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This investigation concerns the relative accuracy of positions of cadastral 
monuments determined by photogrammetric methods as compared with field 
methods. This is an application of numerical photogrammetry in contrast 
to traditional photogrammetric mapping procedures. 

A second-order ground control .survey, established on the State plane 
coordinate system, was measured through the project area. This control 
was sufficient for photogrammetrically positioning 72 section andquarter
section corners. The 72 corners were also tied to the control by conven
tional field surveying methods as a basis for comparison of the photogram
metrically determined plane coordinate positions. 

Each of the corners and the selected ground control monuments were 
premarked with photographic targets for positive identification on the aerial 
photographs. 

Two scales of aerial photography were employed. Each scale of photog
raphy was used in two different photogrammetric systems; thus, four sets 
of independent position values were developed. The systems employed were 
instrumental photogrammetry using a Zeiss Stereoplanigraph, and analyt
ical photogrammetry using a Mann monocular comparator. 

The results show that error propagation was not proportional to the scale 
of the photography. However, using the scales and procedures described, 
the results in all cases, are considered entirely adequate for this type of 
cadastral survey. Cost records show that the field method costs were about 
200 percent greater than the photogrammetric method costs. 

• PHOTOGRAMMETRY, as a system of measurement in which the output record is 
entirely in numerical terms, has been undergoing a technological evolution which 
promises to increase its scope of applications in scientific and engineering work. In 
numerical photogrammetry, the direct output of the resulting measurements is in terms 
of digital values. This is in contrast to the classical mapping application in which the 
direct output is in graphical terms, such as contour lines and planimetry. 

In the spring of 1964, the California Division of Highways, in cooperation with the 
U.S. Bureau of Public Roads, initiated a project to investigate the application of 
numerical photogrammetry for determining the position of land-surveyed section 
corners. This is a typical right-of-way surveying problem, especially in rural areas, 
which is often difficUlt to accomplish by conventional methods on the ground with any 
real assurance of reliability, not to mention high costs associated with field surveying. 

The project area was a 20-mile section of highway west of Needles, California, in 
open desert where the topography varied from flat valley floors to fairly high, steep
sided mountains (Figs. 1 and 2). The horizontal position of 72 section and quarter
section corners had to be determined on the State plane coordinate system as a basis 
for cadastral computations. 
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Figure 1. Typical mountainous desert terrain. 

The1·e was an existing second-order traverse throughout the length of the survey 
project with monuments located at intervals of approximately ½ to 1 mile. This tra
verse, as measured by geodimeter-theodolite procedures, had been positioned on the 
ground for highway mapping, design, and construction purposes without any considera
tion for the subsequent photogrammetric surveying of section corners, which is the 

Figure 2. Typical flat desert terrain showing flight line marker. 
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subject of this report. It did, however, provide sufficient State plane coordinate con
trol as a framework for accomplishing the section corner survey. 

This survey project was essentially an investigation to determine procedures vs 
accuracy of results . Therefore, it was decided to furnish two scales of aerial photog
raphy- 1: 12, 000 (or 1000 ft/in.) and 1: 18, 000 (or 1500 ~t/ia . ). The 1: 12, 000 scale 
was selected because it would comfortably cover a band more than one mile wide, and 
if the photographic flights were made in a north-south or east-west direction through 
the middle of a row of land survey sections, they would catch all section corners on 
the perimeter. 

The 1: 18, 000 scale was selected because its coverage would be sufficient to photo
graph diagonally opposite section corners regardless of orientation of the flight line 
with respect to the section lines. This second scale would also make it possible to in
vestigate the relative accuracies of positions determined photogrammetrically from 
aerial photography taken from the two different flight heights of 7200 ft and 9000 ft, 
respectively, which were required. The measurements were made by two different 
photogrammetric procedures. The first incorporated stereoscopic analog photogram
metry and the second was completely analytical. Both scales of photography were used 
in both procedures, thus permitting the development of four sets of independent data. 

FIELD WORK 

A search for all of the cadastral survey section corners had to be made and all 
found corners had to be verified. In those instances where a diligent search failed to 
reveal a corner, a reference mark was located in the vicinity of the lost corner for 
ultimately establishing a corner monument after completion of the cadastral computa
tions. Because of the open terrain, intervisibility between a reference mark and an 
existing corner or quarter corner would permit the recovery of a calculated bearing 
for final positioning of a new corner monument from the reference mark. 

When this phase of the field work was completed, the next step was to premark 
each section corner, quarter-section corner, and lost-corner reference mark prior 
to photography with a suitable target so that positive identifications on both scales of 
photography would be assured. The target design and dimension decided upon is shown 
in Figure 3. 

The basic consideration for design of an aerial survey target for recovery of a def
inite object or position on the ground is that the target must define the object or posi
tion as an image point on the photograph. In the adopted target design, the white center 
square was the point to be measured photogrammetrically, To assure that this point 
would be definite on the photograph it was set on a black background. The two white 
legs simply made the target w1ique and distinct from any other possible white on black 
image that might by chance apperu.· on the photograph, and thus aided the photogram
metrist in identification of the point. 
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Figui"e 3. forget design for premcrks (center square is 1 by 1 ft). 



Figure 4. Premark of use & GS monument with 
photogroph i c tcirget. 

Figure 5. e lose-up view of use & GS 
monument. 

Materials for the target had to be durable enough to withstand the elements until 
photography was accomplished, and also had to be as nonreflective as possible 
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to reduce the effect of halation, or the bleeding of white images into darker surrounding 
areas. The materials were selected by the fi-eld crews and consisted of white casting 
plaster for the center square and legs, and diesel fuel for the black patch. It was dis
covered that 2. 5 lb of lampblack mixed with 5 gal of diesel fuel made a very dense back
ground, yet was still thin enough to be applied by spraying with a portable hand-operated 
pump. 

This target design was used for all premarked points including section corners and 
geodimeter control monuments. Figure 4 shows how a USC & GS monument in the 
project area was premarked, which was typical of the premarking of virtually all sec
tion corners on the project. Figure 5 is a close-up view of the monument. Figure 6 
shows the design applied to a geodimeter monument on the paved shoulder of the exist
ing highway. Note that the black patch was omitted because of the black asphalt paving. 
Figure 7 shows how the design was varied to accommodate a rock-mound corner. 

Figure 6. Premork tcirget pointed on shoulder of highwoy. 
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Figure 7. Premark of rock-mound section corner. 

It is noteworthy that all targets, a total of 112, were clearly visible on the 1: 12, 000-
scale photography, and only two were in doubt on the 1: 18, 000-scale photography. 

Flight line markers, as shown in Figure 2, were also set by the field crews. The 
material for the markers was unbleached muslin 36 in. wide. The arrow was 20 ft long. 
These markers were of direct assistance to the aerial photographic crew for positive 

Figure 8. Zeiss Stereoplanigraph, Model C8. 
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identification of each flight line, especially sinc.e the terrain was somewhat devoid of 
features which help make a good flight map. (In other types of terrain where good con
tact from map to ground can be established, flight line markers may not be necessary.) 

PHOTOGRAMMETRY 

After all premarking was completed in the field, aerial photography was taken with 
a Wild RC-8 6-inch focal length aerial camera by Pictorial Crafts, Inc., of San 
Bernardino. High-contrast diapositive plates were made to accentuate the premarked 
points on both scales of photography. All targeted points were located and identified 
on a set of contact prints for cross reference on the diapositive plates. The project 
was then ready for making the photogrammetric measurements, calculations, and 
adjustment. 

Stereoscopic Photogrammetry 

This phase of the project was done by the Photogrammetry Section of the California 
Division of Highways. All stereoscopic measurements were made with a Zeiss Stereo
planigraph Model CB (Fig. 8). 

The 1, 000-ft/in. scale photography was processed in a conventional aerial triangula
tion mode. An artilicial image point was first marked near the principal point of each 
diapositive to strengthen the scaling tie between each stereoscopic model along a flight 
line. These points were monoscopically made with a Wild PUG instrument (Fig. 9), 
although a Zeiss Snap Marker could also have been used if one had been available at the 
time. In each model all premarked points, including control points and section corners, 
were measured and recorded in photogrammetric instrument coordinates from which 
punch cards were prepared. Conversion of photogrammetric instrument coordinates 
to adjusted ground coordinates on the State plane coordinate system was calculated by 
electronic data processing procedures using an IBM 704 computer. The programming 
for these calculations was based on methods explained in U.S. Coast and Geodetic 
Survey Technical Bulletin No. 23. 

Figure 9. Wild PUG point transfer instrument. 
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The 1, 500-ft/in. scale photography was set up in the C8 as single stereoscopic 
models because, at this scale, enough premarked horizontal control points were avail
able to provide a scaling base for the individual model orientation. To utilize the ad
justment program, whether for an aerial triangulation strip of photographs or a single 
stereoscopic model, three horizontal control points had to be measured and recorded. 
Since the project had been mapped previously for highway design purposes using 250-
ft/in. scale photography, numerous targeted horizontal control points existed. Even 
though the targets on these points were old, they were still visible on the smaller scale 
photography and position-measurable with the C8, and served as the additional control 
necessary for making the adjustment calculations. 

A total of 51 stereoscopic models at the contact printing scale of 1000 ft/in. covered 
the survey project area, whereas 28 stereoscopic models covered the area at the scale 
of 1500 ft/in. , a reduction in the number of models by a ratio of about 1. 8 to 1. 

Analytical Photogrammetry 

Upon completion of the stereoscopic photogrammetry work, the same diapositive 
plates were used for processing by analytical photogrammetric procedures. This phase 
was performed by Geotronics, a Division of Teledyne, Inc., of Monrovia, California. 

Both sets of photographic plates, those at 1000 ft/in. and those at 1500 ft/in., had 
to be prepared for making monocomparator x and y coordinate measurements using a 
Mann Comparator (Fig. 10). The plates were set in stereoscopic pairs in a Wild PUG 
instrument and three artificial image points were marked along each neat line and 
transferred to the conjugate neat line of the adjoining photographic plates. This pattern, 
as diagrammed in Figure 11, was repeated on each plate of the flight strips. 

Upon completion of plate preparation, each plate was placed on the stage of the com
parator for monoscopic measurement of the x and y coordinates of all PUG marked 
points, all targeted points, and the fiducial marks. All measurements were recorded 
to the nearest micron. The data were then assembled for making the computations, 
using electronic data processing to yield adjusted ground X and Y coordinates of all 
section corners, quarter-section corners, and lost-corner reference points. By this 

Figure 10. ,\~ann mcnccomparctcr (ccurtesi' cf Te!ed}1r.e !nc., Geotror.ics Div.). 



Plate I Plate 2 Lost Plate 
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Figure 11. Pattern of artificial points. 

use of the photography of both scales, the ground X and Y coordinates were derived 
from analytical bl'idging. 

RESULTS 
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Field checks were made on 70 of the 72 section corner positions. Table 1 compares 
the positions derived from the four photogrammetrically made surveys with the posi
tions determined by field procedU1·es. 

It may be difficult for those who are trained in field traverse surveying, using metes 
and bounds, to accept the expression of errors in terms of coordinate differences rather 
than a closure in terms of a proportion or fraction of a distance measured. Plane 
coordinate val1:tes for horizontal position, however, are the direct product of photo
grammetric measuring because of the principles of simultaneous intersection, similar 
to the enq. results of a triangulation survey, from which bearings and distances are 
inversed from the X and Y coordinates. The opposite, of course, is the situation with 
a conventional bearing-distance survey made in the field from which the plane coordi
nates are calculated for each traverse point. Coordinate differences expressed in 
terms of "average" and "standard error" are more meaningful because they convey 
the concept of "absolute error" referred to a specific horizontal datum, which in most 
cases is a State plane coordinate system. 

TABLE 1 

PHOTOGRAMMETRICALLY DETERMINED VALUES COMPARED WITH 
FIELD-SURVEYED VALUES 

1000-ft/in. Scale 1500 ft/in. Scale 

Classification of Errors 
Photography Photography 

(Error values given in ft) H = 6000 ft H = 9000 ft 

Stereo Anal. Stereo Anal. 

Ave.rage error of coordinates AX +0.17 +0.06 +0.13 +0.02 
AY -0.13 -0.14 -0.18 -0.03 

Standard error of coordinates dX 0.50 0.04 0.61 0.44 
dY 0.90 0.68 0.95 ·o.76 

Maximum error of coordinates AX +1.8 +1. 4 +2.4 +1. 3 
AY -2.9 -2.0 -2.9 -3.1 

Standard error of radiala 1.03 0.68 1.13 0.89 
Position accuracy (standard error: H) 1: 5800 1:8800 1:8000 1: 10, 200 

aVector = l(l::i.x) 2 + (~ Y)2 
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TABLE 2 

COST COMPARISONS 

Photogrammetric Method 
Premark.ing $1,565 
Photography 825 
Office work 1, 030 

Total $3, 520 

Field Method 
Party time $10,750 

It is convenient to express position ac
curacy as a function of flying height above 
mean ground, hence it is stated as the ratio 
of the standard error of the radial vector 
to the flying height H. The results do not 
indicate a decrease in accuracy propor
tional with an increase in H, as shown in 
Table 1 for each of the four cases. Photo
grammetr ic engineers woul d like to develop 
procedures to guarantee measurement of 
pos ition accuracy to better than 1: 10, 000 
of the flight height, but there continue to be 
some factors over which they have little 
control. 

Factors common to both stereoscopic and analytical systems of photogrammetric 
determination of X and Y position, and their relative treatment, may be of interest: 

1. Atmospheric refraction cannot be controlled in any way in the stereoscopic 
system; a mathematical equation which provides nominal correction in the a nalytical 
system is included in the routine for image coordinate refinement. 

2. Deformation of the film base cannot be accounted for in the stereoscopic system ; 
it can be corrected to some extent in the analytical s ystem as part of the r outine for 
image coordinate refinement. 

3. Lens distortion can be compensated according to average values in the stereo
scopic system, and more completely corrected in the analytical system as part of the 
routine for image coordinate refinement. 

Because the routine of image coordinate refinement is more readily adapted to the 
analytical system, superior results should be expected from it compar ed with results 
from the stereoscopic system, which is analog in characteristics. This is verified in 
Table 1. 

While there was a relative improvement in the accuracy of position measurement 
in both the stereoscopic and analytical systems with an increase in flight height from 
6000 to 9000 ft, there was significant improvement in the stereoscopic results, amount
ing to 38 percent. It was earlier mentioned that the 1000-ft/in. scale photography had 
been process ed in a conventional analog aerial triangulation mode using the Zeiss 
Stereoplanigraph. The 1500-ft /in. scale photogr aphy, however , had been set up as 
single models , which explains the r elatively superior results at this scale. 

With respect to costs, Tabl e 2 gives expenditures for the photogrammetry work and 
expenditur es for establishing field ties to the 70 section corners. In evaluating the 
data, it s hould be borne in mind that photogr ammetry costs include only photogr aphy 
at t11e 1000 -!t/in . scale using t he Zeiss Stereoplanigraph. Also, these costs include 
an estimate for per diem expenses of field personnel but do not include vehicle costs 
and data processing costs. 

CONCLUSIONS 

The field method costs are about 200 percent greater than the photogrammetric 
method costs. Since the accuracies obtained by using photogrammetric methods are 
entirely adequate for this class of survey, it is concluded that t he photogrammetric 
method offers a satisfactory solution to an otherwise costly procedure of cadastral 
surveying. 




