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Abstract — Mixed reality is the merging of real and virtual worlds to produce new environments and visualizations where physical 

and digital objects co-exist and interact in real time. Digital objects in the present day’s MR model require sophisticated sensors like 

ultrasound, CV and IR imaging sensors to provide an immersive experience. This apparently increases the cost of MR headsets and 

interaction controllers and requires complex algorithms to manipulate the data from the sensors. The following context describes a 

simpler algorithm which utilizes only the SIXAXIS microelectromechanical sensors for positioning digital objects and interacting with 

them. An imaginary coordinate system using the accelerometer (3-axis) is designed to which digital objects are anchored with respect 

to the physical world. The gyroscope and the compass (3-axis) along with the accelerometer are utilized to interact with the digital 

objects. 
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I. INTRODUCTION  

A. Convention 
Mixed reality or hybrid reality [1] is the merging of the digital 
world with the physical world to produce a new immersive 
environment. Mixed reality encompasses both augmented 
reality and augmented virtuality via immersive technology[2]. 
Unlike augmented reality, mixed reality not just overlays but 
anchors virtual objects to the real world and allows the user to 
interact with the virtual objects[3]. To make this possible, 
highly sophisticated sensors like environment understanding 
cameras[4] , depth cameras[5] , gaze tracking sensors[6], 
ultrasound, MEMS, IR enabled cameras, etc., are required. In 
order to manipulate the data from these sensors, complex 
algorithms, computer vision and artificial intelligence is 
deployed for which high end processing power is required. 
Mixed reality is in a well-developed state as of now but is not 
in the reach of the masses due to the high pricing of MR 
equipment and interaction controllers. 

B. Six degrees of freedom 
Six degrees of freedom or 6DoF refers to the freedom of 
movement of a body in three-dimensional space on 6 different 
axes, which are three translational axes (x, y and z) and three 
rotational axes (yaw, pitch and roll). 
 
SIXAXIS Controller 
Present generation gaming consoles like the PlayStation 3 [7], 
PlayStation 4, Xbox 360 and One, etc., offer up to 6 degrees 
of freedom namely forwards/backwards, slide left/right, 
up/down (jump/crouch/lie), yaw (turn left/right), pitch (look 
up/down) and lean. This can be noticed very clearly in first-
person shooter (FPS) games. The 6DoF implementation was 
first done in the DualShock 3 controller which came bundled 
with the PlayStation 3 console. Certain games allow leaning 
control which is considered as the 6th degree of freedom, 
though it is not the true 6DoF due to partial rotation limitation. 

 
Fig. 1: The six degrees of freedom: forward/backward, 

up/down, left/right, yaw, pitch and roll 

C. Accelerometer, Gyroscope and Orientation Sensor 
Accelerometer and gyroscope sensors can produce the data 
required to mimic the SIXAXIS environment. An 
accelerometer returns the acceleration of the object in the x, y 
and z axes in ms-2 [8] as three separate floating values. A 
gyroscope returns the change of angle on the rotational axes 
as three separate floating values in rads-1 [9]. An orientation 
sensor produces the device’s angular positioning on the x, y 
and z axes in degrees. All these three sensors are available as 
a single MEMS sensor package. 

II. CONCEPTUAL SUMMARY 

This concept aims at combining the experience of mixed 
reality with the simplicity and cost benefits associated with 
augmented reality. This concept paves the way for mixed 
reality without the use of complicated and expensive pieces of 
technology such as infrared-assisted depth sensing cameras 
which finds its place in the conventional MR experience.  Here 
we make use of simple motion sensors such as an 
accelerometer and an orientation sensor for the positioning of 
the object and a gyroscope which returns the angular 
movement in all three axes with the help of which we are able 
interact with the digital objects. It also makes use of vector 
algebra for the perspective that is obtained when the user 
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moves from one position to another. To create a virtual 3D 
mesh, to facilitate the object and user tracking and to 
determine the vector positioning, an algorithm has been 
created for performing these functions. 

III. HARDWARE REQUIREMENTS 

In order to facilitate mixed reality with the Relative 
Positioning Algorithm, the following minimalistic hardware is 
required. 

1. A minimalistic mixed reality headset with motion 
MEMS sensors (accelerometer, gyroscope and 
orientation sensor) and a visual display unit for 
digital object projection like Samsung HMD 
Odyssey or Microsoft HoloLens. 

2. A hand gear with an accelerometer and a gyroscope 
for object positioning like the PlayStation 3 move 
controller or the Wii controller. 

3. Spatial sound (if required) [10]. 

 

 
Fig. 2: Microsoft HoloLens, a mixed reality headset with 

spatial sound enabled. 

 
Fig. 3: PlayStation 3 Move motion controller with 

integrated motion MEMS sensors 

. 

IV. ADOPTION OF RECTANGULAR MESH MODEL OVER 

POLYGONAL MESH MODEL 

Conventional MR equipment uses environment learning and 
depth sensing cameras to build a surface model. Spatial 
mapping provides a detailed representation of real-world 
surfaces in the environment around the MR equipment, 
allowing developers to create a convincing mixed reality 
experience. By merging the real world with the virtual world, 
an application can make holograms seem real. Three-
dimensional objects are placed over two-dimensional surface 
models which consist of several polygons. Laser-based 
cameras are removed for a minimalistic design and a 

rectangular mesh model is designed to do the same task as that 
of the polygonal map. A plane of infinite size is divided into 
small squares with perpendicular lines and each point of 
intersection is a coordinate. By intersecting three such planes 
in a mutually perpendicular position, a 3D mesh map is 
obtained with eight quadrants where each point in open space 
can be represented with three coordinates (x, y, z). These 
coordinates are used for mapping the object and tracking both 
the objects and the user. 
 

 
 

Fig. 4: Wireframe mesh of a three-dimensional cone. Here 

each point of intersection is a node, being represented as 

cartesian coordinates. 

 

 

 
Fig. 5: Spatial mapping of a room. Polygons are joined in 

different ways to form a surface model. Source: Microsoft 

Docs – Windows Dev Center 

 

V. ARCHITECTURE 

The architecture has three primary layers. The bottom-most 
layer is the hardware layer which consists of the CPU, all the 
MEMS sensors and all other I/O devices and peripherals 
connected to it. The secondary storage is also attached in 
which the database configuration mentioned below is 
designed. 
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Fig. 6: Architecture and organization of a basic computer with support for holographic projection. 

 
It also has the Hardware Abstraction Layer and the Causeway 
Interconnect Bridge [11] implemented above it to provide full 
software compatibility. Above the hardware layer is the 
operating system where the kernel is connected to the motion 
sensors using the Standard Software Interface driver [11]. The 
operating system must be capable of supporting AR 
experiences. Emphasis is given on the essential sensors 
namely the accelerometer, the gyroscope and the orientation 
sensor in order to retrieve the values that are required for 
digital entity tracking, user tracking and perspective change 
analysis.   
 
The operating system shell lies above the kernel and provides 
the user experience. At the first level of the shell, the Relative 
Positioning and Gesture Detection (RP&GD) algorithm is 
implemented as it forms an integral part of the graphical user 
interface and lays the foundation for object tracking. It is 
placed at a lower level with more importance, as any flaw in 
this algorithm can affect both the functioning of the 
application and the user experience. All software applications, 
both system and user ones, run above the RP&GD algorithm. 
The visual part is handled by the Holographic UI layer which 
defines the methods for object handling and is responsible for 
projecting objects at the right perspective. The UI will be able 
to handle both 2D planes and 3D objects. 

VI. DATABASE MODEL 

A database service is required for storing the coordinates of 
the digital object placed in an open space and for storing the 
computed perspective of the object with respect to the user. 

A basic setup requires TWO tables in the database for this 
purpose. 

1. A table which stores the location of the digital objects 
as cartesian coordinates and their angular orientation 
which is computed from the values returned by the 
MEMS sensors (named as location). 

2. A table which stores the computed perspective of the 
digital entities suspended in open space with respect 
to the user (named as objectPerspective). 

Tab. 1: Attributes of location 

Attribute Constraint 

ObjectID 
(is = 0 for user) 

PRIMARY KEY, NOT 
NULL 

x NOT NULL 
y NOT NULL 
z NOT NULL 

(also applies for 2D 
objects) 

yaw NOT NULL 
pitch NOT NULL 
roll NOT NULL 

ScaleFactor NOT NULL 
 

Tab. 2: Attributes of objectPerspective 

Attribute Constraint 

ObjectID PRIMARY KEY, NOT 
NULL 

x NOT NULL 
y NOT NULL 
z May be NULL for 2D 

objects 
yaw NOT NULL 
pitch NOT NULL 
roll NOT NULL 

VII. RELATIVE POSITIONING ALGORITHM 

In order to enable mixed reality functionality at any location 
without physical conditions being a constraint, an origin-less 
environment is designed. The initial position of the device is 
calibrated as the origin. All the digital objects and the user is 
positioned and tracked with respect to this calibrated origin. 
The relative positioning algorithm is designed for digital 
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object handling which includes the environment preparatory 
phase, digital object placement into the scene, object 
perspective computation and storage of the object and the 
user’s position as cartesian coordinates. It is a multi-threaded 
parallel algorithm designed for multi-core CPU architecture 
[12]. Threads for inserting an object into a scene, object and 
user tracking, distance computation, etc., run parallelly as 
threads in order to provide a real-time and consistent user 
experience. 

A. Environment preparation 
Once the MR headset is turned on, the digital environment has 
to be setup and calibrated to work parallelly with the physical 
environment. An algorithm for digital calibration is devised 
below. 

1. START 
2. Device boot. 
3. The plane which is in front of the user is calibrated 

as the XY plane and the X, Y, Z axes are calibrated 
accordingly. 

4. The accelerometer is calibrated to return 0 ms-2 in all 
three linear axes. 

5. The gyroscope is calibrated to return 0 rads-1 in all 
three rotational axes. 

6. The orientation sensor is calibrated to return 0o in all 
three linear axes. 

7. Create two tables named as ‘location’ and 
‘objectPerspective’ in the database. 

8. The compass is reset facing north, if present. 
9. Once the calibration is complete, the cartesian 

coordinate system is laid. 
10. Preparation and calibration are done. 
11. Set origin as (0, 0, 0) which can be the position of the 

MR headset during boot time. 
12. Set object counter to zero. 
13. Start object tracking, user tracking and vector 

computation threads. 
14. STOP 

 
Fig. 7: Visualization of environment setup after system 

startup and initialization. The intersection of X, Y and Z 

axes and the planes thus formed are illustrated. 

B. Object Placement 
The digital objects can be placed into the scene once the 
environment setup is complete. 

1. START 

2. Pick up a digital object from the object panel. This 
can be a 3D model, an application window or any 
other object. 

3. The selected object is pinned to the user’s hand and 
moves along with the user, which is guided by the 
position of the user’s hand. This position is 
calculated from the accelerometer installed in the 
interaction controller present in the user’s hand. 

4. Anchor the object at the required position and use the 
scale tool to set its dimensions. 

5. Increase the object counter by one and map the object 
to this number. 

6. Add a new record in the table ‘location’ which has 
the object’s coordinates, angular orientation and 
scale factor as properties. 

7. Release the object from the controller. 
8. STOP 

C. Tracking algorithm 
The algorithm stated below is used for tracking both the user 
and the digital object’s position. This thread is run parallelly 
in a multi-core CPU. 

1. START 
2. Start thread and run loop when motion is detected. 

a. The values from the accelerometer is 
retrieved in ms-2 and the instantaneous 
position is determined for x, y and z 
separately. 

b. The angular orientation of the user or the 
object is computed from the values returned 
by the gyroscope and the orientation sensor. 

c. Update the values in the table ‘location’ for 
the respective object or the user with the 
newly computed values. Set scale factor as 
zero for user. 

d. Continue. 
3. Suspend thread when user is idle. 
4. STOP 

The position of the user is stored as cartesian coordinates in 
the table ‘location’ with the ObjectID = 0. This is calculated 
from the values returned by the sensor package installed in the 
MR headset, not from the handheld controller. This value is 
essentially required to extend the length of the plane 
indefinitely. 

D. Perspective Vector Computation 
The location of each vertex of the digital object changes its 
position with respect to the user, as the user moves from the 
initial origin. In order to find the current position of the vertex, 
vector subtraction is performed and the vector is converted to 
cartesian coordinates whose algorithm is written below. 

1. START 
2. Run thread. 
3. Loop below steps for all objects in the scene. 

a. Retrieve the present coordinates of the user 
as x, y, z from table ‘location’. 

b. Retrieve the coordinates of the object as p, 
q, r from table ‘location’. 

c. Compute and store 
i. 𝑥′ = 𝑝 − 𝑥 
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ii. 𝑦′ = 𝑞 − 𝑦 
iii. 𝑧′ = 𝑟 − 𝑧 

d. Shift frame of reference from A to B where 
A is the point of origin and B is the position 
of the user. 

e. Change the orientation of the object with 
respect to change reported by the orientation 
sensor and gyroscope. 

f. Update the values of the object in the table 
‘objectPerspective’. 

4. Project the objects at the new vertices with respect to 
the user. 

5. Suspend thread when user is idle. 
6. STOP  

 
Fig. 8: A typical picture visualizing a cup from a bird’s 

eye view. 

VIII. COMPUTING THE PERSPECTIVE OF DIGITAL 

OBJECTS FROM THE USER USING VECTOR ALGEBRA 

Let three vectors namely �⃗�, �⃗⃗�, 𝑐 be taken as given in the below 
diagram. 

 �⃗� is the vector from A (origin) to B along which the 
user has walked. 

 �⃗⃗� is the new perspective vector to be computed. 
 𝑐 is the vector from A to C, which is the perspective 

vector of the digital object from the origin. 
 
Let the coordinates A, B, C be (a, b, c), (x, y, z) and (p, q, r) 
respectively where, 
A = Initial position of the user (origin) 
B = New position of the user and 
C = Position of the digital object. 

 
Fig. 9: A typical set of vectors for illustration. 

 
Since user and object tracking is done with respect to the 
calibrated origin, A(a, b, c) is (0, 0, 0). 
The known data is �⃗� and 𝑐 where �⃗� is the vector along which 
the user has travelled and 𝑐 is the perspective vector of the 
digital object B from the position A. 
The vector �⃗⃗� has to be computed which will be the perspective 
vector of the digital object from the new position B. 
 
As per vector addition property, 

𝑐 = �⃗� + �⃗⃗� 
Using this,  

�⃗⃗� = 𝑐 − �⃗� 
 
We know that, 

�⃗� = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧�̂� 
𝑐 = 𝑝𝑖̂ + 𝑞𝑗̂ + 𝑟�̂� 

 
Therefore, by substituting �⃗� and 𝑐, 

�⃗⃗� = (𝑝𝑖̂ + 𝑞𝑗̂ + 𝑟�̂�) − (𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧�̂�) 
 
This equation can be rewritten as, 

�⃗⃗� = (𝑝 − 𝑥)𝑖̂ + (𝑞 − 𝑦)𝑗̂ + (𝑟 − 𝑧)�̂� 
 
For computation purposes, the vector has to be converted into 
cartesian coordinates for easy storage and calculation, as 
direct computation with the vector equation is not possible 
programmatically. 
 
Therefore, the frame of reference (viewing perspective) is 
shifted from point A to B. This is done by setting B as (0, 0, 
0) with respect to itself. This implies that the �⃗⃗� obtained is 
with respect to the point B. The coefficients of 𝑖̂, 𝑗̂ and �̂� are 
stored to the variables x’, y’ and z’ respectively to form B’(x’, 
y’, z’), which is the new projection point for the perspective 
view of the digital object at point C from point B. 
Therefore, 

𝑥′ = 𝑝 − 𝑥 
𝑦′ = 𝑞 − 𝑦 
𝑧′ = 𝑟 − 𝑧 

Let us try to analyse the previous case (Fig. 3) to find the 
perspective of the object from the user’s point of view. 
 
The background, i.e., the physical world is removed from the 
scene for analysis. The background is replaced with a mesh 
(Fig. 10) The scene has a coffee cup in 3D space whose change 
in perspective from the user’s point of view has to be 
computed. 
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Fig. 10: Object’s position and placement in 3D space. 

Background is replaced with mesh for analytical purpose. 

 

The scene has three main coordinates – A, B and C. The user 
moves from A to B and thus the direction of the vector is from 
A to B. The vector from A to C can be computed, as the 
coordinates of  C are known. Similarly the vector from A to B 
can also be computed at any instance of time using the values 
from the accelerometer. The coffee cup is visualized as a mesh 
structure again with multiple number of nodes. 

 
Fig. 11: Vector representation of all the coordinates in the 

scene. 

All the nodes in the mesh structure are converted into a vector 
and all these nodes are projected to point B. The frame of 
reference is shifted from point A to point B results in a 
completely new set of nodes. These set of nodes when 
connected produce a new structure which appears differently. 

 
Fig. 12: Shifting of vectors from O to O’. �⃗⃗⃗� is the vector to 

be projected to the user with respect to O’. 

 

 
Fig. 13: Perspective of the object from point A (origin). 

 

 
Fig. 14: Perspective of the object from point B (user’s 

position) 

IX. DETECTING GESTURES TO INTERACT WITH DIGITAL 

OBJECTS 

The primary differentiating factor of MR from AR is the 
ability to interact with digital entities. Unlike the conventional 
model which uses technologies like computer vision, eye 
tracking and gaze detection for interaction, the newer design 
utilizes the motion sensors for detecting user input. The 
change in angle returned by the motion controller in the user’s 
hand in all three rotational axes is used to decide the action 
that the user is trying to perform. The change in angles while 
performing a gesture is determined by conducting multiple 
experiments. When these values are coupled with a vibrational 
sensor, gesture detection is possible. The following algorithm 
describes the technique used for detecting common gestures 
like tap, tap and hold. 

1. START 
2. Create a new instance of this thread and run it during 

the operating system’s start up.  
3. The user points his hand towards the digital object, 

with which the user wants to interact. This is done for 
selecting the digital object. 

4. In case of ambiguity in selecting the object due to 
close proximity of the objects, the selection (arrow) 
keys in the controller can be used for navigating 
between the objects. 

5. Let the initial angular positions of the controller be y, 
p, r. 

6. A vibrational sensor is used to detect instantaneous 
change. If vibration is detected, 

a. If number of vibrations = 2 
i. return action as “tap” 

b. Else if number of vibrations = 1, 
i. Record the angular position of the 

controller as y’, p’, r’. 
ii. Calculate the differences in angles 

as y’-y, p’-p, r’-r. 
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iii. If calculated difference is 
significant enough for it to be 
recognized as a gesture, 

1. Return action as “tap and 
hold”. 

c. Else, 
i. Continue. 

7. Suspend thread if user is idle. 
8. STOP 
 

  
Fig. 15: Change returned by the gyroscope for single tap 

gesture. The picture in the left shows the controller’s 

gyroscope at rest. The one in the right is the values 

returned by the sensor after performing the gesture. 

  
Fig. 16: Graph of values returned by the accelerometer. 

The peaks in the graphs denote a significant vibration. The 

picture in the left represents a single tap with one 

significant vibration and the one on the right denotes tap 

and hold gesture with two significant vibrations. 

 

 
Fig. 17: Readings from an orientation sensor. It helps in 

pointing the controller towards a digital object. 

 

Similarly, this algorithm can be rewritten for different gestures 
required and a thread keeps running in the background for 
detecting the user’s intention. 
 
Tab. 3: Comparison of Conventional MR Algorithms with 

Relative Positioning Algorithm 
Factors Current 

technology 

Proposed concept 

Sensors 

used 

Complicated 
sensors like depth 
sensors, 
environment 
detection cameras 

Motion sensors like 
accelerometer, 
gyroscope and the 
orientation sensor 

Interaction Gaze detection, 
computer vision, 
eye tracking, etc. 
coupled with 
handheld controller 

Analog input from 
the motion sensors 
present in the 
controller in the 
user’s hand 

Surface 

model 

Polygonal mesh is 
constructed above 
the surface. Spatial 
mapping is 
implemented. 

3D rectangular mesh 
with 8 octants. All 
points of intersection 
are considered as 
nodes. 

Digital 

object 

anchoring 

3D object is 
anchored to a 
specific point on 
the 2D surface 
mesh 

3D object is 
suspended in free 
space and is 
anchored to the 
nodes formed by the 
mesh 

X. CONCLUSION AND FUTURE SCOPE 
An algorithm using relative positioning technique has been 
developed to enable MR experiences on less complex 
hardware with the aid of motion detection sensors. The 
changes to be made on a conventional device to support 
holographic projection have been discussed. Gesture detection 
has been made possible without the use of gaze tracking and 
computer vision. Polygonal mesh which is used to construct 
the surface model in existing techniques has been replaced 
with a 3D rectangular mesh and no surface model is 
constructed. Digital objects have been suspended in free space 
and are anchored to the 3D mesh. All of these has resulted in 
harvesting the benefits of mixed reality without the 
complexity and cost of traditional MR hardware equipment. 
  
Mixed reality viewer application with the Relative Positioning 
Algorithm for portable devices is being developed on the 
Windows Holographic platform. This algorithm will be 
further simplified to enable motion-based gaming experiences 
on existing platforms without any additional hardware 
requirements or modifications. 
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