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Definitions
Redirected Walking (RDW) is a collection of virtual reality (VR) locomotion techniques for immersive virtual environments (IVE) that enables humans to walk on
paths in the real world, which may vary from the paths they perceive in the virtual
environment (VE). RDW can be implemented by manipulations applied to the displayed scene, usually by using redirection gains, which force the user to compensate
by repositioning and/or reorienting themselves in order to maintain their intended
walking direction in the VE. Within certain detection thresholds such manipulations
cannot be noticed by the user.

Introduction
Locomotion is one of the most important forms of interaction in VR, but its realistic implementation is also one of the most challenging task in VR development (Steinicke et al. 2013). Real human walking is the most natural way of locomotion in VR (Steinicke et al. 2013) due to its multimodal nature. Furthermore,
real walking is beneficial regarding the increased sense of feeling presence (Usoh
et al. 1999), improved spatial knowledge (Peck et al. 2011; Ruddle and Lessels
2009; Ruddle et al. 2010), or reduced VR sickness symptoms (LaViola Jr. 2000).
When using real walking, unfortunately the size of the VE is limited to the size
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of the tracking space in the physical world. Therefore, a lot of alternative locomotion techniques have been developed, e. g., virtual travel techniques such as teleportation (Bozgeyikli et al. 2016) or flying (Usoh et al. 1999), hardware devices
like omnidirectional treadmills or motion platforms (Bouguila and Sato 2002; Iwata
et al. 2006; Schwaiger et al. 2007), and walking-in-place (Langbehn et al. 2015;
Nilsson et al. 2016a). An interesting collection of techniques are Redirection Techniques because they promise to combine the advantages of real walking with the
exploration of unlimited VEs. This entry provides an overview of different redirection techniques, including steering algorithms, resetting techniques, and detection
thresholds.

Redirection Techniques

Fig. 1 A user walking virtually straight while being redirected using a curvature gain.

The traditional approach of Redirected Walking that was introduced by Razzaque
et al. (Razzaque et al. 2001) is based on slightly rotating the user’s view to one
direction while she walks on a straight path in the VE. Then, she will unconsciously
compensate the rotation by walking on a curved path in the opposite direction. As
a result, she will walk on a circular arc in the real world (cf. Figure 1). About a
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decade later, Steinicke et al. revisited this technique and described this and other
manipulations by means of gains. For example, curvature gains can be defined as
follows: gC := r 1 , where rreal describes the radius of the circle on which the users
real
are guided in the real world (Steinicke et al. 2010). When redirecting a user, her
visual feedback is consistent with movements in the VE, but proprioceptive and
vestibular feedback systems are coupled to the physical world. It is known from
perceptual and cognitive psychology that vision often dominates proprioception and
vestibular sensation when the information from these senses is in conflict (Berthoz
2000; Dichgans and Brandt 1978). However, if the visual-proprioceptive conflicts
are small enough, humans will not even be able to notice that they are manipulated.
In perceptual experiments where human participants can use only vision to judge
their motion through a virtual scene, they can successfully estimate their momentary
direction of locomotion, but are worse in perceiving their paths of travel (Bertin
et al. 2000; Lappe et al. 1999). Since humans tend to compensate for slight visualproprioceptive inconsistencies during locomotor control while walking, it becomes
possible to guide users along real-world paths, which differ from the paths they
perceive in the virtual world.
There are several other redirection techniques in addition to curvature gains.
While the traditional RDW approach is based on curvature gains, the terms Redirected Walking and Redirection Techniques are often used almost interchangeably.
Suma et al. introduced a taxonomy of Redirection Techniques (cf. Figure 2) that classifies these techniques into the categories Repositioning or Reorientation, Subtle or
Overt, and Discrete or Continuous (Suma et al. 2012a). Repositioning techniques
manipulate the position of the virtual viewpoint of the user, whereas reorientation
techniques manipulate their orientation, which are usually focused on the yaw rotation. Subtle techniques are intended to be not noticed by the user, i. e., manipulations are below the user’s detection thresholds. Discrete techniques redirect the
user in discrete steps. For example, instant teleportation (Bozgeyikli et al. 2016) is
a discrete overt repositioning technique, and impossible spaces (Suma et al. 2012b)
are a discrete subtle redirection technique based on scene layouts, which would be
impossible in the real world. For instance, such impossible spaces are composed of
scenes whose architecture is self-overlapping or changing when the user does not
pay attention. Continuous techniques, on the other hand, make use of a continuous
motion. One set of techniques in this category are gains for translation, rotation,
and also curvature. A gain describes differences between real and virtual motions,
i. e., ratios between a user’s movements in the real world and in the VE. A translation gain gT := TTvirtual manipulates the virtual velocity of the user, making her walk
real
slower or faster in the VE compared to the velocity in the real world (Interrante et al.
2007). A rotation gain gR := RRvirtual increases or decreases the virtual rotation of the
real
viewpoint relative to the rotation in the real world.
However, no matter which technique is used, when the user hits a boundary of
the tracking space, she has to be stopped and reset in a suitable way. For this resetting phase, several discrete and continuous approaches exist, e. g., freeze-andturn (Williams et al. 2007) or visual distractors (Peck et al. 2008).
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Fig. 2 Taxonomy of redirection techniques (adapted from (Suma et al. 2012a)).

Steering Algorithms
When implementing RDW with curvature gains, two things have to be provided or
assumed: (i) the target of the user in the VE, and (ii) the target of the redirection in
the real world. Then, the amount of redirection, i. e., the gain, can be calculated and
a corresponding rotation can be applied to the user’s view.
The target of the user can be predicted by using the current gaze direction, which
is available through rotational head tracking (Steinicke et al. 2008c) or eye tracking (Zank and Kunz 2016), the past walking direction (Zank and Kunz 2015), or
the direction of the user’s torso. A combination of these methods or the usage of
probabilistic models is also possible (Schrempf et al. 2007).
In small tracking spaces, it is required to steer the user away from the boundaries.
Therefore, Razzaque proposed three algorithms: (i) steer-to-center, (ii) steer-to-orbit
and (iii) steer-to-multiple-targets (Razzaque 2005). These techniques are based on
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Fig. 3 Steering algorithms: Steer-to-center, steer-to-orbit, and steer-to-multiple-targets (adapted
from (Razzaque 2005)).

the idea to redirect the user always to a certain point, on a certain orbit, or to multiple certain points (cf. Figure 3), i. e., these are the targets of the redirection in
the real world. In these scenarios, the user’s walking direction is constantly changing while she is walking freely in the virtual world. Hence, the required amount
of redirection is constantly recalculated so that the user is always steered towards
these certain points or orbits. Hodgson et al. (Hodgson and Bachmann 2013) added
the (iv) steer-to-multiple-centers algorithm, which is an extension of the steer-tomultiple-targets algorithm, and compared them regarding metrics like number of
wall contacts and maximum distances from the tracking area center. In these experiments, steer-to-center showed the best performance. In another experiment, where
the VE was constrained by virtual walls and the walking directions were therefore
limited, steer-to-orbit performed better (Hodgson et al. 2014). In general, larger
tracking spaces offer improved performance starting with a minimum viable size
of approximately 6 × 6m (Azmandian et al. 2015). Instead of using the center or
random targets it might be beneficial to use physical proxy objects inside the tracking space as steering targets (Steinicke et al. 2008c). These objects can provide the
user with passive haptic feedback for unlimited virtual objects (Kohli et al. 2005).
Hodgson et al. (Hodgson et al. 2011) introduced a generalized RDW algorithm for
gymnasium-sized spaces while others implemented their algorithms for spaces with
a size of approximatly 6x6m (Suma et al. 2015).
In order to guide users always in an optimal way, a planning method can be used
to select the most suitable redirection technique for a given situation (Zmuda et al.
2013). Therefore, a manually defined graph of weighted walking paths based on
the known VE is used to predict the user’s travel path. This technique revealed a
significant improvement compared to the steer-to-center algorithm (Nescher et al.
2014). Furthermore, it has been shown that the graphs can be generated automatically based on navigation meshes (Azmandian et al. 2016b; Zank and Kunz 2017).
Another method is to map virtual and physical reality in such a way that only a
minimal redirection is necessary (Sun et al. 2016; Nitzsche et al. 2004).
There were also approaches, which combined RDW algorithms with other travel
techniques such as portals (Bruder et al. 2009; Steinicke et al. 2009; Freitag et al.
2014) or redirection-free zones (Lubos et al. 2014). Recently, a method of RDW has
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been introduced, which constraints walking in the VE to curved paths (Langbehn
et al. 2017b). For this, several curves are fitted into the tracking space and connected
at specific intersections at which the user can change her walking direction. This
way, the boundaries of the tracking space are never hit as long as the user stays on
the pre-defined paths in the VE (cf. Figure 4).
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Fig. 4 Illustration of the RDW approach based on virtual curves: (a) a virtual pathway in the
VE constructed of several curves and intersections with (b) the corresponding real-world walking
configuration consisting of several curve segments in the laboratory. The presented application
requires approximately a tracked real-word space of about 4m × 4m, whereas the VE presents
approximately a 25m × 25m large model.

Resetting Phase
No matter which redirection technique or steering algorithm is used, it can still happen that the user hits a boundary of the tracking space. In this case, she needs to be
stopped and reset, i. e., the user must be turned to face to the center of the tracking
space again. For instance, most redirection solutions, e. g., the RDW toolkit (Azmandian et al. 2016a), make use of a stop-and-go approach. Using these approaches,
the user walks until the boundary of the tracking space is reached, for example,
while a curvature gain is applied. Then, she will be rotated until there are no obstacles in front of her new walking direction. Afterwards, the user can continue walking
in the desired direction.
For this resetting phase or reorientation phase, several techniques exist. Williams
et al. introduced the three methods (i) Freeze-Backup, (ii) Freeze-Turn, and (iii) 2:1Turn (Williams et al. 2007). In the Freeze-Backup method, the position of the user
in the VE is frozen and she can walk backward until she has enough empty physical
space in front of her. In the Freeze-Turn method, the orientation of the user in the
VE is frozen and she can turn around until she has enough empty physical space in
front of her. In the 2:1-Turn method, the user turns around 180 degrees physically
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(so that she has enough empty physical space in front of her), while she turns 360
degrees virtually (and looks in the same direction in the VE as before the turn). Such
a manipulated turn is implemented using a rotation gain gR =2. In this case, visual
distractors can be used to make these manipulated turns less obvious and to appear
more natural (Peck et al. 2008, 2011). The resetting phase can also be integrated
into the domain of the VR application by using suitable metaphors, e. g., a turning
bookshelf (Yu et al. 2017).
To reduce the number of resetting phases in this stop-and-go approach, Zhang
et al. (Zhang and Kuhl 2013; Zhang et al. 2015) developed heuristics to dynamically adjust RDW gains for guiding the user in the best direction. It turned out that
the users walked a significantly longer distance between two resetting phases when
using this method.

Detection Thresholds
Redirection techniques may be subtle under certain conditions. Therefore, detection
thresholds for different manipulations have been analyzed. We collected several estimated detection thresholds for different gains and conditions in Table 1.
Steinicke et al. conducted several experiments to reveal detection thresholds
for translation, rotation, and curvature gains (Steinicke et al. 2010). The detection
thresholds indicate just-noticeable differences between vision and proprioception.
In order to determine these thresholds a two-alternative forced-choice (2AFC) task
was used. This means, e. g., for path curvature, users walked a straight path in the
VE, which was bent by a curvature gain either to the left or to the right in the real
world. Then, they had to judge if the physical path was bent left or right. The pooled
data of this task can be used to generate a psychometric function that determines
the detection thresholds. While there most likely was a bias in the question of their
first experiments (Steinicke et al. 2008a), they repeated them (Steinicke et al. 2010).
Accordingly, a straight path in the VE can be turned into a circular arc in the real
world with a radius of at least 22m, for which users are not able to consciously detect manipulations. This means, that a physical space of at least 45 × 45m would
be necessary to enable infinite virtually straight walking. Furthermore, rotations can
be scaled by gains between 0.67 and 1.24 and translations can be scaled by gains
between 0.78 and 1.22 without that users are able to detect the manipulations.
These experiments have been replicated and extended several times (Steinicke
et al. 2008b, 2009; Bruder et al. 2012). It was shown that rotation manipulations
are less obvious to detect if the VE moves against head rotation than if the VE
moves with head rotation (Jerald et al. 2008). It was found that sensitivity to curvature gains depends on walking velocity: a slower walking speed allows higher
redirection gains (Neth et al. 2012, 2011). Redirection can also be applied for driving simulations, for example, when applying curvature gains to a user sitting in an
electric wheelchair, this resulted in greater possible redirection (Bruder et al. 2012),
which might be related to the proprioceptive feedback users receive by walking,
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Gain

Comment

Thresholds1

◦ /m

Translation
Translation
Translation
Translation
Translation
Translation
Translation
Rotation
Rotation
Rotation
Rotation
Rotation
Rotation
Curvature
Curvature

Question Bias
Driving
Virtual Feet
Low-cue VE
Question Bias
Driving
16 objects
Question Bias
Question Bias
& 2m start-up
Driving
v = 0.75m/s
v = 1.00m/s
v = 1.25m/s
Audio
Audio & Vision
rreal = 1.25m
rreal = 2.5m

0.78 - 1.22
0.78 - 1.22
0.87 - 1.29
0.94 - 1.36
0.86 - 1.26
0.88 - 1.15
0.73 - 1.25
0.59 - 1.1
0.67 - 1.24
0.68 - 1.26
0.77 - 1.26
0.93 - 1.27
0.82 - 1.20
r > 16m
r > 24m

3.5◦ /m
2.35◦ /m

(Steinicke et al. 2008a)
(Steinicke et al. 2010)
(Bruder et al. 2012)
(Bruder et al. 2012)
(Kruse et al. 2018)
(Kruse et al. 2018)
(Kruse et al. 2018)
(Steinicke et al. 2008a)
(Steinicke et al. 2010)
(Bruder et al. 2012)
(Bruder et al. 2012)
(Paludan et al. 2016)
(Paludan et al. 2016)
(Steinicke et al. 2008a)
(Steinicke et al. 2008a)

r > 22.03m
r > 14.92m
r > 8.97m
r > 10.57m
r > 23.75m
r > 26.99m
r > 11.61m
r > 27.5m
r > 6.0m
3.25
4.35

2.6◦ /m
3.84◦ /m
6.39◦ /m
5.42◦ /m
2.41◦ /m
2.12◦ /m
4.9◦ /m
2.08◦ /m
9.55◦ /m
31.7◦ /m
17.6◦ /m

(Steinicke et al. 2010)
(Bruder et al. 2012)
(Bruder et al. 2012)
(Neth et al. 2012)
(Neth et al. 2012)
(Neth et al. 2012)
(Grechkin et al. 2016)
(Serafin et al. 2013)
(Meyer et al. 2016)
(Langbehn et al. 2017a)
(Langbehn et al. 2017a)

Curvature
Curvature
Curvature
Curvature
Curvature
Curvature
Curvature
Curvature
Curvature
Bending
Bending

Notation2

Source

Table 1 Detection Thresholds of Redirection Techniques
1

For translation and rotation gains, the range of undetectable gains is stated. For bending gains,
the maximal gain is stated. For curvature gains, the radius of the resulting arc in the real world is
stated.
2 For comparing curvature and bending gains, this notation is more suitable since it does not rely
on the radius of the curves. It can be calculated if real and virtual radii are given.

whereas this feedback is mostly missing while driving in a wheelchair. When combining curvature gains and translation gains, curvature detection thresholds are not
affected (Grechkin et al. 2016). So far, curvature detection thresholds were estimated
when the users walk straight ahead in the VE. Recently, the concept of curvature
gains has been extended to so-called bending gains gB :=rvirtual · gC = rvirtual
rreal , which
define how much a physical path can be bent for situations in which users do not
walk straightforward, but walk on a virtual curve in the VE (Langbehn et al. 2017a).
An effect of the visual density of the VE, i. e., the number of visual objects that
were present in the VE, on the detection thresholds could not be shown (Paludan
et al. 2016). However, the visual fidelity of the VE is more important than the visualization of the user’s feet (Kruse et al. 2018). Subtle redirection techniques may
not only be based on visual manipulations of the VE, but also on audio (Meyer et al.
2016; Nilsson et al. 2016b; Nogalski and Fohl 2016) or haptics (Matsumoto et al.
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2016b). When using passive haptic cues during RDW even more redirection is possible (Matsumoto et al. 2016a). Of course, detection thresholds may be individually
different for different users (Ngoc et al. 2016).
Although, ideally RDW is a subconscious process, Bruder et al. have shown that
cognitive resources are required to compensate even subtle manipulations (Bruder
et al. 2015). In secondary verbal and spatial memory tasks, they have shown that
performance decreased in the secondary task when the redirection gain increased.
More precisely, correct answers decreased and answer time increased as well.

Redirected Spaces
An alternative approach to implement RDW is to use impossible or flexible spaces (Vasylevska et al. 2013), which can be based on self-overlapping or changing architectural layouts. In these spaces, the VE itself is manipulated (in contrast to the user’s
viewpoint) with the same goal of enlarging the virtual space, which can be explored
by real walking. Such manipulations can be realized, for example, by moving walls
or doors outside the user’s view (Suma et al. 2010) to exploit the same real-world
space for different virtual rooms. The phenomenon that users are unable to detect
such changes is known as change blindness (Simons and Levin 1997). It was shown
that virtual rooms may overlap by more than 50% before users detect the manipulation (Suma et al. 2012b). Moreover, curved corridors between the overlapping
rooms are more beneficial than right-angled corridors in terms of manipulation detection (Vasylevska and Kaufmann 2017), and a corridor with additional turns is
more efficient than a longer corridor (Vasylevska and Kaufmann 2015).
Impossible spaces can be combined with curvature-based RDW (Langbehn et al.
2018) to leverage a small tracking space optimally (cf. Figure 5). In particular, the
use of curved corridors benefits both methods (Vasylevska and Kaufmann 2017;
Langbehn et al. 2017a).

Conclusion
Although, a lot of research results were collected since RDW was first introduced,
there is still no standard solution for unlimited walking in a restricted tracking space
without interruptions. However, the existing techniques can already be used for different applications, e. g., games (Steinicke et al. 2009) or architecture (Bruder et al.
2009). For future work, there are challenges in all areas of RDW. Steering algorithms
and path prediction methods might be improved using machine learning algorithms.
Procedural generation of virtual worlds might simplify the use of impossible spaces.
Furthermore, detection thresholds might be investigated regarding their usability,
since even perceivable gains might be acceptable by users. It is also not known if
users adapt to redirection and if it might be possible to increase a gain after a certain
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Fig. 5 An illustration of the combination of redirected walking and impossible spaces. The virtual
environment consists of a curved corridor and rooms A, B, and C. The corridor and the rooms are
larger than the available tracking space although the rooms overlap already (left). When applying
a redirection gain at the corridor the VE is compressed even more and the whole setup fits into the
tracking space (right). There, the virtual tables are merged into one physical table. This design can
be repeated with another corridor that is connected to the first one.

while in the VE. Moreover, there is little work on RDW in multi-user environments
so far (Azmandian et al. 2017).
To summarize, redirected walking is a fascinating field of VR, which combines
the fields of human-computer interaction, computer science and psychology allowing users to explore a VE in the most natural way, i. e., by real walking.
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M. Schwaiger, T. Thümmel, and H. Ulbrich. Cyberwalk: Implementation of a Ball Bearing Platform for Humans. In Proceedings of HCI, pages 926–935, 2007.
Stefania Serafin, Niels C Nilsson, Erik Sikstrom, Amalia De Goetzen, and Rolf Nordahl. Estimation of detection thresholds for acoustic based redirected walking techniques. In IEEE Virtual
Reality (VR), pages 161–162, 2013.
Daniel J. Simons and Daniel T. Levin. Change blindness. Trends in Cognitive Sciences, 1(7):
261–267, 1997.
F. Steinicke, G. Bruder, J. Jerald, H. Frenz, and M. Lappe. Analyses of Human Sensitivity to
Redirected Walking. In 15th ACM Symposium on Virtual Reality Software and Technology,
pages 149–156, 2008a.
F. Steinicke, G. Bruder, T. Ropinski, and K. Hinrichs. Moving Towards Generally Applicable
Redirected Walking. In Proceedings of the Virtual Reality International Conference (VRIC),
pages 15–24. IEEE Press, 2008b.
F. Steinicke, Y. Visell, J. Campos, and A. Lecuyer. Human Walking in Virtual Environments:
Perception, Technology, and Applications. Springer Verlag, 2013.
Frank Steinicke, Gerd Bruder, Luv Kohli, Jason Jerald, and Klaus Hinrichs. Taxonomy and Implementation of Redirection Techniques for Ubiquitous Passive Haptic Feedback. In IEEE
Cyberworlds, pages 217–223, 2008c.
Frank Steinicke, Gerd Bruder, Klaus Hinrichs, and Anthony Steed. Presence-enhancing real walking user interface for first-person video games. In Proceedings of ACM SIGGRAPH Symposium
on Video Games, pages 111–118, 2009.
Frank Steinicke, Gerd Bruder, Jason Jerald, Harald Fenz, and Markus Lappe. Estimation of Detection Thresholds for Redirected Walking Techniques. IEEE Transactions on Visualization and
Computer Graphics (TVCG), 16(1):17–27, 2010.
Evan A. Suma, Seth Clark, Samantha L. Finkelstein, and Zachary Wartell. Exploiting Change
Blindness to Expand Walkable Space in a Virtual Environment. In Proceedings of IEEE Virtual
Reality (VR), pages 305–306, 2010.
Evan A. Suma, Gerd Bruder, Frank Steinicke, David M. Krum, and Marc Bolas. A taxonomy for
deploying redirection techniques in immersive virtual environments. In Proceedings of IEEE
Virtual Reality (VR), pages 43–46, 2012a.
Evan A. Suma, Zachary Lipps, Samantha Finkelstein, David M. Krum, and Marc Bolas. Impossible Spaces: Maximizing Natural Walking in Virtual Environments with Self-Overlapping

14

Eike Langbehn and Frank Steinicke

Architecture. IEEE Transactions on Visualization and Computer Graphics (TVCG), 18(4):
555–564, 2012b.
Evan A. Suma, Mahdi Azmandian, Timofey Grechkin, Thai Phan, and Mark Bolas. Making small
spaces feel large: Infinite walking in virtual reality. In ACM SIGGRAPH 2015 Emerging Technologies, page 16. ACM, 2015.
Qi Sun, Li-Yi Wei, and Arie Kaufman. Mapping virtual and physical reality. ACM Transactions
on Graphics (TOG), 35(4):64, 2016.
Martin Usoh, Kevin Arthur, Mary C. Whitton, Rui Bastos, Aanthony Steed, Mel Slater, and Frederick P. Brooks, Jr. Walking > Walking-in-Place > Flying, in Virtual Environments. In Proceedings of ACM SIGGRAPH, pages 359–364, 1999.
Khrystyna Vasylevska and Hannes Kaufmann. Influence of path complexity on spatial overlap
perception in virtual environments. In Proceedings of the 25th International Conference on
Artificial Reality and Telexistence and 20th Eurographics Symposium on Virtual Environments,
pages 159–166. Eurographics Association, 2015.
Khrystyna Vasylevska and Hannes Kaufmann. Towards efficient spatial compression in selfoverlapping virtual environments. In Symposium on 3D User Interfaces (3DUI), 2017.
Khrystyna Vasylevska, Hannes Kaufmann, Mark Bolas, and Evan A Suma. Flexible spaces: Dynamic layout generation for infinite walking in virtual environments. In 3D User Interfaces
(3DUI), 2013 IEEE Symposium on, pages 39–42. IEEE, 2013.
Betsy Williams, Gayathri Narasimham, Bjoern Rump, Timothy P. McNamara, Thomas H. Carr,
John Rieser, and Bobby Bodenheimer. Exploring large virtual environments with an hmd when
physical space is limited. In Proceedings of ACM Symposium on Applied Perception in Graphics and Visualization (APGV), pages 41–48, 2007.
Run Yu, Wallace S. Lages, Mahdi Nabiyouni, Brandon Ray, Navyaram Kondur, Vikram Chandrashekar, and Doug A. Bowman. Bookshelf and bird: Enabling real walking in large vr spaces.
In IEEE Symposium on3D User Interfaces (3DUI), pages 116–119, 2017.
Markus Zank and Andreas Kunz. Using locomotion models for estimating walking targets in
immersive virtual environments. In IEEE International Conference on Cyberworlds (CW),
2015.
Markus Zank and Andreas Kunz. Eye tracking for locomotion prediction in redirected walking. In
IEEE Symposium on 3D User Interfaces (3DUI), 2016.
Markus Zank and Andreas Kunz. Optimized graph extraction and locomotion prediction for redirected walking. In IEEE Symposium on 3D User Interfaces (3DUI), 2017.
Ruimin Zhang and Scott A Kuhl. Flexible and general redirected walking for head-mounted displays. In IEEE Virtual Reality (VR), pages 127–128, 2013.
Ruimin Zhang, James Walker, and Scott A Kuhl. Improving redirection with dynamic reorientations and gains. In ACM SIGGRAPH Symposium on Applied Perception (SAP), pages 136–136,
2015.
Michael A Zmuda, Joshua L Wonser, Eric R Bachmann, and Eric Hodgson. Optimizing
constrained-environment redirected walking instructions using search techniques. IEEE transactions on visualization and computer graphics (TVCG), 19(11):1872–1884, 2013.

