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Maximum Bridging Distance in

Spatial Aerotriangulation

H. M. KARARA,
Asst. Prof. of Civil Engineering,
Univ. of Illinois, Urbana, IlI.

ABSTRACT: T'o ensure a specified accuracy in aerotriangulated control (photo-
grammetric-control) on which the stereoplotting of individual stereomodels is
based, the bridged distances have to be confined within certain limits. This
paper preseiits a universal chart for the determination of the maximum allow-
able bridging distance for wide ranges in the parameters affecting the accuracy
of spatial aerotriangulations. The chart also indicates the expected accuracy
in aerotriingulated elevations. The maximum bridging distance and the ex-
pected accuracy in elevations are also given by two practical formulae pre-
sented in this paper. The planning and design of flight charts for small-scale
photogrammetric mapping of extensive areas could be made considerably
easier and safer with the help of the presented mbd chart or formulae.

HE use of aerotriangulation in connection

with small-scale mapping of extensive
areas has already been established and well-
proven in practice. There are different ways
and methods for the execution and adjust-
ment of aerotriangulation. In most cases, the
end product of such spatial aerotriangulations
is what is generally termed ‘‘photogrammet-
ric-control” and used to control the stereo-
plotting of individual models. As one can ex-
pect, the accuracy of such control effected
through aerotriangulation is somewhat less

than that of terrestrially determined ground-
control. To ensure a specified accuracy in
photogrammetric-control, the bridged dis-
tance has to be confined within certain limits.
The maximum bridging distance (mbd) for a
specific project (see Figure 1 for a long strip
and Figure 2 for a block of long strips) de-
pends, among other things, on the following
parameters: standards of accuracy required,
photo-scale, forward overlap, quality of the
pictures, ‘reliability of the photogrammetric
measurements (a function of the stereoscopic
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F16. 1. Maximum bridging distance for a
specific project for a long strip.

machine and operator), the method of rela-
tive orientation, and the methods used in
executing and adjusting aerotriangulations.

The idea of designing a chart that would
help in determining the maximum distance
allowable for bridging was brought up by the
author in 1956 (Karara, 1956) and has proven
to be of much help in planning small-scale
mapping for extensive areas. The basic idea
lies in studying the propagation of the errors
(in planimetry and elevation) remaining
after the adjustment of aerotriangulations
and confining these errors within the allow-
able tolerances through restricting the bridged
distances to certain limits.

The mdb chart published in 1956 (see
Karara, 1956) was restricted to one focal-
length. In this paper, a more universal mbd
chart is presented. In addition to this chart,
universal equations are also given for the de-
termination of the maximum allowable bridg-
ing distance, as well as the expected accuracy
of the deduced elevations.

In general, aerotriangulation is applied
only in case of small-scale mapping. For this
reason, the 1956 chart as well as the chart
given in Figure 3 of this paper deal only with
map-scales ranging from 1:50,000 to
1,000,000. In case of such small scales, the
accuracy in planimetry is generally the de-
cisive factor in determining the maximum
distance to be bridged. In odd cases, however,
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Fi1G. 2. Maximum bridging distance
for a block of long strips.
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where the accuracy of aerotriangulated eleva-
tions is, for some special reason, the critical
value, the mbd chart and equations have to
be used in a slightly different way. Case 1 of
the two examples given below gives details on
that point.

Figure 3 shows a universal chart for mbd,
completed recently at the University of Illi-
nois, for the case of 609 longitudinal over-
lap. This chart is worked out for the following
restrictions in the different parameters:

1. Accuracy requirement in planimetry:
0.2” (or 0.5 mm.) measured on the pub-
lication scale of the map.

2. Accuracy of measurement of parallax
with stereoscopic_machine= +0.01 mm.
(in image-plane).

3. Relative Orientation: According to
Bachmann! (see Bachmann, 1946, pp. 56—
57).

4. Aerotriangulation: Instrumental con-
junction of successive photographs,? gen-
erally termed ‘“Aeropolygon.”!

5. Control and Adjustment: Cross Bases
Method! (see Karara, 1956 or 1957).

6. The chart could be used for aerial cam-
eras with principal-distance between 3"

and 12",

7. Flight altitudes ranging between 3,000
and 30,0007,

8. Map scales between 1:50,000 and

1:1,000,000 are considered in the chart.

It should be emphasized that the map scale re-
ferred to herein is not necessarily that of the
direct stereo-compilation; it could be reduced
(photographically or otherwise) from the
most favorable mapping scale that best suits
the photo-scale and the stereoplotter.

Figure 3 not only gives mbd, but it also de-
termines the expected accuracy in elevations.
Instructions for the use of the chart are given
in the figure.

Following the same basic ideas, used to de-
velop the chart, the following formulae for
mbd have been derived.

WS
mbd (in feet) = 0.43B 4/ s
ll-oZ

WS

or mbd (in meters) = 0.047B
moZ

1 For all practical purposes, however, any other
method could be used. Experience has shown that
there is no substantial difference in accuracy be-
tween the different methods.

2 Better known by its German name ‘‘Folgebild-
anschluss.” For details see Brandenberger, 1956,
Chapter II.
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where

Sis the reciprocal of the map-scale (map
scale number)
f is the focal-length of the lens in inches or
millimeters
B is the average length of aerial base in
feet or meters
7 is the average flight height above ground
in feet or meters
w is the tolerance in planimetry (in inches
or millimeters) measured on the publica-
tion scale of the map
wo is the accuracy of measurement of paral-
lax in the stereo-machine (in the image
plane) in inches or millimeters

The expected accuracy (mean square error)
in the derived elevations of aerotriangulated
points is given by the following formula, de-
rived following the same basic ideas as the
chart in Figure 3.

72
w2 2ug Ef (4.35 — 1.25N + 0.375N?% — 0.0625N3

+ 0.015625N4)1/2

where:

N is the number of stereoscopic models in
the bridged distance.

(other symbols as given above). In this
equation po and f should be in inches or
millimeters, while Z and B should be in
feet or meters. In such a case ug will be
in feet or meters.

It must be underlined that while the chart
in Figure 3 has some limitations in the ranges
of the parameters, the three formulae shown
above are free from such restrictions. As an
example; if the longitudinal overlap is 70%
instead of 609, another chart has to be com-
piled or deduced. The formulae, however, can
take care of that since the aerial base B ap-
pears as such in the equations.

Strictly speaking, the above described
chart and formulae are valid only for the case
where the Bachmann’s method of relative
orientation, the aeropolygon method of tri-
angulation and the Cross Bases Method are
used. For all practical purposes, however, the
chart and the formulae given above could be
used for other methods of relative orienta-
tion, triangulation, control, and adjustment.
This generalization is based on the fact that
experience has shown that there is no signifi-
cant difference in the accuracy of photo-
grammetric work executed according to the
different methods known today. Should a
drastically new method of relative orienta-
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tion, of triangulation, of control, or of adjust-
ment be devised, it then would be wise to ex-
amine the propagation of the errors remaining
after the adjustment before adopting the
mbd chart or the formulae.

No attempt is made in this paper to show
the mathematical manipulations used in
deriving the chart or the formulae, since such
a topic is of limited interest to most readers.
Full account of the derivations of the chart
and the formulae will be included in a re-
search report to be published in the near fu-
ture by the University of Illinois. The basic
ideas and the fundamental operations have
been published by the authorin 1956 (Karara,
1956).

EXAMPLES:

The following two examples demonstrate
how the mbd chart and formulae are used:

Case 1:

Given: 9”X9” pictures, focal-length 8.25",
609, longitudinal-overlap, flight-height
above ground=27,000’, required map-
scale 1:100,000 (not necessarily through
direct compilation), required accuracy in
planimetry 1/50”, accuracy of sterec-
scopic measurement of parallaxes in the
image-plane= +0.01 mm.

Wanted: maximum safe bridging distance
(mbd) and estimated accuracy of de-
duced elevations (um).

Solution:

S
mbd (in feet) = 0.43B 4/ s
wZ

1

9
B = 409, of ——— X 27,000 = 11,782 ft.

8.25"
u = 0.02"
wo = =+ 0.01 mm. = 0.00039"
Z = 27,000
f=28.25"
S = 100.000

0.02 X 8.25 X 100.000
0.00039 X 27,000

mbd = 0.43 X 11,782

= 199,600 ft.
mbd = 37.8 miles

72
uH 22;;05}( (4.35 — 1.25N + 0.375N% — 0.0625N°?

+ 0.015625N4)1/2
(mbd)
B 11,182
wug + 193 feet

N = = 16.94 =~ 17 stereomodels
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The values for mbd and uy derived from Fig-
ure 3 agree with the above computed values.

N.B. If the value obtained for ug is, for
some reason, considered too high for the pur-
pose of the map, then another value for mbd
could be determined backwards from a speci-
fied ur. As an example, if ug in this case
should not exceed 150 ft., chart 3 gives the
mbd to be 35 miles.? Note that the uy equa-
tion can also give the number of models ()
to satisfy the condition that ug is not to ex-
ceed + 150 ft. In this case V=16 stereomodels.
This circumstance, however happens only in
seldom cases, since in small-scale mapping,
the accuracy in planimetry is generally the
decisive factor as mentioned before.

Case 2:

Given: 23X 23 cms. pictures, f=288.5 mm.,
h=10,000 meters above ground, 609,
longitudinal overlap, required map-scale
1:1,000,000 (reduced from the most fa-
vorable plotting-scale), required accuracy
in planimetry=0.1 mm., accuracy of
stereoscopic measurement of parallaxes
in image-plane= +0.01 mm.

Solution:
WS
mbd (in meters) = 0.047B i
wZ
230 )
B = 409, of %85 X 10,000 = 10,395 meters

r=0.1 mm.

o = 0.01 mm.

J = 88.5 mm.
Z = 10,000 meters
S = 1,000,000

mbd (in meters)

X 88.5 X 1,000,000
0.01 X 10,000

0.1
= 0.047 X 10,3954/
= 145348m say 145 km
2

Z
i 2 2y (4.35 — 1.25N + 0.375N2 — 0.062N*

~+ 0.015625N4)1/2

bd 145348
N2~ (—’ﬁ——) = = 13.98 ™~ 14 stereomodels
B 10395
(10,000)2

g =~ % 2 X 0.01 [435 —1.25% 14

88.5(10395)

3 In such a case, proceed as follows: 1) enter uy
as ordinate in the lower part of the Chart and pro-
ceed horizontally to the right to intersect the
flight height. 2) go upward to intersect the focal-
length f. 3) read mbd on the ordinate.
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+0.375(14)% — 0.0625(14)* + 0.015625(14)"]”
wg 2 + 48 meters

The values for mbd and pm derived from
chart 3 agree with the above deduced values.
In this example, some type of ground-con-
trol has to be established every 145 kilometers
to ensure precise photogrammetric control
satisfying the above mentioned specifications.
Thorough planning for aerotriangulation is
absolutely essential if the photogrammetric
control has to satisfy certain accuracy re-
quirements. The author is inclined to believe
that one of the most important reasons be-
hind the unsatisfactory results that are some-
times obtained from some of the spatial aero-
triangulation projects lies in the fact that the
bridged distances in such cases exceed by far
the maximum allowable bridging distance.
Practitioners dealing with small-scale map-
ping of extensive areas are invited to use the
chart shown on Figure 3 as well as the mbd
and uy equations. Constructive comments or
suggestions will be appreciated by the author.
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