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the adjustment of the network is given by
the formula

Electromagnetic waves radiated by the
antenna are bent towards the earth by at
mospheric refraction Figure 2. The path
of radiowaves is therefore not a straight
line, but approximately the arc of a circle.
At the same time, the propagation velocity
of radio waves also changes as a function
of this refraction. The radius of curvature

where C is the number of conditions, L is
the number of measured lines and P is the
number of points. In this case there would
be 21 conditions and 36 measured lines.
To make the work as economical as pos
sible, an optimum number of lines to be
measured must be selected to give the best
conditions for the adjustment.

Each line is measured by the so-called
"line-crossing method." An airplane at a
known altitude H crosses the line several
times following a figure eight path, which
eliminates back lash errors in the Hiran
dials, Figure 2. The arc distances, DRA and
DnA' to both ground stations are '-meas
ured simultaneously and recorded.

The sum of the measured distances as a
function of the time of observation IS a
second order parabola, Figure 3

~y = AX' - BX + C (2)

where ~ Y is the difference between a meas
ured and an approximate sum distance,
X is the time when measurements are re
corded and A, Band C are constants to be
determined by a least squares curve fitting
method. After A, Band C have been cal
culated, the minimum ~ Yis obtained by

RECENT developments of SHORAN
(Short Range Navigation) have

proved its feasibility for application to
medium and small-scale photogrammetric
mapping. Shoran equipment consists of
an airborne set and two ground sets,
weighing about 100 kg. each. The air
borne set transmits 0.8 microsecond dura
tion pulses on the frequencies of 210 and
260 megacycles per second. Each ground
station receives, amplifies and retransmits
these pulses, after certain delay, back to.
the airborne set on a common frequency of
320 mC.-sec.

The signals arriving at the airborne set
are indicated in an oscilloscope whose cir
cular time base has the so-called "natural
repetition frequency," viz. 93,109 c-sec;
this is one half of the average propagation
velocity of electromagnetic waves in the
lower atmosphere--V = 186,219 miles-sec.
Thus with repetition cycles of 93,109;
9,310.9, and 931.09 c-sec one complete
revolution of time base corresponds to
measured distances of 1, 10 and 100 miles
respectively.. HIRAN (High Accurate
Shoran) is a modified version of Shoran
specially adapted to accurate surveying
purposes.

In photogrammetry Hiran can be used
in two ways: a) to establish a primary net
work of control points for large block tri
angulations; b) to introduce control point
extension in areas where dense network is
needed. The sides of a large block tri
angulation may be tens or even hun
dreds of kilometers. To establish a com
plete adjustment for such a block only
nine primary control points are needed as
pointed out by Brandenberger (1). In Fig
ure 1 an ideal network is represented in
which all possible distances are measured
by Hiran. The number of conditions for

(1) C=L-2P+3

B'
~Y= --+C
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(1)

(3)

* This paper is a contribution to Commission I of the International Society of Photogral11
metry. Prepared for presentation by Prof. Fred Doyle at The International Congress.
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FIG. 1

r of the ray path is determined by the fol
lowing formula

1
- - = B + C(H + Z)

r

where Z is the elevation of the ground an
tenna, H is the elevation of the airborne
antenna, DAis the arc distance between
the ground and air stations, R is the curva
ture radius of the international sphere, B
and C are empirically determined meteoro
logical constants. Using the well known
arc-chord equation

DA3

Dc = DA - - (5)
24r2

(6)

the chord distances DRc and DDc are ob
tained.

As already mentioned the Hiran equip
ment has been constructed to correspond
to an assumed velocity of electromagnetic
waves V = 186,219 miles-sec. The actual
velocity Vm for the measuring conditions
is obtained from

6.Y milts

where Va is the velocity in vacuo (Va
= 186,282 miles-sec) and n is a refractive
index along the ray path. This can be ob
tained by a formula derived by Essen
(1951).

[
77 .62

n= 1+ -y'P

_ (12.92 _ 37.19 ) eJ 10-6 (7)
T (T/lOO) 2

where"'T is the temperature in absolute
units, P is the pressure in millibars and e

(4)
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By using values obtained from Essen's
formula (7) and by applying the least
squares curve fitting adjustment, the
meteorological constants A, Band C can
be determined for any area in question.
After these constants have been obtained,
the following equation for a refractive in
dex can be derived

FIG. 4

n = 1+ A + B(H2+ Z) + [~ (H + Z)' - HZ]

DA
' [ 1 1] [- - - - - B + C(H + Z)

12 R l'

index n changes with the elevation H ac
cording to a second order parabola,

n = 1+ A + BH + CH'. (11)

rom the spatial chord distances DRc
and D Dc the location of an exposure sta
tion can be obtained by three different
ways, namely

a) by making calculations in space
based on the Space Rectangular Co
ordinate System;

b) by reducing spatial elements first to
the ellipsoid and then to a plane, on
which the calculations may be made;

c) by constructing a circular Hiran co
ordinate system as a function of spa
tial chord distances and by super
imposing this system on an existing
rectangular grid.

Of these methods the first two are accu
rate, but if hundreds of points are to be lo
cated, the last method gives an economi
cal solution of sufficient accuracy.

To investigate the accuracy of the Hiran

(8)

(9)

(10)

is the partial pressure of water vapor in
millibars. To obtain these elements in
practice, the measuring airplane starts
from one ground station, flies along the
chord Dc to the measuring elevation H
and makes meteorological observations at
certain altitude intervals. After the mis
sion the same process is repeated towards
the other ground station.

The geodetic distances d are then calcu
lated by the following formula

[
(Rm+H)'+(Rm+Z)LDc']

d=R .COS-I
m 2(Rm+H) (Rm+Z)

where Rm is the curvature radius of the
reference ellipsoid for the latitude and
azimuth concerned.

The accuracy of line crossing measure
men ts has been tested by extensive trials
made in 1950-51 in Florida. [2]. The total
error in Hiran distance measurements can
be divided into two classes, namely errors
mi independent of distances (instrumental _
and observation errors); and errors md de
penden t on the distances (propagation
anomalies). These errors are mutually in
dependent and thus the total standard
error will be

The magnitude of these error components
have proved to be

1/ti = ± 0.0015 mile = (±2.4 meters)

lIld = ± 1/70,000.
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At a distance of 100 kilometers the
standard error of one line crossing thus
will be about M = ±3 meters or ± 1
/33.000. At longer distances this propor
tional error will be correspondingly small-.
er.

For control poin t extension by photo
grammetry the situation is essentially dif
ferent. In this case there are two sta
tionary ground stations from which the
arc distances DRA and D DA' Figure 4, are
measured and recorded at each expo~ure of
the surveying camera. By this process the
location of the aerial camera at the mo
ment of exposure can be obtained.

The curvature radius of the ray path is
obtained similarly to the line-crossing
method. The velocity correction, however,
is not obtained by direct meteorological
observations, but is based on a determina
tion from a standard atmosphere. The
basic idea is to assume that the refractive
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FIG. 5

In Figure 5 an analysis is made to estab
lish the error p'ropagation for X- and Y
components separately. The solid line gives
the error component along the X- axis and
the dotted line along the Y- axis. Two dif
ferent areas are considered, 60X80 km.

control point extension a test flight was
made in Arizona in 1952 at an altitude of
6,000 meters. The camera used was a
Fairchild wide angle Metrogon camera
with focal length f = 152. 53 mm. Every
photograph contained about 8-16 well de
fined control points measured on the
ground. Using these points a least squares
adjustment was made, and the plane co
ordinates of ground nadir points were de
termined. The same coordinates were also
obtained by the Hiran observations. Com
paring these values in 17 photographs the
standard error of one Hiran location was
computed. Both meteorological observa
tions and standard atmosphere assump
tions were used, but since the test area
was small compared to the measuring dis
tances-about 150 km.-essential differ
ences did not exist in the random distri
bution of errors. The standard error in one
distance measurement at a distance of 150
km. [3]. proved to be

mD = ± 7.1 meters. (13)

and 150 X 180 km. Figure 5 shows that the
average standard error components all
over both areas are about

1IIX = 1111' = ± 7.5 meters. (14)

Of course, a successful Hiran control
point extension presupposes a method for
the exact location of nadir points on the
photographs. For this purpose the use of
horizon-pictures or gyroscopic stabiliza
tion of the camera may be employed.

The use of Hiran for establishing the
basic network for extensive photogram
metric mapping programs, especially in
the so-called underdeveloped cou ntries,
should be carefully evaluated.
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