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Accurate Calibration of Intrinsic Camera Parameters
by Observing Parallel Light Pairs

RYUSUKE SAGAWAT! and Yasushr Yagif!

This study describes a method to estimate the intrinsic parameters of a perspective camera.
In previous calibration methods for perspective cameras, the intrinsic and extrinsic parameters
are simultaneously estimated during calibration. Therefore, the intrinsic parameters depend
on estimating the extrinsic parameters. This is inconsistent with the fact that the intrinsic
parameters are independent of the extrinsic parameters. Moreover, in some situations, only
estimation of the intrinsic parameters is necessary as the extrinsic parameters are not used.
In these cases, each intrinsic parameter, for example focal length, is not sufficiently robust
to combat the image processing noise, which is absorbed by both parameter types, during
calibration. Therefore, a new method is proposed that will allow the sole estimation of the in-
trinsic parameters; namely, it is free from estimating the extrinsic parameters. The proposed
method observes parallel light pairs which are projected on different points to calibrate the
intrinsic parameters. This is accomplished by applying the constraint that the relative angle
of two parallel rays is constant even if they are projected on any points. This method focuses
only on the intrinsic parameters and the calibrations are robust as demonstrated in this study.
Moreover, our method can visualize the error of the calibrated result and the degeneracy of
the input data.
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Fig.1 Two parallel lights are observed from two positions,
O and O’. Though the cameras are relatively trans-
lated and rotated, the relative angles of the two par-
allel lights are the same, namely a = o’.
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Fig.2 The sample input points are indicated by ‘*’. The
each pair is represented by the same color. The
principal point is depicted by ‘o’.
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Fig.3 Each curve indicates a slice of the 4D surface at
fy = 900 and ¢, = 255. The curves intersect at
fo =900 and c, = 255.
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Fig.5 Collimated lights are generated by two collimators
which consist of concave parabolic mirrors, pinholes

and, light sources.
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Fig. 14 Examples of the input images: the detected
feature points are indicated by ‘x’.
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Fig.15 The input points are indicated by ‘*’.
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Table 1 The RMS errors are computed by using the calibration results of the four methods.

The errors of the proposed method are the smallest among the four methods in the

both test. Meanwhile, the errors of the other methods become larger if the test

environments are different from the calibrated environments.

Indoor Test Outdoor Test
Calibration Method Calibration Error Fitting Error Reprojection Error Fitting Error Reprojection Error
(pixels) (pixels) (pixels) (pixels) (pixels)
Parallel 0.366 0.123 0.908 0.401 1.473
Planes 0.394 0.122 1.120 0.390 3.443
Indoor 0.196 0.126 1.068 0.420 1.971
Outdoor 0.400 0.130 1.477 0.715 1.595
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