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ABSTRACT
Redirection techniques are a compelling way to enable natural walking in immersive virtual environments when physical space is
limited. It is challenging to employ redirection in mixed reality environments, however, because these techniques disrupt the spatial
alignment between virtual objects and corresponding real world props. In this paper, we adapt a recently developed redirection tech-nique
based on change blindness for use in mixed reality environments. In contrast to continuous redirection techniques that rely on rotation or
translation gains, this approach shifts the environment between discrete structural states. Thus, users can walk repeatedly to physical
objects and stimuli in fixed real world positions, and they will perceive that they are interacting with separate virtual objects. We
describe a proof-of-concept virtual environment that redirects users over real world concrete and gravel walking surfaces as they explore
multiple buildings in an expansive outdoor scene. Our initial qualitative observations suggest that this passive haptic feed-back
contributes to the illusion of being in a virtual environment that is considerably larger than the physical space.
Index Terms:
H.5.1 [[Information Interfaces and Presenta-tion]: Multimedia Information Systems—Artificial, augmented, and
virtual realities; I.3.6 [Computer Graphics]: Methodology and Techniques—Interaction techniques; I.3.7 [Computer Graphics]: ThreeDimensional Graphics and Realism—Virtual reality
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A BSTRACT
Redirection techniques are a compelling way to enable natural
walking in immersive virtual environments when physical space is
limited. It is challenging to employ redirection in mixed reality
environments, however, because these techniques disrupt the spatial alignment between virtual objects and corresponding real world
props. In this paper, we adapt a recently developed redirection technique based on change blindness for use in mixed reality environments. In contrast to continuous redirection techniques that rely on
rotation or translation gains, this approach shifts the environment
between discrete structural states. Thus, users can walk repeatedly
to physical objects and stimuli in fixed real world positions, and
they will perceive that they are interacting with separate virtual objects. We describe a proof-of-concept virtual environment that redirects users over real world concrete and gravel walking surfaces as
they explore multiple buildings in an expansive outdoor scene. Our
initial qualitative observations suggest that this passive haptic feedback contributes to the illusion of being in a virtual environment
that is considerably larger than the physical space.
Index Terms:
H.5.1 [[Information Interfaces and Presentation]: Multimedia Information Systems—Artificial, augmented,
and virtual realities; I.3.6 [Computer Graphics]: Methodology and
Techniques—Interaction techniques; I.3.7 [Computer Graphics]:
Three-Dimensional Graphics and Realism—Virtual reality
Keywords: virtual environments, redirection, passive haptics,
walking
1

I NTRODUCTION

Natural walking in immersive virtual environments replicates the
energy and sensations of moving about in the real world. It has been
shown to provide many benefits over less natural locomotion techniques, such as joystick travel and walking-in-place metaphors, on
measures including sense of presence [15], attention [13], and task
performance and efficiency [9] [14]. With the introduction of physical stimuli to provide passive haptic feedback, natural walking also
makes it possible for the user to be immersed in compelling environments that engage both the visual and tactile senses, which have
been shown to enhance the user’s experience [4]. These benefits
come at a cost, however, because natural walking limits the dimensions of the virtual environment to fit within the available tracked
space in the real world. To alleviate these size restraints, a number
of redirection techniques have been developed to prevent the user
from exiting the physical workspace while giving the impression of
walking through a more expansive virtual environment.
Mixed reality environments combine elements from the physical
and virtual worlds. While this is often used to refer to the visual
merging of real and virtual elements into a single scene, it is also
possible to enhance virtual objects with real world counterparts that
provide passive haptic feedback. However, while redirection can
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(a) Before Redirection

(b) After Redirection

Figure 1: An example structural change that moves the building entrance and exit (location A) from one end of the gravel walkway to
the other. This is made possible by manipulating the position of the
doorway between the front and back rooms (location B).

make natural walking more feasible for practical use in purely virtual environments, it is challenging to employ in these mixed reality
scenarios. Following the example initially suggested by Razzaque,
the research in redirection has largely focused on techniques that
continuously manipulate the mapping between physical and virtual
motions [8]. This can be achieved by either rotating a different
amount in the virtual world (e.g. [3] [7]), scaling virtual travel
distances (e.g. [5]), or a combination of the two (e.g. [2] [16]).
Numerous studies have shown that rotation and translation gains
can be imperceptible to the user so long as they are below necessary thresholds, thus allowing vision to dominate over vestibular information [11]. In mixed reality setups, however, even subtle manipulations disrupt the spatial alignment between real world
props and their corresponding virtual representations. Additionally,
since continuous techniques rely upon amplifying or dampening the
user’s physical motions, the real-virtual alignment is difficult to predict and compensate for if the user moves unexpectedly. Kohli et
al. demonstrated that it is possible to combine passive haptics with
rotation-based redirection techniques, but this solution is limited
to very specific geometry that would be perceptually invariant to
rotation, such as cylinders, and is not generalizable to realistic environment models [6]. Steinicke et al. used redirection to guide
the user towards proxy props that provide passive haptic feedback
for similar virtual objects, though they may not have identical haptic properties, nor maintain a precise spatial alignment between the
real and virtual representations [10].
In this paper, we adapt a recently developed change blindness
redirection technique for use in mixed reality environments. Studies have shown that users can be redirected by moving the locations of virtual doorways, an illusion that can be very difficult to
detect when done in a subtle manner [12]. This approach leverages
change blindness, a perceptual phenomenon that occurs when a person fails to notice an alteration to a scene that occurs outside of the
visual field [1]. Since this method relies on shifting the environment architecture between discrete structural states, the mapping
between the real and virtual worlds is more predictable than continuous techniques, thus making it possible to incorporate passive hap-

(a) The user walks down the gravel path and enters
a virtual building.

(b) The user enters the back room of the building. When the user searches through the crates, the
scene change is applied.

(c) The user exits and continues down the same
gravel path. The original layout is restored as the
user approaches the next virtual building.

Figure 2: (top row) Overhead map views of the virtual environment through the three stages of the redirection, with the user’s location indicated
by the yellow marker. The blue rectangle indicates the boundaries of the tracking area, and the user’s path through the virtual world is plotted in
red. (middle row) The view from an overhead camera mounted in the tracking space. (bottom row) The virtual environment as viewed through
the head-mounted display.

tic stimuli that is precisely aligned with virtual representations. To
demonstrate this approach, we describe a proof-of-concept virtual
environment that redirects users over real world concrete and gravel
walking surfaces as they explore multiple buildings in an expansive
outdoor scene. Additionally, we present our informal qualitative
observations from incorporating different walking surfaces and discuss alternative scenarios where this approach may be useful in the
future.
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M ETHOD

As a testbed for redirecting over different walking surfaces, we
placed a 1.5 x 10 meter gravel walkway over the concrete floor
along one of the edges of our 10 x 10 meter square tracking area.
Our goal was to create a virtual environment that would give the
impression of walking on a long outdoor road with multiple buildings to explore. When virtually indoors, users would walk on the
real world concrete floor, and when exiting a building, they would
transition to the gravel walking surface. Since the original change
blindness redirection technique introduced a 90-degree world rotation every time that users were redirected [12], this would not
be appropriate for combining with a mixed reality walking surface.
Thus, we adapted the technique to redirect users when transitioning
between rooms so that upon exiting a virtual building, they would
walk back over the gravel walkway repeatedly.
Figure 1 shows an example structural change that allows us to
“reuse” the gravel walkway every time the user exits a virtual build-

ing. When the user is inside the back room of a building, the door
between the front and back rooms is swapped to the adjacent wall
along the corner, and the outer room is relocated to the opposite
side of the tracking space. The inner room is stretched slightly to
accommodate for the new position of the outer room. This places
the building exit on the opposite end of the gravel walkway from
when the user first entered.
Our test scenario was designed a search task that requires users
to explore a virtual Afghan village for a cache of hidden weapons.
Figure 2 shows an example user walking through the environment.
The user begins near a military humvee, having just arrived at the
village, and then proceeds down the gravel walkway to the first
building. Containers such as pots, crates, and barrels located in the
back room of each building need to be searched, which provides an
opportunity to apply the structural alteration. Since all the changes
occur outside of the user’s field-of-view, they should remain unnoticed unless the user is particularly observant. After finishing the
search of a building, the user can then exit onto the gravel walkway
and proceed further down the path to the next building. This can be
repeated indefinitely, allowing a very large village to be explored,
albeit extending in only one direction.
Our implementation uses a Fakespace Wide 5 head-mounted display (approx. FOV of 150 degrees horizontal, 88 degrees vertical). Motion tracking was accomplished using a PhaseSpace Impulse Motion Capture System, which provides outside-looking-in
optical tracking with an array of 52 high-resolution cameras ar-

ranged throughout an 11 x 11 meter area. Seven LED markers were
mounted in a ring around the head-mounted display.
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D ISCUSSION

Based on our qualitative observations during informal testing and
demos, the gravel walking surface appears to enhance the experience of the virtual environment. However, it was also possible to
glance at the real world surface below the bottom edge of the display. Therefore, we added a cloth hood around the display to block
out light and visuals from the real world around the periphery of
the display. We believe that without external cues to localize in
the real world it becomes easier to “get lost” in the virtual environment, and subsequently the passive haptic walking surface can
positively contribute to the illusion. However, we also noticed that
quite often, users would experience more frequent problems with
losing balance than we had previously observed with our system.
This may be explained in part due to the heavy backpack that holds
the display control hardware, which increases postural instability
when walking on unfamiliar surfaces. Interestingly, we noticed that
balance issues were frequently experienced shortly after first beginning to walk with the display, and that unsteady users would quickly
adapt and appear more stable on the second and third trips down the
gravel walkway. While we still need to conduct formal studies to
investigate these phenomena, we suggest that an acclimation period
to adjust to the difference in weight and encumbrance may be necessary when introducing different passive haptic walking surfaces
to virtual environments.
While many users indicated that they did not notice the structural change at all, more people noticed the door movement than
in previous studies that have used this redirection technique [12].
This is likely due to the fact that the back room is small (3.35 x
2.75 meters), making even slight structural changes more obvious.
However, this was rarely mentioned negatively, if at all, and users
appeared to still feel comfortable walking through the environment.
We suggest that in terms of the user’s sense of presence, there is a
substantial difference between observing a scene change and observing that a scene change has occurred. This raises the question
of whether it matters that users know that they are being directed, so
long as the manipulations do not result in simulator sickness or spatial confusion. Again, future study is needed to formally investigate
these questions.
In general, change blindness redirection techniques are quite
useful when the user follows the intended path through the environment. Thus, we define a specific task for users to complete, and
most of the time they will naturally explore each building in order.
Occasionally, however, users attempt to continue walking down the
gravel path instead of stopping to enter the door. To various degrees,
all redirection impose limitations or make assumptions about user
movement, and so any generalizable system for unrestricted natural
walking would need to combine multiple techniques to handle all
possible situations.
There are numerous ways our approach may be extended for
mixed reality environments with more elaborate passive haptic
stimuli, such as physical props and barriers. Since the change
blindness technique shifts the environment between several discrete
structural states, it would be possible to mark the locations of physical props on the ground. When redirection occurs, helpers could
then move the objects into their new positions. Our vision is to
leverage redirection techniques to create a dynamically reconfigurable mixed reality experience that engages users’ full bodies, allowing them to naturally move about an expansive synthetic environment that they can see, hear, and touch.
4

C ONCLUSION

In this paper, we present an adapted change blindness redirection
technique and demonstrate how it can be used to enable natural

walking through a mixed reality environment with multiple walking surfaces. Our initial qualitative observations suggest that this
passive haptic feedback contributes to the illusion of being in a virtual environment that is considerably larger than the physical space,
though formal study is required to validate this anecdotal information. We believe that the combination of mixed reality stimuli with
natural walking over expansive virtual spaces has the potential to
provide powerful and compelling virtual reality experiences beyond
what is possible with visuals alone.
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