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Mathematical Modeling for the Physical Relationship between
the Coordinate Systems of IMU/GPS and Camera
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Abstract

When extracting geo-referenced 3D data from cameras mounted on Mobile Mapping Systems, one of important
properties for accuracy of extracted data is the alignment of the relative translation(lever-arm) and
rotation(bore-sight) between the coordinate systems of Inertial Measurement Unit(IMU)/Ground Positioning
System(GPS) and cameras. Since the conventional method calculates absolute camera orientation using ground
control points (GCP), the alignment is determined in one Coordinated System (GPS Coordinated System). It
basically require GCP. We proposed a mathematical model for the alignment using the initially uncoupled data
of cameras and IMU/GPS without GCPs.

Keywords : Mobile Mapping System, IMU/GPS, Camera, Alignment.
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Fig. 1. Systems including cameras, laser range scanners, IMU, and GPS.

(a) Fish-Eye lens images and sphere image panorama

(b) Sphere range panorama and 3D mesh

Fig. 2. Fish-Eye Lens Images and Geo-referenced 3D Panorama.
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Initial state

(b) Using camera orientation

Fig. 5. Definition of an arbitrary position ch(t).
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Table 1. The given data.

Index 1 2 3 4 5 6 7
Camera Position
Exterior [Meter] (10 10 10) | (20 10 10) | (30 10 10) | (40 10 10) | (50 10 10) | (60 10 10) | (70 10 10)
Orientation Pose
12 4 10 11 11 12 1 13 14 1
[Degree] (123) (3 45) 567 789 | (O1011) |( 3)| (13 5)
lever-arm
[Meter] (-1 -027 -0.72)
Boresight
[Degree] (-30  -19 105)
Table 2. The estimated lever-arm and bore-sight.
Initial Estimated Real
lever-arm [Meter] 0.1 0 0) (-0.99019 -0.27181 -0.72125) (-1 -027 -0.72)
Boresight [Degree] © 0 0 (-29.982 -19.017 105.01) (-30 -19 105)
YIF]

i=0
n

0.0440, Y IAl=4.5483¢— 006, iteration number is 20

1m0 92

3

Fig. 6. Orientation of a system installed with a camera and
an IMU in 3D space.
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