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Abstract. The use of Virtual Reality (VR) and interactive real-time rendering in urban planning and building design are becoming more and
more common. However, the integration of VR in the urban planning
process suffers from the complicated interaction handling of the virtual
environment. In particular, people unfamiliar to gaming environments
and computers are less prone to interact with a VR visualisation using
keyboard and mouse as controlling devices. This paper addresses this
issue by presenting an implementation of the XBOX 360 Kinect sensor
system, which uses the human body to interact with the virtual environment. This type of interaction interface enables a more natural and userfriendly way of interacting with the virtual environment. The validation
of the system shows that respondents perceived the interface as non-demanding and easy to use. The implemented interface to switch between
different architecture proposals gave a better understanding and spatial
reasoning for the respondent. The study also shows that males perceived
the system as more demanding than females. The users also associated
and compared their body with virtual environment, which could indicate that they used their body during spatial reasoning. This type of
spatial reasoning has been agued to enhance the spatial-perception.
Keywords. Virtual reality; XBOX Kinect; perception; navigation.

1. Introduction
The use of VR is perceived by many as having a great potential in increasing
the effectiveness and improvement of communication in the decision making
process in urban planning and building design (Al-Kodmany 2002, Kjems
2005). VR can facilitate processes so that participants can better understand,
identify and analyse problems together to improve their decision-making and
the future urban environment. However, VR has not attained the impact and
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penetration in planning processes as was predicted. One of the main reasons
for this is the complicated interaction handling of VR as claimed by Lubanski (2007). To some extent previous research confirms this, as people within
the urban planning processes are very positive to use the VR-medium during
meetings with help of an IT facilitator and navigator, but do not have any
interest of navigating themselves due to complicated interaction handling
(Sunesson et al. 2008). Similar to computer games, navigation and interaction
with virtual environments are often performed using keyboard and mouse.
Although this type of interaction handling works well for IT-skilled persons
and gamers, it can be an interaction hurdle for many of the end-users within
the urban planning processes.
The purpose of this study was to find a user-friendly and natural way to
navigate and interact with virtual environments in the context of urban planning and building design. In this context, the interaction interface has always
been a problem in situations where clients or end-users do not have the selfconfidence to handle the VR simulation themselves. Because of the complicated interaction handling, the consequence has often been that the end
product from a VR simulation has been rendered images and movies, which
the clients feel self-confident to show for the general public. As a result, the
full potential of the VR simulation, in terms of enhanced communication
and understanding regarding future projects, is not utilised. Fortunately, the
developments of new hardware technology have made it possible to now use
XBOX Kinect for interaction with the computer. In this case the user can use
the body as interface, which has the potential to provide a more user-friendly
and natural interface with the 3D-model. To further investigate this, we implemented an interface that uses the human body for navigation in the virtual
environment. The aim has been to implement a very simple interaction interface with limited functionality that is user-friendly and feels natural, in order
to facilitate a more widespread use of VR simulations. The paper addresses
the following research questions: How does the user experience an interactive
interface and what is missing? How does the navigation with the body impact
user experience and perception of the space? The rest of the paper is organised
as follows: The next subsection presents related work; Section 2 presents our
implementation of the user interface; Section 3 includes method and validation of the interface; Section 4 includes conclusions and future work.
1.1. Related Work

Using the human body as an interface has been an active research topic in the
last two decades within the fields of Human–Computer Interaction (HCI) and
Computer Vision (Moeslund et al. 2006, Poppe 2007). Most commonly used

Human Body as Interface for Navigation in VR Models

81

motion capture systems require markers that are attached to the body. Although
suitable for animation of characters in games and movies, the requirement of
markers can make the systems impractical for use in other situations, such as
controlling navigation of VR simulations during design reviews. In this context
marker-less motion caption systems present the advantage of not requiring
markers for the end users. Marker-less vision-based motion capture systems
have tried to provide such a solution, using cameras as sensors (Poppe 2007).
However, it was not until 2010 when the XBOX 360 Kinect sensor system
was released, that it became affordable to everyone. The Kinect sensors are
using the USB-connection to establish communication between devices and
the computer. This gives an opportunity to achieve an interaction interface not
only for the Microsoft Xbox 360 but also for ordinary computers. By using
the Xbox Kinect sensor system to navigate in the VR, we assume that this will
give the user a more user-friendly interaction interface. Another interesting
possible outcome from using the human body for navigation is that this type
of navigation can facilitate a better understanding of the virtual space. When it
comes to spatial reasoning the human mind analyses the visual space by comparing its human body with the object in space, and by comparing relations
between the different objects (Matlin 2004).
Mullins (2006) tested how different display-systems for virtual environments gave different spatial-perceptions and compared these with the real
environment. He found that a Cave gave better spatial-perception than what
panorama display-system did and he argued that this was because the human
mind uses the body to examine the size of the surrounding environment.
Therefore we assume that navigation with the body can enhance spatial-perception while using a VR. Additionally it is also important to understand the
limitation in the human visual working memory. Approximately the visual
working memory can only store seven information units at the same time
(Buziek 2000). The presented information is eliminated after a few seconds if
it is not selected by the mind for future knowledge building in the long-term
memory. This is something that we have to have in mind when it comes to the
context of comparing different architecture proposals. In virtual environments
we have the possibility to present the different architecture proposals in the
same visual space, by switching between the different proposals. Therefore
we assume that on-demand switching between different architecture proposals
enhances spatial-reasoning and understanding.
2. Implementation
The release of XBOX Kinect presented the possibility to use it as an interface
for navigating in VR, which has the potential to provide a more user-friendly

82 M. Roupé, M. Johansson, M. V. Tallgren and M. Gustafsson

and natural interface with the 3D-model. The Xbox Kinect (Microsoft 2011)
captures the depth information in the scene, which is used for achieving the
human body interactive interface for navigation and interaction in gaming
environments. The movements, poses and gestures from the viewers’ body
are captured, encoded and translated into an event that triggers an action that
controls something in the game or application.
FAAST (Suma et al. 2011) is middleware that facilitates the integration of
human body control with the XBOX Kinect. The FAAST toolkit is emulating keyboard events that are triggered by body posture and specific gestures.
The FAAST toolkit therefore facilitates an interface for existing off-the-shelf
games that do not provide official support for depth sensors.
We choose to use the FAAST to support integration of human body control.
The reason to choose FAAST was mainly because of the easy implementation
interface into our in-house developed software MrViz, and that we wanted a
pre-study of how the XBOX Kinect could be used. The strength and limitation with the FAAST interface is that it emulates key and mouse events, which
limits the human body interaction interface.
In this study we have restricted the interface to a micro perspective of a
3D-city model, where the user views the model from the ground or close to
the ground. The following demands on the human computer interaction interface were required: The possibility to walk around by following the ground
surface; and the possibility to switch between different models during VR
visualisation to show different architecture proposals.
2.1. The User Interface

In this section we explain how the human body interface has been implemented into our VR-software MrViz. The first thing a new user has to do
when approaching the system is to calibrate or measure the body. FAAST is
looking for the calibration pose shown in Figure 1 (column 1). Figure 1 is
showing different positions and orientations of joints that trigger events that
the VR-software uses. The column 2 and 3 shows poses and orientations that
is associated to handle the camera in the virtual environment and the column
3 show poses that triggers the switch between different architecture proposals
or models. Furthermore, we used right arm fast forward to stop the walking
in the VR-model.
The presented poses were chosen to be as discreet as possible so that people
did not feel silly when others were looking. Another choice was to use body
movement and not just the arms since we think that people get a better perception of the space.
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Figure 1. The different human body movements, poses end gestures
that trigger interaction and navigation in the VR environment.

3. Method/Validation
3.1. Participants

The study has been conducted on architecture 3-5-year students (n = 18) and
civil engineer 3-year students (n = 37) and researchers (n = 4) at a Nordic
European university. The respondent groups were selected primarily because
they had knowledge and work with urban planning and building design, which
is related to this study. 35 of the respondents were male and 24 were female.
The respondents’ ages ranged from 20 to 61 years, with an average age of 26
years (SD = 6.0). The respondents’ reported an average computer experience
level of 5.1 (SD = 1.3) as measured on a 7-point scale, where 1 represented
little experience and 7 represented much experience.
3.2. Procedure

Participants were introduced to the Kinect interface where they navigated freely
in the VR-model of an urban environment. After about 4-5 min during navigation in the model, respondents were addressed by questions of the facilitator
(researcher) about the Kinect navigation interface. By doing this we wanted to
get the initial experience and how demanding the interface was to learn. The
same questions were asked to the respondent in the end of the survey (30-40
min later). The follow up questions were applied to see if the initial experience changed during the procedure in which different tasks were presented.
The tasks that the respondents had to perform were related to examine and
explore two different urban environments in the context of urban planning
and building design. The first task was a volume study of a new building; were
the respondent had to answer questions about the volume size and form, see
Figure 3a. The second task was to examine and explore a VR-model of three
different architectural proposals of rebuilding of the city library in Gothenburg, see Figure 2b–d. In the second task, one group had the ability to do
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on-demand switching between the
different proposals while the other
group had to look at the proposals in
a sequence with loading time added
between the different proposals.
We grouped the respondents
because we wanted to validate the ondemand switching interface and see
how this affected the understanding
and spatial reasoning. The validation Figure 2. a: the first task were participates
of the on-demand switching was done conducted a volume study of a new building.
in the last task, which was to find the b–d: the second task was that participant’s
hade to examine and explored a VR-model
proposal they saw before, see Figure
of three different architectural proposals and
3. During the trials the respondent they had to decide on which was the best.
together with investigator filled in a
web-questionnaire. The investigator
read the questions to participates and explained the questions in more detail if
the respondent did not understand the question. The discussion, answers and
explanations on the questions were taped in order to gain more insight into
the user experience. Participates also had the opportunity to see the scales and
questions on the left to the displayed VR-model were the projected questions
were shown. The questions in the questionnaire were related to: user-experience of the navigation;
spatial-perception
and
architectural experience
of 3D-models; and finally
decision-making in the
virtual environments. The
Figure 3. To validate the switching interface, the
questionnaire
included
respondents had to choose which of the options corin total 54 variables and
respond to proposal number 1, which you saw first.
questions. The study was
Alternative 2 is the correct.
conducted with a ceiling
mounted projector with a
screen size of 1.65 × 1.25 m were the users was approximately 2.25 m from
the screen with a Field-of-View of 40.25 degrees. The study was conducted on
four VR-models, see Figure 2.
4. Result
Table 1 shows the means and standard deviations (SD) for the quantitative
questions related to the navigation.
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TABLE 1. Means and SD for non-qualitative question (n = 59).
Variable/Question (Seven step scale)
1.1 How do you experience the navigation? (Easy = 1, Hard = 7)
1.2 How demanding is the navigation? (Little= 1, Very= 7)
1.3 To what extent do you think that navigation helps you to
understand size proportions in the model? (None = 1, Very much
= 7)
2.1 How do you experience the navigation? (Easy = 1, Hard = 7)
2.2 How demanding is the navigation? (Easy = 1, Hard = 7)

Mean (SD)
2,07 (0.89)
2.15 (1.00)
4.90 (1.43)
2.38 (1.17)
2.60 (1.45)

Initially, it can be noticed that most of the respondents thought that the interface of using the body to navigate was easy and not demanding. An interesting
observation is that respondents thought it was harder to navigate by the end of
the survey. This validates that the method of giving the respondents tasks had
made a difference in how they experienced the navigation. Observation during
the experiment was that participants had difficulty during the second task
when comparing the different proposals. They put a lot of effort to navigate to
gain good views for exploring the proposals. However, they still thought that
the navigation was easy, but they mentioned some drawbacks with the implementation. 31 (n = 37) of the respondents mentioned “to slow speed forward”,
30 mentioned “manipulate the view up and down” and 14 mentioned “view in
different direction while going forward (strafing in games). Most respondents
commented on the too low speed forward and they mentioned this issue early
on during the first task. However, the forward speed was set to 1 m/s because
some of the questions were related to perception of virtual space and a higher
speed could cause a misleading perception of space. 1 m/s is similar to normal
walking, but for future implementation it is important to have the ability to
go faster. The respondents also wanted to have more degree of freedom for
manipulating the view, such as rotating the view up and down and to look in
different directions while going forwards.
During the experiment the investigator observed that females were often
more comfortable and convenient to use the body for navigation. This is also
evident in the response to the questionnaire on the question How demanding
is the navigation, where males mean was 2.4 (SD = 1.3) and female was 1.8
(SD = 0.96). This result shows that male participants perceived that navigation
more strenuous then female participants (t = (2.10 (57) p = .04).
To examine the effect of the on-demand switching interface the participants were grouped into two groups; the first group had the ability to do ondemand switching between the different proposals, while the other group had
to examine the proposals in a sequence with loading time added between the
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different proposals. The validation was conducted by presenting two alternatives of the first proposed building; the first alternative had one floor added
and the second alternative was the actual building that participants saw earlier.
The participants were presented a task to find the alternative that they saw
earlier, see Figure 2.
TABLE 2. Which of the options corresponds to proposal number 1 that you saw first?

Variable
Alternative 1.
Alternative 2. (Correct answer)
*Chi2 (1) =7.05, p =0.008

Switch
5
8
61.5%
correct
answer

Load time
13
2
13.3%
Correct
answer

The results show that the on-demand switching interface gave the viewer the
opportunity to perform spatial reasoning from the same visual space, which
gave a better understanding and spatial reasoning of the proposal, see Table
2. As presented in Table 1 the respondent thought that the navigation helped
them to understand size proportions in the model better. Is it possible that the
navigation with the XBOX Kinect and by navigating with the human body
enhance the spatial-perception? In this study we found correlations between
“how the navigation helped them to understand size proportions in VR” and
size related questions and variables, which could be of interest in this topic
see Table 3.
To get an understanding of the correlation in Table 3, we sub-divided the
respondents into groups according to how they answered question 1.3; Group
I, response value 1-4; Group II, response value 5-6; Group III, response value
7. An ANOVA were performed on question 1.3 with its sub-groups 2.1, 2.7,
4.7 and 5.6 as interdependent variables, see Table 4.
TABLE 3. Correlation between question “1.3 To what extent do you think that navigation
helps you to understand size proportions?” and volume and size.

Variable
2.1 How do you perceive the house volume?
2.7 When you made the assessment on the size, to what extent
did you compare it to the existing buildings?
4.6 How difficult was it to compare the sizes of the two
proposals?
5.6 How difficult was it to compare the sizes of the two
proposals?

r (p-value)
–0.367
(0.004)
–0.343
(0.008)
0.266 (0.042)
0.291 (0.025)
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TABLE 4. ANOVA between; “To what extent do you think that navigation helps you to understand size proportions in the model?” to different question on sub-groups.
Group1
n = 17
Mean
(SD)

Group2
n = 22
Mean
(SD)

Group3
n = 20
Mean
(SD)

ANOVA

2.1 How do you perceive the
house volume?

4.291
(0.98)

5.102
(1.06)

5.092
(1.06)

(F(2,58) =
3.81, p = .028)

2.7 When you made the
assessment on the size, to what
extent did you compare it to the
existing buildings?

5.00
(1.90)

5.30
(1.56)

5.95
(0.95)

(F(2,55) =
2.16, p = .125)

4.6 How difficult was it to
compare the sizes of the two
proposals?

4.471
(1.33)

4.25
(1.29)

3.272
(1.42)

(F(2,58) =
4.51, p = .015)

5.6 How difficult was it to
compare the sizes of the two
proposals?

4.001
(1.22)

3.30
(1.29)

2.732
(1.42)

(F(2,58) =
4.33, p = .018)

Variable*
1=(Small /very low extent/Easy)
7=(Large /very high extent/Hard)

Note: Subscripts that differ indicate significant differences at p = .05

5. Conclusions and future work
In this paper we have presented how interaction and navigating in virtual environments with the human body can be achieved. This study has focused on
VR visualisations in the context of urban planning and building design, where
a user is viewing the model from the ground and close to the ground.
The validation showed that the most of the respondents thought that the
interface of using the body to navigate was easy and not demanding. The
result also revealed that the on-demand switching interface between different
architecture proposals gave a better understanding and spatial reasoning of the
proposals. This could be, because the on-demand switching respondents had
the opportunity to be in the same virtual space, which decreased the cognitive
stress of creating virtual images in their mind of the other proposals and that
this helped the visual working memory.
Furthermore, the respondent thought that the navigation with the body gave
them better understanding of size proportions in the model. This is in line with
literature on spatial perceptions. The human mind analyses the visual space
by comparing its human body with the object in space (Matlin 2004, Mullins
2006). Mullins (2006) argued that this was the case when he studied different display systems and why the Cave gave better spatial-perception than the
panorama display-system did. The participants also thought that the navigation was easy and not demanding and the analysis shows that males perceived
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the navigation as more strenuous then females. Speculatively, this could be
because females might have more control over their body movement because
they train aerobic etc. Additionally, the participants also gave some comments
on what was missing and what limited their experience of the interface, i.e.,
to slow walking speed and preference for more degrees-of-freedom in the
manipulation of the view.
The use of the middleware FAAST in this study has limited the integration and linking to the VR application. But in the future an implementation of
head-tracking of the user can give more degrees-of-freedom to the interface.
However, this will be done in an API such as OpenNI and NITE or the newly
released Microsoft’s Kinect SDK. In the future we would also like to compare
the interface with keyboard and mouse navigation. Furthermore, we would
like to achieve an interaction interface for public environments regarding
exhibitions of proposed building designs and urban planning. In such environments or settings the VR software has to give information and feedback to
new users how to calibrate themselves to the system.
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