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[Abstract]

Precisely aligning virtual reality with real-world haptic devices is essential for creating an immersive mixed reality experience
that integrates both visual and tactile sensations. Traditional methods that rely on additional equipment lead to bulky systems with
limited usability. This paper proposes a deep neural network-based method for virtual reality alignment that leverages data from
a head-mounted display (HMD) and haptic devices, eliminating the need for external equipment. Vectors are extracted from six
regions relative to the haptic device and input into a network model to estimate the device's six degrees of freedom. Experimental
results demonstrate a maximum positional error of 15.4 mm and a maximum rotational error of 5.17°. This method accurately
estimates the 6 DoF of the haptic device without the need for additional alignment equipment and can be applied in the

development of various mixed reality applications.
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Fig. 1. Align method using marker. (a) Align the haptic
device using markers[8], (b) Visualize virtual
objects at the marker's location by tracking the
marker's position[9]

http://dx.doi.org/10.9728/dcs.2024.25.10.3005

ZX|(J. DCS) Vol. 25, No. 10, pp. 3005-3011, Oct. 2024

Input ———
(A)

17

G @ ™

g‘" Ef! n joanes S P
2 s SR TR
A A .

18 2. HoloYolo2| A& 2. HoloLens2| & MM
FiH[2oll A P o|o|X|E AtEaH A BX| & siE
QAxlofl Zhat LIAL BCRI[10]

Fig. 2. HoloYolo’s align method. Using images captured
by the two front cameras of the HoloLens for
object detection and rendering virtual screws at
the detected locations[10]
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Fig. 4. The coordinate system configuration of the mixed
reality interface used for data generation, left. The
relative position of the fingertip and pen, the QR
code, and the image of the produced plate on the
right.
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Fig. 6. Six sections divided based on the local coordinate
system of the haptic device, left. Six vectors
extracted from each section are combined to
create a single dataset [13], right.
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Data Type Non-overlapping Overlapping

Distance 3.28 mm 3.83 mm
Distance x—axis 1.98 mm 2.38 mm
Distance y—axis 0.76 mm 0.781 mm
Distance z—axis 2.10 mm 2.30 mm
Rotation x—axis 0.0273 ° 0.0272 °
Rotation y—axis 0.393 ° 0.396 °
Rotation z—axis 0.302 ° 0.314°
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