectified photographs overlayed with a work sheet.

ginning of the clear zone and having a slope
of 40: 1 in negative direction. The stereo
model was scanned, and the elevations of any
object with 20 feet under or above the zero
elevation was determined. The location of
these objects as well as the location of control
points were plotted on a new work scribe coat
sheet. The working sheet indicated the X
axis of the arbitrary coordinate system as
well as the outlines of the clear zone slope
and the transitional surfaces.

The work proceeded in accordance with
the previously described method to the end
of the clear zone. The resul t of the i nstru
mental process then was two working sheets;
one oriented to sea level containing the X
axis of arbi trary coordinate system and the
additional controls; the second sheet in
corporated the location of ground controls,
the X-dxis of the arbitrary system, and the
location and elevation of the objects that
were above or20 feet below the clear zone slope.
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The rectification of the photographs was
made from working sheet number 1, finding
the best fit to the controls, and the result is
given by Figure 2. The rectification was per
formed on a mylar sheet permitting copies of
blueprints or sepias.

The second working sheet underwent a
further reduction as far as the elevation of
the points is concerned. The elevations of ob
jects determined by the Kelsh-plotter were
referred to the elevation of clear zone slope as
zero regardless of their locations. Conse
quently, the elevations of objects located in
the area of transitional surfaces needed to be
modified so that the transitional surface is at
datum, or the zero plane. This modification
was performed graphically by constructing a
graph to read the elevation difference be
tween the elevation of clear zone slope at an
object in question and the elevation of trans
itional surface at that location. After this re
duction of elevations, all the information of
the second working sheet was scribed and a
copy was made on a transparent sheet of film.

The final result consisted of the sheets of
rectified photographs on mylar film, and the
second working sheet on transparen t film, as
an overlay. These two were identified by the
location of ground controls, and their correct
matching was indicated by crosses at the
corners. This final result is given by Figure 2.

EVAL ATIO);' AND CONCLUSION

The rectified photographs as well as the
elevations determined were checked at the
completion of the job. I t was found that the

accuracy was very close to that expected. 1t
was found that on the rectified photographs
the maximum de\'iation in location exceeded
the 1/10 inch in some extreme cases. This
discrepancy, however, had no effect on the
positive identification of the point given by
the elevation.

The elevations were correct to the nearest
foot for most of the 500 points determined.
At some points, such as narrow trees where
the top of the crown could not be easily
judged by the plotter operator, the discrep
ancy exceeded ± 1 foot.

Economical evaluation of the work has
been performed by comparing the actual
man-hours invested during the photogram
metric process to that estimated for a con
ventional survey. Man-hour requirements
were distributed as follows:

Field survey and presignalization 166 hours
Photogrammetric instrument work 56 hours
Rectification, scribing, and copying 96 hours
Total 318 hours

This compares to the 2700 man-hours
which was estimated would be required if a
conventional survey had been utilized with
the same density as the photogrammetric
work. As a final conclusion therefore, it can
be pointed out that the photogrammetric
process is considerably more economical than
the conventional survey, and furthermore,
the details presented by the photogrammetric
method far surpass that obtainable by con
ventional methods.

(Continued from page 972)

exhibit purposes. The second one was of an
emergency set of flood drainage photographs
with stereo pairs to determine relative water
heights.

Figure 4 indicates the modest tilts of the
helicopter plates oriented in a Kelsh Plotter.
Table 1 indicates the vertical errors obtai ned
from the 3000-foot altitude.

One pat,ticular future job planned by
Scott Engineering for helicopter photography
is a map at 20 feet per inch of a busy city
intersection which includes a cafe parking
problem.

We believe that this technique has a
future and we are interested in comparing
notes with fellow engineers and photogram
metrists on this type of application.
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