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SUMMARY

The paper refers to the epipolar resampling method of stereo images. This method is based on
the airbase and the exterior orientation parameters (EOP) of the left and the right original
stereo images. The epipolar resampling and the correction of lens-distortion images are
carried out simultaneously. The perspective centers of the normalized images will be the same
as those of the original images. The nomalized images have the common rotation angles and
the epipolar line in the left and the right images have same y coordinate whereas y paralax has
been eliminated. The nomalized images assist the stereo display process as well as makes its
easier and quicker in automatic matching in the digital photogrammetry.
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1. INTRODUCTION

Image resampling according to epipolar geometry is a prerequisite for a variety of
photogrammetric tasks such as image matching, Digital Elevation Model (DEM) and ortho-
photo generation, aerial triangulation, map compilation, and stereoscopic viewing. The
resampling process of imagery captured by frame camera has been established and
implemented in current Digital Photogrammetric Workstations (DPW). The main objective of
epipolar resampling is to generate normalized images, which have the innate property that
corresponding points lie on the same rows (removing lens distortions). The normalized
images of stereo pair also have the clearly exterior orientation parameters. The algorithm has
three basic calculations: Epipolar resampling of frame images, correction of lens distortion
and resampling methods.

In this paper, Section 2 contains background information about: Epipolar resampling of stereo
image pair (standardize epipolar line base on airbase), lens distortion and resampling
methods, which presented equations very clearly. Section 3 is dedicated to the analysis of the
epipolar resampling in the technical process. Experimental results using image pair of Cocsau
open mine are presented in Section 4. Finally Section 5 includes the conclusions.

2. BACKGROUND
2.1. Epipolar resampling of stereo image pair

It is important to list some terms with their definitions before going into any detailed
discussion (Cho et al., 1992). These terms will be used throughout the analysis of the epipolar
geometry of frame images. Figure 1 shows two frame images, relatively oriented similar to
that at the time of exposure. S; and S, are the perspective centres of the left and right images
at the time of exposure, respectively. And it also shows two nomalized images, which have
the common rotation angles and the epipolar line in the left and the right images have same y
coordinate whereas y paralax has been eliminated. As discussed earlier, resampling frame
images requires that the new images need to be parallel to the air base. In this case, the
epipolar lines in both images will be parallel. As seen in Figure 1, a new plane, parallel to the
air base and containing the normalized images, can be used. It must be noted that there is no
unique plane that will result in parallel epipolar lines.
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Figure 1. Epipolar resampling of stereo image

Epipolar plane: The epipolar plane for a given image point p in one of the images is the plane
that passes through the point p and both perspective centres, S; and S,.

Epipolar line: The epipolar line can be defined in two ways. First, it can be defined as the
intersection of the epipolar plane with an image, which produces a straight line. Second, the
epipolar line can be represented by the locus of all possible conjugate points of p on the
other image (by changing the height of the corresponding object point). Another important
property of epipolar lines in frame images is their existence in conjugate pairs.

The way to calculate and transform the origin image into the normalized image is explained as
follow.

The collinearity equations (Kraus, 1993), Equation 1, relate a point in the object space and its
corresponding point in the origin image space:

X . X — Xp
v|=|Y:|+ AR [}T—}TDI ()
| 7] |7 ] —C
And the same for the normalized image space:
-Jf- -X_’:,'- x?’! 'lxl}?'!
v|=|Y|+4.R, I}’»—}'n»] (2)
zl |z —c,
Where:
X,y are the image coordinates of a point in the original image;
Xn, Yn are the image coordinates of a point in the normalized image;
X0, Yo, C are the Interior Orientation Parameters, IOP, of the frame camera;

Xon, Yon, o are the IOP of the normalized images;

Xs, Ys, Zs  are the position of the exposure station;

R is the rotation matrix of the orginal image;

R, is the rotation matrix of the normalized image;
XY, Z are the coordinates of the object space point;
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A is the scale factor of a point in the original image;
M is the scale factor of a point in the normalized image.
In there, the R is defined by only three independent parameters, which are the three rotation
angle ¢, ® and « of the original image (private for the left original image and the right original
image of stereopair).
COSPCOSK —COSPSInK sing

= kasmsmx + SiNWSINECoSK  COSWCOSK — SIMWSINEsing —Si.nmcasg:l]

INWSInK — cOSWSINECoSK SINWCOSK + cOSwSINESINK  cOSwCosE
And R, is calculated from the three rotation angle ¢y, k, and ®, of the normalized image (R,

will be used common for the both left and right normalized images).
B

"
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Sing, cOsK, coS@,Sinw, + Sing, coSw, SINK,, COSE, COSw, — Sing, Sinw, Sink,,
Where: the rotate angles orientations of the normalized images will be chosen as follows (Cho
et al., 1992; Schenk, 1999): A primary rotation ¢, will be chosen in such a way to ensure that
the new image plane is parallel to the air base; A secondary rotation k, will be chosen so that
the rows of the new images are parallel to the air base; A tertiary rotation ®, will be chosen
in such a way as to minimize the scale distortion in the corresponding direction. They can be
computed as in Equation 3:

COSQ, COSK,  Sing, sinwm, — cos@, cosw, SINK,, SiNg, cosw, + oS, siﬂwnsiﬂxn]
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Where:[ By =Y, —Y, arethe components of the air base;
B,=2,—2,
From Equation 1 and 2, the relation of nomalized image and original image can be explained
as follows:
£ — Xy i Xn ™ Xm
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Modifying Equation 4, the image coordiantes of a point with the relation of nomalized image
and original image are follows:
myy (%, %gn) | My (v, You) Mg,
m 5 (0, — x5,) +m 5 (0, — Vo) — Ma3ey, (5)
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2.2. Correct lens distortion
In the equation 5, x y are the image coordinates of a point in the original image without

systematic errors. In fact, image coordiantes have the systemmatic errors, remarkable source
is lens distortion errors from optical of cameras. Optical distortion of imperfect cameras will

TS 5D — Monitoring Using Vision Technologies 4/13
Tran Trung Anh
Epipolar resampling of stereo image base on airbase in the digital photogrammetry

7™ FIG Regional Conference
Spatial Data Serving People: Land Governance and the Environment — Building the Capacity
Hanoi, Vietnam, 19-22 October 2009



cause the image point to fall in a different location, which exerts an evil influence on
accuracy of the photogrammetry. So, the correction of lens distortion is very important to
improve higher accuracy of the photogrammetry. In the technical processing, the correction of
lens-distortion and the epipolar resampling images are carried out simultaneously.
Figure 2 shows a schematic of the image geometry with distortion. To reestablish
collinearity, correction terms Ax and Ay are added to Equation 5:

Distorted Image Point

(x,y)

Ideal Image Point
(x+Ax, y+Ay)

Perspective Center

0 X Y+ &)

Principal Point

(%, ¥,)

'_ 7{1[—)5' Sié?énce, c Oblect Point
] X, Y, 2)

/

Figure 2. Image geometry with distortion

The technique for determining radial and decentering distortions for a particular focus setting

of a lens can be attributed to Brown (1971). Many algorithms — just like ours — use this or a

slightly modified version (Fraser, 1992; Fang-J.Chen, 1997; Matt, 1999; Beauchemin S.S &

Bajcsy R, 2000; Z/1 imaging, 2003). Considering lens distortions there are three symmetric

parameters (K;, K, K3) for radial distortion and two asymmetric parameters (P;, P;) for

decentering distortion:

{ﬂx = —(x —xg) (K, + Kor® +Kar*) — Py[r? 4+ 2(x — x)%] — 2P, (x — x0) (v — v,)
Ay = —(y — wo) (K + Kz"": + K3T4] — P, [7"2 +2(y _}’njz] — 2P, (x —x5) (¥ — %)

Where:

r=/(x—x,)% + (y— y,)?is radial length of a image point;

The lens distortion parameters (K;, K, K3, P;, P;) are determined by the camera calibration

methods (Clarke T.A & Fryer J.G, 1998).

(6)

2.3. Resampling methods

The epipolar resampling is a mathematical change in order to transform original images into
new normalized images. Pixels in the normalized image received new gray level or color
value from pixel values of original image through resampling methods. Three resampling
methods include the nearest neighbor sampling, bilinear interpolation, and bicubic
interpolation algorithms. These algorithms map the grid of the output image to the input
image space and analyze the input image in that neighborhood to produce each output image
pixel.
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2.3.1 The nearest neighbor sampling

The nearest neighbor sampling algorithm does not use any resampling methodology. The
value of the output pixel is copied from the closest mapped existing input pixel, given by
Equation (7). This method is much faster than the bilinear and bicubic interpolation
algorithms, but it is also the least precise approach. The mathematical model is illustrated as
follows:

pPij —u Pi+1 j Q(u,v)=Pu (7)

il k = Int[u+0,5];

| = Int[v+0,5];

Figure 3. Illustration of the mapped grid Q(u, v) and the four closest neighbors in the input image using
nearest neighbor sampling

2.3.2 The bilinear interpolation

The bilinear interpolation algorithm is a method that uses the gray level values of the four
surrounding pixels close to the mapped grid, that is, top-left, top-right, bottom-left, and
bottom-right around the spot where the new pixel is to be created. As a result of information
theory introduced by Shannon, the sinc function was accepted as the interpolation function of
choice. Bilinear interpolation uses a piecewise linear triangular function to approximate a
sinc function W, given by Equations (8). The new pixel value is determined by a weighted
averaging of the four closest pixels based on distance, given by Equation (9). This method
tends to make an image softer; the contrast is reduced because of averaging neighboring
values. However, the stair-step effect apparent in nearest neighbor sampling is reduced, and
the image appears smoother.

Pi | Pi+1 j _ sin(mwx) {1 —lxl;  0=lal =1
- Il\ T W(mx) = mx (0 : 1< x| (&)
A (1-s)i-1)
Lt [ 1| s
: | Q(U,V): R‘j Pi,j+1 B+l,j B+1,j+l ' S(l—t) ®)
I
g~ T T st
; 1: Qu.v) {s zu—int[u]
I A — i
pﬁ:l Pi:-)l j+l (= v-iny]

Figure 4. Illustration of mapped grid Q (u, v), the four closest neighbors in the input image, and the
corresponding sinc function W using bilinear interpolation.
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2.3.3 The bicubic interpolation

The bicubic interpolation algorithm uses a cubic B-spline to approximate a sinc function V,
given by Equations (10). The values of new pixels are obtained by a weighted averaging of
the sixteen closest pixels based on distance, by Equation (11). This method also produces a
much smoother image than nearest neighbor sampling. With bilinear interpolation, the bicubic
interpolation algorithm tends to make an image softer.

P11 P12 P13 P14 . 1—2y% +|y|% 0
o} 0 —C sin(my) ) ;
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Figure 5. Illustration of mapped grid Q (u, v), the sixteen closest neighbors in the input image, and the
corresponding non-linear B-spline function V using bicubic interpolation.
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Where: the funtion f(s) or f(t) is calculated by thé Equation (10)

[ y)=—(1-y)

{s=u—int[u] J)=(=y)+y(1-y)
t=vintly] S=y)=y+y*(1-y)

f2=y)==*(1-y)

Note: the (u,v) values are located in the pixel coordianate, the (x,y) and (x,, yn) are located in

the focal plane coordinate. They have relation maths among themselves through the affine
coefficients or simple funtions.

(12)

Although nearest neighbor sampling is simple to implement, select the gray level or color
value of the closest neighbor, this method often has the drawback of producing undesirable
artifacts such as distortion of straight edges in images from fine resolution and complete loss
of information of decimated pixels. A more sophisticated method, such as bicubic
interpolation, can obtain smoother results by fitting a surface approximation of the sinc
function through a much larger number of neighbors. In a compromise due to computational
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expense, it is reasonable to apply bilinear interpolation, which uses weighted average of the
gray level values of the four nearest neighbors (Pingli Billy Kao BS, 2005).

3. METHODOLOGY

From Equation 5 and 6, chosing c,=c; Xon=yon=0, the procedure for epipolar resampling and

generating the normalized images can be presented by Equation 13 and Figure 6:
_ My Xy T My ¥, — MyyC
X=Xxp—¢C + Ax
Myg%y, | Mog¥, Mg3c
MlqaX, + MaqV, — ol
y=y,— ¢ 12%n 225 n 32 + Ay
MyaX,, T MonV, — MaaC

(13)

Original image Normalized image

—> To find the position of original pixel
""" > To set resampling gray value for normalized pixel

Figure 6. Procedure of epipolar resampling
Utilizing the above findings, the epipolar resampling approach of stereo image base on
airbase in the digital photogrammetry can be summarized in the following steps of a technical
process (see Figure 7):
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Figure 7. The technical process of epipolar resampling

The main step epipolar resampling can be canculated as follows:

4. EXPERIMENTS

Start from any pixel location in the normalized image and transform to (X, yn) focal
plane coordinate.
Compute the corresponding location in the original image (X, y) using Equations (13)
and transform to (u,v) pixel coordinate. The values of u and v are usually non-integer.
Compute the gray value in the original image using an appropriate interpolation
method such as nearest neighbor, bilinear interpolation or cubic convolution
(recommend choosing the cubic convolution).
Assign the interpolated gray value to the pixel in the normalized image.
Repeat the above steps for all pixels in the normalized image.

Repeat the above steps for the other image in the stereopair.

A color stereopair of Sony DSC F717 camera covering Cocsau open mine, the Northeast
Vietnam is used in the experiments. The IOP & EOP, lens distortions parameters are listed in
tablel. The algorithm is built in C++ Buider language for test results.
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Original image pair

Normalized image pair

IOP (in mm)

c=85.744; x0=0.058; yo=-0.322

c,=85.744; X0,=0; Y0,=0;

Lens distortion

K=1,41x107%; K,=-2,95x10”; K5=5,4x107;
P,;=1,15x107; P,=-1,8x107;

None of lens distortion

Exposure station

Xs1 =429431.925m;
Ys1=26130.463m;
Zs1 = -6.067m;

Xs2 =429468.119m;
Ys=26126.323m;
Zs» =-5.678m;

Keep of original values

Rotate angles

¢1=2.0816 deg
®1=89.4106 deg
K1=0.3054 deg

02=5.2593 deg
®,=86.9550 deg
Kk,=1.5160 deg

¢,=-0.6164 deg
®,=88.1828 deg
Kn=-0.5245 deg

Tablel. Sony DSC F717 data for epipolar resampling

Figure 9. Left and right nomalized images of Cocsau open mine, the Northeast Vietnam
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The original The normalized
ID 1mage pair 1mage pair
x(mm) | y(mm) | x, (mm) | y.(mm) | ID X(mm) Y (mm) Z(mm)
i -17.022 | -23.594 | -31.054 | -22.339 | I 429406.205 | 26238.594 | -37.133

The object space coordinate

Table 2. Checking calculation of the object space coordinate from the original image pair and the
normalize image pair

From table 2, y paralax of the normalized image pair p=y,-yn2~0, and the object space
coordinate have same values, which have calculated from the original image pair and the
normalize image pair.

5. CONCLUSIONS

Epipolar resampling of stereo image pair is an important process in the digital
photogrammetry. In this paper, the equations and the technical process are presented exactly
and clearly. Experimental results using Sony DSC F707 data showed the feasibility and
success of the epipolar resampling procedure.
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