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Analysis of 
Panoramic Photographs 
Because of their high resolution and satisfactory results, pan 
photos are considered to be advantageous for various problems. 

, T HE PANORAMIC photograph is obtained by 
means of a scanning procedure. On the 

average, the scanning velocity is about one 
radian per second, and the time required for 
producing a photograph is in the order of 
1000 times longer than the exposure time of a 
usual photograph. In evaluating an ordinary 
photograph, a basic assumption is accepted 
which regards the entire frame as recorded 

' simultaneously, and that each region on the 
photograph has one and the same orientation 
in space with regard to an assumed reference 
system. This assumption does not necessarily 
hold for a panoramic photograph. 

Because of the duration of the scanning, it 

the camera. The orientation of the photo- 
graph is defined then by the following ele- 
ments: 

X ,  =x," + t x,, 
Yo = Y," + t Y ,  
Z ,  = z," + t i, 
o = o c + t ;  
q = Q + t c F )  

The quantities denoted by the superscript c 
are the constant components of the orienta- 
tion elements. They relate to an initial instant 
to  from which the time is counted, and are 

ABSTRACT: It is necessary in panoramic imagery to consider the time- 
differential terms due to the motion of the aircraft during the period 
of the exposure. An analytic procedure is developed for taking these 
time-differentials into proper account. 

stands to reason that the camera does not 
maintain a constant angular orientation 
within the time interval needed for taking a 
photograph, and that its path does not lie in a 
horizontal plane. In addition, it may be as- 
sumed that the movement of the camera is not 
compensated entirely by the IMC. The logical 
deduction from these assumptions is that the 
time element has to be incorporated in the 
description of the camera orientation, and 
that the orientation elements should be re- 
garded as variables depending on time. In 
accordance with the above statements, the 
mathematical model of describing the orien- 
tation of the photograph is expanded by in- 
troducing six additional elements, namely, 
three linear and three angular velocities of 

equivalent to the usual definition of an orien- 
tation. The quantities with the dots are the 
respective velocities. 

The panoramic photograph is in effect an 
assembly of exposed slits. From Equations 1 
it follows that each slit has its own particular 
set of orientation elements. To use Expres- 
sions 1 for computation purposes, a means to 
relate the time must be established. Time is 
usually measured by a physical process oc- 
curring at a uniform rate. Such a process is 
available in the camera; it is the movement of 
the film. Regarding the sweep velocity of the 
film as constant, the time can be expressed as: 

where y' is measured along the photograph. 
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For the sake of simplicity, the proportional- 
ity factor C in Expression 2 is made equal to 1. 
Then the time will be expressed in terms of 
the ordinate y', i.e., t = y'. 

The instant to  is accepted to be that at 
which the slit defined by the equation yr  = 0 
is recorded. All time instants which precede 
to are negative; they correspond to negative 
yr-values. Similarly, time instants which fol- 
low to are associated with positive yr-values. 

Measuring coordinates requires the defini- 
tion of a reference system. This may present 
certain difficulties because there are usually 
no fiducial marks on the camera. But even in 
the absence of fiducial marks a reference sys- 
tem can still be introduced on the photo- 
graph. The y '-axis is defined as a line parallel 
to the long edge of the frame, and the x '-axis is 
assumed to be perpendicular to it, i.e., paral- 
lel to the axis of the slit. The x'-axis may be 
located on the photograph arbitrarily. It is 
convenient to place it approximately in the 
middle of the photograph. The origin of the 
reference system coincides with the center 
point of the xf-axis (see Figure 1). 

In the figure x,y represent the axes of the 
measuring device, xr,y' represent the axes of 
the photograph, 1 is an arbitrary fiducial mark 
with coordinates xl,yl, and 2 is a fiducial 
mark with coordinates xz,yl. 

It is mandatory that y ' 1 which requires 
appropriate positioning o the photograph on 
the measuring device. 

i 
Hence, the coordinates of the origin 0 are 

given by 

and the coordinates of a point in the photo- 
graph system are: 

xr = x - x; (4) 
Y' = Y - Y; 

The choice of the location of the xf-axis de- 
fines the initial time instant to  and affects the 
components of the orientation elements. 

I '  frame of 

photo  ,+A - y s  

FIG. 1. The origin of the reference system coin- 
cides with the center point of the x'-axis. 

The projective relations between image 
coordinates (x1,y'f) of a point lying in a slit 
recorded at the instant t = yr and their coun- 
terparts (X,Y,Z) in the ground system are ex- 
pressed as follows: 

The components u,v,w are obtained from the 
transformation 

The matrix A is derived from the orientation 
angles w,cp,~ each one being a sum of two terms 
as shown by Formulas 1. The coordinates 
x,y f entering into Expression 6 are deduced 
from the panoramic photograph in accor- 
dance with the known transformation 

e = ylif 
x = x'lcos e 
y = f t a n @  . 

(7) 

Expressions 5 can be used to solve the 
orientation elements of the photograph. For 
this purpose the expressions have to be 
linearized, which requires the knowledge of 
an initial set of approximate elements. These 
are deduced easily by assuming that the six 
velocities are equal to zero and by solving the 
remaining six elements by a usual resection 
in space. Expanding the Formulas 5 into a 
series with respect to the initial solution and 
neglecting all non-linear terms, yields: 

All quantities derived from the approximate 
orientation elements are denoted with a bar. 

The differentials du, dv, dw are obtained 
from differentiating Equation 6 with respect 
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to both components of each orientation of both photographs which is obtained from 
angle: performing two resections as described in the 

Inserting the du, do, dw, from Equation 9 into 
8 provides a system of observation equations 
which includes 12 unknowns. Hence, six 
control points must be  available on the 
photograph. If the number of control points 
exceeds six, the unknowns are solved from an 
adjustment procedure. The solved correc- 
tions are added to the previously existing 
orientation elements and a new approximate 
orientation is formed. The orientation proc- 
ess is terminated and the orientation is re- 
garded as completed when a predefined 
criterion has been satisfied. 

It should be stressed that for each iteration 
step, the expansion of Equation 5 is made 
around the last set of orientation elements, 
which implies that all coefficients in Equa- 
tion 8 have to be computed for each step 
anew. Secondly, the matrix A for computing 
the coordinates u, v, w ,  as well as its deriva- 
tives for the determination ofdu, dv, dw, vary 
with each control point, and have to be com- 
puted for each point separately. 

Due  to the unbalanced format of the  
panoramic photograph, it is not advisable to 
base the solution of the orientation only on 
points lying in the overlapping area of the 
two consecutive photographs. The system of 
equations from which the elements have to 
be solved may be ill-conditioned. Therefore 
control points located at the edges of the 
photographs, outside the overlapping zone 
have to be considered. 

The following scheme for forming a model 
is recommended. A limited number of points 
well distributed over the overlapping area is 
selected and incorporated into the orienta- 
tion process (in the following they are re- 
ferred to as new points). The process is iterative 
and consists of a repetition of two basic steps, 
namely, resections for orienting each photo- 
graph of the pair and intersections for deter- 
mining coordinates of new points. The pro- 
cedure starts with an approximate orientation 

preceding-section using the given control 
points. If the number of points available is 
insufficient, the additional six elements for 
each photograph are disregarded. With these 
orientation elements a series of intersections 
is computed and the coordinates of the new 
points are determined. 

The intersection itself is performed as fol- 
lows. The relation between the correspond- 
ing rays in the photographs and their coun- 
terparts in the ground system can be pre- 
sented as 

The right hand side of Equations 10 are non- 
zero vectors. Because of the incomplete 
orientation it is assumed a priori that the vec- 
to+rs?in the oriented photograph system, and 
R related to the ground system, are not col- 
linear. Each one of the Expressions 10 pro- 
vides three observation equations as follows: 

The components u, v, w of the vector p a r e  
found from the transformation presented by 
Formula 6. The two Equations 10 provide a 
system of equations for the determination of 
the coordinates X, Y, Z of the intersected 
point. The quantities entering into the obser- 
vation equations have not been directly ob- 
served. Nevertheless they can be regarded as 
quasi-observations and the required coordi- 
nates may be found from an adjustment pro- 
cedure which disregards the existing correla- 
tions. The  application of an adjustment 
which considers correlated quantities does 
not seem justified here. The assumption in- 
herent in Formula 10 implies that the two 
corresponding rays are skew to each other. It 
can be shown that the determination of the 
coordinates X, Y, Z of the point by minimiz- 
ing the sum of squares of the components ofrl 
and r2, locates the intersected point in the 



492 PHOTOGRAMMETRIC ENGINEERING, 1974 

middle of the shortest distance between the 
two skew rays1. 

The coordinates ofthe new points obtained 
after performing all intersections enter into 
the resection procedures, and the orientation 
of the two photographs is determined anew. 
Here a question arises of how to weight the 
coordinates of the various points. It is self- 
evident that the given control points have to 
be assigned weights which are considerably 
larger than those assigned to the intersected 
points. Consequently, any assumed relation 
between weights which considers this basic 
fact would be acceptable. 

This successive chain of resections and in- 
tersections continues until neither the orien- 
tation elements nor the coordinates of the 
new points alter significantly. Choosing the 
above iteration process we avoid the neces- 
sity of handling a large system of equations, 
which is inevitable if one solves the orienta- 
tion and the coordinates simultaneously. The 
process converges rapidly; experience shows 
that three or four iteration steps are sufficient. 
Moreover, the solution towards which the 
process converges is equivalent to that which 
is obtained from a simultaneous determina- 
tion of the orientation and the coordinates1'. 

A few additional facts have to be stressed. 
Starting the second iteration step the 
angular and linear velocities have to 
be regarded by the resection routines. 
The Transformation 6 is performed 
with orientation angles which include 
components resulting from the angu- 
lar velocities, hence each point on the 
photograph is associated with a dif- 
ferent orientation matrix. 
After the first series of intersections, 
the approximate coordinates of each 
intersected point are known. The in- 
tersection routine for the following it- 
eration steps can then be modified by 
utilizing these approximate values. 
The vector R in Expression 10 is sub- 

stituted by R = R  + AR,R being de- 
fined by the approximate coordinates 
of the point. Assuming this substitu- 
tion, Expression 11 is rewritten as: 

(12) 
The intersection based on Formula 12 would 
be advantageous from the point of view of 
computation techniques. 

Geometric concepts of evaluating a single 
panoramic photograph and a stereopair have 
been discussed. Only the basic approach to 
the evaluation of the photographs is outlined, 
the detailed derivation of all working for- 
mulas is omitted here. The derivation pre- 
sents no hfficulties and may be done easily by 
the reader himself. Practical tests conducted 
with actual photographs have proved the ap- 
plicability of the described procedures. 

In view of the satisfactory results of the 
evaluation of the photographs and the high 
resolution of the panoramic camera, we be- 
lieve that the panoramic photograph can be 
used to advantage to solve various photo- 
grammetric problems. 
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