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A floating optical system is a system that moves more than 2 groups to focus at the camera lens. At the camera optics, the
floating system that is mainly used is an optical system such as a macro lens which changes magnification very much. When
the floating system is assembled and fabricated in the factory, there are differences between the image plane of the sensor and
the focal plane of the infinity or macro state. Therefore, in a considerable proportion of cases, the focus adjustment to minimize
the difference of BWD(Back Working Distance) is carried out in the process of manufacturing. In this paper, in order to decide
the movement of each group in a floating system, we evaluated the rotation angle of CAM for the focus adjustment. We know
that the maximum magnification of macro state is corrected by this numerical method for the focus adjustment, too. We
investigated the limit of CAM rotation angle of the system by using statistical analysis for CAM rotation angle, which uses the

focus adjustment of the floating system with symmetric error factors.
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FIG. 1. An example of (a) the optical layout and (b) the zoom
locus of a floating imaging system for the third example in
patent US2010-0177407A1™.
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FIG. 2. Spline interpolation of the loci of a group.
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FIG. 3. (a) Optical layout and (b) locus for the second example
in patent US2011-0096410A1M".
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TABLE 1. Specifications of the third example in patent US2010-
0177407A1™ and the second example in patent US2011-0096410A1""

patent number US2010-0177407 US2011-0096410

EFL 59.03 mm 58.14 mm
HFOV 13.57° 13.82°
F/# 2.06 2.88
sensor APS-C
max. magnification ~ -1.0
optics type PPP (Group 3) PNPPN (Group 5)

Group 2 and Group 4
(Inner Focus)

Group 1, Group 2,

moving groups Group 3

12 elements in 9 groups
(with 1 ED glass
element)

lens construction |9 elements in 7 groups
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