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ABSTRACT: The first portion of this paper concerns accuracy criteria and quality
control for stereo plotting. It describes and compares several commonly used
criteria for judging the vertical accuracy of stereo plotting. Concluded is that the
Cofactor has been our best guess regarding the potential accuracy of contouring.
A Iso concluded is that the Cofactor (as commonly used) does not provide a
reliable criterion. Finally shown is how we can improve the reliability of our
stereo plotting, and of the conventional Cofactor.

The second portion of this paper describes several practical but somewhat
unconventional proposals for optimizing stereo plotting. Emphasis is placed
on the development of practical criteria for optimizing camera design, aerial
photography, and stereo plotting equipment and techniques.

The third portion of this paper gives some conclusions, recommends appro
priate development goals, and raises some questions for further research.

PART I: ACCURACY CRITERIA

I N PHOTOGRAMMETRY there is a tendency to
compile maps near the practical limit of

our ability to make significant measurements
from photographs. In the second portion of
this paper proposals will be made for stretch
ing these limits in every possible way, in
order to achieve the best compromise between
accuracy and compilation costs. As a result,
quality control in our daily work would then
have critical importance. The first part of
this paper is therefore concerned with accur
acy criteria and quality control for stereo
plotting. Emphasis will be placed upon the
rather uncertain statistical probabilities in
volved in working near the practical limits of
our photographic and photogrammetric tech
niques.

Accuracy criteria are essential in making
plans for a mapping project, and in maintain
ing production standards in our daily work.
In other words, we need to predict how accur
ately we can compile maps under given cir
cumstances. Also, we should know if we are
actually achieving this accuracy in our daily
work. If we lack confidence in our accuracy
criteria, we will then protect ourselves by
flying the photographs at a relatively low
altitude and/or utilizing an excessive amount
of ground control. We would thus greatly in-

crease our compilation costs simply because we
lack dependable accuracy criteria for use in pro
ject planning and quality control.

Incidentally, experience has shown that the
positional errors of a stereo model are less
important than its heighting errors. It has
therefore become customary to regard height
ing errors as the yardstick for predicting the
accuracy and quality of a proposed photo
gram metric map compilation. For this reason,
a discussion of horizontal plotting errors will
not be given in this paper.

A. STATISTICAL CRITERIA

The "mushiness" of a stereo model is a
general term which refers to the operator's
visual and mechanical difficulties in finding
the elevation of any point on its surface. In
other words, mushiness represents the mean
accidental errors of heighting throughout a
stereo model. The "flatness" of a stero model
is a general term which refers to the mean
systematic residual errors of heighting
throughout a stereo model due to lack of
flatness of the model's imaginary plane of
zero elevation. These systematic and acci
dental errors of heighting in a stereo model
are caused by optical, mechanical, visual and
photographic limitations of the stereo pro
cedure. The absol u te accuracy of spot eleva-
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tions in a stereo model is usually stated in
terms of the standard deviation of heighting,
dh, after a least squares fit to ground control.
(In other words, dh indicates all those mean
residual heighting errors normally caused by
mushiness and lack of model flatness.)

If we could draw contours with a standard
deviation of dh at every point, the smallest
possible contour interval would then be 3.3
times dh-if the contours are to meet U. S.
Map Accuracy Standards (1). In other words,
we could obtain spot elevations from the
stereo model and the corresponding map with
identical accuracies. Actually, however, we
cannot dra w con tours wi th this accu racy on a
production basis. In this dynamic situation we
can't afford to plot and check carefully each
of the infinitely many points that constitute
a contour line. Instead, we move the floating
mark at a rapid rate along the surface of the
stereo model. vVhenever the floating mark
loses contact with the ground we then move it
sideways to re-establish this contact. Mean
while, we have traced a line that wanders
back and forth across the true contour line in
our search for it. This hunting process occurs
continuously and more or less automatically.
It results from our constant need to correct
for errors due to muscular tremors, visual
errors, and the inevitable carelessness caused
by the operator's urgent need to achieve
acceptable production rates. The resulting
accuracy is further reduced because of irregu
lari ties in the slope of the terrai nand by
variations in the appearance of the terrain,
which may range from light to dark, from
barren to heavily wooded, and from smooth
to coarse textured. As a result, we can draw
contours from a stereo model with an accur
acyof only a bout 4dh, after a least squares
adjustment of the model (or some portion of
it) to previously established control. Inciden
tally, dh is by definition the best standard
deviation of abolute heighting that can be
achieved throughout any given stereo model.
It makes adequate allowance for the lack of
model flatness and errors of absolute orienta
tion.

The approximate potential accuracy of a
mapping system is often given in terms of a
figure of merit called the "C-factor." A
C-factor is an empirical ratio between the
flying-height and the minimum contour
interval that can be achieved with a given
photogrammetric system consisting of a
camera, film, plotter and operator. A spe
cified contour interval times the C-factor will

give the maximum flying height that will
yield topographic maps which meet U. S.
Map Accuracy Standards. Also, the flying
height divided by the C-factor gives the
smallest possible contour interval which will
just barely meet U. S. Map Accuracy Stand
ards. (Incidentally, it is assumed that the
C-factor applies solely to the map manuscript
and not to the printed maps derived there
from. It is thus independent of drafting and
printing errors in the published maps.) The
significance of the C-factor has been thor
oughly discussed in the literature (2).

As conventionally used, the C-factor is our
best guess regarding the accuracy with which
such a photogrammetric system can be used
to draw contours under certain specified
conditions. The magnitude of the C-factor
depends upon the accuracy achieved by a
given organization over a long period of time
as established by field checks of its compila
tion manuscripts. This magnitude depends
not only upon the equipment but also upon
the quality of the photography, the skill of
the operators, topographic relief, ground
cover, established production rates, and the
amount and distribution of photo-identifiable
ground control.

The C-factor is frequently used to describe
the relative accuracy of stereo plotters, where
all of these variable factors have been con
veniently ignored. As a result, various author
ities differ substantially as to the C-factors of
various stereo plotters. For example, in a
recent issue (3) of PHOTOGRAMMETRIC ENGI
NEERING Coiner gave the Kelsh Plotter a
C-factor of only 512 while Tewinkel gave it
C-factors ranging from 1,200 to 1,700. No
doubt these accuracy criteria are equally
reliable under the assumed conditions. Never
theless, it is obvious that these C-factors do
not provide other organizations with reliable
accuracy criteria for stereo plotting. As a
result, this term now has very little useful
meaning under general conditions.

What can we do about this lack of adequate
accuracy criteria? Certainly we cannot make
the most effective use of a sophisticated
photogrammetric system unless we can con
fidently predict what its ultimate accuracy
really is. Neither can we be sure that we are
currently achieving this predicted accuracy
in our daily practice. For urgent economic
reasons we therefore need an accuracy criterion
that will allow us to use our equipment to best
competitive advantage. This accuracy criterion
should have a reliability of 90 per cent in
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order to be consistent with U. S. Map Accur
acy Standards.

B. I 'STRUMENTAL CRITERIA

Under favorable conditions in a stereo
plotter we can just barely see (or visually
detect) wi th 90 per cent confidence:

A. Well-defined low-contrast point images
if their diameter equals one line-plus
space of resolving power on the aerial
negatives.

B. Local differences in elevation, if the cor
responding parallax differences equal at
least one line-plus-space of resolving
power on the aerial negatives.

This limiting precision is achieved only
under optimum conditions of enlargement and
magnification, where the operator's visual
image is so large as to appear slightly fuzzy.
Nevertheless, it provides for the detection
and measurement of any such images with
maximum confidence in terms of ground units.
(See Figure 3.)

Under these conditions we can measure
local elevation differences with a limiting
accuracy that corresponds to a parallax differ
ence of about two-fifths* of one line-plus
space of low-contrast resolving power with 90
per cent confidence. In other words (at nega
tive scale, and with 68 per cent confidence)
the standard deviation of parallax differences
throughout a stereo model equals

dp = (3/5) (2/5t) = 6/25r (1)

where r equals low-contrast lens-film resolving
power, in lines/mm.

After some thought it appears that our
need for a reliable easy-to-use accuracy
criterion can be satisfied by a figure of merit
called the "coverage-contour factor" (or CC
factor), which is here defined as the neat
ground coverage of a stereo model for a given
limiting contour interval. When stated as a
function of the maximum permissible flying
height or a given contour interval, the cover
age-contour factor equals (with 90% con
fidence) :

CC = KIl2 = K(b4dh cos2 T/4dp)2 (2)

where:

K = Coverage factor of neat stereo model
H = Maximum permissible flying height
dp = Standard deviation of absolute x

parallaxes

*dp/dh=U/H)(B/H)=b/H. so that H=b(dh/dp).

dh = Standard deviation of absolute height
ing

b = Photo base of equivalent vertical
photo

T = Convergen t tilt, in degrees

and where band dp are in millimeters, and H
and dh are in meters. Several authorities have
proposed similar equations of considerable
technical interest (4). However, they seem
overly sophisticated for the purposes of this
elementary discussion.

Equation 2 is an empirical modification of
the well-known classical parallax equation*
and assumes that:

A. The term H equals the maximum per
missible flying-height in meters that can
be achieved with any given camera-film
plotter-operator combination for a given
contour interval (with 90 per cent con
fidence).

B. The term K represents the area of the
neat stereo model, as a function of the
flying height squared, H2.

C. The accuracy coefficient of 4 approxi
mately equals the mathematical prod
uct of the following three factors:

1.64, which statistically converts our
standard of reliability from 68 to
90 per cent;

2.00, which converts our standard of ac
curacy from one-half the contour
interval to the full contour inter
val;

1.22, which allows for the operator's
inability to draw contours with the
same accuracy that he measures
well-defmed spot elevations.

For example, in a first-order stereo plot
ter we can expect to measure absolute
elevations from aerial photographs with
a standard deviation of H/S,OOO after a
least-squares fit to ground control. As a
result we can expect to draw contours
(that meet U. S. Map Accuracy Stand
ards) with an interval of H/l,2S0-one
fourth of our heighting accuracy. Inci
dentally, 3.3 (the product of 1.64 and
2.00) is the limiting accuracy coefficient
and cannot be closely approached in
practice.

D. The term dp is the standard deviation of
absolute x-parallaxes in the stereo model
at negative scale.

E. The term dh is the standard deviation of
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From Equation 2 we see that the maximum
permissible flying height for vertical photo
graphs and a given contour interval equals

las within the corresponding confidence
limits.... " Incidentally, Schermer
horn (5) agrees that "Measurements of
y-parallax in connection with restitu
tion should be regularly performed (in
particular the residual y-parallaxes after
finishing the relative and absolute orien
tation) ... "

D. Before plotting the topography from
each stereo model, and after its absolute
orientation, verify that the standard
deviation of spot heighting does not ex
ceed twelve per cent of the specified
contour interval. (See Table 1. If the
standard deviation of spot heighting
does not meet this criteria, the stereo
model should then be appropriately
magnified and/or enlarged, as ex
plained subsequently.)

ahsolute heighting in the stereo model
at negative scale, and 4dh equals the
minimum permissible contour interval
that can be used with U. S. Standard
Map Accuracy. (The term dh represents
the limiting accuracy with which we can
measure the elevations of all well-de
fined, low-contrast, images in the stereo
model. The factor of 4 makes full al
lowance for the residual errors normally
involved in the contouring process, as
noted above.)

F. The term b is the photo base.

G. The term cos· T corrects approximately
for the degrading effect of tilt on image
resolution.

H. Residual y-parallaxes in each model are
normally distributed, are accidental in
character, and do not exceed tolerable
values as established by well-known
mathematical formulas.

I. Adequate horizontal accuracy can also
be achieved simultaneously. If = b(4dhl4dp) (3)

(6)

) I '1

R = HI!r

The limiting relation between resolving
power and the resulting ground resolution
has not been scientifically established. How
ever, by geometrical proportion it appears
that ground resolution in meters equals, with
90 per cent confidence

C. PHOTOGRAPHIC CRITERIA (6)

The accuracy criteria described above de
pend for their validity upon certain statistical
and geometrical concepts, as we have ex
plained. However, they also depend upon that
rather intangible factor called "resolving
power." Unfortunately, resolving power is not
a fundamental property of a photographic
emulsion or a camera lens, and varies widely
with respect to the texture, contrast and il
lumination of the terrain. Nevertheless, this
term is commonly used and, for lack of some
thing better, provides a useful interim cri
terion within the context of this paper.

where 4dh equals the desired contour interval,
I. If we substitute Equation 1 in Equation 3
we find that

II = rbI (4)
\

and
t 2.. -) ..........

t 1 "': :} ~ - I

, r

CC = K(rb!)2. (5)

The use of this new CC-factor assumes that we
will standardize the quality of each stereo model
by the use of the following techniques:

A. Use one, and only one, vertical control
point in each corner of each stereo
model. (In actual practice all available
vertical control should be used. How
ever, this fact should be clearly stated in
any subsequent proclamations about
the CC-factor.)

B. Before initiating map compilation, cali
brate the stereo plotter in terms of dh
using calibrated stereo grids. (Over a
period of time this will establish a pre
dictable relation between dh for a grid
model and dh for low-contrast aerial
photographs.)

C. Before plotting the topography from
each stereo model, and after its absolute
orientation, verify that the root-mean
square value of the residual y-parallaxes
does not exceed ten or fifteen microns at
negative scale. In this connection Hal
lert (4) concludes that "The simplest
method for determining if the expected
accuracy is really obtained in connec
tion with the measurements, is testing
of residual y-parallaxes in the models
after finishing the absolute orientation.
The geometrical quality to be expected
can then be determined from the formu-
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where: TABLE 1

If b/j equals the base-height ratio of the
stereo model, it is then evident that one line
of resolving power permits the visual detec
tion of relief (with 90 per cent confidence) at
threshold values equal to

H = Flying height, in meters
j = Principal distance of camera, in milli

meters
r = Low-contrast lens-film resolving

power, in lines/mm.
Limiting precision 0.08 0.12 0.20
Limiting accuracy O. 17 0.25* 0.42
Jnterpolatedelevationson map 0.20 0.30 0.50

* This value corresponds to dh in Equation 1, so
that 4dh equals the nlinimum contour interval that
can be achieved with 90 per cent confidence by a
first-order stereo plotter in normal practice.

906850

LIMITS ON HEIGHTING IMPOSED BY
ACCURACY CRITERIA

Confidence Level, Per Cent

(7)v = R/(b/f) = !l /rb.

It is evident from Equations 4 and 7 that I
(the limiting contour interval) equals V (the
visual limit of relief perception).

Equation 6 is commonly used in the R&D
community. Nevertheless, some authorities
do not approve. For example, Macdonald
notes that" Resolution and scale are not in
terchangeable at parity.* ... It is obvi
ous ... that other factors playa most signifi
cant role and that resolution by itself can be
a misleading criterion.... Interpretability
improves as resolution improves, but the gain
in interpretability is always a lesser factor
than the gain in resolution." As a further ex
ample, Bousky states that "careful examina
tion of (certain) data indicates that in the re
gion of low contrast, recognition and detec
tion are related more nearly to the square
root of resolution than the first power, as
might be expected.... "

D. U. S. NATIONAL MAP ACCURACY
STANDARDS

U. S. Map Accuracy Standards (1) state
that "Vertical accuracy, as applied to con
tour maps on all publication scales, shall be
such that not more than 10 per cent of the ele
vations tested shall be in error more than one
half the contour interval. In checking eleva
tions taken from the map, the apparent verti
cal error may be decreased by assuming a
horizon tal displacemen t wi thi n the permissi
ble horizontal error for a map of t.hat scale."

The commoniy accepted meaning of this
specification is this: The elevations of 90 per
cent of all "'ell-defined planimetric features
interpolated from the contours of a published
map will be correct within one-half the con
tour interval. Incidentall)\, it is the author's
opinion that the "horizontal shift," men-

* In other words, Equation 6 is a geometrical
limit to ground resolution that cannot be achieved
in practice.

tioned above, was originally intended to com
pensate for drafting and printing errors. For
this reason, it should not be used in evaluat
ing the accuracy of the original map manu
scri pt.

E. SUMMARY

The above discussion is summarized by
Table 1, where the decimal quantities are
fractions of the smallest contour interval that
can be achieved with U. S. Map Accuracy.

The 50, 68 and 90 per cent confidence levels
in the first row of this tabulation are three
different ways of representing exactly the
same degree of accuracy. (These three confi
dence levels are statistically related in the
proportions of 2/3/5.)

The data in the second row reflect the
maximum permissible acciden tal errors of
sensing the model's surface, and thus repre
sent its "mushiness."

The data in the third row eq ual the abso
lute vertical errors at all well defined image
points, and thus includes errors of "mushi
ness" and lack of model flatness.

The data in the bottom row equal the errors
of absolute spot heighting plus errors of sens
ing and plotting the contours, drafting errors,
and errors of interpolating check points from
the pu blished con tours.

The data within each of these three col
umns are only empirically related, and do not
necessarily represent the experience of any
specific organization. Nevertheless, they ap
pear to conform closely to customary com
mercial practice, although some other authors
seem to disagree (6). In any event, under
ideal conditions of enlargement and magnifi
ca tion, we see from the 90 per cen t col umn of
Table 1 that:

A. The limiting precision of sensing the
model's surface (its "mushiness") equals
4dh/5 or H/5rb.

B. The limiting accuracy of spot elevations
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throughout a model equals 8dhiS or
2H/Srb. (This corresponds to dh with 68
per cent confidence.)

C. The limiting contour interval (and the
visual limit of relief detection) equals
4dh or Hlrb. (See Equations 4 and 7).

PART II: EQUIPMENT AND
TECHNIQUES

According to recent literature, it is evident
that substantial improvements are being
made in stereo plotters, cameras, aerial films,
and related techniques. These improvements
are not likely to produce optimum results un
til they are all used together in one carefully
integrated photogrammetric system. Such a
system is apt to be somewhat more difficult to
use than our present systems, and might re
quire a greater capital investment: Howev.er,
this development would be consistent with
the historical tendency in photogrammetry to
use our stereo techniques near the limit of our
practical ability to make reliable measure
ments. It therefore seems desirable to take a
fresh "unbiased" look at this situation in an
attempt to find the best compromise between
compilation costs and compilation accuracy.

Compilation costs of a given map vary pri
marily with the number of photographic flight
lines and the amount of available ground-con
trol. Ultimately, these costs tend to vary with
the flying height and ground coverage of the
photographs. In this connection Theis (9) has
noted that" ... one of the goals of photo
grammetrists everywhere is to devise mea~s

of increasing the altitude of the photographic
aircraft without decreasing the accuracy of
the map.... This goal is a significant eco
nomic consideration because, by doubling the
altitude, there is obtained four times the
ground area." Hallert (4) agrees that. " ...
the flying altitude is of fundamental Impor
tance for the economy of the entire mapping
project." This paper is therefore devoted to the
subject of increasing the ground coverage of a
stereo model without reducing its potential con
touring accuracy.

We intuitively conclude from Equation 2
that the coverage-contour factor is limited in
magnitude by visual resolution, mechanical
precision of both the camera and the plotter,
and the format, overlap, altitude, tilt, resolu
tion and base-height ratio of the photographs.

In order to overcome these limits (and thus
optimize the coverage-contour factor of the stereo
model) it is now proposed that we utilize the

following practical but somewhat unconven
tional photo-mapping techniques. Most of
these methods are well known and com
mercially feasible, bu t they have never been
combined into one system.

A. Use an optimum lens design.
B. Use a camera with a calibrated reseau

grid.
C. Use an optimum base-height ratio.
D. Use high-resolution aerial film with op

timum exposures and development.
E. Reproduce negatives on ftlms at opti

mum enlargements, using a precision
projection pri nter and electronic dodging
techniques.

F. Use optimum viewing magnification in
stereo mensuration.

G. Avoid photogrammetric triangulation
by flying the photographs at maximum
altitudes and with maximum ground
coverage for a given contour interval.

H. Plot topography in a simple stereo
graph, or contour finder, equipped w.ith
special computing devices for remov1l1g
residual dimensional errors of the stereo
model.

These topics will now be discussed in more
detail in the following subordinate para
graphs.

A. OPTIMUM LENS DESIGN (8)

In a stereo model, wide-angle photographs
give strong intersections of poorly-resolved
perspective rays, while normal-angle photo
graphs give weak intersections of well-re
solved rays-comparatively speaking. In or
der to optimize the coverage-contour factor
we must therefore determine the relative
meri ts of various camera configurations in
terms of the camera's focal length, resolving
power, and field angle.

It is clearly evident from Equation S that
the CC-factor is a function of the lens parame
ters K, r2 and b2 • Incidentally, this figure of
merit, K(rb)2, is improved with an increase in
its numerical value. Since the focal-length does
not appear in Equation S, it obviously does
not affect the coverage-contour factor. The
eighth column of Table 4 lists values of K for
representative lenses, while the last column
lists values of K(rb)L-in other words KH2.

B. OPTIMUM BASE-HEIGHT RATIO (9)

One method of improving the coverage
contour factor is to increase the ratio between
the air-base of a stereo model and its altitude.
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This ma~es the intersections of corresponding
perspective rays more obtuse and thus in
creases our ability to perceive small diffe'-
ences of relief. Two methods can be used to
achieve this objective. Under certain limited
conditions we can decrease the overlap of ver
tic~l photographs, or we can use convergent
oblIque cameras. In this paper, it is assumed
that the ideal base-height ratio equals 1.00, if
the flying-height is at least ten times the max
imum differences in topographic relief in any
stereo model. (The resulting flying height will
thus be large enough to prevent substantial
".dead spots" in the photo coverage.) This op
tImum B/Ii ratio will facilitate optimum
visual and geometrical resolution of small
local differences of relief.

. A decr~ase in end lap causes a corresponding
mcrease III the photo base. However, it is evi
dent from Equation 5 that the CC-factor is
in?re~sed in direct proportion to the square of
thIs II1creased photo-base until we reach 50
per cent endlap; thereafter it is decreased
towards zero with a further increase in the
photo base. I n vertical photography we nor
mally use 60 per cent endlap. The photo-base
(and our accuracy of heighting) can be in
creased by 50 per cen t if we fly the photogra
phy with 70 per cent endlap, and then use al
ternate photographs in stereo plotting. These
alternate photographs would thus have an
endlap of 40 per cent, while successive stereo
models would have ten per cent endlap.

The net effect of convergent tilt upon the
covera.ge-con tour factor is ill ustrated by
EquatIOn 2. Here we see that convergent tilt
affects the CC-factor in three ways. First, it
degrades the mean resolving power of the
stereo model somewhat in proportion to cos2

T. Second, it permits a substantial increase in
the base-height ratio of the stereo model.
Third, it allows a substantial increase in the
coverage factor K, as noted in the eighth
column of Table 4.

C. OPTIMUM CAMERA DESIG:-I

VJ.e have already demonstrated the practi
cal Im~ortance of using a camera with a high
resolutIOn lens that has a wide-angle field. In
order to overcome the effects of lens distor
tion and differential film shrinkage we further
recommend the use of a camera equipped with
a precisely calibrated reseau grid. The Zeiss
R~K AR 15/23 illustrates a commerically
avaIlable camera of this type.

The use of such a reseau grid permits us to
do two important things in stereo plotting:
First, we can use enlarged and segmented film

positives as proposed in Section E, below.
Second, we can use a stereo plotter with an
electronic memory whi,h will remove all
known model errors, as proposed in Section Ii.
It is here assumul that the camera's focal plane
would be located for maximum micro-contrast
rather than for minimum lens distortion!

D. OPTIMUM FILM, EXPOSURE AND

DEVELOPMENT (10)

Our goal here is to produce excellent nega
tives, in terms of interpretability (or visual
acuity at threshold values of image contrast).
Figure 1 illustrates the probable relation be
tween interpretability and image density for a
typical aerial film, as determined by Barrow.
In this connection Bousky states that "Bar
row used randomly arranged squares and
circles of equal area to evaluate the capability
for recogn'ition of detail. He determined the
contrast threshold and used the reciprocal of
this contrast value as a 'recognition index.'"
Figure 1 indicates a relationship between
Barrow's recognition index and high-contrast
resolution as a function of density. The
maximum in high-contrast resolution which is
usually used as the criterion for determining
image quality, does not correspond to the
maximum point for his recognition index.

"Barrow's data also may be compared with
that of Kardas for low-contrast resolution.
Figure 2 shows comparisons of recognition
index and resolution at a contrast of 0.03, as a
function of gamma for two different de
velopers. Here again the resolution maximum
is different from the recognition index max
imum for each developer. This indicates that
both high and low-contrast resolution may fail as
a quality parameter in terms of interpretabil
ity'"

It therefore seems evident that we should
make effective use of fine-grain films that are
optimized for low-contrast images.* vVe
should also seriously consider proposals by
Kasper (9) and Meier (10) to use infrared
film as a further means of increasing the
potential ground resolution.

The camera-emulsion (photographic) sys
tem can achieve near-maxi mum resol ution
only at exposures located near the bottom end
of the linear portion of the characteristic
curve. A change in exposure from this opti-

* In this connection please see the dramatic illus
tration on page 57 of the SOCIETY'S MANUAL OF
PHOTOGRAPHIC I NTERI'RETATlON.
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crease in definition results from a 4X enlarge
ment; a really large increase in definition re
quires an 8X enlargement, according to Berg.
I t is therefore now proposed that we make
enlarged and segmented film positives to
capture the resolving power currently avail
able in our best aerial negatives.

For exam pIe, 4 X enlargements of the over
lap between two 9/1 X 9/1 negatives would yield
sixteen prints of 10/1 X 11/1 format-four
segmented models on each side of the flight
line. Incidentally, the geometrical accuracy of
the camera would be retained at such en
largements, since all measurements would
then be automatically referred to a common
reseau grid. These enlarged and segmented
diapositives would also allow us to overcome
the mechanical errors normally encountered
in even the best stereo plotters. Only in this
way can the inherent accuracy of the nega
tives be physically recovered in the stereo
plotter itself.

mum value will substantially degrade the
mean resolution of the resulting images. Vve
should therefore make each exposure in
accordance with theoretical criteria for op
timum resolution.

The processing of photographic films is
seldom considered to be an important func
tion in practice, a nd is therefore usually per
formed by the lowest paid technician in the
photo lab. We pay for this policy where it
hurts the most-in the mushiness of the
stereo model. Vile should therefore use only
our best photographers and techniques in
developing and printing our aerial negatives.

Table 2 illustrates the practical significance
of this proposal. The limiting unit dp's in the
second column are assumed to equal a stand
ard deviation of 1/4r on the negatives. (See
Equation 1.) It is further assumed that the
parallax measurements of the stereo plotter
have a standard deviation of 12 microns with
low-contrast images at optimum magnifica
tion. In order to achieve a standard deviation
of 17 microns in practice, the diapositives
must therefore be enlarged in the amount
indicated by the third column. As a result of
this enlargement the diapositives all have a
nominal resolving power of 20 lines/mm.
However, in order to allow for the inevitable
loss of visual contrast with increased negative

FIG. 2. Gamma versus Resolution and
Recognition. (Credit: Samuel Bousky.)
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E. OPTIMUM DIAPOSITIVE

ENLARGEMENTS (11)

Berg reports that great improvements have
been made recently in the quality of aerial
negatives. We can now achieve 30 to 40 lines/
mm. in the air, and may double this figure by
1970. However, if we use conventional tech
niques of making diapositives, we will throw
away at least one-third of this resolving
power in the photographic laboratory. (For
example, see the data in the third column of
Table 3.)

In order to capture most of the resolvi,ng
power in our aerial negatives it is therefore
obvious that we must reproduce them at
favorable enlargements through a good pro
jection lens. Unfortunately, only a small in-
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FIG. 3. Standard deviation of x-parallaxes versus optimum diapositive enlargement in a Wild
A7 Autograph, when HI! at model scale equals 3.00, and the viewing magnification equals ten diameters
at low contrast.

resolution, the operator's viewing magnifica
tion should be increased as indicated in the
fourth column of Table 2. In the last column
the Cofactor is the product of the negative's
resolving power and its photo base of 92 mm.
(See Equation 4.)

F. OPTIMUM VIEWING

MAGNIFICATION (11)

The low-contrast resolving-power of the
human eye equals about five lines/mm. at a
normal reading distance of ten inches. In
order to fully use the resolving power of our
aerial negatives, it is therefore necessary to
view the diapositives with a magnification
such that the resolving power of the resulting
image equals the observer's visual resolving
power.

Figure 3 illustrates an empincal relation
that exists between viewing magnification and
the resolving power of aerial negatives. It
represents data obtained from four stereo
pairs of a given area appearing on two over
lapping negatives. These diapositives were
made at nominal scale factors of 75, 150, 300
and 600 per cent of negative scale. They were
all viewed at a magnification of ten diameters
in a Wild A7 Autograph. As a result, the
stereo images were viewed at magnifications
of 7.5, 15,30 and 60 diameters with respect to

the original negatives. A nominal base-height
ratio of six-tenths was used for all tests.
Fourteen identical, well-defined point images
were selected in the overlap common to the
four pairs of diapositives. The x-parallaxes of
these fourteen points were measured ten
times each in each model at maximum model
scale and with good illumination.

From Figure 3 it appears that the smallest
standard deviation of x-parallaxes at negative
scale (i.e., 6.5 microns) would have been
achieved with 4X diapositives. It might be
well to mention that the resulting stereo
image would be too large to be considered as a
"hard" model. The magnification was not
chosen to give a hard model, but rather to give the
smallest standard deviation oj heighting.

TABLE 2

ENLARGEMENT, MAGNIFICATION AKD

RESOLVING POWER

Resolving Limiting* Min'itnum Optimmn Limiting
Parallax Diapositive Viewing

Power in Measure- Enlarge- MaKnifi- C-faclor
Li1lcs/m.m. ment meut cation rb

10 25u 50% 2X 920
20 I2u 100% 4X 1,840
40 6u 200% 8X 3,680
80 3u 400% 16X 7,360

* The limiting parallax measurement of the stereo plotter is
assumed to equal a standard deviation of 12 microns on the
diapositives.
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Eden has recently published data which
tend to support the above conclusions. Table
3 summarizes Eden's work, where we see that
an enlargement of 30 diameters is necessary
to read a high-contrast ground resolution
diagram imaged on an aerial negative taken
from 3,000 feet. The image of this resolution
diagram indicated that a resolving power of
68 lines/mm. was achieved at a relatively
good image density difference of 0.33. It is
evident from Table 3 that the resulting
diapositive had a resolving power of 42 lines/
mm. at contact scale, while the corresponding
paper print had a resolving power of 31 lines/
m m. at contact scale. I n this con nection Eden
notes that we are still using the same mag
nification in stereo viewing that we used with
the old coarse-grained films of the 1930's.
(Incidentally, the practical relation between
optimum magnification and resolving power
can be observed most dramatically with a
Zoom microscope.)

G. OPTIMUM IMAGE CONTRAST (12)

The acuity (or resolving power) of the
human eye varies with the visual angle,
illumination and contrast. In stereo plotting,
visual acuity largely depends upon density
differences (or micro contrast) between point
images and their background. For example,
our eyes will just barely resolve high-contrast
point images separated by one minute of arc.
This visual acuity corresponds to a resolving
power of about ten lines/mm. at a normal
viewing distance of 10 inches. However, our
low-contrast resolving power may be as poor as
seven minutes of arc, or two lines per milli
meter. This poor acuity is achieved at a limit
ing contrast (density-difference threshold) of
about 0.03 to 0.04 for point images at a
gamma of one under favorable illumination
and visual aspect angle.

Unfortunately, the micro contrast of point
images on aerial negatives approaches our
limiting value of visual contrast-especially in
the light and dark areas. It therefore appears
likely that we could nearly double the poten
tial CC-factor of a given system by improving
the mean micro-con trast of the diaposi ti ves.
This improvement can now be partially
achieved in practice by the use of commer
cially available (13) automatic electronic dodg
ing printers or by the use of the un-sharp
masking technique developed in England
(14). Incidentally, high contrast may explain
much of the improved accuracy tha t is
achieved by Halbrook and others with rectan
gular grids in stereo plotters (9).

H. OPTIMUM STEREO PLOTTER (15)

The above discussion implies that height
ing accuracies of about five microns at nega
tive scale can now be economically achieved
with relatively simple equipment and tech
niques. However, we are required to use en
larged and segmented film positives in order
to achieve this accuracy and simplicity. This
au thor therefore concludes that the opti mu m
stereo plotter of the near future will consist of
a stereograph equipped with special comput
ing devices for removing residual dimensional
errors of the stereogram. These devices would
correct for errors due to film distortion, the
reseau grid, lens distortion, earth's curvature,
displaced principal points, image-motion
compensation, and erroneous principal dis
tances. Also, they could greatly simplify rela
tive and absolute orientation of the segmented
models, and change plotting scales as desired.

The parallax bar and viewing mechanism
of this new stereograph would be attached to a
simple parallel-motion mechanism. The stereo
images would be observed under optimum

TABLE 3

EDEN'S COMPARISON OV VIEWING PROCEDURES

Ground Per Cent Per Cent Resulting
Viewing Procedure Resolution Loss Due Loss for Resolving

in Inches to Print Magnification Power

Optimum viewing of the negative (30X) 3.6 0 0 68
Optimum viewing of diapositive (25 X) 5.6 38 0 42
Contact diapositive when viewed at 18 X 5.9 38 6 38
Diapositive when viewed at lOX 7.7 38 16 31
Optimum viewing of paper print (16X) 7.9 54 0 31
Contact paper print when viewed at 8X 10.6 54 14 22
Paper print when viewed at 4X 15.8 54 24 15
Paper print when viewed at 1X 32.8 54 35 7
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illumination, enlargement and magnification.
A pencil, attached to a simple coordinato
graph or pantograph, "'ould be used to draw
topography in the usual manner. A compara
tively simple analog computer (electronic or
mechanical) would drive step or servo motors
attached to the drawing pencil, and to the
micrometer screw on the parallax bar. This
computer would remove residual y-paral
laxes from all points in the stereo image. Jt
would also remove all known errors from the
vertical datum, and from the position of the
drawing pencil at any location within each
segmented model. This computer need not
compute absolute positions or absolute eleva
tions of any poin ts wi thin the model; it would
only be concerned with removing small residual
errors by means of electrical voltages. 'vVe
thus minimize the use of electronic circuits
and their overwhelming maintenance prob
lems.

The resul ting stereo plotter would accom
modate vertical photographs of any focal
length and any convenient format-including
super-wide-angle photographs. By using rec
tified film positives this same plotter could
also make optimum use of convergent-oblique
photographs.

1. OPTIMUM CONTROL EXTENSION

In this paper it has been assumed that
aerial photographs will be obtained at the
highest possible altitudes as set by the cover
age-contour factor. As a result, there will be
no surplus geometrical accuracy that could

be expended in conventional photogrammet
ric triangulation of vertical control. Never
theless, an elementary form of control exten
sion is required if we are to use segmented
stereo models, as proposed herein. I n this
case, each pair or triplet of overlapping photo
graphs would be absolutely oriented to
ground control in each corner of the overlap.
Supplementary control points would then be
located in each corner of each segmented
model. For example, if one overlap is broken
up into eight segmented stereo models, then
at least eleven supplementary control points
would be required-or a total of fifteen points
in the one overlap.

This limi ted form of triangulation should
be performed by numel ical techniques using
the independent model method, where meas
urements of the control points would be
obtained directly from the segmented film
positi ves. I t is likely that appropriate inter
sections of the reseau grid would be used as
pre-marked and pre-measured supplementary
control points. Incidentally, it should be
understood that the smallest permissible con
tour interval would be at least four times the
standard deviation of this supplementary
vertical control, as previously explained.

J. SUMMARY

Table 4 summarizes much of the above dis
cussion. The last column in this table com
pares the relative efficiency of representative
photogram metric systems in terms of the
converage-contour factor and low-contrast
resolving power. The next-to-last column

TABLE 4

PARAMETERS OF REPRESENTATIVE PHOTOGRAMMETRIC SYSTEMS, ALL HAVING

THE SAME CONTOURING ACCURACY, !

Camera
M~ean Ground Optimum Optimum

Focal Negative Reso- Photo Cover. Reso- Altitude Coverage
System Length Format lution Base Per Cent Conv. Factor lution rH, KH'
Num- ElIdlap Tilt

~n mm. in em. Lines in mm. K (HI/r)I ~n in
ber Imm. in Meters lIfeters Km.'

! 610t 23X23 97 100 100 0.095 0.37! 21,825! 45.3[2
2* 610 23X23 100 138 40 zero 0.034 0.231 13,8001 6.51'
3 610 23X23 100 92 60 zero 0.046 0.151 9,2001 3.9[2
4 300t 23X23 45 100 190 0.460 0.801 10,8451 54.112
5* 300 23X23 50 138 40 zero 0.141 0.461 6,9001 6.71'
6 300 23X23 50 92 60 Zero 0.188 0.311 4,6001 4.012
7 152t 23X23 40 100 200 1.130 1.001 6,0801 41.81'
8* 152 23X23 45 138 40 zero 0.540 o.91T 6,2101 20.812
9 152 23X23 45 92 60 zero 0.730 0.61/ 4,1401 12.512

10 885 23X23 25 92 60 zero 2.162 1.041 2,3001 11.41'

* The length 01 the corresponding neat stereo models equals one-half of their air base.
t This is a duplex (convergent-oblique) camera installation.
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indicates the maximum permissible flying
height for a given contour interval. For ex
ample, if the desired contour interval is ten
feet, the flying height would then be ten
times the indicated altitude-contour ratio.
The coverage-contour factor (in the last
column) assumes that aerial photography
would be obtained at maximum permissible
altitudes consistent with the desired contour
interval. The amount of essential ground con
trol would thus be reduced to an absolute
minimum in each case.

Camera systems 2, 5 and 8 would require
the use of photogrammetric triangulation in
the form of stereo triplets, where consecutive
photographs overlap 70 per cent. Camera
systems 1, 4 and 7 involve the use of con
vergent-oblique cameras. It should be under
stood that, for purposes of easy comparison,
all of the stereo models referred to in Table
4 are assumed to have equal contouring accu
racy in terms of ground elevations. Table 4
seems to illustrate the relative superiority of
super-wide-angle photographs in terms of the
flying height and coverage-contour factor,
when we consider the difficulties of flying
photography at high altitudes.

The following outline describes the new
map compilation procedure proposed by the
above discussion:

A. Expose aerial negatives at maximum
permissible altitudes for a given con
tour interval.

B. Develop negatives and make segmented
film positives, at enlargements of at
least four diameters.

C. Identify and mark ground-control
points on the film positives. Also select
and mark supplementary control points
(reseau in tersections).

D. Measure the x- and y-photo coordinates
of all control points and fiducial marks
on film positives.

E. Compute position and elevation of the
supplementary control points in each
overlap, using the independent model
method.

F. Plot map-projection and control points
on the map manuscript.

G. Plot topography on the map manu
script at considerable visual magnifica
tion.

This procedure requires the use of a pre
cision enlarging printer, a stereo point marker,
a simple 10-micron comparator, a small
electronic computer, and a new type of
stereograph. All of these devices are com
mercially available except the stereograph.

PART III: CONCLUSIO SAD
RECOMMENDATIONS

It is the author's conclusion that the use of
the standardized CC-factor in mission plan
ning should give us increased confidence in
the accuracy to be ultimately achieved in
stereo plotting. As a result, we would be
justified in flying our aerial photographs at
higher altitudes and thus substantially reduce
com pila tion costs.

I t appears that we can greatly improve the
efficiency of stereo map compilation in the
near future. Hallert (9) has reached a similar
conclusion, for he says " ... it seems possible
to arrive at a more rational method ... for
photogrammetric work.... It is probable
that too low flying altitudes have frequently
been used for the aerial photography and
that, consequently, the most economical re
sults have not been obtained." (Plotting with
a Kelsh at a C-factor of 512, as reported by
CoIner (3), seems to illustrate Hallert's con
tention.)

\Ve should now be able to at least double or
triple our present compilation' accuracies for a
given altitude. However, it should be clearly
understood that this improved accuracy
could be justified on an economical basis only
if we would fly our mapping photography at
relatively high altitudes. If the operating
ceiling of the aircraft imposes a practical
limit on the flying height, it is then important
to achieve the largest possible coverage-con
tour ratio from that height.

Compilation costs probably would vary
inversely with the coverage-contour factor.
When this CC-factor is increased, costs would
then be reduced-mostly because we would
need fewer flight lines and much less ground
control. Nevertheless, it is recognized that
this conclusion may not be valid when a large
amount of photo identifiable ground control
is available within a project area. In this
special case we could fly the photographs at
lower altitudes and then use less precise plot
ting equipment and techniques for a net sav
ings.

Much has been said in the literature abou t
the relative merits of vertical and convergent
oblique photographs (9). As noted above, the
outstanding advantage of convergent-ob
liques is the very large coverage-contour
ratio. Against this one big advantage we have
the following somewhat minor disadvantages:

1. Aerial triangulation is more difficult and
less accurate.
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2. It is relatively difficult to remove errors
of y-parallax from the stereo model.

3. The base-height ratio is too large for
good stereo perception at low altitudes.
(At low altitudes local differences of
topographic relief will then exceed the
operator's stereoscopic field of clear
vision.)

4. At relatively low altitudes complete
stereo coverage may not be achieved in
areas of rugged relief.

5. The base-height ratio is fixed by the
need to achieve 100 per cent overlap in
the stereo models.

6. Mean resolving power of the stereo
model is reduced bv cos2 T.

7. Contact prints or" convergent obliques
cannot be directly viewed stereoscopi
cally.

8. Relief displacements are relatively great
in photo mosaics made from such photo
graphs.

9. It is difficult to achieve satisfactory
end lap between exposures due to narrow
tolerances.

However, as Schermerhorn (5) notes"... at
present a fully justified comparison of con
vergent and vertical photography is impos
sible.... Nevertheless, it must be considered
an important problem to find out which are
the real qualities of the convergent photog
raphy in order to determine in which cases its
application will have advantages above ver
tical photography."

At this point you may wonder if we should
include automated plotters (16) in our current
development goals for civil mapping. YA/e
should make way for these instruments when
ever they promise a substantial reduction in
our total compilation costs. Their primary
contribution will be in the drawing of con
tours and drainage, and probably will require
a substantial reduction in flying height.
Nevertheless, this is a com plex su bject and is
entirely beyond the scope of this present
paper. \~Thether or not automatic plotters are
practical is irrelevant to this current proposal
to minimize compilation costs by covering the
largest possible area on the grou nd wi th each
aerial photograph.

It appears that the optimization of stereo
plotting will depend upon three important
factors. First, upon increasing the informa
tion capacity of the aerial photogt"aphs at
threshold values of image-contrast. Second,
upon increasing the geometrical precision of
the camera and plotter. Third, upon devising

a more reliable and efficient figure of merit
for low-contrast "interpretability." The
author therefore recommends that our min
imum procure-goals for 1970 should include
the commercial del"elopment of the following
equipment and techniques:

A. Cameras with better resolving power at
low image-contrasts. (Perhaps we could
achieve the essential resolving power
with focal-plane shutters-and remove
the resulting distortions in the elec
tronic memory of the stereo plotter.)

B. Improved automatic-dodging projec
tion pri ntel's.

e. I mproved plotters (stereographs) with
better resolving power and an im
proved standard deviation of heighting.

D. Improved low-contrast resolution tar
gets.

All of these developments are well within
the current state of the art. The resulting
photogrammetric systems apparently would
provide the best compromise between equip
ment costs and compilation costs for the civil
mapping of large areas.

In closing let me quote Professor Schermer
horn's (9) concluding remark in a similar
si tua tion: "The sense of this paper is ... to
show how poor the position of research in
photogrammetry still is at present, notwith
standing all the theory of errors published in
the past 20 years." So I leave you at this
point with a fell' of the many questions for
which I have no answers:

A. What con fidence level is normally im
plied by the term "photographic re
solving power"?

B. How does the standard deviation of
heighting in a give plotter vary with
illumi na tion, viewing-magni fication,
image-densi ty, con trast resolu tion, and
base-height ratio of the diapositives,
and the size and brilliance of the floating
mark?

e. Under the conditions described immedi
ately abol-e, what is the ultimate preci
sion with \\"hich II'ecan superimpose the
floating mark on a stereo image?

D. How does the standard deviation of
heighting vary with diapositive enlarge
ment? (See Figure 3, above.)

E. How does the standard deviation of
heighting in a given plotter vary with
the base-height ratio, when the model is
formed by the use of calibrated reseau
grids?

F VVhat is the optimum relationship be-
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tween resolving-power (or ground-reso
lution) and the resulting map-scale or
contour interval?

G. How can we best improve the net
ground resolution of the stereo (plotter
observer) system for a given angular
field, where losses in resolving power
of 30 to 50 per cen t are now com mon?

H. Would we achieve best results in stereo
plotting by using smaller cameras as
Eden suggests and then making en
larged prints, or by using large cameras
as Katz (8) suggests?

I. When will high altitude (jet) aricraft he
commercially available for aerial pho
tography?

J. \iVhat is the relation between model
flatness tests using reseau grids and real
photographs? Are these differences pre
dictable? Could they be removed from
terrain models by the use of an analog
computer?

REFERENCES

1. "United States National Map Accuracy
Standards." U. S. Bureau of the Budget.
June 10, 1941. Revised April 26, 1943, and
June 17,1947.

Thompson, Morris M., "How Accurate is
That Map?" Sur & Map, XVI-2-164. "Sym
posium on the National Map Accuracy
Standards." Various authors. Sur & Map,
XX-4-427. December 1960.

2. Saralegui, Antonio M., "Accuracy and Effi
ciency of Stereo Plotting Instruments."
PHOTOGRAMMETRIC ENGINEERING, XVII 1-5
901. December 1952.

Saralegui, A. M., "Something About Korth
American Photogrammetry by a South
American." PHOTOGRAMMETRIC ENGINEER
ING, XVI-I-128. March 1950.

Schermerhorn, W., "Remarks on the ... Test
of Stereoscopic Plotting Instruments." Pho
togrammetria, VII-I-21.

Schermerhorn, W., "Accuracy and Efficiency
of Stereo Plotting Instruments." Photo
grammetria, IX-4-129.

Sharp, John V., "Quantitative Basis for Com
parison of Systems of Mapping." PHOTO
GRAMMETRIC ENGINEERING, XIV-4-547. De
cem ber 1948.

Sharp, John V., "Basic Factors in Photogram
metric Instrument Performance." PHOTO
GRAMMETRIC ENGINEERING, XVI-I-1l8.
March 1950.

Sharp, John V., " ... Methods of Comparing
Accuracy of Photogrammetric Instruments."
PHOTOGRAMMETRIC ENGINEERING, XVII-3
358. June 1951.

\Vassef, A. M., "Some Aspects of ... Photo
grammetric Experiments." Photogrammetria,
XII 1-4.

3. Coiner, Bernard J., "Vertical Accuracy Anal
alysis." PHOTOGRAMMETRIC ENGINEERING,
XXVIIl-3-415a. July 1962.

Tewinkel, G. c., "Kelsh Plotter Notes." PRO-

TOGRAMMETRIC ENGINEERING, XXVIII-3
485a. July 1962.

4. Hallert, Bertil P., "Some Relations Between
the Geometrical Quality of Topographic
Mapping and Aerial Photogrammetry."
Gimrada Research Note, No.7, August 17,
1962, Fort Belvoir, Va.

Loscher, Dr. W., "Optimum Field-Angle for
Aerial Cameras." Unpublished paper deliv
ered at the 1963 Semi-Annual Meeting of the
American Society of Photogrammetry.

Ramm, . S., and A. M. Kuzina, "The Theory
of Convergent Aerial Photograrhy." Geodesy
and Aero Photography, page 333, Number 5,
1962. (Translated from the Russian for the
American Geophysical Union.)

5. Schermerhorn, W., "Convergent Versus Verti
cal Photography." Photogrammetria, 1959
1960, No.3.

6. Bousky, Samuel, "Do Present Standards As
sure Photographic [nterpretability?" Paper
presented before the I nternational Congress
of Photogrammetry, London, 1960.

Macdonald, Duncan E., "Resolution as a
Measure of Interpretability." PHOTOGRAM
METRY ENGINEERING, XXIV-I-58. March
1958.

7. Altenhofen, Robert E., "Accuracy and Adapt
ability of Stereo Plotting Instruments ... "
PHOTOGRAMMETRIC ENGINEERING, XVII-3
373. June 1951. (Says ALL spot elevations
lie within one-fifth of the contour interval.)

Anonymous, "A Proposed Stereophotogram
metric System for Topographic Map
ping ... " Gimrada Technical Report 1518,
April 1, 1958. (Says 90 per cent of all spot
elevations lie within one-quarter of the con
tour interval.)

Hallert, Bertil P., ibid., 4. (Says 68 per cent
of all spot elevations lie within three-tenths
of the contour interval.)

Doyle, Frederick J., "The Absolute Accuracy
of Photogrammetry." PHOTOGRAMMETRIC
ENGINEERING, XXIX-I-lOS. January 1963.
(Says 68 per cent of all spot elevations lie
within three-tenths of the contour interval.)

8. Anonymous, "Photographic and Photogram
metric Methods of Terrain Analysis ... "
AFCRL Report 62-644. June 8, 1962. Pre
pared by ITEK Laboratories, Palo Alto,
California.

Katz, Amrom, "Observation Satellites: Prob
lems, Possibilities and Prospects." RAND
Paper P-1707. 1959.

9. Anonymous, AFCRL Report 62-644, ibid., 8.
Aschenbrenner, Claus M., "High Altitude

Stereo Techniques." PROTOGRAMMETRIC EN
GINEERING, XVI-5-713. December 1950.

Brucklacher, Dr. W. A., "\Vide-Angle Conver
gent Photography ... " PHOTOGRAMMETRIC
ENGINEERING,XXIV-5-786. December 1958.

Halbrook, J. W., "The High-Altitude Long
Focus Convergent (HALCON) Mapping
System." PHOTOGRAMMETRIC ENGINEERING,
XXIV-4-661. Sept. 1958.

Hallert, Bertil P., "Some Relations Be
tween ... Topographic Mapping and Aerial
Photogrammetry." Gimrada Research Note 7,
17 August 1962. Fort Belvoir, Va.

Jonsson, Ake, "On the Accuracy of ... Con
vergent Aerial Photographs." Photogram
metria, 1960-1961, lumber 3, page 83.

Kasper, H., "Some Considerations on the Ap-



LET'S OPTIMIZE STEREO PLOTTING 911

plication of Photogrammetry for Small-Scale
Cartography." PHOTOGRAMMETRIC ENGI
NEERING, XXII-5-875. December 1956.

Levine, Saul R., "The KC-2 Convergent Map
ping Camera." PHOTOG RAM METRIC ENGI
NEERING, XXIV-5-741. December 1958.

Schermerhorn, W., ibid., 5.
Theis, Joseph B., "Increased Base:Height

Ratio." PHOTOGRAMMETRIC ENGINEERING,
XXIV-1-127. March 1958.

Swasey, Edmund, "Half-Base Convergent
Photography." PHOTOGRAMMETRIC ENGI
l\EERING, XXIX-2-258. March 1963.

10. BOllsky, Samuel, ibid., 6.
Barrows, R. S., "Factors Affecting the Recog

nition of Small Low Contrast Photographic
Images." Photo Science and Engr., Volume 1
(1957), page 15.

Campbell, Charles E., "The Optimization of
Photographic Systems." PHOTOGRAMMETRIC
ENGINEERING, XXVITf-3-446, July 1962.

Doyle, Irving \Iv., "Precise Aerial Camera Ex
posure Control." PHOTOGRAMMETRIC ENGI
NEERING, XX-l-7l. March 1954.

Fish, R. W., "Lens and Film Resolution."
Photo Record, 1-2-21. September 1953.

Harris, 'vV. D., "Practical Exposure Deter
mination for Aerial Photography." PHOTO
GRAMMETRIC ENGINEERING, XXlII-2-314.
April 1957.

Howlett, L. E., "A New Criterion for Measur
ing the Speed of Aerial Photographic Emul
sions." Canadian J. Research, Jan/May
1946.

Kardas, R. S., "A Study of the Information
Capacities of a Variety of Emulsion Sys
tems." PHOTOGRAMMETRIC ENGINEERING,
Volume 6 (1955), page 190.

MacDonald, Duncan E., ibid., 6.
Mees, C. E. Kenneth, "The Theory of the Pho

tographic Process." MacMillan Company,
1959. (Pages 1010-1024.)

Meier, H. K., "Use of Infra-red Emulsions for
Photogrammetric Purposes." Spie Journal
1-1-4, Oct.-Nov. 1962.

Mikhailov, V. Y., "The Use of Colour-Sensi
tive Films ... in USSR." Photograrnmetria,
1960-1961, No.5.

Swanson, Capt. L. W., "Photogrammetric Sur
veys ... and Infrared Photography." PHO
TOGRAMMETRIC ENGINEERING, XXVI-1-137.
March 1961.

Tarkington, Raife G., and Sorem, Allan L.,
"Color and False-Color Films for Aerial
Photography." PHOTOGRAMMETRIC ENGI
NEERING, XXIX-1-88. January 1963.

11. Aschenbrenner, Claus M., ibid., 9.
Campbell, Charles E., ibid., 10.
Berg, A. W., "Reproduction of High Acuity

Aerial Photography." Photo Science & Engi
neering, Nov.-Dec. 1961, page 321.

Eden, J. A., "Loss of Negative Resolution Due
to Printing and Examination Procedures."
Photo Record, IV-21-239. April 1963.

Macdonald, Duncan E., "Interpretability."
PHOTOGRAMMETRIC ENGINEERING, XIX-l
102. March 1953.

Theis, Joseph B., "A Discussion of the Aerial
Camera-Stereo I nstrument Team." PHOTO
GRAMMETRIC ENGINEERING, XXIV-4-634.
September 1958.

12. Campbell, Charles E., ibid., 10.
Corten, F. L., "Image Quality in Air Photog

raphy." Series A/B, Number 5, Volume I
of the ITC Publications. Delft, The Nether
lands, 1960.

Lewis, James J., "Contrast Control for Dia
positives." PHOTOGRAMMETJUC ENGINEER
ING, XXVlI-4-605. September 1961.

Pestrecov, Konstantin, "The Photographic
Resolution of Lenses." PHOTOGRAMMETRIC
ENGINEERING, XIlI-1-64. March 1947.

13. Craig, Dwin R., "LogEtronic Strip Printer
Model SPlO/70." PHOTOGRAMMETRIC ENGI
NEERING, XXIV-5-780. December 1958.

Watson, Alfred J., "The Fluoro-Dodge Method
for Contrast Control." PHOTOGRAMMETRIC
ENGINEERING, XXIV-4-683. September
1958.

14. Eden, J. A., "The Unsharp Mask Technique of
Printing Aerial Negatives." Photo Record,
1-5-5. April 1955.

15. Eden, J. A., "The Conditions ecessary for
Plotting Stereo Models ... " PHOTOGRAM
METRIC ENGINEERING, XXVI I1-1-73. March
1962.

Friedman, S. Jack, "AP/1-A New Concept in
Stereoplotting." PHOTOGRAMMETRIC ENGI
NEERING, XXV] [1-3-399. June 1962.

Halbrook, J. \11/., ibid., 9.
Pennington, John T., "Aerotriangulation \II/ith

Convergent Photography." PHOTOGRAM
METRIC ENGINEERING, XX-1-76. March
1954.

Trager, Herbert, "The Supragraph ... "
PHOTOGRAMMETRIC ENGINEERING, XXIX-l
174. January 1963.

16. Cude, vVilliam c., "Automation in Mapping."
Sur & Map, XXIl-3-413.

Van der Weele, A. J., "Numerical Procedures
in Photogrammetry." Photogrammetria.
XVII 1-4-117.


