GPS-SUPPORTED DETERMINATION OF
INTERIOR ORIENTATION ELEMENTS OF AERIAL CAMERA

Yuan Xiuxiao

School of Remote Seneing and Informatics
Wuhan Technical University of Surveying and Mapping
39 Luoyu Road, Wuhan, 430070, P.R. of China

Commission |, Working Group 3

KEY WORDS: Accuracy, GPS, Method, Aerial Camera, GPS-supported Single-image Resection, GPS-
supported Bundle Adjustment.

ABSTRACT

it is common knowledge that we can solve the elements of interior orientation x,,y,,f of aerial camera in
collinearity equation with enough ground control points. However, in the case of vertical photography, the
solution of the normal equation may be faced with singularities' because x,,¥,,f and Xs,Ys,Zs offset each other.
Therefore, the conventional aerotriangulation solves only the elements of exterior orientation @,w,x,Xs,Ys,Zs
of photograph, whereas the elements of interior orientation x,,y.,f of aerial camera are often determined in
the laboratory. As the laboratory methods can not take into full account the actual conditions in
aerophotography, large deviations often occur.

This paper raises two kinds of GPS-supported determination methods for the elements of interior orientation
of aerial camera for the first time. The basic formula are derived form GPS-supported single-image
resection in space and GPS-supported bundle block adjustment. A ‘set of actual determination results
obtained by camera Wild RC-20 with GPS data from the test field in Taiyuan are given and discussed. The
test has confirmed that the two presented methods are correct in theory and efficient in practice. If several
pictures with carrier phase measurements are taken over a high precision test field before and after an air
photographic mission, the elements of interior orientation of aerial camera can be determined by using GPS-
supported single-image resection in space. The determination method of interior orientation elements in
GPS-supported bundle block adjustment does not pose any major problem for photogrammetric adjustment
but can efficiently correct the systematic errors caused by the high dynamic aerophotography. To
summarize the investigations in this paper can obtain that the dynamic determination methods for the
elements of interior orientation will eventually replace the conventional photogrammetric operation method
where the camera calibration is independent of photo orientation, and revolutionary changes wm take place
in the conventional aerotnangulatlon WhICh had lasted 60 years and more.

coordinate system. XY,Z are the object coordinates

1. INTRODUCTION in ground coordinate system. x,,¥,,f are the elements

, , of interior orientation of an aerial camera. X;,Ys,Zs

It is common knowledge that the strict mathematical  are the coordinates of the photographic station in
relationships between the image. points in a ground coordinate system. a,b,c; (i=1,2,3) are the
photograph and their corresponding object points direction cosines of the included angles between the
can be written as follows: corresponding axes of the image space coordinate
: system x,y,z and those of the ground coordinate

system X)Y,Z. They are the function of photo

ox. + dx mf BX=X)+b, (Y -Y5) +,(Z - Zy) rotation angles p,w,x. 4x,4y are corrections of the
0 a,(X = Xo)+b,(Y =Y5)+¢,(Z - 25) ) coordinates of image points.
a,(X - Xg)+b,(Y-Ys)+c,(Z2-2Z,) . . .
y-Yo+dy =f az(X— XS) 5 (Y—Yz) +Cj(2~ Zz) If several pictures are taken in accordance with

certain conditions in an actual test field and the
observation is performed in a high precision

where, x,y are the image coordinates in plate comparator and enough ground control points are
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obtained, we can solve the elements of interior
orientation x,,¥,.f in Egs. (1). However, in the case

of vertical photography, the solution of the normal

equations may be faced with singularities because
Xo,¥Yof @and X, Y, Zs offset each other. To overcome
this weakness, the height differences between the
ground control points in the test field need to be
sufficiently large (Wang Zhizhuo, 1990). Generally
speaking, it is very difficult to meet this condition in
practice. Therefore, the conventional
aerotriangulation solves only the elements of
exterior orientation g,w,x, XsYs,Zs of photograph,
whereas the elements of interior orientation x,,y,,f of
aerial camera are always determined in the
laboratory. As the laboratory methods can not take
into full account the actual conditions in
aerophotography, large deviations often occur.

Since GPS was applied to determine 3D coordinates
(X, Y, Zy) of the camera station during a photo flight
mission, revolutionary changes have taken place in

the conventional aerotriangulation which had lasted -
60 years and more. The new investigations have:
shown . that the accuracy of positioning with -

differential GPS carrier phase measurements is in
the order of a few cm (Ackermann,F., 1991,
Friess,P., 1991). If the GPS camera station
coordinates are introduced to the .adjustment of
aerotriangulation, the strong correlation between
Xo,¥o,f and X, Ys,Zs can be greatly weakened and the
solution of normal equations is then unique. The
elements of interior orientation and those of exterior
orientation can be solved together in adjustment.
The dynamic determination method for the elements
of interior orientation can be performed in test field.

2. THE BASIC IDEAS OF GPS-SUPPORTED
DETERMINATION OF INTERIOR
ORIENTATION ELEMENTS

It is known from the principle of GPS kinematic
carrier phase measurements that the real position
determined by GPS ‘is the center of the GPS
antenna phase. The mathematical relationship
between the coordinates (X, Y.Z) and the
coordinates (Xs,Ys,Zs) is written as (Li Deren, 1991):

X, [Xs u :
Y, |=| Y, |+R-| v 2
Z,| |Z, w
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a1 a2 a:!
where, R=b, b, b,| is orthogonal transformation
C1 Cz C3

matrix. u,v,w are the coordinates of GPS antenna
phase center in image space coordinate system.

In Egs. (1) and Eags. (2), X, ¥, Xa, Y. Z, are

“observables and x,, Y., f, ¢, @, kK, Xs, Ys, Ze, X, Y, Z,

u, v, w are the parameters to be determined. After
the substitution of the approximate values of these
unknowns, the above equations can be linearized,
after which, we can have the error equations which
can be written in matrix form respectively as below:

Number
Weight of Egs.
Ve=At+Bx+li -L,, 1 2 @
V.= Eyx L, P 3 @)
Vi= Ej -L, F 3 ©
V, =At +Rr-Lg, P, 3 (@
where,

t=[4¢ do Ax AXs,AYs 4zs]" is the correction
vector of exterior orientation elements.
x=[4X 4Y 4Z]7 is the correction vector of object

" coordinates.

i=[4x, 4y, 4f]" is the correction vector of interior
orientation elements. 7 -

r =[4u av Aw]f is the correction vector of the
coordinates of u,v,w. - ‘

[x—-(x '
Ly =[y—§yﬂ’ (%), (y) are the computed values of x,y

when the approximate values of the unknowns have
been substituted into equations (1).
XA "(XA)
Ls=|Ya = (Ya)
ZA _(ZA)
values of X,,Y,,Z, in Egs (2).
The meaning of coefficient matrices A and B refers
to the reference [6].
E,, E, are unit matrix.

. X),(Y).(Z) are the computed

According to Eqs.(1), we can  obtain
I=[1 0 (x—xo)/f]
01 (y-y)f]
u u

Letting |V |=R-|v |, we can derive from Egs.(2)
w w

(Yuan Xiuxiao, 1994)
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-w -Vsing =,V +b,W
A=| 0 Using- Wcosp c,U-a,W
U Vcosg -b,U +a,V

Sometlmes there are enough ground control points
in the test field and the coordinates (u,v,w) are
accurately determined in ground survey. Letting
x=r=0, Eqs. (3.a), Egs. (3.c) and Eqgs (3.d) will form
the error equations for GPS-supported single image
resection in space. Based on these error equations,
we can solve together the elements of interior
orientation and those of exterior orientation with the
least squares adjustment method.

If the overall adjustment is performed by using all
photographs covering the test field, Egs. (3) is the
observation equations for GPS-supported bundle
block adjustment. In this case, the solution of the
normal equation .includes not only the elements of
interior orientation and those of exterior orientation,
but also the coordinates of the photogrammetric

Table 1.

points. In order to improve the accuracy of block
adjustment, it is necessary to use self-calibration
technique to effectively compensate for residual
systematic errors of the photogrammetric images in
GPS-supported bundle block adjustment.

3. DETERMINATION OF THE ELEMENTS OF
INTERIOR ORIENTATION ON
CAMERA WILD RC-20

To test and verify the correctness and efficiency of
the above-presented methods, the actual
determination for interior orientation elements of
camera Wild RC-20 was made by using a set of real
photographs which were taken in the test field in
Taiyuan. The details of the aerophotography and the
ground control points have been described in an
earlier paper (Li Deren and Yuan Xiuxiao, 1995).
Table 1 lists the main technical data of GPS-
supported photo flight.

The determination of the elements of interior

Technical Data of Test Photographs
ltem Data
survey aircraft Lear Jet 36A of U.S.A
GPS receiver 4 Trimble 4000SST
aerial camera Wild RC-20
format 23 cm X 23¢cm
elements of interior orientation: f=303.86mm, x,=-0. 0030mm ¥o=0.0170mm
image scale 1:5000
longitudinal overlap 62%~70%
Alateral overlap 0.4%~56%
number of strips : 4
number of pictures 132
number of photogrammetric points (270
Jnumber of fixed artificial points 149
antenna-camera-offset u=1.8216m, v=0.4106m, w=1.4026m

in - photogrammetric densification.

The overall

orientation is made according to four cases. Case a
solves only 6 elements of exterior orientation in
conventional space resection of a singie photograph.
The elements of interior orientation are copied from
the camera calibration certificate. Case b, without
GPS photogrammetric coordinates, solves 6
elements of exterior orientation and 3 elements of
interior orientation together on the principle of
single-image resection in space and ground control
points. Case ¢ is GPS-supported single-image
resection in space. Case d is GPS-supported bundle
block adjustment with 4 full ground control points in
the corners of the block. The coordinates of ground
control points in case a, case b and case ¢ are the
adjusted results of conventional bundle block
adjustment with 3 additional parameters, where 149
fixed artificial points were used as orientation points

accuracy of the coordinates of photogrammetric
points reach o,=19.4 um, m,=14.5cm, m,=+6.4 cm
and m=t59cm in the ground. The determined
results of interior orientation elements are given in
Table 2.

From the results of Table 2 the following
conclusions can be drawn: :
(1. In case b, the correlation between x,,y,,f and
Xs,Ys,Zs is very strong (see Figure 1.a), which leads
to the ill-conditioned normal equation. As a result,
the determined accuracy of the orientation elements
is very low. And the determination values of the
orientation elements are different with different
photos. The normal equauon has an uncertain
solution.
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(2). In case c, the strong correlation between x,,y,,f
and X, Ys,Zs is greatly weakened. Figure 1.b shows
that their correlation coefficients are very small.
Therefore, the determination values of the
orientation elements are almost a constant for 32
photographs and the accuracy is very high. The
overall accuracy of the elements of exterior
orientation is quite close to- that of case a, the
accuracy of the elements of interior orientation
reach £70um and all 32 determined values are not
obviously different to each other.

(3). Similarly, high precision elements of interior
orientation are obtained in case d. The results are in
accordance with that of case c¢. However, the need
for ground control points in case d are much less
than that in case c.

4. CONCLUSION AND SUGGESTION

(1). The test has confirmed that the two kinds of
GPS-supported determination methods described in
this paper for interior orientation elements of aerial
camera are correct in theory and efficient in practice.
The camera calibration can be performed in
photogrammetric adjustment. ‘

(2). In photogrammetry, the application of GPS can
not only reduce the number of ground control points
and replace the hard work of field measurement, but
also have enormous potentiality on camera
calibration. This amply demonstrates that GPS can
be widely applied in photogrammetry.

(3). If several pictures with carrier phase
measurements are taken over a high precision test
field before and after an air photographic mission;
the elements of interior orientation of aerial camera
can be determined by using GPS-supported single-
image resection in space. The test field method will
eventually  replace the  conventional
photogrammetric operation method where the
camera calibration is independent of photo
orientation.

(4). The determination method of interior orientation
elements in GPS-supported bundle block
adjustment  can be widely  applied in
photogrammetry. This processing method does not
pose- any major problem for photogrammetric
adjustment but can efficiently correct the systematic
errors caused by the high dynamic aerophotography.
The dynamic method of camera calibration can take
full account of the actual conditions in
aerophotography. There is no question that the
method is helpful for improving the accuracy of
photogrammetric densification.
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