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Abstract—Augmented reality is a technology which allows 2D
and 3D computer graphics to be aligned or registered with
scenes of the real-world in real-time. This projection of virtual
images requires a reference in the captured real image, which
is often achieved by using one or more markers. But, there are
situations where using markers can be unsuitable. This work
aims to present a multi-view augmented reality environment,
composed of augmented reality glasses and two Kinect devices,
one for capturing the observer and the other to capture the
observed model. The references for virtual images projection
are obtained from the information gathered by the Kinects. In
this context, calibration and devices positioning in a common
coordinates system, and the resolution of possible interferences,
are important concerns for the viability of this proposal.
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I. INTRODUCTION

Augmented reality has benefited from the progress of
multimedia and virtual reality, making feasible new ways of
interaction between humans and machines. Differently from
virtual reality, which takes the user to the virtual environment,
augmented reality keeps the user at his physic environment and
takes the virtual environment to the user’s space, allowing
interaction with the virtual world, in a more natural way,
without need of training or adaptation [2]. This interaction
often means merging virtual images with images captured
from a real environment.

One of the biggest challenges on the augmented reality
field is determining, in real time, which virtual image to be
displayed, in which position, and how it should be represented.
In order to get the illusion of integration between real objects
and virtual objects, the generated object must stay aligned
with the three-dimensional position and orientation of the real
objects [3]. So, camera pose must be estimated.

In order to determine this estimative, in many situations
fiducial markers1 are used (mainly because augmented reality
applications usually require real time performance) [4], which
are designed in a way that they are easily recognized. Those
markers must be positioned on the scene to be captured and
achieve good results using few computer resources. However,
besides requiring human interference, there are situations

1A fiducial marker is an object positioned on the field of view of an imaging
system, for use as a positioning point or reference point.

where using such markers wouldn’t be possible, feasible or
comfortable for the observed model. This is the case, for
example, of medical applications, on which the model is a
patient. Other limitations of using fiducial markers can be
listed, for example: occlusion (a virtual image could not
be rendered if the marker was not completely visible) and
illumination (the intensity of light reflected by the marker
could make it difficult to be identified). Less common, there
are approaches that don’t use fiducial markers [6], [7] and
are based, for example, on GPS, gyroscopes, accelerometers,
cameras, among others [4], [8]. Such approaches have as
advantage not requiring human interference on the scene.

This work proposes an augmented reality multi-view sys-
tem, of direct view, composed by two Kinects [5] and aug-
mented reality glasses. This system should allow an observer
to see, in real time, virtual images merged with real images
of the model being observed. No fiducial marker will be used
in this implementation. Instead of such markers, a geometric
approach will be used based on data captured by each Kinect.
This proposed system could be applied, for example, in
medical field (real situation, training and education) or in
any other situation where a markerless multi-view augmented
reality environment could fit. The implementation is ongoing
and the preliminary results shows that the proposal is feasible
and promising.

The rest of this paper is organized the following way.
Section II will present some related works, for better under-
standing of the state-of-art. The proposal will be discussed
on section III, followed by its implementation on section IV.
Lastly, on section V, conclusions will be discussed and future
works will be indicated.

II. RELATED WORKS

In order to identify the position to place a virtual image,
there are two approaches that can be used by augmented reality
applications: the ones that use fiducial markers and the ones
that don’t use them.

Many of the augmented reality applications use fiducial
markers to calculate the camera real position in relation to the
marker real position. This is done, for example, on ARBioMed
system, where a virtual heart is represented over a marker
positioned on an individual’s chest and has its pulsation



simulated accordingly to a signal received from a computer
[9].

Early vision-based tracking used fiducial markers in pre-
pared environments, but currently, vision-based tracking re-
search is based on markerless approach [20]. The work shown
on [10] proposes a tracker algorithm based on 3D models
to calculate the distance between camera and objects. Based
on this calculation, objects can be positioned on the scene.
Although this method is robust in terms of occlusion and
luminosity changes, which are weaknesses of fiducial markers,
it still has limitations. This is an example of models-based
application, which uses 3D geometric data to identify where
to render the virtual image on the real scene.

Disadvantages of fiducial markers are listed on [11], for ex-
ample, the fact that they are invasive, have limited interactivity
and need to be printed before using and stored for future use.
On the other hand, advantages of markerless augmented reality
are presented, for example, parts of the real environment can
be used as targets and even informations can be extracted from
this environment and used by the augmented reality system.

The system developed by [26] allows any designated object
from the environment to be used as a marker. Besides that, this
system was designed for low-contrast surfaces (like marks on
the user’s hands). In order to place a 3D object, the system
uses salient points from the environment merged with a local
texture, which gives more stability on the detection.

An approach that uses the user’s hand as a marker is
presented on [12]. On the calibration step, an algorithm detects
the edges of the fingers and uses them as a reference pattern,
providing a six-degrees of freedom camera positioned on the
user’s palm, on which virtual objects will be projected. From
this point on, the user can move his hand randomly, and the
virtual object will move accordingly. This is an example of
augmented reality application that uses image processing to
identify where to project a virtual object. Another system
that uses the user’s hand as reference is the one presented
on [13], which allows a user to interact with menus and 3D
objects in a markerless way. This system is activated from
a sequence of movements done by the user’s hand, which
are captured by a Kinect. Interaction is obtained by selecting
one option from a set of available commands, which allow
selecting and controlling virtual objects. There are works on
which more than one Kinect is used, so new challenges appear,
for example, the low quality of data on the overlapping region
between two or more Kinects due the interference between
them [14]. On the other hand, using multiple Kinects can
result on better data quality when each device is responsible
for capturing a specific part of an object, or a specific object
from the scene. The system proposed by [15] implements an
improved version of KinectFusion [24] algorithm to achieve
better 3D reconstructions done by many Kinects. Issues like
calibration and interference reduction are discussed on this
work as well. Other system for 3D reconstruction is also
proposed by [14], which uses three Kinects to reconstruct the
human body.

A few studies about multiple Kinects calibration were

found. The most notable way to calibrate multiple RGB
cameras in relation to a common reference point is by process-
ing captured images of a chessboard. The approach on [21]
became popular by providing a friendly interface to detect
the corners of the chessboard. When multiple Kinects are
positioned on a multi-view configuration, the challenge is
to develop methods that simultaneously calibrate both RGB
sensor and depth sensor using an appropriated calibration
pattern. On [19] the effects of using multiple Kinects for
motion capture is evaluated. Two approaches are used, one
based on checkerboard calibration and one based on time-
varying point correspondences.

As noticed, the works that propose alternatives to fiducial
markers use algorithms that have limitations of environment,
while the works that deal with multi-view environments for 3D
reconstruction don’t use this information to track an object
from the scene. The approach proposed by this work aims
to use a multi-view environment for augmented reality based
on a 3D reconstructed model which will be compared to a
captured model. This comparison will determine where and
how to render a virtual image with the real image.

III. ENVIRONMENT

The environment proposed by this work aims to contribute
to augmented reality applications on which virtual images
should be merged with real images in real time, without using
fiducial markers, and considering the angle of view of the
observer and the position of the object of interest.

Based on the study of the related works, summarized
on section II, the following scope of the initial version of
this markerless augmented reality environment was defined,
graphically represented on Figure 1.

Fig. 1. Global view of the environment

The observer is a user of the system which wear augmented
reality glasses and is positioned in front of the observed object
(a person, for example). On an application of this environment
for medical purposes, the observer would be the specialized
doctor, responsible for observing the patient and for analyzing



the combination of the real image (part of the patient body)
with the virtual image (from magnetic resonance imaging,
for example). The observer can move his head. He wears
augmented reality glasses, which have two cameras, whose
images captured from the observed object will be merged with
the virtual image and displayed on their lens (also two). The
movement of the observer is determined by the sensors of
the glasses. Based on sensor data, it’s possible to determine
the variation on glasses orientation and so the movement of
the observer’s head. This calculation returns values that define
movements along longitudinal, transversal and vertical axises.
The virtual image must be re-rendered in real time according
to the movements.

The observed object (a person, for example) is positioned in
front of the observer and doesn’t use any fiducial marker. The
objective is that the virtual image should be rendered over
the observed object. In order to calculate this position, it’s
necessary to identify the pose of the real object. This is done
based on two sensors present on the environment. One captures
the observer and the other captures the observed object. They
are positioned on the environment and capture data of the
observer and the observed object (a sensor for each of them).
The sensor that gets information from the observed object
contains its model, which will be used to render the virtual
image.

Each device present on this multi-view environment (glasses
and sensors) has its own coordinates system, but these in-
formations should be converted to the global coordinates
system. The initial proposal is that the origin of this global
coordinates system should be the observer. Intrinsic and ex-
trinsic parameters of the camera can be used to determine
the relationship between the different coordinates systems.
The process of determining these parameters is known as
the camera calibration problem [16]. Calibration strategies,
configuration and implementation of this environment will be
described with details on the following section IV.

IV. IMPLEMENTATION

The environment described in section III is being imple-
mented in a GNU/Linux environment, using C++ as language
and open libraries and technologies such as OpenCV [23],
OpenNI [25] and KinectFusion [24]. The glasses are Vuzix
Wrap 920AR [17], which has movement tracker. The sensors
are Kinect [5] devices.

The glasses have an API which works only under Microsoft
Windows or Macintosh [22]. So, in order to run it under
Linux, a driver was developed. The driver is written in C++
and identifies the glasses when attached on the USB port
and maps it to an entry under /dev. Data from the glasses
are parsed and converted into values of yaw, pitch and roll,
which define three degrees of freedom. Raw data from the
glasses are formatted as 42 bytes blocks, related to x, y and
z coordinates of accelerometer, magnetometer and high and
low density gyros (a tuple for each of the four sensors). Raw
returned values are in range from -32768 to 32768 while
the ones processed by the driver are in range from -180◦to

180◦(yaw and roll) or in range from -90◦to 90◦(pitch). The
tracker of the glasses is calibrated by moving it in all possible
directions. Minimum and maximum values for each of the four
sensors are considered at this step. Data from the tracker is
used to determine the movement of the observer’s head. Other
positions are determined by Kinect devices.

Two Kinect devices are used to avoid the usage of fiducial
markers. Each Kinect provides data streams of the sensors,
from which is possible to obtain the RGB map and the
depth map. For this reason, Kinect is known as an RGB-
D camera. At the first step, the depth map is not ready for
immediate usage, because there is no correspondence between
each pixel of both maps. In order to process the depth map,
the OpenNI library was chosen. OpenNI provides a calibration
feature between RGB map and depth map automatically, by
using configuration data stored in Kinect’s firmware. This
calibration (called depth registration) is enough for most of
the applications, but better precision can be achieved by using
other calibration methods. Initially, this calibration is used
on this work. For the next step, the OpenCV library was
used to determine the position of the Kinect in relation to
a common reference point. The first step was to calibrate the
RGB image using a chessboard, in order to get the distortion
parameters of the camera. Intrinsic parameters are obtained
for each Kinect. This step needs to be done only once for
each Kinect. The Kinects are not calibrated simultaneously,
this way, interference can be avoided at this point.

The translation t (3x1) and rotation R (3x3) of an object
relative to the camera, equals to the transformation of the
object to the camera space, given by:

v′ = R · v + t (1)

The reversal of the rotation matrix is simply its transpose,
so it’s possible to get the transformation of the camera on the
space of the chessboard:

R−1 = RT ∴ v = RT · v′ −RT · t (2)

Finally, it’s possible to get the homogeneous transformation
matrix (4x4):

M =

[
RT −RT · t
0 1

]
(3)

Since the reference point is the same for both, the position
of a Kinect in relation to another can be estimated. Figure 2
shows a chessboard being captured by two Kinects.

The next step was to integrate the glasses with the model
captured by the Kinect. As a multi-view environment, there
are multiple cameras and they need to communicate with each
other. There is a main program which receives data from each
device, combines them, and generates the output, which will
be sent to the glasses’ lens. Each device is controlled by a
separated program, written in C++, which gets its data and
releases it in a broadcast interface, using UDP sockets. This
way, each program can be run on its own machine (virtual or



Fig. 2. Two Kinects in action: above, the real configuration (two Kinects
capturing the same object) and below, the virtual image combined

physic) on the same network, or even on the same machine.
Experiments using those different scenarios are planned but
were not done yet.

The current status of implementation is the following. A
Kinect captures a model of the observed object and sends its
point cloud to a UDP socket. The glasses tracks the movements
of the observer and sends the values of yaw, pitch and roll to a
UDP socket. The main program reads data from those sockets
and then the 3D model captured by the Kinect is controlled
by the movement of the observer’s head. The next step is
to render a virtual image over the observed model based on
tracking data from the glasses and the point cloud captured by
the Kinects. The alignment of the virtual image with the real
one will be model-based, as implemented by [27].

V. CONCLUSION

This work proposed a multi-view environment for mark-
erless augmented reality to merge virtual images with real
images captured from an observed object. The state-of-art
study showed that most of the applications still use fiducial
markers, while the ones that don’t use them implement al-
gorithms not suitable for the presented scenario. So, it was
identified a possibility to develop a multi-view environment
where the cameras would be used as mechanisms to avoid
fiducial markers. The implementation of this environment was
initiated, and current results show that it’s possible to use more
than one Kinect for pose estimation and it’s possible to use
them in conjunction with augmented reality glasses. After the
implementation is done, it will be possible to have results and
to evaluate the performance of this environment in comparison
to other multi-view environments for markerless augmented
reality.
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