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Abstract. Many features of a Virtual Reality system can influence the immer-
sion and the sense of presence. Navigation is one of those features, since pro-
prioceptive and vestibular cues can have a positive impact on immersion and 
sense of presence. This is especially important for studies about human beha-
vior, where behavioral responses should be as close as in the real world. Differ-
ent types of interfaces are been developed to be more natural and closer to mov-
ing in a real environment. A Walk-In-Place (WIP) interface can be used in 
small rooms and gives some proprioceptive and vestibular cues. A participant 
walks in the same place and a device captures that movement and translates it to 
movement inside the Virtual Environment. This paper presents a strategy for 
implementing a WIP interface using only one inertial orientation sensor, placed 
above the knee, mainly about the calibration and real-time detection phases and 
the approach taken on direction changing. 
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1 Introduction 

Virtual Reality (VR) has been used in many fields of study, particularly in human 
behavior research, to examine how people behave when facing certain situations. A 
critical point to the effective use of this approach is to provide the users the means 
with which they could believe that they are in a place, even when they are physically 
in another, in a way to enhance the sense of presence [1]. 
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Many aspects of the VR system can influence the immersion and the sense of pres-
ence, such as the equipment used, the narrative context, and the quality of the Virtual 
Environment (VE) [2, 3]. 

For this paper, the focus is the navigation within VEs, in a way to explore the main 
aspects related to a specific navigational interface and how it can improve the sense of 
presence in VR-based human behavior researches. 

Navigation in VR is usually done by using a joystick, keyboard and mouse or a VR 
wand. However, these types of devices are used as mediators between the movement 
of the hand with the device and the dislocation in the VE which can have a negative 
impact on immersion and on the sense of presence.  

It is important to navigational interfaces to consider proprioceptive and vestibular 
cues, in a manner to provide into the VE a navigational metaphor that is more similar 
to the locomotion in the real world. For instance, in the study of the human wayfind-
ing behavior, VR has been used to understand how people find their way from an 
origin to a destination. Most of the studies in this field use the joystick as a naviga-
tional interface (e.g., [4–6]). However, the physical cost associated with walking may 
influence wayfinding within complex buildings [7, 8]. Additionally, the lack of pro-
prioceptive and vestibular cues can influence the acquisition of spatial knowledge and 
the development of cognitive maps [9]. 

For that reason, different types of interfaces are been developed with the purpose to 
be more natural and closer to moving in a real environment. There are implementa-
tions of real-walking interfaces (requires large spaces, since it mimics the movement 
made in the real world to the virtual world), treadmills (it requires an extra interface 
to allow people to change directions), and omni-directional treadmills (requires some 
space but allows people to change directions). An interesting approach to bring the 
displacement in VR closer to the locomotion in the real world is a Walk-In-Place 
(WIP) interface due to the fact that it can be used on a confined space and depending 
on the implementation allows the participant to do a full rotation to choose direction. 

Studies on human behavior using VR are done in the Ergonomics Laboratory of 
the Technical University of Lisbon, using the ErgoVR system [10] and focusing on 
behavioral compliance with signs and warnings, and wayfinding within buildings, in 
both everyday and emergency situations. For these types of studies, it is critical to 
promote the participants’ behaviors which are closer to those they would have in the 
real world, in order to produce reliable data. So, allowing people to interact with the 
VE as they interact with the real world (i.e., walking and rotating as they would wan-
dering in a real environment) could enhance the interaction quality and contributing to 
behavioral responses closer to those attained in real world researches. 

Framework in Walk-In-Place Interfaces for VR Systems. With the growth of stu-
dies on human behavior using VR, the need of navigational interfaces that are more 
natural and closer to moving in a real environment increases as navigation can be 
considered one of the key tasks for the interaction with VEs [11]. A solution to en-
hance the sensation of walking in VEs is a WIP interface, which provides users with a 
realistic sensation of walking while moving in the VE, and without the need of large 
real physical space. Thus, users move up and down their foot as they were walking in 
the same place. This technique was introduced by Slater and colleagues [12], and 
since then it was used considering some different approaches (for a review see [13]). 
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As pointed by Terziman and colleagues [13], most of the applications consider the 
interaction with immersive VEs and mainly the use of Head-Mounted Displays 
(HMD). Studies considering WIP interfaces involve the movement acquisition and 
translation into the VE. Generally, motion trackers are used to capture the motions of 
body segments in order to be translated in movements inside the VE. First studies 
tracked the head movements to predict and detect the steps (e.g., [12, 14, 15]). The 
main disadvantage of this approach is that the movement direction is conditioned by 
the head direction, impeding users to look to a direction while moving in another.  

To overcome this, other studies were conducted by tracking the lower body seg-
ments, such as knees [16], legs (e.g., [17]) shins and heels [18, 19]. In the study car-
ried out by Templeman and colleagues [16], the distance and direction of the legs 
were tracked by 6DOF trackers attached to the knees and the motion of legs was de-
tected by force sensors placed on shoe insoles. Yan and colleagues [17] used a hybrid 
acoustic-inertial 6DOF position and orientation tracking system with three sensors 
(two for the legs and one for the abdomen) and four sonistrips. For the Feasel and 
colleagues [18] study, three magnetic 6DOF sensors were used, being two positioned 
on the users’ heels and the other one on the chest. 

Motion capture cameras were used by Wendt and colleagues [19]. For their study, 
the user wears beacons for 6DOF trackers on his shins, which were tracked by cam-
eras placed on the floor. 

The use of the WIP technique was later adapted to be used by desktop VR [13]. 
For this case, head movements were captured by a webcam while users were sitting in 
front of the desktop and translated into lateral, vertical and roll motion. 

It is important to notice that most of the WIP interfaces found in the literature use 
more than one sensor to track the user’s displacement and rotation. Besides, they gen-
erally use magnetic sensors. This type of sensors may have high interferences with 
magnetic fields, which also limit the laboratory settings configuration. The use of 
motion capture through cameras is an alternative which can become unfeasible in 
small spaces and also needing a clear line of sight between the cameras and the partic-
ipant.   

Considering this, the objective of this paper is to provide information regarding 
strategies for the development process found in implementing a WIP interface using 
only one inertial orientation sensor (3DOF). 

2 Development 

A WIP interface could be the most suitable interface to be used in the studies about 
human behavior as it provides some proprioceptive feedback and increases the sense 
of presence, leading users to act in VEs as they would in the real world, requiring, at 
the same time, small physical space to be implemented. 

The WIP interface is mostly based on allowing a person to walk on the same place, 
detect that motion and translate that to movement inside the virtual world. As men-
tioned before, a WIP interface can be implemented by detecting the motion in differ-
ent manners, by using camera-based motion capture systems or using motion sensors. 
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Real-Time Detection. After the calibration phase, the system already has the ex-
pected intervals of orientation values for a specific subject, and can use that as a base 
for detecting the movement and change the current speed to the avatar in the VE. The 
system attributes each data that receives from the motion sensor into a category (leg is 
lifted, leg is in the rest position, in between) and depending on the previous data 
points, it would start counting the time until the data points return to that category for 
then calculate a speed value. 

Since the values of speed gathered could be very different from the previous one, 
the speed is calculated taking that into consideration and giving a filtered value to 
prevent abrupt changes of speed. 

The direction of the movement is given by the changes on the Yaw axis. The base 
direction is gathered at the calibration moment. However, during the walking move-
ment, there are some variations of values on that axis. Therefore, to have the most 
correct value for the direction, a smoothing filter needs to be applied to the incoming 
stream of data. 

3 Discussion 

There are some studies (e.g., [20, 21]) that present test experiments of Walk-In-Place 
(WIP) implementations when compared with other types of navigational interfaces 
(e.g., joystick). However, no information regarding how these systems were imple-
mented in regard to the approach taken on the development process was found in the 
literature. 

As such, this paper presents some strategies for the development process of a WIP 
interface which uses only one inertial sensor, to be used in studies about human beha-
vior, mainly considering the behavioral compliance with signs and warnings, and 
wayfinding issues.  

One of the strategies used to detect the movement of the leg was to observe the 
orientation value changes during time and define two areas where we can consider the 
data to be on the “leg lifted” area or the “leg on rest position” area (calibration). From 
that, in real-time, if data gets on the “leg lifted” area a second time (being on the “leg 
on the rest position” in between), the interval of time that passed since the first entry 
is used as a base for calculating a speed (the shorter this interval, the faster is the 
movement). Regarding the change of direction, and due to some variations on the 
values on the Yaw axis while the participant is doing the walking movement, a 
smooth filter needs to be applied to get the direction that the participant is facing. 

 “Moving backwards” is another challenge to be discussed while developing a 
WIP interface. Very few efforts have been done to solve this issue and it was not 
found in the literature any reference to how this behavior is considered when using a 
WIP interface. When walking, a person rarely needs to walk backwards, because the 
corrections are made before the collision happens. This is expected to happen also 
when using a WIP interface. However, there might be some situations where the par-
ticipant might need to make small corrections of movement and taking a step back in 
the VE. As a possible solution, it could be allowed that the participant positioned the 
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leg with the sensor as it would be taking a step back and maintain in that position until 
it feels that the intended distance (in backwards movement) was made. Unfortunately 
this strategy also has a limitation which is not allowing the control of the speed of the 
movement, being that defined by the interface. Also, as it does not represent the real 
behavior, it could interfere in the immersion due to the fact that participants will have 
to think about the movement instead of naturally doing it.  

As for future work, a full validation of the interface needs to be done. The individ-
ual movements should be validated inside a Virtual Environment by asking partici-
pants to complete specific tasks such as to follow a specific path (which has direction 
changes) in the middle of some obstacles that might require participants to make cor-
rectional direction changes by moving backwards. The duration of the experiment, as 
well as the number of those small corrections, bumps into objects are going to be 
taken into account. The same path should also be compared with other types of navi-
gational interfaces for Virtual Reality (i.e., joystick). Also, a presence and immersion 
questionnaire should be applied. As proprioceptive and vestibular cues are linked with 
the development of cognitive maps, this could be also considered while comparing 
WIP interface with other navigational devices. 
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