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‘A STUDY OF ABSOLUTE ORIENTATION METHODS

A.E.C. Sepldlveda, MSc. in Photogrammetry
Faculdade de Ci&ncias de Lisboa

Portugal

Commission III

1.1 - There are many ways of carrying out absolute orientation in
plan, but it is possible to classify them in three main groups:

I - The computational or numerical methods,

II - The semi-numerical methods,

III - The empirical methods.

After relative orientation and model levelling the following steps
must be carried out:

a) scaling,

b) finding the best fit between the ground control points (g.c.p.)
projected on the sheet, and the respective model points.

Scaling consists of getting a factor m that gives a new base Bn by:

B, = B, X m
where BO is the previous base.
Finding the best fit consists of giving 'a relative shift between
model and map, whose components are represented by A % and AN, as
well as a relative rotation defined by the angle e .

1.2 - If we get the absolute orientation elements m,‘A g, j&iﬁ,fa
in a mathematical way, i.e., by computation, we are applying the
method I. This is described in detail in chapter 2.

1

The semi-numerical methods consist of getting the elements m, ﬁ;E,
AN, and & , using separate operations and not using all the g.c.
ps. available in each operation. The following procedure has been
used:

a) the scale factor m was computed by (=):

)2 )2 + (H, - H

+ (NA - X A 5

R B B

2
B> + (ZA -‘ZB
where X, Y, Z, are machine coordinates of g.c.ps. A, B,...

b) after introduction of new base B_ in the machine, the best coin-
cidence of A and B, and therefore ' 1ine AB, between model and
map is obtained. Doing this, the shift AL and A N becomes nearly
null, as well as rotation 9 . If discrepancies in two more points
C and D are not acceptable by rotating the sheet through M, the cen
tral point of A and B, in such a way that discrepancies in A and B~
become acceptable. If not we repeat the procedure.

\ 2
(XA - X5)° + (YA - Y

—n - — ! - — -
'
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where R represents a rotation:
cose -sin

sine cos

Equation 1 becomes:

E! m.cose —m.sine E AE
Nt m.sine m.cose N AN

i
+

e
o’
[
]
<o}

AE
AN

=
w

o’
-y

and
m = a2 + b2 and tan e = f%f
From 2 : - N.a+Eb+ Az =58
+ B.a + N.b o+ AN = N
Subtracting respectively by E and N we get:
-N.a + E.(b - l) + Az =R,
2 A
B.a o+ N.(o-1) + A¥ =Ry
where R_ =(5' - B and RV =(N' - N) are the measured discre-
o R

pancies. If we have 6 g.c.p. Wwe get 12 equations like 3 to obtain
4 unknowns: a, b, AE and A¥. This leads us to a least square
solution of a system of observation equations. The table of obser-
vation equations is:

a (p=1) 4

[

AT R

~N E 1 0 R, 4
E N 0 1 R

and the normal equations are:
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2.3 = I have developed the following practical method of apply-
ing the corrections m, B, le,vand e , Whose main steps are:

a) introduction in machine of new base Bn , by
B = m X B
n 0

b) Wwith the coordinatograph telescope centred on the centroidal
origin C and an auxiliar telescope, using for instance the special
arm device, on chosen point P, I give to the sheet one shift repre
sented by AZE and AN, measured on both telescopes. -
¢) now fixing C, I give to P the tangential displacement d, mea-
sured with the respective telescope and found by:

d =tan §. TP = —= . T
b
where 2 is known and the distance C P is measured with a ruler.
b

After doing this I visit all points and record the discrepancies,
if any. If all are smaller than 0.1 mm., the absolute orientation
is considered achieved.

OOO§OOO§OOO§OOO'

3.1 - Having developed the method under chapter 2, this was appli=-
ed to the models whose diapositives were loaned by the Ordnance
Survey, and numbered: 089, 090, 091 and 092.

These diapositives at an approximate scale of 1/6.000 belong to a
strip whose control points were marked as points on the glass print,

o .
thus | and whose coordinates were determined by aerial trian-
gulation.

The characteristics of the plotting are:

a) scale of diapositives: 1/ 6.000
b) model scale: l/ 3.750
c¢) principal distance: 210 mm.

d) mean altitude Z: 330 mm.

e) gear ration: ' 1/3

f) map scale: 1/ 1250

g) approximate base: 9¢ mm.

-

The position of the 6 control points in the model, similar in all
models, is shown in fig. 1, and it can

be considered for future simplification
that this position is the standard one. N ®

The numbering of control points is shown
in figure 2.

Fig. 1
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nates considering fthe map scale as l/ 1250.

In form 1, next page, these coordinates were transformed ;nto cen-—
troidal coocrdinates, relative to each model, The last oneé were
plotted on the map, as well as the centroidal origin. However, we
must assume, if the computational method is to be applied in pro-
duction work, that the map goes to the plotting table with the cen
troidal origin plotted on it. To avoid the computations of the pre-
vious table and some of form 1, to the Photogrammetric Dept. must
be given, with the coordinates of g.c.ps. or air points, the coor-
dinates of the centroidal origin for each model.

For a Photogrammetric Organization this is an easy thing to do,
and if this is done, the computational method as we will see, be-
comes advisable and not so time consuming as one could expect.

OOO§OOO§OOO§OOO

4.1 - This chapter refers to observations and computations. The
observations, listed in the 6th and 7th columns of the respective

form and called discrepancies RE and RN“’ consist of a set of 12
readings. HZach of these readings represents the component, parallel
to the E and N axes, of the displacement between the map and res-
pective model point, measured with the table telescope, affer re-
lative oriemntation, levelling, and rough scaling on two points.
Using these observations, a complete least square soluftion was wor-

ked out.
The mean time to get B, A, AN, and 4, without simplifications
is about 50 minutes.

The forms were computed by electronic computer. The introduction
of the absolute orientation elements into the machine and sheet can
be done in about 5 minutes, in the way described in chapter 2.

After this the discrepancies on the six points were checked, and
the procedure repeated if R, and RN proved to be greater than
0.1 mm. -

4.2 - In order to simplify the computations, save time and thus
produce the most practical computational method, four corner points
P

instead of six were used and it was assumed that these vpoints were
symmetrically distributed relative to the centroidal origin.

show the re-
tinme taken

nd the discre=:
ation elements

In that case the computations are much simplified
markable fact that they achieve the same results.
for computing one form 2 is less than 15 minutes, a
pancies obtained after applying the absolute orient
fall within the accepted accuracy.
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