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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 before 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 1 Specification of HMD
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Horizontal Vertical " two lenses
40° 30° 1{m] 65[mm]
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World coordinate of
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Fig.3 Generation of virtual environment

Sep., 1994



Y —ANW—-E HMD B 3HE/ T A —F OKIEH 913

BT X—F OWIERTTI 20137 4 » P BE0H»HE
B Lkedo>T, KRXTRYA vV Py BErHALTLE
EREITHOTED, WEARTA—y bnz i, #E & &
U O (Top, Left), (Bottom, Right) 253D &
T4, [ IV & 2B H 2 WEEREEROBIY]

DECONTLCDIZIEMSZWOT, [OEI/NEEE2H
B0, de=1m] & U6, HALRIERGORMEDTH
NBRAEFH [em] ZoT, [=0.1[m] ¥ BRELTBIFIET
BTHB.

IRAEERE 2 IEFEICEBRE O FIc A — N — A VR XT38
WiE, EECEEI N HMD OFEEE OB &b¥ Tk
ROEHENNT X~ 2BETILESNDSL. ULhrl, SUEEED
MEDR D, EBROREEOME FFEFHFCEZLNTWE Y
DB AV THBREEENE W E, AV TG % 2 L8R
BETHD. $/, EEROEEOBOMER, HMD 2EEL
T BWHIDTHEETS. LikdoT, ThoDEZREHON
COBH AT A= 2l A2 Z LIEFAETHY, UTo
B TR FEREE s URRKIREL TubRiTRiE R 5%k
WODTH5.

3. HERFDOHER/NT A—F DBREDEKIEX

HERFORE L X, SMEES N HMD ONFERICE LT TW
ZEEDQIETHY, ERBROLBY, ZoOBERREEOHRE
BRCAEL T BHEL SOV ELTHENSE., Lzd->TH
BT, (REHOXVORERERE CC OREHERET 5/97
A—F RS D T X BBEDORRUEOWIEER2IRE
L, Zhz&aEL: HMD ~#ET 3.

3.1 BIEFIE

RIERLITOFIETITS
H5.

1. HMD ZEERBEEEFESICERET 5.

2. HMD OFEFHEWCE DI SHE N NT A —F 2E5AAA, K

EREEAERT 5.

. Fig. 43, 2070 —F¥— T

Set HMD at the origin of the world
coordinate of the real environment.
¥
Read the visual parameters and draw

a cursor in the virtual environment.

Measure the value of dvir and put marks

of the real environment at this distance.
L2

Place a virtual cursor on the marks and record its le—

location in the virtual environment(13 marks per eye).

Yes s the record correct enough?

No
Derive an measurement equation from the record
and get modified visual parameters by solving it.
Redraw a cursor in the virtual envirnment
by using modified visual parameters.

End

Fig.4 Process of cancellation of systematic errors caused in the
manufacturing process
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Fig.5 Measurement system for calibration
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Fig.6 Measured location of cursor at 2= dvr before calibration

Location of
Realized location of the pannel

virtual plane B

X % - ’
Xx* A (Top, Left) s . 44
( Ll
&
% —Z
vir AN
| =1000[mm]

Designed Jocation of
virtual plane A

Fig.7 Information obtained by the measurement
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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 z=0.1 [m] (36.0, 27.0) (28.4, 20.7) (34.3, 20.2)

(Left, Top) [mm]

Vertical [m]
<
<
<
T

01 005 0 005 ~01 —015 —02
Horizontal [m]

Fig.9 Measured location of cursor at dvwir after calibration
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Fig. 10 Distribution of error at each point
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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).

I Derive strait lines 11715 from the records.

Get the actual view point as the point where a sum of
distances o these lines becomes smallest.

N

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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