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ABSTRACT
Real walking is the most intuitive navigation means to explore large
virtual environments. For such a free walking Virtual Reality (VR)
experience, large tracking spaces are required as well as dedicated
motion tracking systems covering them. In the past, the coverage
of large tracking spaces could only be achieved by professional-
grade motion tracking systems. Recently, low-cost, consumer-grade
motion tracking systems, such as SteamVR Tracking and Oculus
Insight, have arisen, which also allow for room scale setups. How-
ever, the capability, limitation, and reliability of consumer-grade
VR motion tracking systems is not fully understood yet. In this
paper, we aim to fill the gap by comparing SteamVR Tracking and
Oculus Insight in a 5m × 5m room scale setup, using state of the art
hardware (i.e. the Oculus Quest 2, SteamVR base stations 2.0 and
High Tech Computer Corporation (HTC) Vive Trackers Version
2018). The results reveal a significantly higher accuracy for the
Oculus Quest 2 compared to SteamVR Tracking in the height of a
tracked object. Furthermore, the Oculus Quest 2 tracks its position
with substantially higher precision than SteamVR Tracking. Based
on the results, we conclude that the Oculus Quest 2 is suitable for
a wide range of applications in research and industry, particularly
considering its lower acquisition costs, higher mobility and easier
setup compared to SteamVR Tracking. However, as this work marks
an initial step, more research is needed to fully understand the ca-
pabilities and limitations through other metrics (e.g. latency) and
other setups (e.g. rooms with fewer landmarks or different lighting
conditions).

CCS CONCEPTS
• Human-centered computing → Virtual reality; Mixed / aug-
mented reality.
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1 INTRODUCTION
The naturalistic exploration of Virtual Environments through real
walking requires large tracking spaces, wherein users can freely
navigate. However, large tracking spaces also require motion track-
ing systems covering them. Besides coverage, tracking systems also
need to fulfil certain quality criteria, such as high tracking accu-
racy and precision, as well as low latency. Through these means,
a user’s experience can be improved (e.g. by assessing their af-
fective state [3]). Further, possible negative side-effects, such as
Virtual Reality (VR) induced symptoms and effects (e.g. simula-
tor sickness) can be mitigated [6]. The awareness of a tracking
system’s capabilities, as well as of its spatial and temporal reliabil-
ity is important in order to assess the suitability for the intended
application [13]. Professional-grade motion tracking systems ful-
fil these criteria well, as each system is extensively evaluated by
the manufacturer before being shipped to the customer [7]. Fur-
thermore, professional-grade motion tracking systems come with
standardized calibration procedures that do not only ensure the
system’s accuracy and precision, but also reveal its current error [8].
While allowing for sub-millimeter tracking accuracy, low latency
and high reliability, professional-grade motion tracking systems
also come with some disadvantages: i) their setup and operation is
know-how intense and time-consuming, ii) their acquisition cost
is high, ranging from tens of thousand to more than a hundred
thousand USD.

Recently, consumer-grade motion tracking systems have arisen,
which are characterized by simple and fast setup, high mobility, as
well as low acquisition cost (i.e. below a thousand USD). Although
being initially intended for end-user VR experiences such as gam-
ing and 360°video streaming, consumer-grade tracking systems
became highly popular in research. However, the capabilities and
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limitations, as well as the reliability of consumer-grade VR motion
tracking systems are not fully understood yet [7].

Thus, the validation of consumer-grade VR motion tracking sys-
tems is essential to assess their suitability for clinical, industrial,
and research applications [5]. This validation can be carried out
through assessing a tracking system’s quality metrics, such as posi-
tional accuracy and precision [7, 9]. In this paper, we contribute to
this discourse by comparing the positional accuracy and precision
of two of the most common consumer-grade VR motion tracking
systems – SteamVR Tracking and Oculus Insight – in a 5m × 5m
room scale setup.

The remainder of this paper is organized as follows: While Sec-
tion 2 gives an overview on related work of such comparative stud-
ies, Section 3 describes our setup for the comparative measures of
SteamVR and Oculus Insight tracking in more detail. The achieved
results are shown in Section 4, whereas Section 5 concludes our
findings and gives an outlook on future work.

2 RELATEDWORK
Prior research that explored the capabilities of consumer-grade
VR tracking systems mainly focused on SteamVR Tracking, which
is part of the widely popular HTC Vive System. In these works,
SteamVR Tracking was compared to professional-grade tracking
systems, such as Optitrack [1, 8] and Vicon [4, 13]. Furthermore,
some studies utilized robotic arms for positioning an HTC Vive
Controller [4] or HTC Vive Tracker [12] in repeatable, controlled
motion. The main metrics to evaluate motion tracking systems
include positional accuracy and precision (i.e. jitter) [7, 9].

Studies, which investigated on the accuracy of SteamVR Track-
ing, reported heterogeneous findings, with positional errors ranging
between ≤1mm [1, 4] and 7.5cm [11]. The heterogeneity of these
prior findings could be explained by tracking space size and dis-
tance between measurement points (i.e. larger tracking spaces and
higher distances between measurement points tend to increase the
positional error).

Precision is another important metric that was also investigated
in prior works. However, the reported values are more homoge-
neous with sample-to-sample jitter of ≤2mm [9, 12]. It is also worth
noting that all prior studies were conducted with first generation
SteamVR base stations and thus, precision and accuracy should
improve with the current SteamVR base stations 2.0 [12] that are
used in this study.

Two prior studies investigated the Oculus Insight tracking sys-
tem, with the first generation Oculus Quest Head-Mounted Display
(HMD) [10] and the Oculus Rift S HMD [5]. Here, the positional ac-
curacy was reported ranging from a mean of 1.66mm for the Oculus
Rifts S HMD [5] to a mean of 6.86mm for the first generation Oculus
Quest [10]. It is again worth noting that the accuracy is expected
to improve with the current Oculus Quest 2 (i.e. second generation)
HMD, which is used in this study. Regarding the precision of any
device using the Oculus Insight tracking system, no prior works
could be found. A technical overview comparing the two tracking
systems Oculus Insight and SteamVR Tracking is provided in Table
1.

Table 1: Technical comparison of Oculus Insight and Steam
VR Tracking.

Oculus Insight SteamVR Tracking

Tracking Paradigm Inside-out Inside-out
Degrees of Freedom 6 6

Tracking
Data

IMU IMU
camera photo diodes

IR lasers
Accuracy [m] <0.007 [5, 10] <0.075 [1, 4, 11]
Precision [mm] ≤2 [9, 12]
Room Scale ✓ ✓
Standalone VR ✓
Hand Tracking ✓ (✓)
Add. Tracked Objects ✓

3 MATERIALS AND METHODS
In this section, we outline the apparatus that consists of the SteamVR
Tracking and Oculus Insight system, as well as a measuring car-
riage that we built for this study. Furthermore, we describe the
measurement procedure through which the data is collected.

3.1 Apparatus
The apparatus consists of two HTC Vive Trackers and the Oculus
Quest 2 that are rigidly mounted on a measuring carriage.

3.1.1 SteamVR Tracking. Steam VR Tracking is a system developed
by Valve Corporation that is compatible with numerous consumer-
grade VR systems (e.g. HTC Vive, Pimax, Valve Index), as well as
professional-grade VR systems (e.g. Varjo, XTAL). Steam VR Track-
ing consists of a minimum of two base stations – also referred to as
lighthouses – that are either permanently or temporarily mounted
(e.g. on tripods) in the far corners of the tracking space ideally at a
height of 2m. The base stations emit Infrared (IR) light, which is
composed of pulses that contain encoded data about the orientation
of the pulse relative to the base station and the ID of the emitting
base station. These pulses are received by photo diodes arranged
in a specific pattern on each tracked object (e.g. HMD, controller,
tracker) and then converted into position-indicating digital enve-
lope signals. Furthermore, each tracked object is constantly updated
by Inertial Measurement Units (IMUs). Through this process, the
system is able to track the position and orientation of the HMD,
the controllers, and additional trackers with high update rates.

3.1.2 Oculus Insight. The Oculus Insight tracking system is devel-
oped by Facebook Inc. and made exclusively available on the Oculus
Rift S, as well as Oculus Quest 1 and 2. Therefore, Oculus Insight
does currently not allow to track objects other than its HMD and
the two hand-held controllers. Oculus Insight tracking relies on
three streams of sensor data: i) IMUs in the HMD and controllers
that permanently assess linear acceleration and rotational velocity
with low latency, ii) cameras in the HMD that create a 3Dmap of the
room including landmarks (e.g. furniture corners) to compensate
IMU drift, iii) IR Light-Emitting Diodes (LEDs) in the controllers
that are detected by the HMD [2]. Oculus Insight does not require
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