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ABSTRACT

B TheuPhot@grgmmgtry and Mapping Eivisi@ﬁ of the
Arizona Highway Department cehducted tests to compare ac-
curaty of results from their Wild RC 8 camera with results
from their Wild RC 9. A Z2l-mile highway relocation project
with 160 points for which state plane coordinates were known
was selected as the test area. The peints were marked with
panels to make them visible @ﬁ aerial photographs, and the
area was photographed with both cameras. The phetographs
were analyzed and state plane coordinates were determined
for all points which could be identified @n-the photographs.
The coordinates from the photographs were compared with the
coordinates from ground sSurveys. Results from the RE 9
photographs were better than these obtained from the RC 8,
but neither set was as good as had been anticipated. Several
of the traverse points and boundary monuments could not be
identified on the phetographs. The errors in coordinates of
the monuments which could be identified were generally well
within limits of accuracy for rural land. Some flight lines
showed what a@peared to be a systematic errer, due probably
to an incerrect positien of one or more eontrol points. A
comparison was also made on four smaller projects. Results

of these were comparable to the main project in accuracy.
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INTRGDUCTION

The Apizana Highway Department depends to a great
exteﬁt upon photogrammetry as a source of_basic engineering
data, and the use of aerial surveys and phetegrammetry by
the Department has been in development for a number of years.

In 1956, the Federal Aid Highway Act was passed and
this carried considerable weight in the development of'the
system of interstate and defenée highways. The demands on
all state highway departments were inereased because of
heavy work loads and short completion schedules. It became
necessary to implement the engineering and planning depart-
ments with the use of photogrammetric methods, since these
could be used to produce adeguate data with fewer personnel
and in less time than conventional methods. |

Photogrammetry is usually associated with mapping,
as this has been the chief application in highway engineer-
ing. Photogrammetric mapping is now extensively used for
route stud?es, lqcation and deéigno

Analytical photogrammetric techniques for obtalning
numerical coordinates of peints are becoming more and more
important as better methods are devised and increased accu~-
racy obtained. Uses of analytical coordinates include con-
trol for comstruction, inventorying as-built coenditions, and
establishment of the location of property corners.

1



Future uses of analytical techniques will probably
include replacement of certain current types of field work,
such as locating utility lines, determining sighﬁ distances,
location of guard rails, landscape planning, and the supple-
menting of other types. This will become more and more im-
portant as the cost of field surveys rises.

Photogrammetry as used by highway departments is
almost entirely a s&stem of mensuration, as ph@to-interpre~
tatien is rarely included. Photogrammetric measurements are
ordinarily recorded in two distinct forms, one of them being
graphical, such as the compilation of maps; the other being

numerical, which includes the establishment of coordinates.

CentinUitV in Highwav Engineering

The planning, construction, and maintenance of a high;

way encompasses a regular schedule of events, from the time a
project is first prop@sed untilAcempletion of the project and
use of the highway. These events inelude reepnnaissance sur;
veying, route planning, location, design, acquisitien of
right—@f;ﬁay, construction, payment of the ceontractors, prep-
aration of as-built drawings, aﬁd.ma;ntenance of the fimnished
projecto.

| Photogrammetry can play a large part in all or almost
all of,these phases. A reconnaissance is norﬁally made for
route planning, and all of the‘p@ssible alternate locatlens

are studied, following which one of the alternates is selected



for more detailed study. A number of factors enter inte the
selection of an alternate, including terrain, land wuse, and
traffic service. In remote areas, terrain would probably

be the dominant factor, while in heavily populated areas,
land use might predominate. Information derived from
photogrammetry can be of highest importance in reconnaissance
studies.

Once a route 1ls selected, the design phase begins.
This again depends on maps with a certain standard of accu-
racy, and these maps can be provided by photogrammetry.
Occasionally in heavily wooded or brushy country, it may be
necessary to check some of the contours by field methods,
but in general the standards can be adequately met by photo-
grammetric mapping procedures.

When the design is completed, the comstruction cen-
terline is staked in the field, and all of the other details
of the design are also transferred to the construction site.

Following construction, photogrammetry again provides

a valuable tool in completing the as-built maps of the project.

Location of Boundary Mbnumentsw

One phase in which photogrammetry has been little
used in Arizona is the determination of the positicns of
boundary monuments for the purpese of rightléf;way éequisiu
tion. Part of the reluctance to use it can be traced to the

uncertain legal status of such determinations, and part to



b
-lack, ﬁntil very recent development, of analytical techniques
which will give coordinates éf points on phot@graphs to with-
in a very small ratie of the flight height.

The acquisitien of land for right-ef-way is necessary
in virtually all highway conétruction projects, and erdinarily
requires an accurate determination of the positions of exist-
ing boundary monuments. In rural areas, these monuments may
be section corners or sectlon subdivisien cerners, while in
urban areas they are usually bleck or lot corners.

The field location of boundary markers is usually
accomplished by ordinary ground survey methods. These methods
include the use of transit, theodelite, and steel meaémring
tape, or more recently, the use of electronic distance meas-
uring deyices. The monuments are located by traversing,
triangulation, trilateratieom, or possibly same\combimatiam
of these methods, so that the monuments may be accurately
plotted en the project maps te determine the relative loca-
tien of the boundary lines and the limiting lines of the area
needed for the construetiom project.

These regularly used methods will yield results with
an accuracy consistent with the requirements of the situatioen,
but they usually invelve a considerable expenditure of funds
for field work; the cost increasing with the accuracy re-

guired, ether things being equal.



New Developments

. In recent years there have been a number of devel@p:
ments in analytical photogrammetry, and additional techniques
are constantly being tried with the aim of improving the
accuracy of the results. New developments have also included
new cameras and their lens systems, new films amnd film emul-
sioens, and stabilized film base. The development of various
computer-coupled analytical plotting systems has been one of
the largest contributors to accuracy in the methods.

‘ In analytical phétogrammetry'a mathematical model is
constructed to represent the relationships between points on
the ground and in the space above the ground, the perspective
center of the lens, and the images on the photographs. This
distinguishes the method from instrumental photogrammetry,
where actual or virtuwal meodels are constructed and measure-
ments taken from the models.

The application of numerical analysis to the mathe-
matical model results in solutions te the problems of camera
orientatien, space resection and orientatien, space inter-
section, and triangulation of strips or blocks of aerial
photographs. 7

The mathematical models ordinarily contain high-~
order polynomials, whose rigorous btreatment depends on com-
puter calculations in order to achievé results within an

economiecal time limit.
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Some of the commercial companies which specialize in
analytical photogrammetry now claim to be able te locate the
horizontal pesitiens of points om photographs with an accuracy
of one ten-thousandth of the flight height above the terrain.
For example, on phetegraphs taken at a flying height of 6000
feet, points could be located within six-~tenths of a foot of

their true positien.

Economy Offered

The location of boundafy monuments by analytical
photogrammetric methods would appear to promise a large
economy, particularly in instances where the field conditions
make it difficult or time:ewnsuming to survey py the usual
methods. However, it is still necessary for photogrammetrie
location to yield results of sufficient accuracy to meet the
requirements and standards of accuracy normally obtained by
.greund survey metheds, because thsse standards are normally
based on the value of the land. In rural areas where land
values are relatively low, third:orderyaecuraéy of traverses
(one in 5000, or approximately one foot per mile) might be
acceptable. Urban property, With much higher values, might
requife closures as precise as 1:100,000 or even 13200,000.

In California, for example, it has been found feasible
to fly at an elevatiom of 300 feet, with helicopters, t@wgb-

tain aerial photographs of urban areas. At this height a



‘ 7
two-inch circle will show up as a target, permitiing accurate
location of urban property cerners.

If it were possible to supplant the regular ground
survey work with analytical photogrammetric metheds for lo-
cating boundary markefs, it would net entirely eliminate
ground, or field, work, as it would Still be necessary to
find the existing monuments, panel them to make-them visible
and identifiable on the photographs, and later to tie them in
to the right-of-way acquisitions. But, still, the photo-
grammetric tie-ins of the existing monuments to the survey
system would in many instances offer a clear-cut economy on
the total survey expenses incurred in highway location and

construction.(Katibah, 19683 Moffitt, 1964; Thompson, 196Lp)°



PLANNING

_ The Arizona Highway_Departmentudoeé a large per-
centage of its mappingvby the use of photogrammetry in the
Photogrammetry and Mapping Division of the department in
Phoenix. ) N

The division uses a Wild RC 8 camera, manufactured
by Wild Heerbrugg Instruments, Inc., of Heerbrugg, Switzer-
land, for most of its aerial photography. 3

After the division purchased a Wild RC 9 camera,
division personnel comnducted an extensive search of photo-
grammetric literature to see whether any tests had been made
to compare the accuracy of photographic point positions on
Wild RC 8 photographs with point peositions on RC 9 photo-
graphs, but no such testswhadbbeen published.

Early in 1967, the division initiated a program to
obtain such a comparison. The point positions determined by
analytical photogrammetric methods on photographs from each
camera would be compared with the positions determined by
ground survey methods. Alse, a check would be made to see
whether the photographic point positions fell within the
limits of one ten-thousandth of the flight height.

One of the early steps was the selection of an area

with a closed network of control peints for which the state



plane coordinates were‘knownp This area was to be photo-
graphed with both the RC & and RC 9 cameras, wnder conditions
as nearly identical as possible. Before phetographing, the
points were to be paneled to permit them to be seen and
identified on the photographs, so a decision on the methed
of paneling and the materials to be used was alse necessary.

Both sets of photographs, together with the coordi-~ -
nates of a few selected control peints, weuld be submitted
to a private firm speecializing in analytical photogrammetry.
The coordinates of the given points would include some along
each flight strip,‘to permit a check on the bridging as the
work progressed. 7

The end photograph of a strip of photographs is set
up and oriented according to given infermation on the hori-
zontal and vertical coordinates of control points at the end
of the strip. Then the next phetograph is aligned and ori-
ented with the firsﬁ one, by making common points on both
photegraphs hold to the same coordinates. A third and more
photographs are added, each time making the points common
ItQ two or more photographs hold to the same common coordi-
nates, until thevehd of the flight strip is reached. The
strip of photographs is called a bridge.

The coordinates and elevations of the withheld
points would be determined independently from the set of

photographs from each of the cameras. The reswults of the
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analytical work would then be compared with the ground survey
determined values for the peints.

The results of the above comparisons would be analyzed
to determine whether ecareful amalytical work with the set of
photographs from either camera would yield horizental coordi-
nates with an accuracy within the commercial claims of hori-
zontal positioning to 1/10,000 of the flight height.

The photegraphlc scale selected was 1 inch = 1060
feet for both cameras, and this determined the flight heights
above the average terrainoM“The flight height for the RC 8
was 6000 feet above the terraim, and that for the RC 9 was
3480 feet, to achieve the desired scale.

| In consequence of this selectlon, horizental posi-
tioning within 1/10,000 of the flight height would mean with-
in six-tenths of a foot for the RC & photography and within
0.348 feet for the RC 9.

The area selected for the test was the proposed re;
constructlan of the Bagdad—H11181de hlghway, State Route 96
Project No. 37@~20l, dob No. 372, located in Yavapai County.
The project is about Z1 miles long and includes approximately
160 survey points whose coordinates and elevations are known
from ground surveys. . Project plahning by photogrammetric
methods had been completed prior to the time of this test

project.
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It was felt that this area with its array of survey
and boundary monuments was typical of those encountered in
the work of the highway department, and that the resultsv
would provide an adequate picture of the capabilities of the

analytical process.

Topography and Alignment

_ The topography of the area is quite rugged and hilly.
Blevations range from approximately 2300 to 4100 feet above
sea level. The route crosses the Santa Maria River valley,
and generally follows the existinghﬁtate‘Highway 96, except
for variations made necessary by the easing of curves and.

grades (Fig. 1).

. _ Gontrel

The contrel points and boundary monuments included
traverse and triangulation stations, bench marks, and section
and quarter:seetieﬁ COTHErs. The.section and quarter;seetion
corners Wer@.located by triamgulati@g, trila@era@ion, and
traversing. A Wild T 2 theodolite was used for angle meas-
urements and a Geodimeter for measurement of distances.
Vertical qontrol was carried by vertical angles and by

leveling with a Zeiss NI 2 level.

Reduction of Data
The ground survey measurements were reduced, bal-

anced, and converted to the state plane coordinate system



Fig. 1. Topographip Map, Bagdad-Hillside Area.
 Scale: 1" = 20 miles ' “

Source: Arizona Highway Department Publication
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13
by means of a series of compubter programs. The total length
of the project was divided into four parts for conversion to
state plane coordinates because of the differences in eleva;
tion. Four grid reduetion factors were assigned, and the
elevatimn_ranges for each grid reduetion_faetervwere: Bivi:
sien 1, BGQO_to.A®0® feet above sea level; EivisiQn 2, 2300
to 3000 feet Division 3, 2900 to 3600 feet, and Division &,
3600 to 4100 feet.

The raw traverse had a total length of 198,685.284
feet. The linear error of clesure was l.bhl feet, for an
order of accuracy of 1:120,855. The angular error of cl@sarev
was 1l.548 seconds, or 0.04L4 seconds per angle for the 35

angles in the traverse. F.

Targets and Paneling

Each of the ground centr@1 p@ints and b@mmdary'monn:
ments was paneled for aerial photography with crossed white
plastic stripso' The strips were one foot wide and 10 feet
long. Some of these targets were modified later by the ad;
dition te each arm of a five foot strip, 22 inches wide.
These are shown in Figures 2 and 3.

The strips were held in place on the ground with
spikes, lath, and occasionally with rocks, depending on the

soil conditions.
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16
~ Lameras

As discussed earlier, two cameras were used to phota;
graph the project, the Wild RC & and the Wild RC 9.

The Wild RC & is classed as a Wide;angle camera, as
it has a lens angle of 90 degrees. It takes a nine by nine
inch photograph, with a lens system having a focal length
of 152 millimeters.

The Wild RC 9 is classed as a super;wide;angle cam-
era, since it has a lens angle of 120 degrees. It also takes
a nine by nine inch photograph, with a lens system having a
focal length éf 88 millimeters.

Both cameras are provided with internal lighting
systems which expose the fiducial marks onto the film at the
instant of exposure of each photograph. The fiducial marks
are small crosses at the corners of the photographs. By
drawing diagonal liﬁes through the fidueial marks, the center
of each photograph, known as the prineipal point, can be
estabiished9 since this is needed in the analytical work.

N ~ Since the completion of this project, the RC & cam-
era has had four additional fiducial marks added to the mid-
points of the edgés of the photograph, giving better film
shrinkage determination for calibration of plates for ad-
justment of photographic coordinates.

The internal lighting systems in the cameras also
iliumiﬁate small instruments which show the serial number

of the photograph, the time of the exposure, and a bull's~eye
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level bubble which records any tilt of the camera. Hach of .

these is recorded on every photograph.

Flight ILines

| The project area Was'divided into seven flight }ines
for photography. For each flight line, the elevati@n of the
average terrain was established, and frem this the flight
height was determined. This was set at 6@@@ feet above the
average terrain for the RC 9 camera, as previously discussed.
The flight lines and distribution of control points are shown

in PFigure 4.
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FLYING AND PHOTOGRAPHY

- Paneling of all the targets was completed by the
middle of July, but inclement weather delayed the flights
‘for several days after the panéls had been placed. There
was nearly a week of rain, wind, and cloudy overcast which
prevented photegraphic flying. 0On July 20 the weather emn:
ditions turned favorable and the job was flown and photo;
graphed with both cameras. Iach camera was flown in its
own airplane, and the flights were closely coordinated to
minimize differences in atmospheric refractien.

~ The negatives were processed at the Photogrammetry
and Mapping Bivision*s laboeratory in Phoenix. Nine by nine
inch contact prints were available for inspection on July 21,

the day after the flights.

_Examinatien_of First Photographs

On examination of the cemtact prints from the RC 8,
it was observed that the fiducial marks were absent on all
?h@tographs,ralthough the topographic detall was properly
exposed. The prints were examined for visibility of panell
ing on the targets, and many panels appeared partially ob-
scured and gifficult to identify.

| As a result of these conditions, a decision was made
to field check some of the paneling, and of course to

21



R_2
investigate the cause of the missing fidueial marks, as it
would be neces$ary to re-photograph the project.

The internal electrical circuitry of the RC & cam-
era was tested and found to be in order. The light bulbs
for the fiducial marks lighted when tested, but all of them
appeared to be somewhat darkened from use. The bulbs were
replaced, as this appeared to be the only possible sourece
of trouble, and this remedied the deficiency in the fidu-

cial marks, as it was later determined.

Modification of Pgneling

On July 24 the panels on many of the points in the
field were checked to see whether panel visibility could
be improved for re:phetographingo -Gnt of the 4O to 45
points which were checked, it was noted that sand, silt
and dust had partially covered or obscured some of the
panels during the bad weather which had delayed the flights.
Alse, some of ﬁhe panels had been displaced by wind and
weather, and some by a field survey crew who twas'unaware
that the photegraphy had not been completed. It was esti-
mated that 20 to 25 per cent of the points were affected.

Many of the points were repaneled, and it was at
this time that some of the panels were extended with a 22;
inch by 5-foot extemsion to each arm of the cross.

It would no doubt have been better if all of the

panels could have been examined to ensure that they were
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still properly positiocned and unebscured, but time and man-

power were not available to complete this.

Re~flving

On July 25, the day after the points were field
checked and the paneiing cleaned up_and improved, weather
conditions were favorable and the job was re;flown and re;
photographed with both cameras, using the same alrcraft and
' photographic data as on the previoﬁs flights. The ph@t@-
graphs from this second series of flights were technically
acceptable, visibility of the targets was considerably
improved, and these sets of photographs were the ones used

in the analysis (Figs. 5 through 16).



Fig. 5. RC 8 Photograph, Flight Line 1, Photograph 1.
Zé& Horizontal and Vertical Control Point

<:> Vertical Control Point

Section Corner
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Fig. 6. RC & Photograph, Flight Line 1, Photograph 2.
Zfzk Horizontal and Vertical Control Point

(:) Vertical Control Point

Section Corner
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Fig. 7. RC 8 Photograph, Flight Line 1, Photograph 3.
z{}x Horizohtal and Vertical Control Point

<:> Veftical Control Point

Bection Corner
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Fig. 8. RC 8 Photograph, Flight Line 1, Photograph 4.
Zﬁﬁ Horizontal and Vertical Control Point

(:) Vertical Control Point

Section Corner
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Fig. 9. RC 8 Photograph, Flight Line 1, Photograph 5.
Horizontal and Vertical Control Point

Vertical Control Polnt

O P

Section Corner
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Fig. 10. RC 8 Photograph, Flight Line 1, Photograph 6.
Zﬁﬁ Horizontal and Vertical Contrel Point

(:) Vertical Contrel Point

Section Corner
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Fig. 11. RC 9 Photograph, Flight Line 1, Photograph 1.
Z{}; Horizontal and Vertical Control Point

<:>‘ Vertical Control Peint

Bection Corner
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Fig. 12. RC 9 Photograph, Flight Line 1, Photograph 2.
[ﬁﬁ Horizontal and Vertical Control Point

(:) Vertical Control Point

Section Corner
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Fig. 13. RC 9 Photograph, Flight Line 1, Photograph 3.
Zﬁk Horizontal and Vertical Control Point

<:> Vertical Control Point

Section Corner )
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Fig. 14. RC 9 Photograph, Flight Line 1, Photograph L.

Zﬁ& Horizontal and Vertical Control Point

<:> Vertical Control Point

Section Corner
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Pig. 15. RC 9 Photograph, Flight Line 1, Photograph 5.
Zﬁx Horizental and Vertical Control Point

<:> Vertieal Control Point

Section Corner
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Fig. 16. RC 9 Photograph, Flight Line 1, Photograph 6.
Zﬁ& Horizontal and Vertical Control Point

<:> Vertical Control Point

Bection Corner
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ANALYSIS OF PHOTOGRAPHS

Contact prints from both the RC 8 and RC 9 photo-
graphs were examined and paneled points were marked for )
recognition and identification. In addition, the Arizona
stéte plane coordinates of a series of control points were
tabulated for submission te the commercial firm which was
to do the analysis.

The photographs and_centrgl were submitted teo
Geotroniecs, A Teledyne Company, 1000 South Magnolia, Mon-
r'ovié.v9 Galifornia'Ql@lé, for analysis and determination of
horizental and vertical coordinates of the points for which
no data were supplied.

For technical reasons im the laboratery of Geotronics
it was necessary to assign new identities to the stations,
rather than use those assigned by the Photogrammetry and
Mapping Division. The column headings in Tables 1 and 2
reflect this, in giving both the Photogrammetry andlmapping
‘Division station and the Geotronics station. | |

Using an analytical bridging technique, technicians
at Geotronics started with the established control coordi~
nates and set up models for each flight strip. In this
technique it was passible to read out values of the_horiu

zontal and vertical coordinates of the points by means of

36



Table'l°

Analysis of CGoordinate Differences, Wild RC 8 Camera, Bagdad-Hillside Project.

Btation
Flight ) s DY |  Radial
Line 1 P& M - ¥ - T DX DY?  DXR4DY?  Vector
10002 Nell 0.7k 2.088 0.55h  4.360 L.9lk  2.213
10006 W12 0.37h 0.564 0.140  0.318 0.458  0.676
10008 Nellk 0.751 1464  0.56L4 2.143 2.707  1.641
10009 NW-13  0.297 . | 0.166  0.088  0.028 0.116  0.339
10011 Bag-N  0.333 0.228 0,111  0.052 0,163  0.403
10012 W-13  0.208 0.415  0.043  0.172  0.215 0.463
10014 N-2L 0.472 : 0,223 0,601 0.82k 0,907

2.428 0.751 2.055 1.723. 7.67% 9.397 6042
Flight
Line 2
10021 W-19 0.274 . 0,169 0.075  0.029 0,104 0.322
10022 MW-30  0.836 0.443 0,699  0.196

0.836 0.27F, 0.169 0.44k3  0.77k  0.225
Flight
Line 3 v
10029 W-29  0.588 0.431  0.346  0.186 0.532 0.730
10030 372-A-1 0,508 0.443  0.258  0.19 0.454  0.673



Table T--Continued.

RC & Camera

Radial

Line 3 PamM T B — Dx? py?  Dx?4py?  Veoter
10031 372-A-2 0.771 0.689  0.594  0.475 1.069  1.032
10032 372-A-3  0.104 0.379  0.011  O.lkk  0.155  0.393
10033 372-A-k  0.585 0.911  0.342  0.830 1.172  1.080
10035 372-B-1  0.135 0.734  0.018  0.539 0,557 0745
10036 372-B-2  0.473 0.91k  0.224  0.835 1.059  1.025
10037 372-B~3 0.183 1.046 0,033 © 1.09%4 1.127 1.060
10039 372-B-5  0.979 0.58%  0.958  0.341 1.299  1.136
10040 | 572-B<6 0.057 0.812  0.003  0.659 0.662  0.788
10041 -~ 372-B=7  0.400 0.89  0.160  0.799 0.959  0.978
10042 372-6-1 0.092 0.908  0.008  0.824,  0.832 0.912
10043 372-6-2 0.022 0.880  0.000  0.774 0.77h  0.880
10046 N-3k 0.551 1,366  0.304  1.866 2.170  1.470
10052 NW-33  0.241 0.697  0.058  0.486 0.54, 0,736
i0953 NW-31 ?“3?? — | g&igg 0.789 0,095  0.88k
5.06k 1.593  0.000 11.99 L. 106  10.143  1L.259
Flight.
Line % | 5
10051 =35 0.509 0.092  0.259 0,008 0,267 0.516- O



Table L-~Continuede-

RC! 8 :Camera

§%E§h2 P& W —= ¥ —= T DX< BY? _ DXR+Dpy? %22%?%
10055 372-D-1  0.051 0.976  0.003  0.953  0.95 0.977
10056 372-D-1 0.175 0.057  0.031L  0.003 0.03, 0.18k
10057 372-E 0.256 0.258  0.066  0.067 0.133 0.36k
10058 372-E-1 0.518  0.5Lk 0.268  0.26l 0.532  0.729
10059 372-F-1 0.670 0.050  0.449  ©0.003 0.452 0.671
10060 NW-2 0.590  0.499 0.348  0.249 0,597 0,771
10061 372-F-2 | 0.740 0,110 0.548  0.012 0.560  0.747
10062 N-2 0.090 0.589 0.008 0.347 0.355 0.595
10063 372-F=3 0.621 0,564 0.386  0.318 0.704 0.838
10064 372-G 0.289  0.186 0.08,  0.035 0.119  0.3Lk
10066 WW-12 0,032 0.526  ©.001  0.279 0.280 0.528
10069 372-H~1 0.721 0.205  0.520  0.042 0.562  0.749
10070 372-H-3  0.360 0.204 0.130  0.042 0.172  0.klh
10072 372-I-1 0.006  0.149 0.000 = 0.022 0.022  0.149
10073 372-I-2  0.4h2 0.281 0.195  0.079 0.27h  0.522
10075 NW-13  0.238 0.765  0.057  0.585 0.642 0.800
16076 372-d-1  0.489 0.674  0.239  0.454 0.693 0.832 ‘0



Table l--Continued. RC 8 Camera

Flight DX DY o | Radial
Line 4 P& M - ¥ - T DX DPYR  DXR+DY?  Vector
16077 372;J 0.418 0.539  0.175 0,291 0.466 0.682
10078 372-3-2 0,906 0.554  0.821  0.307 1.128 1,060
10079 372-J-3 0.830 0,607 0.689  0.368 1,057  1.024
10080 372-T-47 1,638 0. 465 2,683 0,216 2.899 1.698
6.003 4.586  3.096 5770 7.-960  L.94L  12.90L 15.193
i0088 | 372-K-1 0,740 0.550  0.548 0,302 0.850 0.921
10089 ‘372¥K=2 1,091 1,160 1.190 1.346 20536 1.589
10090 372;p 1.618 1.108  2.618  1.228 3.846  1.954
10091 372-L-1 1.606 0.498 2,579 0.248 2.827  1.677
10092 NW-19 2.023 0.654 L .092 0.428 Lo520 2,121
10093 372-T-59 ®.535 1.149 0.286 1.320 1.606  1.26L4
10094 372-1-3 1.375 00916 1.891 0,839 2,730  1.650
10095 372-L~k o441 0.753 2,076 0,567 2.643 1.621
10097  372-M  0.755 0.931  0.570  0.867  1.437 1,195
10098 372-M-1 1.041 1.258  1.084  1.582 2,666  1.631
10099 NW-20 0.693 1,111 0.480  1.234 1.714  1.306



Table l--Céntinued.

RC 8 Camera

0,000 - 0.104 21.799

66,852

Line s Pau - e —— DX? DY ___ DX?4DY? %ﬁ%
10100 372-M-2  1.831 1.618  3.352  2.618 . 5.970  2.435
10101 372-M-3  1.218 1.951 © 1.48k  3.806 5.290 2,294
10102 372-l-4  2.286 1.050  5.226  1.102 6.328  2.513
10104 ~ 372-M-5  ©.929 1.111  0.863  1.23L 2.097  Ll.bbl

10106 372-M-6  1.391 0.708  1.935  0.501 2.436  1.558
10107 372-N-1  1.434 0.983  2.056  0.966  3.022 1.737
- 10108 37258 0.915 0.973  0.837  0.947 1.78L  1.33L
10109 372-N-2  1.912 0.781  3.656  0.610 4.266  2.060

10112 372-H~3 0.825 0.594 0,681  0.353 1,034  1.014 .
10113 M-21 1,631 0.661  2.660  0.437  3.097 1.75h
10115 372-P  0.313 0,160  0.098 0,028  0.126  0.35k
10116 N-21  1.013 0.165 1,026  0.027 1.053  1.024
10122 372-51  0.626 0.104 | 0.392  0.011 0.403 0.635
10123 N-20 1,294 0.947 1.67L4 0.897 2,571 _1.601
30.536 k3.35L  23.498 38.686

N



Table l--Continued. RC 8 Camera

Radial

g%ighg P& M ?X + - o T DXR DY2 DXZ+DYZ  Vector
10130 W-25 0.101 1.500  0.010 2,250 2,260 1,500
10147 372552 1.380 0.966 1.904,  0.933  2.837 1.680
10148 N-22 1,620 1.216 2.62h  1.479 - 4.103 - 2.021
10149 3725 0,59 0.353  0.801 1.154  1.070
10150 372-T 1.016 1.032  0.301 i°333, 1.151
10102 26 3.59% ?:8?? 3.182 933 2428 i%f%%% gf%%%
Flight
Line 7 |
10136 =30 0,534 0.131  0.285  0.017 0.302 0.548
10137 372:W' 0,103 0,806 0,011 0,650 0.661 0.812
10139 W-29 0.214 0.032  0.046  0.001 0.047 0.216
10140 372-Y 0.243 0.035  0.059  0.001 0.060  0.24L
10141 NW-32 0.137 0.229  0.019  0.052 0.071  0.266
TOTALS 9,352 9.462 7,007 64.899  53.493 119.392 87.388

L9472

4



Table 2.

Analysis of

Coordinate Differences, Wild RC 9 Camera, Bagdad-Hillside Project.

_Statieh _ o

Flight DX i . . . PRadial

Iine 1 P & I = ¥ = F DX DY?  DXR4DY?  Vector

10002 N-11 0.717 0. 427 0.513 0.182 0.695 0.83L

10006 W-12 0.182 0.604 0,033 0,365 0.398 0.631

16008 N-1h 0.636 0.949 0. 406 0.960 1.306  1.142

10009 NW-13 0.922 0.185 0.850  0.034 0.884 0.940

160011 Bag-N 0.596 0.038 0.355 0.001 0.356 0.596

10012 W-13 - 0.094 0.211 0.009 0.220 0.469

6t§§§ T.41L 2.368 T.491 3.859 L.612

Flight

Line 2

10021 W—-l@ lo 589 00199 20 52}4— 0@1‘1-0 20 561{; lo 598

10022 NW~30 0.603 0,100  0.364  0.010 0.37h 0,611
0.000 2.102 0,199 0. 100 2,888 .050 Eﬁ%%% 2,200

Flight -

Line : N

10029 W-29 0.304 0.376  0.092 9,142 0.234 0.483

10030 372-A-1 0.374 0.253 0.121 0.061 0.185 0.430

10031 372-A-2 0.629 0.010 0.396 0.000 0.396 0.629

e



Table 2--Gontinued. RC 9 Camera

Radial

Line 3 Paw —— = — Dx? DY BX? DY  Vector
10032 B?B:A:B 0,461 Q. 17k 0.213  0.030 0.243  0.493
10033 372-A-l 0.161 0.38 0,026 0,149 0.175  0.418
10035 372-B-1 0.369 - 0.218 0.136 0.048 0.184  0.429
10036 372-B-2 0.021 0.515 0.000 0,255 0.255 0,515
10037  372-B-3  0.120 0.125 0,014  0.016 0.030 0,173
10039 372-B-5 0.918 0.057  0.842 0,003 0.845 0,919
10040 372-B-6 0.199 0.345  0.0,0  0.119 0.159 ©.398
10041 372-B-7 0. 404 0.418  0.163  0.175 0.338  0.581
10042 372-C-1 0.230 0.703  0.051  0.494 0.545 0.738
10043 372-C-2 0,12k 0.163  0.015 0,027 0.042  0.205
10046 N34 0.084 0,781 0.007 0.610 0.617 0.785
10052 NW-33 0,05 - 0,009 0.003  0.000 0,003 0.054
3.405 1.020  0.96L  3.572  2.119  2.132 L.251 7,249
- Flight
10054 NW-35 0,119  0.442 0.01h 0,195 0.209  0.457
10055 372-D-1 0.626 0.033 0.393  0.001 0.394  0.627
10056 372-D- 0,210 0.658 0.044 0,434 0.478 0,691

=
B



Table 2--Continued. RC 9 Camera

Radial

f%i%@i P & M — = T 1) G pY? _ DX*DY? __ Vector
10057 372-E 0.387 0.513 0.150  ©.263 0.413 30643
10058 372-E-1 0. 2hk 1.067 0.060  1.141 1,201  1.095
10059 372-E-1 O.LL3 0.734 0.197 0.539 0.736 ©.857
10060 NW-2 0. 54k 1.143 0.296 1.313 1.609  1.267
10061 372-F-2 00457 0.773 0.209  0.600 0.809 ©.899
10062 N-2 1,011 0.745 1.622 0,555 1.577 1.253
10063 372-F-3 0.209 0.738 0.04h  0.544 0.588  0.766
1006. 372-G 0.217 0.259 | 0,047 0.067 0.114k  0.337
10066 NW-12 . 0.962 0.520  0.925 0,271 1.196 1,091
10069 372-H-1 0,142 0,002  ©0.020  0.0600 0.020 0.142
10070 372-H-3 1.269 0.204 1,613 0.042 1.655 1.285
10071 - 372-I 0,716 092A9 0.514 0.062 0.576  0.759
10072 372-I-1 0.455 0.173 0,208 0,030 0.238  0.487
10073 372-1-2 1.094 0.896 1.200  0.803' 2.003  1.415
10074 372-1I-3 1.160 0,052 1.348 0.003 1.351  1.160
10075  mW-13 0.720 0.352 0,520 0,124 0.64, 0.802
106076 372-J-1 0.581 0.103 0.338 0,011 0.349 0.590



Tablg 2w=®ontinuedgl RC 9 Camera

0.460

i%iihi P & M 2 —— DX? 072 pxP4nr?  Vester
1077 1372-3 0,228 0.088 0.052  0.001 0,053 0,230
10078 372-J-2 0,282 0,149  0.080  0.022 0.102  0.319
+ 10079 372-0-3 1,019 0.138 1.040  0.019 1.059  1.260
Flight
10088 372-K-1 0,037 0.158 0,001  0.025 0.026 0,161
10089 372-K-2 0,010 0.559 ~ 0.000  0.313 0.313 0.559
10090 372-L 0,821 0.450  0.675  0.203 0.878  0.937
10091 372-L-1 0,683 1,006  0.467  1.015 1.482  1.217
10092 NW-19 0.692 0.912 - 0.479  0.832 1.311  1.143
10093 372-T-59 0.985 ‘ 0.382  0.970  0.1k6 1.116  1.053
1009 372-1-3 0,661 0,018 | 0.442  0.000 0.442 0,664
10095 372-L-k 0.627 0.370  0.39%  0.137  0.531 0,729
10097 372-M . 1.158 0,070 1.340  0.005 1,345  1.159
10098 372-M-1 0,845 0.7Lh 0,212 0.926  0.967

of



Table 2--C®ntinued, RC 9 Camera

Flight - BX - DY

Line 5 P& = 3 — T Dx? Y2 | Dx20r?  Gesver
10099 NW-20 1.439 0.465 2,070  0.216 2,286  1.510
10100 372-M-2  1.195 0.258 | 1.435  0.067 1,502 1.225
10101 372-M-3 0.713 0.586 0.510 00344 0.854 0.925
10102 372-U-,  1.070 0,293 1.145  0.086 1.231 1.108
10104 372-M-5 0.516 0.028 0,267  0.001 0,267 0,517
10106 372-10-6 0.067 0.076  0.00,  0.006 0.010 0.101
10107 372-N-1 0.805 0.052  0.649  0.003 0.652 0,808
10109  372-N-2 0.712 0.181  ©.517  0.033 0.550 -0.741
10112 372-N-3 0.127 0.249 0.015  0.062  0.077 0,277
10113 NW-21 0.163 . 0.285  0.026  0.082  ©0.108 0,328
10115 372-P 0.24,1  0.65k 0.058  0.428  0.486 0.697
10116 §¥-21 0.315 0.232 0,099  0.054  0.153 0,391
10120 NW-22 0.741 0.512 0.550  0.262 0.812 0,901
10122 372-51 0.003 0.225  0.000  0.051 0,051 0.225
10123 N-20 0,156 0.109  ©0.02,  0.012  0.036
10128 372-N 0.777 0.456 0,60k  0.208 0,812

: I5.316 0.2,  Z2.I5I  6.895 I3.455  1L.803  T18.258

L



Table 2~=Continued.

RC 9 Camera

Flight DX - DY | | Radial
Line 6 P & M - ¥ - ¥ DX DY?  DXR4DY? _ Vector
10130 W-25 0. 24l 1,06k 0.060  1.135 1,195 1.092
10147 372-52 0.791 0.855 0,626 0,730 1.356  1.162
10148 N-22 0.15k 1.641 0,024  0.411 0.435 0.659
10149 372-8 0,007 0.606  0.000  0.367 0.367 0,606
10150 372-T 0.150 0.544  0.022  0.296 0,318  0.564
10152 N-26 0,161 0,288  0.026  0.083 0.109 0.330
T.I96 ©.311 1.705 2.393 0.758  3.022 3.780 Lokl3
10136 NW-30 0,208  0.828 0.043  0.686 0.729 0,853
10137 372§w Ookh7 0,359 0,200  0.129 0.329  0.573
10139 W-29 0.575 . 0.165 0.331  0.027  0.358 0,598
10140 372-Y 0.142 0.076  0.020 0,006 - 0,026 0,161
1oL W22 oo TSt T.352 5 0% oee | v '%f%%%
TOTALS  33.834 6.053 16.608 32.620 19.428  52.050 59.051

15421
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‘a coordinate digitizing system. This consists of an
electronic-mechanical linkage by means of which a position
on a space m@del'can be located mechanically, and the co-
ordinates of the position read directly from the indicating
dials of the uvnit, and the ceordinates can also be punched
ento tape for input té a computer.

After the bridged models were set up and oriented,
the control points were checked and coordinates read aqd
compared with the given data. Adjustments were then made
to bring the root mean squére of the residual differences
to a minimum. It was not‘possible to get every control
point to fall exactly on its given coordinates, for a
number of reasons. These include aberration in the lens
systems, variatiens ig atmospheric refraction, small but
unavoidable differential shrinkage in the film base, and
other small random errors.

Next, the horizontal and vertical coerdinates were
determined for each pageled point that c@uld be observed
in the models, ahd these values were tabulated (Tables 1
through 5). |

Upon completion of the analytical work, the results
were returned to the Photogrammetry and Mapping Division in

Phoenix.
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Table 3. Summary of Analyses, lagdad H11151de Project.

- - — RO B o

~ Average Error of Coordinates - DX 57-00478 —9033
DY = 4+0.446 =0.014
Standard Error of Coordinates DX = 09879V 0.394
DY = 0,798 0.234
Maximum Error of Goordinates DX = -2.286 +1.589
DY = +1.951 -1.143

Average Radial Vector 1.040 0.703
Meximum Radial Vector 2.513 1.598
Position Accuracy 135770 124936

(Average Rad. Veco/Fl:Lvht Ht. ) |
Btandard Brror of Radial Vector 1.439 0,790




Table 4.

51

Blevatien Comparlson, RC 8 Photon’raphy9 Bagdad-

Hillside PTOJeCu

Stétlon Flg%iviggggy %ﬁi&ggéggl DZ DZ<
Bag—@ 3653.171 3653.000 0,171 0,0292
Bag-l 3486.235 3486.200 ~0,035 0.0012
Bag-N 3529.681 3529.031 ~0.650 0.4225
Bag-L 3502.067 3502.100 +0.033 0.0011
Bag-K 3408.537 3408 . 500 ~0.037 0.0014
Bag-I 3098.759 3098.191 ~0.568 0.3230
372-A 3118.925 © 3118.900 ~0.025 0,0006
372-B 3024.691 3024.200 -0.491 0.2411
372-D . 2626 .000 2626 ,000 10,1000 0.0000
372-E 2624.50 2623745 -0,755 0.5700
372-F 2568.710 2569, 064 +0.354 0.1253

 372-G 2389,03 2390.231 +1.201 1.4450
372-F 2359.91 2359.313 ~0.697 0.4858
372~ 2356.76 2356.,801 +0.041 0.0017
372-K 2415.162 24,15.200 +0.038 0,001k -
372-L 2170.255 21,70.462 +0.207  0.0428
372~M 2546.165 2546 . 2Lk +0.089 0.0079
372-N 28L41.24L 2841.200 -0, 0Lk 0.0019
372-0 3012.388 3012. 400 +0.012 0.0001
372-P 3243.710 3243.065 ~0.645 0. 4160
372-Q 3268.803 3268.800 -0.003 0.0000
372-8 3552,377 35530534 +1.157 1.3386



Table L--Continued

372-T
372-U
372-V
372-W

372-X%
372-Y

Pat

3579.142
3778.514
4037, 581
3997575
3996, 850
3964.618
3927.476

3580.227
3778.500
4037 .600
3997.616
3996.800

39614'0 481
3927 . 400

+1.085
-0.014

+0.019

+0.041
~-0.050
-0.137

=0.076 - .
8,675

52

1.1772
0.0002

0 .0004
65,0017
0.0025
0.0188

Mean DZ = 8.675/29 = 0,299 feet

Standard Error m'V5;5632729 = Q.479 feet
6032/812 = 0,091 feet

Standard Brror of Mean =
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Table 5. Elevation Comparison, RC 9 Photography, Bagdad-

Hillside Project.

Field Survey

Analytical

372-8

Station Elevation BElevation DZ DZR
zagQ@ 3653.171 3653 ,000 ~0.171  0.0292
Bag;m 3486.235 3486 .200 -0.035 0.0012
Bag-N 3529.681 3529.321 -0.360  0.1296

,~BagQL 3502.067 3502,100 +0.033 0.0011
Bag-K 3408. 537 3408. 500 0,037  0.00L4
Bag-I 3098.759 3098.139 -0.620  0.3844
372-A 3118.925 3118.900 -0.025  0.0006
37243 3024.691 3024 . 200 ~0.491  0.2411
372-D 2626 .000 2626.000 0.000  0.0000
372-E 2624, 500 2624 o 411 -0.086  0.0074
372-F 2568,710 2569.015 +0.305  0.0930
372-G 2389.030 2389.114 +0.084  0.0071
372-1 - 2359.910 2360.349 +0.439  0.1927
372-d 2356.760 2357.7h8 +0.988  0.9761
372-K 24,15.162 2415.200 +0.038  0.0014
372-L 2470.255 2@70;4@1, +0.146  0.0213
372-M 256,165 R545.651 ~0.51k  0.2642
372-N 2841 .24k 2841.200 -0.04;  0.0019
372-0 3012.388 3012. 400 +0.012  0.0001
372~P‘ 3243.710 3243.315 ~0.395 0.1560
372-Q 3268.803 3268, 800 -0.003  ©.0000

3552.377 3552,598 +0.221  0.0488



Table 5~—€omtinuéd

372-T
3720
372-7
| 372-W
372-X
372-1

Pat

3579.142
377851k
4037581
3997.575
3996. 850
3964.618

3927.476

3579 L8k
3778.500
4037.600
3997.547
3996.800
3965, 471
3927.400

+0.342  0.1170
~0.01L  ©0.0002
+0.019  0.000L
-0.028  0.6008
-0.050 0.0025
+0.853  0.7276
-0.076 ©.0058

6.5429 3.54129

Mean DZ = 6.4R9/29 = 0.222 feet

Standard Error

= V354129729.=,003h3 feet

Standard Error of Mean = V3.4129/812 = 0.065 feet
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INTERPRETATION OF RESULTS

The first step in the interpretation of the results
of the analytical work was to prepare tables éhowing the
X coordinate and Y goordinate of each of the contrel peints
treated in the analysis, and the values of the coordinates
as determined by the ground survey.

The differences between the analytical coordinates
and the ground survey coordinates were then determined, and
the squares of the differences were calculated. This was
necessary both for statistical analysis and in order to
- calculate the radius vector, or aectual total displacement
of the points.(Li, 1965).

It quiékly bgcaﬁe evidemt‘that the displacements
did not fellow the expected random pattern. 7

In Flight Line 1, for the RC 8 camera, six of the
seven peints reeovereds or ldentified for analysis, showed
a negative value for the difference between the X coordinate
as determined from the photographs and the X coordinate as
determined from the.ground sSurveys; ih other words, six of
the seven points were photographically located to the west

of the ground survey points. ‘
| In Flight Lihe 2, only two points were recovered,

so the randemness cannet be determined.
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In Flight Line 3, all 16 of the photogrammetrically |
located points‘were to thé north of the points located by
ground surveys, and 11 of the 16 péimts were west of the
points determimed.by ground surveys.

Flight Line 4 exhibited more of a ramdem character,
with about 50 per cent ef the points located te the nerth ‘
and to the.sauthg and a similar distribution to the east and
west.

‘ - On Flight Line 5, 25 points were recovered in the ana-
lytical work, and 24 of these points were to the northwest of
the points as located on the ground survey.

~ Flight Lines 6 and 7 showed a random distribution of
point locations. . » _ _

The recovery of points on the RC 9 photographs
showed a similar lack)@f randomnessgvpgrticularly on Flight
Lines 4 and 5. On Flight Line k4, 18 of the 24 points were
located photogrametrically to the som@hwest of the ground
survey points, and ®nvF1ight Line 5, 16 of the 25 points
were to the northwest of the ground survey pointso N

) On Flight Line 7, six points were recove?ed and all
of them were to the east of the ground survey locations.

It is apparent from examination of the deviations of
the recovered points that some type of systematic error was
present in the analysis. Whether this error lies in the
analytical work itself, or whether it cam be attributed

wholly or in part te the ground coordinates is speculative.
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Of the 57 section and quarter-sectioﬁ corners on the
project, 29 were recovered in the photogrammetric analysis.
On 20 of the 29, 'the radial vector exceeded six~-tenths of a
foot, or 1/10,000 of the flight height. On over 3L per cent
of the points, the radial vector‘exceeded‘one foot, and on
10 per cent of the points, it exceeded two feet. The figures
in this»paragraph apply to the results of the RC 8'camera,
and include only section and guarter-section cormers.

On the over-all results with the RC 8 camera, 101 of
160 points were recovered, 17 of them used as control points
in the analytical work and 84 of them recovered for com-
parison with ground survey coordinates. On 19 of the 84
points; the radial vector was within six-tenths of a foot
of the ground survey location of the point. - Thirty-eight
of the pointeAhad a radial vector error exceeding one foot,
and seven of the points had a radial vector error exceeding
two feet.

Twenty-seven of the sectlon corners and quarter-section
corners ﬁere recovered--on the.RG 9 photogrammetric analysis.
Of these, seven were within 00348 foot‘of the ground survey
position° Eight were more than one foot in error, and none
was more than two feet in error.

Over-all results with the RC 9 camera showed a total
of 8L points recovered for comparison, plus the 17 control
points, or a total of 101 points recovered. Of the 84 com-

parison points, 17 were within 0.348 foot of the ground survey
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position of their respective points. ZXighteen of the points
had a radial vector error exceeding one fqot, and none of
the points had a radial vector error in excess of two feet.

In terms of the customary metheod of'expressing pre-
cision, for the RC 8 camera, the mean radial vector divided
by the flight height gave a value of 135770 for pesition ac-
curacy. The eerresponding figure for the RC 9 camera position
accuracy was 134936. ‘

The standard error of the coordinates for the RC 8
camera Was 0.879 for the DX coordinates and 0. 798 for the
DY coordlpateso Corresponding values for the RC 9 photo-
- graphs were‘QOBQA for DX'and 0.234 for DY (Table 37

Calculations for the above included the recording of
the ¥ and Y coordinates for the ground survey values of each
point and the analytical values of X and Y. The differences
between the ground survey values and the analytical values
were determined, and tabulated as DX and DY. The DX and DY
values were squared, and the squared values added to obtain
a value of DX2 + DY2 for each point. The square root of
BX2 + EY2 gave the radial veector for each point, and the
square root of the sum of DX% values, divided by the number
of points, gave the root mean square, or standard error for
the DX values, and a similar calculation gave the.standard
error for the DY values.

For each flight line the DX of each point for the

RO & camera was plotted against the DX for the same point as
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determined from the RC 9 photographs. A similar plot was
made for the DY values, to see whether the groupings were
centered around the zZero point of the graph, or whether
there was a definite bias-in one direction or another. For
flight lines where very few poeints were recovered, the
graphs, of course, are trivial, but all of the flight lines
where more thén six or seven points were included show a
definite bias from the zero peint, which again'indicates a
systematic error common to both sets of photographso

This ﬁaturally leads to the conclusion that'an\error
(or errors) of some form exists in the basic ground control
data, most likely one or more displaced targets (Figs. 17.--
through 30). ‘

” Tn comparison between the RC & and the RC 9 in terms
of photographic scale rather than flight height, the RC 9
camera is superior. For a photographic scale of 1 inch =
1000 feet, the rétio of the average radial vector.ta the
scale for the RC 8 is 1004/1090, or 13962. For the RC 9,
the ratio is 0.703/1000, or 131422,
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OTHER PROJECTS

rﬁeveral @th@r_pf@j@gﬁg cf.avmughrsmaller extent were
analyzed in a similar mamner by the Photogrammetry and
Mapping Division, using the analyt%ealwgerviceg-wf Ae:q
Séryicg_@QrpQration, 1136 North Las Pa%maé Avenue, Holly-
wood @alifgrnia 90038. The A?r@-Serviee‘Gorpgrati®n uses
a Zeiss stereocomparator in their analysis.

One of the projects was on the Dewey-Bliss highway,
which was flown @Wi@e with th? R@ 8 camera. One flight was
at an altitude to.give a photographic scale of 1V = 1000°
and the other flight to give a photographic scale of 1% =
500%, At the 1% = 1000° scale, eight section corners were
fee@vered for analytical compariseon, and at the 1% = 500°
scale, 15 corners were recovered.

The standard error of the radial vector for the
1% = 1000° photography was 0.443 feet, and for the 1% =
5007 photography it was 0,769 feet. o

~Results are shown in tabular form in Table 6. No
information was available on elevations for this project.

On the Benson-Mammoth highway, a total of 13 points
was recovered for analytical horizontal position comparisons
with ground survey control. The results are summarized in

tabular form in Ta,ble/“7o In addition to thése, 11 peints

7h



Table 6. Dewey~Bliss Highway.
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" Wild RC 8 6" Focal Length Camera

: , 1% = 10007 1% = 5007
T IiLN R1E. DL DY D DY
W2 -0.157 -0.553 ' )
SW - 2 -0.330 -0,149 -2.221 +0,342
T 14 N-R2E |
W - 33 , +0,680 +0,023
5 ~ 33 : +0.229 -0.475
SW - 33 +0, 509 +0. 421
SW - 32 ~0.152 ~ -0,109
T13 N-R 1+ E :
NW - 1 +1.107 -0.032
TI3 N R2E : .
W - L -0.010 -0.250
N - 5 +0,081 -0,310
SW - 3 -0.231 +0.372 -0.075 +0,121
NW - 11 +0,222 -0.268
TI13 N R3E - : - |
W= 7 +0,116 -0.521 -0.163 - =0.019
SW - 8 +0,155 +0.,308 +0,270 -0.402
S -9 4+0,388 -0,101 +0,029 ~0.657
NW - 15 +0 .25l +0,165 - +0,109  +0.419
NW - 1k +0.356 -0.179 +0,222 +05302
Total DX = 0.566 7,178
Total DYR = 0,909 1.675

' Standard Error DX = V0.566/8 = 0.266 V7T78715 = 0.692

DY = VO.90978 = 0.354 VI.675/15 = 0.335

‘Standard Error of Radial Vector = 0.L443 . 0,769
Arithmetiec Mean DX = +0.069 DX = +0.056
DY = -0,085 DY = -0.061

Analytical work done by Aero Service Corperation.



Benson-Mammoth Highway.
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Table 7.
Wild RC & 6% Focal Length GCamera '
Scale 1% = 10007
Point DX DY DX DYR  DXR+DY? %Zgigi
BL 0+00  +0.31 ~-0.12  0.096 ﬁ;elh 0.110 0.33
POT 2400 -0,07  0.00 0.005 0.000 0.005 0.07
638-2 ~0.69 -0.51 0.L77 0.261  0.738 0.86
638-2X 21,37 -0.4k 1.878  0.19% 2.072 1obh
638-7Y _0.20 -0.94 0.040 0.88 0.92L 0.96
638-8 +0.52  +1.06 0,270 1.122  1.382 1.18
638-10 ~0.77 +0.45 0.592 0.202 0.794 0.89
638-7% +1.22 -0.28 1.488 0.078 1.566 1.25
638-14 +0.59  +0.33 0.348  0.109 0. 457 0.68
NW-10 +0.09 -0.01 0,008 0.000 0.008 9.09
E-18 ~0.42  -0.77 0.176  0.592 0.768 0.88
SW-12 ~0.96 -0.60 0.921 0.360 1.281 1.13
Ry SH ug M 9

~ Btandard Error DX = V6°3®271i«=f@°7®
DY = D30360713 % O.54

Standard Error of Radial Vector = 0.88

Arithmetiec Mean BX

Analytical work done

By

= ~0.34
= -0039

by Aero Serviee Cerperation.
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were recovered for vertical comparis.@n9 which is given in
Teble 8. The standard error of the radial vector on the
horizental comparisoen for this project was 0.88 feet,

A comparison of the results of all seven projects
is given in Ta.bleQ°

Three of the comparison projects have less than 10
points analytically determined, and thus. have little statis-
tical significancéo The other four projects show a position
accuracy ranging between 1/4936 and 1/7800 of the flight
height for the average radial vector.

All of the latter feur projects include one or two
points wheose analytical coordinates differ considerably from
the ground survey coordinates, with the majority of the
points being quite clese in terms of flight height.

Other smaller project comparisons are gilven in

tabular form in Tables 10 and 11,







































