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Abstract

Though automatic interior orientation has been deeply studied, it still remains problem for close range images photographed by P31
camera, in which fiducial marks merge in images of objects. In this paper, automatic interior orientation is regarded as a global image
matching problem, which can be processed in two steps. Firstly, several possible fiducial marks are extracted with straight-line
extraction by template matching and Hough transformation. Secondly, the unique fiducial marks are determined by softassign and
deterministic annealing technology combined with affine transformation from the candidates fiducial marks. Experiments and dis-
cussions of parameter are also presented. It is confirmed that the fiducial marks can be determined reliably and gross error can be
detected. Other strategies such as automatic determination of the minimum searching range are also taken into consideration.

I. INTRODUCTION

Interior orientation is a fundamental problem in photogram-
metry. Nowadays, most of the commercial software of DPS
includes automatic interior orientation function. For most
metric images, interior orientation can be finished automati-
cally. If automatic interior orientation fails, manual operation
has to been included, which is very inconvenient.

Interior orientation is usually referred to reestablishing the
relationships between the pixels and the image coordinate sys-
tem. We are concerned with the relationship of a set of (usu-
ally six affine) parameters for the transformation from pixels
to image coordinates. Additionally, it will correct the possible
image deformations. The image coordinate system is deter-
mined by the fiducial marks. However, the pixel coordinate
system of the digital image is explicitly given through the
matrix of gray values. Therefore, the transformation between
pixel and image coordinates by fiducial marks has to be ac-
complished via the fiducial as identical points. The reestab-
lishment of the interior orientation can be considered as a pat-
tern recognition problem: one has to find the center of the
pattern representing the fiducial marks and ascribe each
founded pattern the correct fiducial number.

Table 1 shows several traditional methods of interior orienta-
tion [1]. In which, interior orientation are divided into three
tasks:

e Approximate positioning of fiducial marks

e Subpixel positioning of fiducial centers

e Computation of transformation parameters

Among these tasks, approximate positioning is the most im-
portant and the hardest one. Gray correlation, binary correla-
tion or other binary image analysis techniques are used in these
methods to approximate the position of fiducial marks. For

aerial images photographed by RC10, RMK and other aerial
cameras, on which fiducial marks distribute on edges or cor-
ners with no objects around, these methods perform well. And
each fiducial mark can be extracted individually.

But for images photographed with P31 camera, fiducial marks
merge in the image of objects. Even worse, some parts of the
objects (such as a mesh) may have the similar shape to the
fiducial marks. The former methods may fail in such cases. If
similar objects exist near a fiducial mark, several targets will
be detected. Even if no similar targets exist, it is very hard for
binary analysis to detect fiducial marks in complex gray im-
ages. As for gray correlation, the coefficient on fiducial marks
may be very small. In our tests, some are even smaller than
0.3. For P31 images, the automation of interior orientation
remains a problem.

In this paper, a new algorithm is put forward. In our algo-
rithm, the fiducial marks are determined simultaneously with
combination optimization technique. At first, the fiducial marks
of P31 camera are crosses that merge in objects’ image. So
fiducial marks can be regarded as intersections of two per-
pendicular lines. Generally it is difficult to extract the unique
straight lines of fiducial marks. So for each fiducial mark, the
intersections points may be more than one. Secondly, the fi-
ducial marks and their image are one-to-one correspondence
with affine transformation. So the correspondence relation
between the fiducial marks and the candidates can be regarded
as a combination optimization problem. The energy function
of the problem should reach minimum with the correct one-
to-one correspondence.

There are many algorithms such as genetic algorithm, relax-
ation algorithm and Hopfield networks, which are usually used
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Table 1. Methods for automatic interior orientation [1]

Approximate fiducial Accurate fiducial Lo
Reference S o Pose estimation
positioning positioning
Kersten and Haring - i . Depends on camera
(1995) Modified Hough transform | Least-squares matching type
Grey value correlation :
Lue (1995) hierarchy Least-squares matching Manual
Schickler (1995) Binary correlation hierarchy | Grey value correlation Automatic
Strackbein and Henze Binary image analysis, no Fitting of parabolas to Manual
(1995) hierarchy gray value function

to solve combination optimization problem. Relaxation algo-
rithm and Hopfield networks generate local minima and do
not usually guarantee that correspondences are one-to-one,
and genetic algorithm is time consuming. To overcome these
problems, softassign and deterministic annealing technology
with affine transformation have been put forward [2,3,4]. This
algorithm solely makes use of point location information, but
it can supply an access to one-to-one correspondence and re-
ject a fraction of points as outliers. In [2], though outliers ex-
ist, it’s almost still one-to-one correspondence. In our example,
the candidates for one fiducial mark sometimes reach 10. So
for most candidates, no correspondence exists, and has to be
rejected as outliers.

II. EXTRACTION OF FIDUCIAL MARKS
Minimum searching range

[lustrated in Figure 1, we can obtain the smallest rectangle
area that contains all the fiducial marks according to camera
calibration data. Normally, the rectangle is smaller than the
image. When the rectangle is moved along the border of im-
age, the traces of fiducial marks will determine the searching
range of fiducial marks (Figure 2). Suppose the width and
height of the rectangle are ¢ and b in mm, the width and height
of the image are A and B in pixel. Then for fiducial mark
whose image coordinates are (x,y), its searching range are

s

S

Figure 1. Fiducial marks and image

xelo-x—dx,a -x+dx], dx=(A-o-a)2
vela-y—dy,o-y+dyl, dy=B-o-by2 D

Where, o is the number of pixels per mm.
Extraction of the possible fiducial marks

For each fiducial mark of P31, its center is the intersection of

two perpendicular lines. The segment of the straight line on

fiducial mark can be modeled with horizontal and vertical tem-
plates (Figure 3, Figure 4). Its profiles are parabolas. Straight
lines are extracted in following four steps:

Step 1, template matching of horizontal or vertical is done in
the whole searching area to generate a matrix of coeffi-
cients. Local maximums of coefficients that are greater
than given threshold are regarded as centers of straight
segments.

Step 2, gray profile perpendicular the straight segment is fit-
ted with parabola, from which the sub-pixel position
of straight segment is computed (EQ.2).

g(f)=g0+glt+g2r2’ max g(’)ﬁtnlax:_%§
5 2

Step 3, Hough transformation is done with centers of straight
segments to detect the proximate parameter of straight
lines.

xcosf@ + ycosf =p 3)

Step 4, straight lines are fitted with least square adjustment

Figure 2. Searching range
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Figure 3. horizontal template

Figure 4. vertical template

with points near the proximate straight lines by step3.

III. COMBINATION OPTIMIZATION

For each fiducial mark, there are several intersection points as
candidates. And only one candidate can be the identical point.
Denote the set of fiducial marks as X={x;, i=1,2...N}, the set
of candidate points as V={v,, a=1,2...K}. V and X are related
by an affine transformation EQ (4),

i=1..,N,a=1,..K

Where {d, t} is the parameter of affine transformation.

v, =t+xd (4)

A matrix M={m,} can be defined to indicates the point corre-
spondence as following:

{1
m, =
0

if pointx correspond topoint v,

otherwise )
Where M always satisfies:
K+1
m,=1, i=12,.,N
a=1 (6)
N+l
m.=1, a=12,.,K

i=l
A possible correspondence matrix is as Table2. Point v, v,
and v, correspond to X;, X, and x; respectively, and the other

points are outliers.
Energy function with affine transformation

According to TPS-RPM algorithm put forward in [2]. The
energy function can be written as EQ.7:

N K
E(M,d,t)zZme v, —x,d—tl’

i=l a=1

N K N

— gz 2 m, + Tz i m, logm,

i=l a=l i=l a=l

@)

Where, (1, € [0,1])

The first term is just the error measure term of affine transfor-
mation by least square. The second term is used to guard against
null correspondence. The third term is an xlogx entropy bar-
rier function with the temperature 7. The entropy function
ensures positivity of M. m,; are relaxed to be continuous from
binary-valued, while normalization constrains (EQ.6) are still
satisfied. When affine transformation is solved, m, are used
as weight.

By making the correspondence continuous, the correspondence
can be “soft” instead of “hard”. The energy function becomes
better behaved because the correspondence is able to improve
gradually and continuously during the optimization without
jumping around in the space of binary permutation matrices
(and outliers). More details and discussion can be found in
[2,3.4].

Softassign and deterministic annealing technology

With the currently estimated transformation (d, t), the first step
is to update the correspondence. Differentiating energy func-
tion E in (7),

oE

om,,

v, —x.d—¢lI*> = 8
=0=m, :lexp(— Yo 7 ° J( )

=llv, —x,d -t —¢ + T(log x +1)

e T

Where constant 1/, can be omitted.

And then the Sink horn balancing technique of alternating row
and column normalizations is used to satisfy the row and col-
umn constraints. When the correspondences are held fixed, a
least-square approach is used to solve the affine transforma-
tion parameters (d, t).

For every temperature, these steps are repeated until affine
transformation parameters are held fixed. Figure 5 illustrates
the flow chart of whole process.

IV. EXPERIMENTS

The algorithm is tested on some close range photos of a build-
ing taken by a P31 metric camera. These photos are scanned
on Vexcel3000 scanner. Image size is about 6000x4500 pix-

Table 2. An example of correspondence matrix

m,; X, X5 X X Xs Outlier
v 1 0 0 0 0 0
v, 0 1 0 0 0 0
V3 0 0 0 0 0 1
Outlier 0 0 0 1 1
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Initialize parameter (d, f), To, T;, T;. ¢

A

m, eexp(—l v, —xd—tIP —g/T) .

L B
Update M: Softassign

A
Update( d, #): Least square solution, 712, used as

No

Decrease T: T «-T*T,

T<Tf

Figure 5. The flow chart of whole process

els. Pixel size is 25[1. The fiducial marks’ distribution is showed
in Figure 1. In Figures 6, 7, and 8 are some searching areas
extracted based on the predicted range according to EQ.1. It
can be seen that fiducial marks merge in the image of objects
and some crosses similar as fiducial marks exist.

Extraction of candidate fiducial marks

In Figure 6, (a) is searching area of a fiducial mark, white
pixels in (b) are the extracted points on horizontal lines with
horizontal template, white pixels in (c) are the extracted points
on vertical lines with vertical template. Hough transformation
is done based on points in (b) and (c). Two horizontal lines
and one vertical line are detected and fitted by least square.
The two crosses in (d) are intersection points of the three lines.

(@) (b)

Crosses in Figure 7 and Figure 8 are candidate points of two
other images.

Combination optimization

After the candidate points are extracted, combination optimi-
zation is adopted to determine the unique correspondence. Two
results of experiments are showed in Figure 7 and Figure 8. In
the two experiments, several fiducial marks have six candi-
dates. That means many candidates have no correspondence
and will be outlier. It’s very different from the experiment in
[2], in which correspondence is almost one-to-one.

In the case of interior orientation, the parameters are set in the

following manner:

(1) The initial temperature 7, is set the square of searching
range diameter.

(2) The decrease rate of temperature 7, (annealing rate) is
0.93,

(3) Tyisset 1

(4) If the measurement error is denoted as G, and outlier
(gross error) is supposed to be 36, and then the outlier
for Ty will be:

outlier = exp{— ((30'0 o s S )/ T, } 9)

In our case 6, is supposed to be 0.5 pixels.

(5) If the coordinate of fiducial marks has been scaled to
image and shifted to the bottom left corner, then the ini-
tial parameter ¢ of affine transformation is set to be zero
and d is set to be an identical matrix.

(6) Parameter € for convergence is set to be 10e-6.

Table 3 shows the interior result of image 1. From Table 3, it
can be seen the initial m,; for every candidate is almost same.
After 148 times repetition, an affine transformation and cor-
respondence M results is got. The residual errors and RMS is
small enough. It can seen the algorithm does not always con-
verge M to a permutation matrix. So a clean-up heuristic is
necessary. In our test, we just set the maximum element in
each row to be 1 and all others to be 0. The identical points
are marked with a small circle in Figure 7.

Figure 8 is the test result of image 2. When affine transforma-
tion is used, correspondences are right. But the RMS is some-

Figure 6. Extraction of candidate points. (a).Searching area; (b) Points on horizontal lines; ¢) Points on vertical lines; and
(d) Candidate points
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Figure 8. candidates and result of image 2

Table 3. Test of image 1(coordinate in pixels)

Fidueial fiarks Candidates points Initializations After 148 times repetition
Errors ma Errors m.
X Y X y Vx Vy Vx Vy
2874.7 0 2939.1 107.2 2.1 -1.2 0.872 -0.2 0 0.902 ¢
76.8 1500 -32 -10.3 0.236 0.1 0.1 0.904 .
163.7 1499.6 54.9 -10.7 0.152 87 -0.3 0
76.8 1509.3 -31.9 -1.1 0.224 0.1 9.4 0
0 TaRE 163.6 1508.9 54.9 -1.4 0.144 86.9 9 0
77.4 1588 -31.3 77.7 0.125 0.7 88.1 0
163.4 1587.7 54.6 77.3 0.081 86.7 87.8 0
2874.8 4250.1 2969 4353.3 -1 -0.6 0.862 -0.1 0 0.905 .
5821.4 1462.3 29 8.6 0.163 0.1 0.1 0.904 .
5730.9 1462.4 -61.4 8.7 0.18 -90.4 0.2 0
5840.5 1462.3 48.2 8.5 0.152 19.2 0.1 0
5749.5 13752 | geo14 14683 | 20.1 146 | 0159 | 0.1 6.1 0
5731 1469.6 -61.4 15.9 0.175 -90.4 7.4 0
5840.5 1468 48.2 14.3 0.149 19.2 5.9 0
29491 1480.8 -1.4 -1.3 0.433 0.2 -0.2 0.898 .
28747 13752 2948.8 1440.6 -1.7 -41.5 0.502 -0.1 -40.5 0
RMS =+0.208
67.103 0.999143  0.006973
Affine transformation parameter: 1 = =
[126.021] [— 0.006556 0.999050]

what bigger. If affine transformation is replaced with similar-
ity transformation, fiducial mark 2 gets null correspondence.

It can be seen from Table 4 the error reach 3.5 pixels.

V. CONCLUSIONS

From the formerly descript experiments and other experiments
not presented here, some conclusions can be drawn.
(1) Although fiducial marks of P31 camera merge in images
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(2)

3)

of objects, their possible position can be extracted with
line extraction technique by template matching and Hough
transformation.
Combination optimization technique such as softassign
and deterministic annealing can be used to find the unique
fiducial marks from several candidates.
Similarity transformation is more robust than affine trans-
formation to be combined with softassign and determin-
istic annealing. We suggest that similarity transformation
is used to determine the correct correspondence at first.
And at last affine transformation is used to determine the
relationship of interior orientation for both robustness and
precision.
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