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Generation of Epipolar Image from Drone Image Using Direction Cosine
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Abstract

Generating an epipolar image which is removed a y-parallax from an original image is an essential technique
for creating a 3D stereoscopic model or producing a map. In epipolar image production, there is a method of
generating epipolar images by estimating the relative orientation parameters after matching the extracted distinct
points in two images and a method of generating epipolar images by using the baseline and rotation angles of the
two images after determining the exterior orientation parameters In this study, it was proposed a methodology
to generate epipolar images using direction cosine in the exterior orientation parameters of the input images, and
a method to use the transformation matrix for easy calculation when converting from the original image to the
epipolar image. The applicability of the proposed methodology was evaluated by using images taken from the
fixed wing and rotary wing drones. As a result, it was found that epipolar images were generated regardless of
the type of drones.
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Fig. 1. Flowchart for generating eplpolar image
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where (O, , O, ) is the perspective center of the left and right
images, z,isthe x-axis of the epipolar image.
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Fig. 2. Selection of unit vector for epipolar geometry
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where ( 21 , 22) is a unit vector representing the z-axis of the
left and right images, En is the z-axis of the epipolar image.
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where ,{/n is the y-axis of the epipolar image.
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the left and rlght images to the epipolar images, respectively.
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where R is a rotation matrix from ground coordinate

system to epipolar image coordinate system.
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where (2, y) is a pixel coordinate, A is a matrix for affine
transformation, K is a camera matrix, (Zear > Yoar) is @ photo
coordinate with principal point removed.
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where (Ax, Ay)isacameralens distortion, (ree > Ysree) IS
a photo coordinate with lens distortion removed.
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where ¢ denotes a principal distance, ¢, denotes a mean
principal distance calculated by averaing the left(c,) and
right(c,) principal distance, S is a constant value that is the
reciprocal of pixel size, (Z,nize, Ysnise) IS an origin movement
amount in z-axis and y-axis, (¢',, »¥',) is an epioplar image
coordinate.
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Fig. 3. Study area

Table 1. Dataset for image registration

GSD Image Image size Data | Flying
acquisition | (widthxheight) | source | height
4cm 2016 4,896x%3,672 eBee 150m
Phantom
3cm 2017 5472%3,648 4 pro 100m
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Fig. 5. Epipolar image of rotary-wing drones
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Table 2. Information y-parallax in epipolar images

(unit : pixel)

CP Fixed-wing Rotary-wing
CP083 0.213 0.153
CP084 0.614 0.241
CP092 0.008 0.096
CPO91 1133 0.096
CP093 0.004 1313
CP074 0.590 0.639
CPO73 0.406 1.566
CP118 0.839 0.229
RMSE 0.604 0.770
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Fig. 6. Areas with large and small error in fixed-wing drones
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Fig. 7. Areas with large and small error in rotary-wing drones
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Table 3. Errors using checkpoints (unit : m)

Fixed-wing Rotary-wing
CP
Xe YE ZE XE Ye Ze
CP092 | 0.011 |-0.039 | 0.172 | 0.010 | -0.015 | -0.145

CP074 | -0.020 | 0.019 | -0.063 | 0.020 | 0.027 | 0.020
CP073 | -0.090 | -0.016 | 0.044 | -0.065 | -0.020 | -0.089
CP118 | -0.043 | 0.021 | -0.087 | 0.030 | -0.053 | 0.235

RMSE | 0.051 | 0.025 | 0.104 | 0.038 | 0.032 | 0.145
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where 9 is a measurement error in the image, c denotes a
principal distance, B denotes a baseline, H denotes a flying
height.
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