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DETERMINATION OF EXTERIOR ORIENTATION PAM&P;;F;%I;S’OILRC(;?’I A
SINGLE OBLIQUE PHOTOGRAPH: A LEAST SQUAREE
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and KUTA A. A. y
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Abstract

This paper presents a simple least squares approach to (leterminqnon of ex.teno;" orientation
parameters using a parametric form solution to the conventional Collmeartty-co.-ndttron
equation for a single oblique photograph. A MATLAB based progran has bei" wntt“en to
perform the required computation by two methods namely; “ilerative model” and “non-

iterative tilt photo-generator equation”.

With a Standard error of 10.77m, 10.77m and

279.31m for theX,, Y, and Z, respectively, the “Non-iterative Tilt Photo Generator

Equation’ Model was chosen as a better fit for the Solution although the accuracy achieved
is unacceptable for higher order survey tasks. This therefore confirms that stereo images are

better suited for higher order survey tasks.

Keywords: Ground Control Points (GCPs), Oblique Photographs, Collinearity Equation,

exterior orientation parameters

Introduction

Though one of the fastest methods of
spatial data acquisition because of its
capacity to capture an infinite number of
points in a single exposure of the camera,
photogrammetric method of data gathering
still suffers set back on the grounds of cost
and computational difficulty.
Reconstruction of original object scene
from photographs requires certain steps
known as Onentation (Fundamentals of

Computational Photogrammetry).
Therefore, the fundamental
photogrammetric  problem is  the

determination of the interior and exterior
orientation parameters of the camera and
the coordinates of object space points
measured on photos (M“Glone, 1989). The
six elements of exterior orientation are: 3D
Object Space Co-ordinates of the principal
Point and Three Rotation angles. Fxterior
~ orientation could be performed either in
~ two separate steps known as “Relative and
Absolute Orientation” or in a combined
solution  called “Bundle  Adjustment”.
"--l_'&!lalivc Orientation is the process of
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bringing corresponding rays to intersect at
model points thereby recreating the same
parallactic angles as existed between
successive exposures, absolute orientation
establishes the mathematical relationship
between the stereo-model and the ground
control co-ordinate system. Odumosu and
Ajayl, (2014) examined some of the
existing models used for absolute
orientation and their suitability for third -
Order  Planimetric mapping. Several
techniques exist for determining the
exterior orientation parameters of which
the analytical (empirical method) shall be
considered in this paper. The other
techniques being the Graphical and
Numerical techniques. Analytical
phologrammelry is the term used to
describe  the ngorous  mathematical
calculation of coordinates of points in
object space based upon camera
parameters, measured photo coordinates
and ground control (Venkat Devarajan et
al, 2012).
Due 0 the difficulty posed by the
tequisiion of Ground Control Points in
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inncccssiblc arcas, Hojun et al (2012)
dcu:mnncq exterior orientation parameters
l!mmgh Ll!:l'L‘C[ geo-referencing in a real-
tme aerial  monitoring  system  and
compurcd the results obtained to the
precisely computed exterior Orientation
Parmnelgrs via the digital Photogrammetry
workstation. Drewniok and Rohr (1997)
presented an approach for automatic
exterior orientation of aerial imagery that
1s based on detection and localization of
planar objects manhole covers. Ethrog
(1984) used parallel and perpendicular
lines of objects for estimation of the
rotation and interior orientation of non-
metric cameras. Some other approaches
include: Coplanar Parallel Lines (F. A.
Van der Heuvel, 1997), measurement and
automated matching of linear lines (Martin
and David, 2000), Linear features —
Analytical approach (Liu et al, 1990,
Chen and Tsai 1990), Multiple geometric
features (Qiang et al, 2000; Kager, 1989;
Forkert, 1996). Qiang et al (2000) also
lucidly and elaborately presented an
overview of some of the algorithms using
features other than points for exterior
orientation problems. Traditionally, the
collinearity, coplanarity and co-angularity
conditions are used to determine exterior
orientation parameters based on point co-

nmental Technology and Science lournol

Vol 6. June, 2015

ordinates as input data (Grussenimeyer,
2008). However, in recent times, so ftware
are available that automate the easy
computation of the exterior orientation
parameters and just supply users the
computed ground co-ordinates of desired
points, the initial cost of acquisition of
these equipment is very high and
uneconomical. Besides, the time
consuming ground survey of control points
can be reduced by block adjustment or
even more by combined block adjustment
with projection centre coordinates from
relative kinematic GPS-positioning. It is
also possible to avoid control points like
the measurement of image coordinates of
tie points by direct sensor orientation with
a combination of GPS and an Inertial
Measurement Unit (IMU) (Karsten, 2001).
This paper presents a simple user-friendly
least squares technique for solving exterior
orientation parameters using MATLAB
software.

Mathematical models:

The transformation (Projective equation)
describing the relationship between two
mutually associated three dimensional
system of co-ordinates can easily be
illustrated by the collinearity equation:

Equ. 1.0

ra (X, — X, )+n, (T, S —Z7)

=

O N s R L e

Ya = Vo =/ ral(X,' —XL)+'r32(Y.~I —YL)+r33(ZA —Z"-)

Equ. 1.1

For ease of mathematical and programming manipulations, Equations 1.0 and 1.1 can easily

be re-written in Vector Form as:
.'X' XA —XL

(Y) — 0l S
Z 'ZA - ZL

Where x, y,

K = Scale Factor

R = a Rotation Matrix

X, ,Y,, 2z, = Co-ordinates of the P

91

Equ. 2.0

4 are co-ordinates of point A in the image space co-ordinate system.

rincipal Point in the Object Space co-ordinate System.
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X, .Yy, &, = Co-ordinates of Point A in the Object Space co-ordinate System.
‘ ] »

The Rotation Matrix “M” can be further written as (Equ. 3.0)

R --‘ COSM SINK 4+ SINE SING COSK
1 .
| sine SinX -cosw SING COSK

COS( COSK — SN SINd SN K
SN COSK +COS®SINGSINK

Equ. 3.0
SING

-SINM COSG
COSM COSO

Where @, @ and K represent rotations or angular shifls in the X, y and z axis respectively.

Also for ease of numerical manipulations, Equation 3.0 is commonly represented as:

R=1r. v ' Equ. 3.1
o Ty Ty
Eqguation 2.0 above thus becomes the

fundamental equation from where subsequent
denivations are performed.

Olaleye, (2010) re-arranged equation 2.0
above into “Parametric form” and called it the
“Vertical  Photo-Generator”  Equation for
Vertical Photographs. The vertical Photo
Generator Equation assumes that the aenal
photograph is truly or near Vertical, thus the
rolation matrix is completely eliminated. The
equation in parametric form thus becomes:

Xy, ) = }[(XA’}:U Z,) ~ (X, Y,.2,)]

ever, wh;n the phqlograph is taken such
the optical axis g deviated from gy,
al, the reconstruction of original Image
ry from i[‘)htl.;mgraph Will require gy
ons of the camera pe effici
| : ent|
jhercfore, there is peeq for lhz

1 x - Xo=X,
gt Bk
(o, 24"20

9\ fAX
K 1 e ) (Ayﬂ
i T ROy

87

rotation matrix to be fully implemented in
such solutions. The “Tilt Photo-Generator”
Equation for tilted Photographs thus utilises
the Rodriguez approximation for rotation
matrix rather than using the full rotation
matrix in-order to reduce the mathematical
complexity of the resulting equation. Thus, K
In equations 2 and 3 above are replaced as:

WR T S
R={k 1 -w Equ. 5.0
S |

Thus applying the Rodriguez
dpproximation rather than the full
fotation matrix Equation

Equation 2 becomes:

Equ. 6.0

Equ 6 |
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Therefore re-arranging in parametric solution form Olaleye (2010) gives the “Tilt Photo-Generator”

Equation as:

(XasYar=F) == (X, + KAY, — QAZ, —KAX, + AY . + WAZ ,QAX, — wAY s + AZ,)
5 A A A A

Equ. 7.0

Least Squares Approach

Conventionally, the least Squares Observation qugﬁgﬁgn Matrix)A =

is given as:

V=AX + L? Equ. 8.0

X=(A"TPA)T'A"L®> Equ.9.0

Y3 = 62(ATPA)™* Equ.10.0
T

o§ =2 Equ. 11.0

Where;

V = vector of residuals
A = the design or coefficient matrix
X = vector of unknowns
L = the vector of observations
P = weight matrix of observation
o2 = a-posteriori variance of unit weight
n = the number of observations
m = the number of unknowns
In vector space representation,

Equ. 4.0 can be re-written as:

1 0 0 X,
01 0% qu. 12.1
1 ) T o &
Xy
(Parameters)X = ;" Equ. 12.2
L
£
XA
(Observation Matrix)L = Y Equ. 12.3

Z,

The solution for Equations 12.1 — 123
gives the Object Space Co-ordinates of the
principal Point for a vertical photograph.
However, in a tilted photograph as this, the
obtained solution serves as initial guess for
subsequent  iterations  which  now
incorporate the full tilt equation.

The Matrix formulations for the subsequent
iterations are as given below:

X4 X, — 5%, ol

W\i=1 Y% — sV, Equ. 12.0 %

Zh Z,+ sf (Observation Matrix)L = _} Equ.
Therefore, the required Matrix for the 12.4 3
Observation Equation Solution to solve for
the Exterior Orientation parameters from
the Vertical Photo-Generator Equation 1s:

(Yi—-%) (24— Z)) 0% i (X )
(X = XL} 0 (Za—2,) (Y, - 1)
(Design Matrix)A = 0 Equ. 12.5

(XA_— Xp) ‘"(5’_'.1 =~ Y Z,—Z;)

93
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&5

e s
| ta | 0 |

Equ. 12.6

(Parameters)X =

F
& |-
e

Equ. 11.4 — 11.6 are used for determination of the rotational Parameters.

The Design Matrix for the Tilt Photograph Model in the Non-iterative Least Squares Solution

thus becomes

1 0 0 X3 Ya f ‘(;?
. B W T D R Equ. 12.7
(Design Matrix)A e e T Tt
Materials and Method

The Image used (Figure 1.0) for this experiment is an aerial photograph of part of Minna,
Niger-State. The Photograph was captured on 20" April 2013, during the surveying camping
exercise of the Surveying and Geo-Informatics Students, Federal University of Technology
Minna.

Fde 40 View inten Tock Destiop Window Help
D2 de | S NODEL- A 0B e

>— = - I

et ko (¥, 304) 1113 145 114]

Figure 1.0: Aerial Photo of part of Minna, Niger State

The collinearity condition earlier described
in  section 2.0 was utilised in the
determination of the exterior orientation
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the Xy ,Y;, 24, values (Initial Guess is first

computed using the Vertical Photo
Gene_ralor Equation  before subsequent
iterations are done till the solution
converges) and the second a direct solution
implemented via the tilt Photo-Generator
Equation. The captured image was then
read into MATLAB environment (trial
version) where digital co-ordinate values
were assigned for all control points. The
codes for reading in the image into
MATLAB and for subsequent

computations are contained in the
appendix. The design matnx was
formulated alongside the other relevant
vectors and then MATLAB codes written
to solve for the Exterior Orientation
parameters of the Photograph by applying
simple least squares technique to the
collinearity equation as earlier described.
The list of Ground controls and their
corresponding Digital Photo controls are
as shown 1n table 1.0.

Table 1.: List of control points and their corresponding digital photo co-ordinates.

Ground Co-ordinates Digital Photo Co-ordinates
226230.128 1059899 231 161
226163.936 1059828 207 72
226219.490 1059766 232 177
226562.352 1059635 388 179
226559.683 1059554 402 189
226559.787 1059433 428 210
226634.523 1059360 487 221
226713.313 1059506 478 192
226779.621 1059636 468 173
226780.687 1059706 455 166
226480357 | 1059212 455 276
226263.845 1059297 287 269
226056.051 1059581 153 213

(Source: Authors’ research, 2013)

Results and Discussion

A Total of Five (5) Ground control points
have been selected for the computation.
The GCPs were chosen to have a good
spread across the study area so as 1o
efficiently model the correct ground-photo
relationship at every point within  the
image. The results obtained z}ﬂer running
the programs are summarised in tables 20
3.0 and 4.0. Table 2.0 shows the solution

95

obtained via the iterative program (the
result reveals that the solution converged
after the third iteration). Table 3.0 presents
the Exterior Onentation parameters
obtained from the non- iterative solution
using “Tilt Photo-Generator” Equation
while table 4.0 contains the summary of
the result obtained from the two
approaches and the differences between
them.
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ble 2.0 Exterior Orientation parameters obtained from the iterative SO
Ta e 2.V :
: i 3rd Iteration | Diff
'——‘r’-_:;n' 2nd Iteration Diff 1 3rd Iteration Diff 2 1f 3
rametey 15t ItCration B |
R 226031.030 | 225780.890 -250.140 225780.880 -0.010 ]0606“.900 0.000
| 1059375200 | 1060600.000 | 1224.800 | 1060611.900 11.900 - g.goo
| e 214.683 0.000 | -214.683 256.000 |  256.000 1.]62 000
§ e 162 1162 1162 | 0.000 162 | 0.000
@t : ; 5 | -0.00058727 | 0.000¢
[ ppa -0.000587651 | -0.000587279 | 0.000000372 -0.000587274 | 0.000000005 ALl #
ih 0.0000001278 | 0.000000128 | -0.000000001 0.000000128 | 0.000000000 A - 00000 |
nega .0.000541018 | -0.000000155 | 0.000540863 | -0.000000155 0.000000000 | -0.00000 0.00000 |

(Source: Authors’ Research)

Table 3.: Exterior Orientation parameters obtained from the non-

Photo-Generator” Equation.

Parameters | Tilt Model

Xo 225909.310
Yo 1059581.000
Z0 239.675 |
Scale 1.162
Kappa -0.526411591
Phi -0.004551548
Omega -0.1161281561

Source: Authors’ Computation (2013)

iterative solution using “Tilt

Table 4.: Summary and differences between the Results obtained from the iterative and non-
iterative (Using Tilt Model) process.

Parameter | Tilt Model [terative Model Differences

Xo 225909.310 225780.880 128.430

Yo 1059581.000 1060611.900 -1030.900
Zo 239.675 256.000 -16.325
Scale 1.162 1.162 0.000
Kappa -0.526411591 -0.0005872743 -0.526
Phi -0.004551548 0.0000001276 -0.005

Omega -0.1161281561 -0.0000001553 -0.116

1g the [arge variance between
ed results, the standard error of
s was computed to determine
The computation of the
r of measurements derived

Source: Authors” Computation (2013)

96

reveal a statistically unsatisfactory result
for the iterative solution and a fairly
acceptable solution for the “Tilt-Photo
generator” Model as shown in Table 5.0
and 6.0 respectively.
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Table 5.0: Standard Error of Computation for Iterative Solution

== Yo
Yo
e - 20 Scale | kappa ‘ Phi
288922.844 | 37983 : ; A
5o o 4.862 | 2.44E12 | 60.696 | -0.176 | 6.98E13 | 288922.844
379834.86 5
vo | 21399950337 | -2.9E12| 0.036| -299.43 | 8.50E13 | 379834.862
2.44 : )
Lt E12| -297E12| -1.9E20| 0.000 0.000 | 5.47E19 | 2.44E12
scale | -60.696 0.036 0.000 | 0.180 0.000 | 0.000 |
lappa_ -0.176 | -299.432 0.000 | 0.000 1.505 | -0.001
Phi | 6.98E12| -8.50E13 | -5.47E20| 0000| -0.001| -1.564
Omega | 288922.844 | 379834.862 | 2.44E12 | 60.696 0.176 | 6.98E13 | 288922.844

Source: Authors’ Computation (2013).

Table 6.0: Standard Error of Computation of Non-Iterative

“Tilt Photo Generator” Model

Solution.

Xo Yo Zo Scale kappa Phi Omega
Xo 10.77 0.00 13.03 | 21357 |12634 |0.03 0.02
Yo 0.00 1077 | 4227 |-12634 |-213.57 |-0.02 -0.22
Zo 13.03 4227 |279.31 | -0.02 0.00 15866 |-108.14 |

i

Scale | -213.57 |-126.34 |-0.02 | 0.63 0.00 0.00 0.00 |
Kappa | 126.34 | -213.57 | 0.00 | 0.00 0.63 0.00 0.00 ‘i
Phi | 0.03 0.02 | 158.66 |0.00 0.00 0.75 0.46 |
Omega | 0.02 022 |-108.14 | 0.00 | 0.00 046 | 622 ]

Source: Authors’ Computation (2013)

Also, the Standard Error obtained revealed
that both models do not provide optimum
results for the computation of the Ground
Height of points. This could be as a result
of the single photograph used. More
reliable height values are thus expected
when a stereo-pair of Images 15 used. This
will be verified in subsequent research
works.

Conclusion

A simple least squarcs approach to solving

Xterior orientation parameters of a single
hotograph has been presented. Th&?
tandard Error obtained suggest that the
firect usage of the T 1t Photo-Generator

Equation 1is most efficient rather than an
iterative solution with an initial  guess
obtained from the vertical Photo Generator
equation. Besides, the use of single image
rather than a stereo pair also reduce the
ability of the model to effectively compute
the Height value of the Photo Principal
Point.

It can also be concluded that the use of
Single Photographs for determination of
the exterior orientation parameters is not
suitable  for high order accuracy
photogrammetric tasks. Therefore, similar
techniques could be employed for an
overlapping pair of images as better results
are anticipated in such an event.
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