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Camera Exterior Orientation for Image Registration onto 3D Data
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Abstract

A novel method to register images onto 3D data, such as 3D point cloud, 3D vectors, and 3D surfaces,
is proposed. The proposed method estimates the exterior orientation of a camera with respective to the 3D
data through fitting pairs of the normal vectors of two planes passing a focal point and 2D and 3D lines extracted
from an image and the 3D data, respectively. The fitting condition is that the angle between each pair of the
normal vectors has to be zero. This condition can be represented as a numerical formula using the inner product
of the normal vectors. This paper demonstrates the proposed method can estimate the exterior orientation for
the image registration as simulation tests.

Keywords : Image mapping, 3D point cloud, Camera exteriror orientation, Normal vector, 2D/3D line
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I 1. Camera reference.

Image Resoultion: 1280 pixel x 960 pixel
CCD Size: 5953 mm X 4.464 mm

Each Cell Size (A): 4.65 um x 4.65 um
Focal length: 4.5 mm (= 967.74 pixel)
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(b) Camera position variation

T3 4. F variation when fixing the camera pose and estimating camera position.
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I 2. Enors of the intial given camera exterior orientation and estimation results

Given Error Estimation Result
Test 1 Position: [-11.9117 5.2837 2.6052] [m] Position: [0.0995 0.0434 0.1048] [m]
Pose: [-100.48 -182.46 93.94] [degree] Angle: {0.2449 0.1015 0.1426] [degree]
Test 2 Position: [-2.2 -1.2 3.5] [m] Position: [0.0895 0.0419 0.0291] [m]
Pose: [ 60.5 -10.9 -50.2] [degree] Angle: [0.493 0.613 0.837] [degree]
Test 3 Position: [2.2 1.2 -3.5] [m] Position: [0.2306 0.1682 0.1307] [m]
Pose: [-60.5 10.9 50.2] [degree] Angle: [0.5904 0.3315 0.1582] [degree]
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8! 5. F variation when fixing the camera position and
estimating camera pose.

sumjF}

05 T T2
iteration

(a) Test 1

sum|F|

iteration

(b) Test 2

iteration
(c) Test 3
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%! 7. Camera position variation under Tests 1, 2, and 3 in
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Initial (Test 2)

(a) Using initial orientation

Result (Test1, 2, and 3)

(b) Using estimated orientation

12! 8. Simulation results of 3D lines projected onto an image frame using estimated camera exterior orientations.
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