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Abstract This study empirically analyzed positional accuracy based on a ‘smart HMD hub’ system that
manages tracking data from each terminal and synchronizes the existing coordinate system in real time
to solve the problem of positional mismatch in virtual-reality space that occurs in a multi-user
HMD-based VR environment. An environment was created in which eight simultaneous users could
move freely in a 227.02m* space, and based on the ‘Smart HMD Hub' system, the physical movement
distance and virtual space coordinate values of the Inside-Out Tracking HMD were precisely measured
to calculate the position error distance. The measurement results showed that the average positional
error between virtual and reality was 19.2 mm, demonstrating high accuracy below 2 cm, a visual
threshold difficult for users to perceive. The error fluctuated stably within a maximum of 32 mm instead
of drifting in proportion to the movement distance, confirming that the system effectively compensates
and synchronizes the coordinate systems of multiple HMDs. In addition, the system performance was
confirmed to maintain a stable frame rate of 82.04 fps on average even when 8 users were connected
simultaneously.
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(Table 1) Key experimental system specifications

Division System Specifications
CPU: Qualcomm® Snapdragon™ XR2
HVD Display: 2448 x 2448 (dual 2.88" LCD), 90Hz
Tracking: Inside-Out, 6DOF (4 tracking cameras)
Network: Wi-Fi 6
o OS: Windows 10 Pro
Built-in

CPU: Intel Core i3-10110U

content server| £ a\1: DDR4 16 GB

Wireless Speed: AC1200 (2.4 GHz, 5 GHz)

wireless AP Antennas: 4

manager SW | Tablet Manager S/W (based on Android 9.0)
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(Table 2) Measurement results of virtual-reality
position error according to physical
movement distance

physica\v target vir‘[gal co\éi:;r?; te error

order | travel distance coordinate distance
(mm) value(m) value (mm)

(mm)
1 0 0.000 0 0
2 95 0.115 115 20
3 190 0.211 21 21
4 285 0.299 299 14
5 380 0.393 393 13
6 475 0.501 501 26
7 570 0.599 599 29
8 665 0.671 671 6
9 760 0.783 783 23
10 855 0.872 872 17
i 950 0.965 965 15
12 1,045 1.074 1,074 29
13 1,140 1.151 1,151 il
14 1,235 1.251 1,251 16
15 1,330 1.348 1,348 18
16 1,425 1.451 1,451 26
17 1,520 1.543 1,543 23
18 1,615 1.639 1,639 24
19 1,710 1.742 1,742 32
20 1,805 1.826 1,826 21
o - - - 19.2
Z|CH - - - 32.0
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(Table 3> System performance auxiliary indicator
measurement results

ltems Standard Results | Evaluation
Number of |8 HMDs can be connected
simultaneous | simultaneously and operate | 8 people | satisfied
users in real time
Virtual space |HMD loading complete from
automatic the manager software start 37.bs satisfied
creation time command
Average frame Average FPS for 3 minutes
Eate with 8 concurrent machines | 82.04fps satisfied
running
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