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Calibration Method of Visual Parameters for See-Through Head-Mounted Display

Takashi Oishi and Susumu Tachi

It is expected that See-Through Head-Mounted Display (STHMD), which superimposes the virtual environment
generated by computer graphics (CG) on the real world, can vividly execute various simulations and designs by using
both of the real and virtual environment around us. In STHMDs, information given as a virtual environment has to
exactly match with the real environment, because both environments are visible. This is one of the problems to be
solved for practical use. Particularly for matching of locations and size between real and virtual objects, disaccor-
dance is likely to occur between the world coordinate of the real environment where the user of STHMD actually
exists and that of the virtual environment described as parameters of CG, which directly causes displacement of
locations where virtual objects are superimposed. This must be calibrated so that the virtual environment is
superimposed properly. Among causes of such errors, we focused both on systematic errors of visual parameters
caused in manufacturing process and differences between actual and supposed location of user’s eye on STHMD when
in use. The former is required to be calibrated only once after the fabrication of STHMDs, whereas the latter has
to be calibrated every time users start using STHMDs. We have proposed calibration methods which are suitable to
properties of these causes of errors. In the method, the direct fitting of the virtual cursor drawn in the virtual
environment onto targets in the real environment is performed. Then, based on the result of fitting, the least square
method identifies values of the visual parameters which minimize differences between locations of virtual cursor in the
virutal environment and targets in the real environment. Application of the method to the STHMD which we have
made is also repored. The differences between the virtal cursor and targets in the real environment due to systematic
errors caused in the manufacturing process were reduced to about 1 [mm] per target, which was less than one-thirtieth
of that hefore the calibration. The differences between the virtual cursor and targets in the real environment due to
the location of user’s eyes were also reduced about 2 [mm] per target, which was a half of that before the calibration.
This result was well enough to prove the effectiveness of the calibration methods.

Key Words : Tele-Existence, Virtual Reality, See-Through Head-Mounted Display, Calibration of Visual Parame-
ters, Non-linear Least Square Method
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Table 2 Visual parameters obtained by calibration

Designed value

Actual value

Left eye Right eye
Distance to the virtual plane [mm] 1000 854 869

Line of sight [mm] (0, 0, 1000) (13.4, 4.29, 870) (—10.7, 5.72, 870)
Location of projection

plane at z=0.1 [m] (—36.0, —27.2) (—38.6, —26.3) (—32.9, —27.0)
(Right, Bottom) [mm]
Location of projection

plane at 2=0.1 [m] (36.0, 27.0) (28.4, 20.7) (34.3, 20.2)

(Left, Top) [mm]

Vertical [m]

02 015 01 005 0 005 —01 —015 *0.2
Horizontal [m]

Fig.9 Measured location of cursor at dvir after calibration
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Fig.11 Error caused by displacement of the eye (Right eye)
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Fig.12 HMD setup for calibration of eye’s displacement

Switch into the calibration program
from the application.

Place a virtual cursor on marks on the plate P and record
its location in the virtual environment (5 marks per eye).

[ Derive strait lines 11715 from the records.

Get the aclual view point as the point where a sum of
distances to these lines becomes smallest.

Modify the viewpoint in visual parameters
and return 1o the application.

Fig.13 Process of calibration of eye’s displacement
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Table 3 Comparison of RMS error

0.5[m]| 1[m] | 2[m] | 4 [m]
Before calibration [mm]| 4.2 1.5 2.4 3.6
After calibration [mm] 2.1 0.9 1.3 1.7
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Fig. 14 Result of calibration of eye’s displacement
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