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Abstract

Today@ mobile devices such as smartphones and tablet computers not only
possess high computational power, but also equipped withvariety of

measurement sensors such as accelerator and magnetometer.

This is a final year project i group of two personsin this project,we utilized
different sensors of mobile device to measure indoor distances and aspect ratio so
as to generate a 2D floor plan of an indoor environment. With the floor plan
generated, usestands on an arbitrary pason of the same roomand capture a

corner can update his current position on the floor plan.

In the first term, the major achievement is than the part of measurement and
floor plan generation. In the second term, the major achievement is the
improvement on accuracy of thesensor readingupdating device position and

building an app demo showing all the function.
We have studied some relevant topics of the research. Thdesign and
implement our system. We have done experiments and testing on the acgur

and usability of the system and tried to improve.

Chapter 1 of this report will give a brief introduction of this report.
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1. Introduction

In thisreport, Section1.3 will briefly give overview of the projet. Chapter 2
will report on the relevant topic we have studied. Chaptew8l report on our
development backgroundChapter 4 will bethe detailed design with Section
4.1 as system structureand Section 4.2, 4.54.6 and 4.7 will be the major
work done n the secondsemester Chapter 5 is the guidelines for using the
application. Chapter 6 reports on all the experiment we have deith section
6.9 will summariesall the important conclusiors. Chapter Aill be a complete
report on some difficulties encontered. Chapter 8 will bethe concluding
chapter withsection 8.1 summaries the work done in both semest&hapter

9 is the table of division of worltName of other chapters can be found in table

of content.

1.1 Motivation

In this chapter wewill write about how the projectidea comes out.In these
years, nobile devices like smartphones and tablet computers Hsstome
necessities in everyday life and cannot live without these devigesd.they are
equipped with advanced and powerful measurement sensors like
magnetometer, accelerometer, gyroscope and compass etc. These sensors can
help to measure and capture the status of the device and the environment

around it easily. It interesting to utilize these sensors.

Global Positioningystem GPS) are incorporatkeinto mobile devices. Receiving
signal from the satellite in the space and obtain theurrent location

information of the device. It is useful and accurate enough navigation purpose.

4
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However, GPS is restricted to outdoor usage only. Indoor area is tiffecu
receive thesatellite signals andcannot be use for indoor navigation purposes.
But with assisted GPS@PS)mobile phoneand make use of network data for
indoor positioning and navigation. For example, Google maps 6.0 started to
support indoor postioning and navigation function. Although indoor
positioning and navigation technology is evolving, the coveringhese issues

is will very little. Nokia indoor navigation systei@estination map$ included

only 4605 buildings. We can see that technoldgy indoor environment still
have possibility for improvement. Therefore waecided to do something

indoor.

Also, Mobile devices are having very great computational power. Many have
multi-core processor, gigabytes of memory which can compete with petsona
computer. Rendering 3D scene is no longer a problem for these devices. Many

complex 3D games with beautiful graphics can be run on these devices.

With the above observation, mobile devices are definitely more than just for
making calls and manipulatingocuments. Thus we waetl to utilize the
sensors of mobile device to captuthe status of indoor environment and
recognize the currenposition as a localization schem@&his brought us the

project idea.
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1.2Background

Current technology gave us insightis further extend our project idea and
developedinto this project work. We have reviewed some software and mobile
application in the marketThe followings would be brief description as well as

some comments about the softwatéat brought us insights.

IKEA Home planner

IKEA Home planner is a 3D tools developed by the furnicarapany IKEA,
running on PC or Mac computer browsers. This is a tool for costumers to design
their home with new furniture put on virtuallyit provides 2D floor plan view
and 3D dawer functions for users. In the floor view, users can add actually
measurement of features in the home such as wall length, door to draw the
update the floor plan. The 3D viefunction gives costumer a more realistic
plan for the home. User can draw atdild a 3D view of the home and place
the product of the company on it. The software finally records the product

information and prices for costumer as reference.

This isquite useful software for users who move to new home but we still see
some inconvenence in this software. First, it is not portable as it is on
computer and the installation is ndtivial. Having a version on mobile device
would be more convenient. Also, user needs to enter every length to the
program to generate the view which is rahtroublesome. So if somehow we
can get the ratio of different lengths automatically by using the mobile device
to capture scenes from the indoor environment and enter one length for

calibration, it would be much more convenient.
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MagicPlan

MagicPlan is@iOS application for ipad on itunes. Its can measure @geom

and build a floor plan by the using camera to obtain the indoor scene. Floor
plan can be generated in different format such as PDF or JPG. It can also publish
an interactive floor plan on we to let you build home virtual tour to walk
around in your home. MagicPlan build floor plan by first starting the camera
and let user to mark each corners in the home. When all corners are marked,

the floor plan can be generated.

MagicPlan is auser friendly application whichcan be used without much
limitation. 1tQ user interface is easy to use. The measurement and floor plan
generation function gives us insights on our project development. However, it is
a commercial product but not an open sourpeoject, we cannot look at the
implementation. We would use it as a comparison agent to our product. Also, it

is an iOS application only and do&@smave an Android version.

Floor Plan Creater

When it comes to Android platform, there is also an app named rFRlan
Creator which allow user to build a floor plamteractively. Users can choose to
draw the floor plan on the blank page or interactively build it by marking the

corner of the room like the MagicPlan.

However, this one is much more difficult to utgan MagicPlan forHad. It is
not easy to creator a floor plasuccessfullyand the app isalwaysstuck on

some point and cannot move o&learly the iOS version for floor plan creating
7
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application is more advanced and nicely built. Thus this would bé gfathe

reason we choose Android as our development platform.

Smart tools

Besides floor plan generating applications, we have also lookedsonte apps

for length measurement Smart tools in popular in Google Play store with high
rank and download timeslt is a tool for different measurement as a virtual
ruler or protractor. However, themechanismis just printing markers on the
screen like a real ruler. It is not interactively measure the length. It do possess a
distance measurement function interacély measure the distance from a
object with the input of the height of the object. This is done by some
geometric method which would be discussed in later section. We think that
interactively measuring length and distance would be a convenient and

interesting function.

Advanced Ruler Pro

Advanced Ruler Pro also uses camera as a interactive likkethe distance
measurement function of smart tools. Basically it stath calibrating one of
the length of a know object, which is also similar to the pragedof smart
tools. The control of this app is quite complicated so there is some room for

improvement.
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1.3Project Overview

This section will report a brief overview of this project. Aftee have insights
and motivation described in previous part, we dited some of the relevant
topic to see the development of the technology and research. The topics we
have studied will be discussed on chapterAtter review the related topic we
started to design and implement our project. While we were implementing our
project, we did testing to check the accuracy and tried to improve it if it was

unacceptable. The work flow can kammarizedoy the following flow chart:

\ 4

A 4
A 4

Idea fetching |—>

Study on relevant Project Testing and
topic development modification

Project development

Our project was to develop and Android application with timain target o

find the position of the person on agenerated indoor map, (i K I the& &
localization part First, user stands on an arbitrary positionan indoor room
capture different cornersSensors reading obtained can be used to compute
length between corners andhe aspect ratio of a room. Then a floor plan of
the room can be producedlf the usermoves to another position of the room
and capture the first corner, the position on the floor plan is updated.
Additional functiors of the application which act as sidergduct was length
and distance measuremeritinction. They are used to measure the length and
distance of two points or distance from the device to an added point. We also

added data storagéunctionto save down the data for lateeuse.
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This project lastd for one academigear. In the first semester, we have
completed the following issueg:irst, we obtain the device compass reading for
obtaining device orientation relative to the environment. We got familiar with
the development platform and API to besed in this stage. Second we used the
reading obtained to measure length of two points, with some estimation and
assumptionadded for calculation. We did some experiments to reveal the
errors of these measurement3hird would be our floor plan generatioWe
used the reading obtained to generate the aspect ratio of the floor plan and use
the length calculated for scaling. In this part, the floor plan generated will have
certain restriction because the algorithm used is based on sassimptiors.

Also we ca mark the current position on the floor plan.

In the second semester, there are two major achievements. The first one was
changing themethod ofobtaining the sensors data for manipulationitaprove

the sensor§reading reliability and enhance theccuiacy. We did another set of
experiments to see the resuliThe secondachievementwas the localization,
with the floor plan generatioprocedureimplemented in the first semester, the
location on the floor plan can be updated if the user moves to anotheéntpan

the room and capture another set of readings. There are some minor
achievements including separated the measurement functions, data storage

and reopen

10
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Thefollowing diagram summarizes the project application

Project application

Core function
Localization:
Obtaining Device o I obtaining
Reading > oorplan > "
e fi > current position
Refinedin term?2) eneration :
( in the floor plan
Otherachievements
Length Distance Database
Measurement Measurement Storage

11
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2. Study on relevant to pic

In this chapter, & will briefly explain the material we have studiathout the

relevant topic of our localization application

2.1Length measurement

We have studied orthe different approaches taneasure the length of an

objector between two points.

From prospective geometry to single view metrology

One way to do length measurement is using prospective geometry. It uses
homogeneous coordinates for easier representation dfomogenous
coordinates. Using the parallel lines can define vanishing linesgUsiknow
height of object measure the height or length of another object through a know

ratio.

Single view metrology is an algorithm summaries previous projective geometry
study on measurement. From a view like a photo, it firetognizessome

referencelines as axis of perspective and find out the vanishing plane points.
Then enter a height or length of a reference object in the photo can obtain the

length of the other object in the photo by some mathematics.

12
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Fig 2.1.1 Single View Metrology and gegstive geometry
Although the idea behind is not difficult to understand, the mathematics and
implementations of this topic is quite complicated. Thus we choose not to

implement our length measurement function using Single view metrology.

[4]

Smarts Todd

In chapter 1, we have introduced the measurement todtsnart tool€ on
Google Play stordt has a distance measurement function. This app has given
some diagram about how is works for us taterpret and understand the

background mechanism of thianction.

Computing Distance

With reference to fig 2.1.2.1.In order to compute the distance from a target,
the system need to have the angle between the ray towards the target and the
height of the device from the ground. The height is needed for the usérgot.

And the target distance can be computed by simple geometry:

AB = A *tan{U )

13
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STEP 1

Phone's height (h) = AA’
Target Distance = AB

Fig 2.1.2Diagram in smart tools for distance measurement

If user are standing inside a building and aiming at target out of the building,
smart tools allow user tanake an adjustment bynputting the height of the

building.

Building's height (H) = AA®
Total height =h + H

Fig2.1.3Diagram in smart tools for distance outside a building

Computing Height

Also by geometric method, the height of a target can be measured by getting
the device angle of elevation andeight of device from the ground which is
inputted by user. With reference to fig 2.1.2.3

BEXx AA + R

And B@ =tan( ) * AB

where AB could be obtained the step discussed previously.

Thus, BB= A + AB * tan( )

14
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8"

STEP 1I o

v

Fig 2.14 Diagram in smart tools for height measurement

Computing width

If user rotates along a vertical axis, the angle of rotation can be used to
compute the width of an object. With the distance from the user to the left
point and the right point, the width of the object can be computed by cosine
law:

BC = AB + AC -2*AB*AC*cos{ )

BC =WI(AB + AG -2*AB*AC*cos{ ))

Where AB and AC can be measured bypes stes.

STEP IV Target's left distance = AB

Target's right distance = AC

o
Target Width= BC

Fig 2.15 Diagram in smart tools for width measurement

Thus it can be seen that the distance measurement function of Smart tools

works by geometric method18]

15
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2.2Rendering Indoor Scene

AdityaSankar from the University of has releaseceaaarch paper on the topic

G/ FLIGdzZNRY 3 AyR22NJ aO0Sy S aabout falrésearfhydn NI LIK 2 v S 2
building smartphone application to capture, visualize and reconstruct indoor

area. The application first obtains data from smartphone camera,

accelerometer, gyroscope and magnetometer tovisualize the indoor

environment. Then the application can output a real time visual tour for user to

explore the transaction of the room.

Interactive tour

User rotates 360 degree to capturevadeo of the indoor environmentWhen

the captureis completed, the system generates a 360 degree panorama. The
interactive playback of room tour is done by indexing the video by camera
pose which is obtained from the reading of gyroscope sensor in the
smartphone. The instant orientatio of the smartphone obtained from the

equation:
Ut=Uwt+t*w
Where t is the change in time akbt1 is the previous orientation and t is the

change in time and w is the change in orientation. All in all real time interactive

tour is done by spatialideo indexing.

Floor Plan generation
In playing back the interactive room tour, the system allow user to mark the
corner. When the marking is completed, the system uses the angle of

orientation of the marker to generate the floor plan. For 2D floor rpla
16
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generation, it has given thillowingalgorithm:

Algorithm 1 Calculating optimal wall configuration

Py = Origin

P, = Unit distance from F; along the first ray

N = Number of corners

minDistance = MAX_FLOAT

for a = 0 — 360 step 0.5 do

fori: =2 — N do

f; = direction of 7" corner > from (2)
P; «+ intersect(P;_y, a+(i—1) x 90, Py, 6;)

9: end for

10: distance = getDistance(P;, Py)

11; if distance < minDistance then

12: minDistance < distance

13: minAngle < angle

14: end if

15: end for

16: Return minAngle

SN

e o

Spring 2013

Using the marker orientation can obtain a series of ang

we can regard it as shooting different rays from th

capturing position.

Choose an arbitrary angle alpha and start with first re

connecta line with angle alpha to the first ray.

Then the following rays are intersected bwaking a 90

degree with the previous ray.

Fig2.2.1 Steps of Sankar Algorithm

When the last ray meets with the first, the intersection point should be at the

starting point if the angle is chosenpala is correct. However, in practical the

two points do notintersect exactly So the algorithm tries different values of

Department of Computer Science and Engineering, CUHK
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alpha and chooses thalphawhich result in havingninimumdistancebetween
the last point and the starting point. If the distancerdfigure 2.2.5 approaches

zero, the first point P1 and the last point P7 merges.

Fig2.2.2 Steps of Sankar Algorithm

Furthermore, this algorithm is based on assumption that every corner is of

degree 90. It is not applicable to the rooms with corners not of degree 90.

Aligning differert rooms

After different room£X¥loor plan is generated, the rooms are aligned to make
the whole floor plan of the home. Floor plans of twiifferent rooms can be
connected with the supply of a door ray. Since the door ray of two different
rooms are the sam, so the two floor plans can be aligned by first multiplying

the scaling matrix and then add a translation matrix to the coordinates.

18
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WEESEumARRR]

mii |jw :Ill

Fig 2.2.3Aligning different Floor Plans

Considering the complexity of the project and real time interactnsualvideo
tour as it could require a lot of resources, we do not focus on\isealtour.
Modeling indoor environment is only one of the tasks of our project. And the
floor plan generating algorithm is useful to our floor plan generation function
design. We hve taken it as a reference to construct our algorithm. We first
consider floor plan generation for a single room as ounimum target. If we
have time to come back, we will try to include the function of aligning the floor

plans of more than one room.

[3]

19
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2.3Augmented Reality

Augmented Reality is a view of the physical world with elememtsch is
generated by computer. Most AR application can be are mabkeed. Usually
are using the camera to analyze markexcognizedor captured. Marker
detection invdves first converting the image obtained into binary image and
then is to compute some points for recognition, called featured points. The last

step is identifying the featured points.

Non-marker based AR application are those uses some features suchR&30G
display some information augmented by the computer. There are many mobile

AR applications and game available in the market.

Our localizationscheme product can be used to help in these AR game or
applications. One idea is that we can use the flotanpgenerated as map of the
game, which can be used to locate the player and show other information such as
monster location in the mapThat would become an application aligning the

game world and the real indoor environment.

20
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2.4Indoor positioning

Indoor positioning technology isusefulin location based services targeted for
indoor environment. It is a connectioof wireless network of devices. There
are manyapproachesto achieve indoor positioning. Many of theuntilize the
in-building wifi network.Using wifi network for indoorpositioningis convenient

because there is no need of additional hardware component to be installed.

Website MonojKumarRaja posted an academic project about indoor

positioning explaining different method of wifi indoor posiing.

There are two basic methedto find the position of a devicevith signal
strength of the wifi available:trilateration and location fingerprinting.
Trilateration is a methodcan compute the location using signal strength and
position of wifisignal transmitter. Itis based on an idea that thegsal strength

is inversely proportionalo the signal strength obtainedBut this method does
not work well in indoor environment since interference of theall-like
equipment may cause a sudden increase acdease of signal strength gives
unwanted result. The other method involséwo phases.Signal strength from
wifi signal transmitter is first recorded into the databasél/ith more data
collected,a pattern of interference can be formed and dédferentiated. In the
second phase, it tries to match the obtained signal with tin@ining data

collected in phase one.

There were experiments on the location fingerprinting method described above.
It was done by Bahl and Padmanabhan and P&t comparison of thei

results found thata method named\Nave Bayes method based on calculating

21
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probability density function of the signals from user location and the location is
obtained by the highest probability. It was better the nearesighborhood
algorithm in which tle location is computed from matching thmint of nearest
neighbor in the signaThe distance from neighbor is computed by least square

between new testing signal and training signal recorded.

10

o

Nearest Neighborhood

Naive Bayes

Locaiton Estimation Error {inmeters)
i

1 2 3 4 5 6 % 8 9 10 11

Various test points

Fig 2.4.Iresult on comparing two indogrositioningalgorithm

As bts of researched have been done already in this amawould like to find

other ways to do the positioning.

[17]
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2.5Improving sensor reliability using sensor fusion

Backaround

In the first term, we used the SensorManager.getOrientaion() methimon f
android API to obtain therientation angle of the device. The angles are based on
accelerometer andnagnetometerreading. Accelerometer iesponsiveto gravity
influence and magnetometer work like a compass to get the amtpavever, from
experimentdone, the magnetometer reading was very inaccurate with a lot of
noise. Researchr Paul Lawitzki posted a method of sensor fusion to handle this

issue.

Gyroscope

Gyroscopes inside Android devices have a more accurate reading and shorter
respond time. Gyoscope is a sensevhich provides angular rotational speed along

the axes of orientation. In order to obtain thengle of orientation, the angular
speed readrom the gyroscope ha® be multiplied by time interval between the

last and the current sensarutput. This would computehe rotation increment at

the time interval. Summing up thall the rotation increment gives the orientation.
However there are gyro drift causing problem of gyroscafden there is a drift

in the device, the gyroscope will haea offset bias which tends to correct drift

The gyroscope will never become perfectly @egince the gyroscope will not

become stationary.

Sensor fusion
The problem of magnetic field sensor is the noise and the proldegyroscope is

gyroscopic drift.To avoid this two problems, gyroscope reading is used only for

23
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short period ofchangingorientation. In order words, the problems have to be
solved by lowpass filtering of magnetometer and higlass filtering of gyroscope
reading.Lowpass filtering ofmagnetometermeans to average orientation angle
over time and within a constant time windowighpass filtering means to replace
the high frequency component from magnetometer withe corresponding

gyroscope readinglhis would be the idea of sensor fusid@ similar approach can

be applied toaccelerometer to reduce it noise error.

accel |

| accMagOrientation —m % | accMagOrientation
— -

magnet

gvro AD(‘?—b{ ¥ P= gyroOrientation |—m %‘
*

‘ time interwval

Fig 2.5.1 Work flow of sensor fusion
Thesimple cas@lemonstratethe idea is as follows: when the device is turned.90
From the magnetometefluctuation and gyroscope drifhave been fixed after the

low-pass filtering omagnetometerreading and higpass filtering of gyroscope.

angle [ angle &

magnetometer
low-pass filtered

magnetometer output

angular q angle T 7
=N =
L | gyroscope |
| (N — | ¥ [, ) -
gyroscope output \-. .'{ . | integrated over time ||I
4 '\\ lll + | T \L..— —
_____/'_ gpredmf
time tima
f\.}
O
e

/ filtered and ".I [
[ combined sensor data |

|I II'.
/ A,

Fig 2.52 Result of sensor fusion
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This topic of study was useful in helping us to reduce the problem of sensors error.
We had choserto try to adopt the new methodology of sensor fusion to obtain
the device orientation for different parts of computation obystem.
Implementation and experiment was performed afterwards to test on the accuracy

of the new method. They will be covered later in this repo

[14]
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3. Project Setup

This chapter will report on the environment settings of the project

development.

3.1Target platform

The target platform of our project is on Android platform for tablet or
smartphoneswith sensorsaccelerometer magnetometerand gyrscope The

application also requirea camera.

Platform requirement:

0S ANDROID version 2.3 or above

Hardware (1) SensorsMagnetometer, Accelerometer , Gyroscope
(2) Camera

Device Tablet or Mobile Phone

3.2Development environment

We uses eclipse IDEth Android SDK plutn as our development environment.
Detailed versionid number of the software used can be found in appendix.
Implementation is in java in which we are quite familiar with. Of course we still
need to read the APl as some Android AR different with ordinary Android

API.

3.3Device used

In first semestey our development device is ASUEge Pad Transformer Prime
TF201. The systeman smoothly without crashes on it. Transformer prime is a

quad-core tablet with high computational power. Gtier weaker devices may
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run the application slower than Transformer primk.gets slower when we
have used opengl plunp in our project. Generally, transformer prime

computational power fits our program need

In term 2, we changed to Xiaomi 2 since Bfanmer prime cannot be allocated
to us anymore. Xiaomi 2 is a qeare smartphones with the sensors we needed.
We were comfortable developing the application with it. And the program ran

without lagging.

The application should also run in other Androicevites with abwe

requirement without problem but since we do not have other.
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4. Detailed design

In this section, we will explain our work in a detailed manis&ction 1.3 gives
a better overview of the work in brief ideaWe will describe the structuref

the system and then describe each function in detail.

4.1 System3ructure

The structure of our system can be classified to three netegores, Vew,
Controller and Model View handled what would be displayed to the user
interface from the modelContiol communicatesvith the device input MODEL
process the main functian and structure of our applicationsuch as the
computations and main algorithnin each of the categories, there were several

modules with specific functiorAll together there are 17 natules.

Controler

Fig 4.1.1 Structure of our system.

View
View handled the items need to be displayadthe user interface In View,

there are2 modules

CameraPreview: CameraPreview module used API provided by Android to call
the camera and display its viewut to the screen and

contributed to a layer in the user interface.
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DrawView: DrawView module was responsible for another layer of the
user interface. All the words and control buttons are
handled in this module.

OpenglRenderer: OpenglRenderer rendereché floor plan out to the screen.
This module set the attributes such as background and color
of the gl world. The code written was with reference to the

someopengles standardutorial listed in thereferencelist.

CameraPreview

DrawView OpenglRender

Fig 4.1.2 Structure of View.

Controller
Controller is the categories for handling the input of user, which included the
press on button event, and all kinds of listen€his is a small category consist

of only one module, which is the main android activity of the system:

CameaTestActivity: CameraTestActivity is the main android activity. It
handles the users input such as pressing the different

buttons.
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Controller

CameraTestActivity

Model

Fig 4.13 Structure of ourcontroller

Model handled all the functionand algorithmto be performed. It & the core

part of the system such that all the important data communication and

manipulating is in this categ@s. The function of each moduigshowed in the

following:

Accelerometer:
Compass:
Gyroscope:

DataStorage:

FloorPlanGen:

Call the accelerometer to get the reading from it.

Callthe compass to get the reading from it.

Call the Gyroscope to get the reading from it.

Data communication between modules within the program
on run time required the DataStorage mod@edata. The
data reading recorded and floor gt generated is stored in
this module.

FloorPlanGen module implemented our floor plan
generation algorithm, which will be discussed in detail in

section 4.3
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Formula:

SensorFusion:

UpdatePosition:

ViewUpdteThread:

MapDBOiject:

DatabaseHandler:

Converter:

Formula module implement the method of using
sensors obtained to do the easure lengths and
distances. The method will be discussed in detalil
Sensor fusion is the module for combining sensors data
for better measurement. This is thenly module which
we used others work The module is provided bigaul
Lawitzki.Details of the sensor fusion methodea had
been discussed in section 2.5 and the uses will be
discussed in section 4.2.

UpdatePosition module implemented the localization
algorithm, which will be discussed in detail in section
4.5

ViewUpdateThead created a thread to update the text
to be displayed on screen such the distance
measurement result. Also it created a thread to check
whether the first corner is returned during the corner
capturing process.

MapBDOjet module stored theall the coordinateto be
stored in the database.

DatabaseHandler module handled the data saving for
later uses function. It handled all the SQL command for
the creating tabé, store and retrieval of data in the
database

Converter module provided all the functions and
method to do conversion of data. It is neededhenthe

data cannot be directly used.
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MyActivity: MyActivity stored themain activity when the running

android activities

MODEL

Accelerometer
DataStorage FloorPlanGen MapDBOject

MyActivity ViewUpdateThread

Converter DatabaseHandler UpdatePosition

Fig 4.1.4 Structure of our model
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4.2 Obtainingorientation

We need to obtain the device orientation before carrying out the measurement.
In the first semester we utilized the accelerometer and compass reading to

obtain the orientation of the device only.

Acacelerometerclass getghe acceleration of the device. The parameter is in 3
dimensions x, y, z. The compass class reading obtained azimuth pitch and
roll. The gyroscope class gets the value based on the principle of angular

momentum

Fig 4.21 Rtch, yaw and roll
In semester one weise mainly the compass reading. See figuz2ithe \alue

a can be obtained from the compaskrectly, it is called PITCH. Also, the value
b can be obtained from the compadgsadirectly, it is called AZIMUTH. The

readings are obtained using thgetOrientation(float[] R , float[] result) function.

Result[0] is azimuth and Result[1] is pitch and Result[2] is roll. They are useful

R

in later on computation.

CAMERA TABLET

Fig 42.2 tablet orientation
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However, from the experiments condwetd in the first semester show that the
error of the compass readingaslarge. Itwas because the reading of compass
obtained is fluctuating all the time. The reading is not steathyl inaccurate
due to the noisy nature of magnetometeéWe tried to improvethe error and
found the method in section 2.5: sensor fusioWe changedthe reading

obtaining methodologyto sensor fusionn second semester

Recall that sensor fusion isemging the reading of gyroscope. Paul Lawitzki
provided a module fohandling the lowpass filtering and higipass filtering

method. We first studied the code provided.

It first got the SensorManager and initialized the sensor listen€h& module
implemented the SensorEventListener so some function had tousgridden

For gyoscopic reading,Sensor.TYPE_GYROSCOPE in android documentation
provided how to process the gyroscope raw data. And the gyrosceaéing is
processed when the orientation from accelerometer and magnetometer is
obtained. The module converted the sensor reaglivector to matrix for storing

and processing. Next thing was to eliminate the problem caused by sensor. The
module implemented acomplementaryfilter by executing a separate time
thread. FILTERING_COFFICIENT is set for calibration. Finally we coulthebtai

combined devicerientation along the axes
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y
&

Fig 4.2.3 Device orientation

Thus,We have studied and understood the code provided by the Paul Lawitzki
although we had not implement our own sensor fusion modul#/e have also
tested each combinatia in the sensor fusiorand without it. For direct result
from accelerometer and magnetometer, use SensorManager in Android API
only could helpAndfinally weused thesensor fusiorto obtain the horizontal

angle 1 andb.
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4 .3Floor Plan Generation

Next partis a floor plan generation functiorlJser stands on a point inside a
room and use the red corner marker on the user interface to target the corner
of the room. Then the user presses the capture button to capture a corner.
Then the user rotateslockwiselyto target at the next corner to capture it. The
steps are repeated until all the corners are captured. Then the floor plan can be
shown on the screen by pressing the gen button. The output floor plan is drawn

in openGL plugn.

Capture

Show Distance

Get Width

GEN

Update

CLEAR DATA

Fig 4.31 Floor Plan Bplay using openGL

We have designed our own algorithm for floor plan generation taken reference
to the algorithm of Sankar on Chapter 2.2. The pseudo code of our algorithm is

as follows:
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Floor Plan Generation Algorithm Pseudo Code

minDis& minimumdistance from the first to last point
angles[la input angle array
output[] & output array storing the points
for( =0A 360 step 0.1)1
sumAngla |
P1X& tan( )/ M(1+tarf(f ))
P1Ya P1X*tanf)
for(i=2A no of corner+1 step 1){
sumAnglé sum of previous angle in angles[]
if(i%2 == 0){
PiXa P(i1)X
PiMa PiX /tan(sumAngle)
telse{
PiYa P(F1)Y
P& PiY * tarfsumAngle)

}
dista calDistanceRi+1, P1)
if(dist<minDist){

outputa PiX, PiY

}

The algorithm inputs an array of anglecorded and outputs an array of
coordinates of the generated floor plan. The array is then pass to openGL

rendering module.

Our algorithm starts from calculating the first point on the coordinate plane.
The line connects from the original to the firsbipt makes an arbitrary angle

| with the horizontal axis. The value df will be adjusted byteration.
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tan | tan 2|
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Fig 4.32 the first point is computed from aarbitrary angle —

Next add a ray which makes the angle from input array Wit previous line.
The next point is the intersection between the horizontal line passing through

the previous point and the added ray. As seen in the following figure:

y .
’
A .
’
//
. P2 K
\ ’
\ ’
\' ’/
. 2Pl
\ ’
\ ’
\ ’
\\ al ’/
\ ’
\\ ’// I
s )
N 4

4 »

>

X

Fig 4.33 find the second point by intersecting

Repeatthe steps by replacing the horizontal line and vertical line alternatively,
i.e. if the ith iteration intersects a horizontal line with the new ray, then the
i+1th iteration intersects a vertical line with the new ray. This assumes the

angles of all cornsin the room areof 90 degree.
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Fig 4.34 Assume angle is 9@o find the next point

Then the steps are repeated until the new added point is on the first ray.
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Fig 4.35 if unsuitable[ is chosen, the first and last pt don® meet

Trying different values of in order to minimize the distance between the first
and the last point so that they merge together. The floor plan with the

minimum distance will outputted.
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Fig 4.36 With suitable vdues of [, first point P1 and last point P5 merges
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The final[ at the end of the loop will be output to storager the later use

and the use of this value will be explained later.

Of course this algorithm is also based on the assumption that anglesl of al
cornersin the room areof 90 degreelt is not applicable for rooms with corner
of different anglesAnother assumption is that users are capturing the corners

inside the room. Testing on this algorithm is in chag@er
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4.4 Measurement

Next we measure th length between two corners in a room. User can use the

red corner marker on the user interface to point at a corner of the room.

Capture First Corner

Show Distance

CLEAR DATA

Fig. 4.4.1 Aim at a corner

When user touches on the capture button, the system will record the compass
reading of the deice. And the reading will be shown on the screen. Next, user
uses the red corner marker to point on the next corner, and touches on the
capture button again. Then the measured length will be shown on the screen at

the upperleft corner.

Capture

Show Distance

Get Width

GEN

Update

CLEAR DATA

Fig. 4.4.2 LengtBhown on screen

We use geometric method to compute the length. The step is as follows.
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Step 1:
When user capture the first corner, the orientation of the device is obtained.

We record the anglethe device makes to the horizontal.

Fig 44.3 Recordingthe angle that device makes with horizontal

Then we estimate the height of the device above the ground is as 1.4m. With
this assumption we can formulate the verticabthnce from the device to the

target corner as follows:

Fig 4.4.4 formulating distance from device to target corner
AB represents the device holding by the user and E represents the corner of the

room the user pointed at.

B

ZABE- ZABC

90 - ZABC

= 9(P¢ (180°¢ 90°¢]) Since (Triangle ABC is rigirigled)

Since[ haveobtainedalready and h as estimated as 1.4, we can compute the
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distance from the corner as:
DE =h*tan@3)
= h *tan()
Step 2:
When the user points at another angle can press capture, the system record
another set of compass reading for to get the device orientatioreover, the

angle r is recorded.

Fig 4.4.5 tp view of rotating the device to point at another corner

With 1 the length the first captured corner to the second corner can be

computed as follows:

w.____

Fig 4.4.6measuring distance between two corners
The user wants to measure the length between tteener C and corner D of his
room. He first aims at C to capture the first corner and rotate to aim at D. The

angler is assumed to be the same as angle A. Then length between CD can be
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found:

. Cosine Law
CD =W(BC + BB -2*BC*BD*c0N() | a2-p2+ ¢ 2¢brcrcog)

BC and BD is obtainedth the methodexplainedin step 1.
There is a minor assumption that the angle obtained is roughly equal to

since it should be the anglgCAD instead oZCBD.
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4.5Localization

With the floor plan gemrated, the next mainfunction is updating the current
position. To explain that we have to start bgliscussing how diave record our
floor plan generated. From the floor plan generation algorithm, we obtained an
array of coordinates representing eacbrners of the roomand the corners are
arranged by the sequence when it is recorded the original (0,0), it was
where the user stands on and capture tdevice orientation.Alsorecall that

we havesavedan angle[ which is the angle between the horizontal and the
line connectingthe origin and the first corner. Also thdistance from the
original to thefirst corner is 1. The information availabtan be represented by

the following diagram.

v
x

Fig 4.5.1 Cooiidate system when floor plan is generated

Consider wherhe device is moved to anothgrosition of the room:

NS

Fig 4.5.2 Moving of device in top view

X
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Since the direction is importantfor convenient calculation, we set the x
direction as theN ( for the coordinate system of our floor plaso that the

angle value is fitted to our coordinate system.

Y

Fig. 4.5.3 Proposed coordinates system with angle

However, n most of thecircumstancs, theactualmagneticorientation would

not align withour coadinate system.

LA

Fig. 4.5.4 Overlapping with our coordinate system

Transforming theroom orientation by an angle offsetthe room can fit our

coordinate system.

Adding an angle
offset

X o

Fig. 4.55 Transformation of the system

v

The angle offset here ithe different betweerf stored when the floor plan is
generatedand the compass angle obtained when capturing the first. reije
also need the distance fromriginalto the first corner during capturing process

as a scale to the lengtfil€ in the coordinate system.
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That is weneed the following before the localization can be done:

1. Angle Offset F ¢ angleof the first ray
A =
From floor plan
generation algorithm

Obtained during capture

2. Real length to coordinate Scalerecord length from the first corner captured.
With the information above prerecorded during capture. The update function
can be performedWe have desigrek two ways to do theupdate procedure,

each with its own restriction

The first onerequire user cgture only the first corner obtained this method is
used when the number of corners is larger thanThe system will pop up
automatically to tell user onlgapture the first corner and will assist the user.
When the user capture theequired corner, compass reading and the distance

from that corner will be recorded.

The compass reading obtained will first transform into our coordinates system
and scale dow the distance.

Since we have the coordinates of the first corner (x1,y1) record as the output of
floor plan generation, the picture of our coordinate system will become the

following:
(x1,y1)

d/scale

n

(x.y)

Fig. 4.5.6Coordinatesystem
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Since the distance from the cornex fixedandwe have the angl@ointing toit,

we can compute the target x, .
X = x1¢ h*cosf)
y = ylch*sin(")

We need to restrictuser to capture only the first corner because need to

locate the corner at which the user is pointing afiich cannotbe found easily.

Another way does not requireuser to capture only the first corner allow
arbitrary corner target. That is the user can aim at any corner inside the room
to update the position. However, this is restricted tecdrners only. We did this

by classifying thecompassangle (transformed to our coordinate system)
capture into four quadrarg, each quadrant corresponds to one corner. Then
the corners which weraimedby the user can be located automatically. When
it is located, the coordinate ahe new position can be computed using similar

method above.

Frankly, v have not found a way tautomatically support all corners and

number of angles greater than 4.
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4.6 DatabaseStorage

The system supported saxand-load function for the floor plameneaated. At run
time, we store the data in the data storage. The data required to be stored down
was the coordinates of corners, angle offset for transforming coordinate system,
the distance scale fronthe origin to the first corner.They would be used to

render the floor plan out again.

We implemented using SQLite for Android, which is a file badathbasebuild in
the android Thedatabaseof our program is rather simple since only thew

attributes were stored. One map storage table is needed.
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4.7User Irterface
Inthe mainUI designthere were 3 layers, namely openGL, camera preview and
drawingview layerWe have also a menu which specialbalwith the save and

load function.

Opengl layer(Tansparent)

TEEY 05

Drawing view layer(Transparent)

Camera Preview

Fig 4.7.1 User interface layett structure

The bottommost layer is the camera preview layelt was used tadisplay the

view of the camera to assist the user to aim at a corner.

Capture Second
mer

Show Distance

Get Width

GEN

Update

CLEAR DATA

Fig 4.72 User interface layed structure

The middle layeiis the drawing view layewhere all buttons and worslare
displayed out in thisayer. There is a red cross in the center of the camera view
in this layerwhich is used to assist user tmark on the corner.The button
control of our application is alsdrawn in this layer. The button is used as input
of the different function. The dailed uses of the buttons can be found in

section chapter 5
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Capture

Show Distance

Get Width

GEN

Update

CLEAR DATA

Fig 4.73 Drawing view layer

The topmostis OpenGL layeWe use android open@ds to render out the floor
plan on from our coordinate systenThe openGL layer is full screen and the
backgroundis set to transparentso as to ease the user whearpdating the

position. Also we needed to scale up the nfapfitting.

Capture

Show Distance

Get Width

GEN

Update

CLEAR DATA

Thee were differencesbetween openGL anaur original The coordinate of
openGL system is starting at (.8t the upper left corner, increasing x and y
along the right and down directiorBut our coordinate system having original
at the position which the room is captured, but increasing at right and up
direction. Since our coordinate system cannot be dirgcthapped to the

openGLcoordinatesystem, we needed to do sonm®nversion
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(0,0)

(0,0) > A\ 4

v

Fig 4.750ur coordinate system change to opengl coordinate system

The save and load back to database is being performed in a menu bar. The

menu pop out when upon the andromenu button is clicked.

Capture

Update

[IGELRVED] Save Map

Fig 4.76 menu bar

We have changed our design in semester ohiee main Ul was having 2 layers
instead of 3 and thefloor plan was rendered in a separated activitysing
openGL We add one layer for easier handling of the lazation function.

Menu bar was added in semester two for data storage.

Fig. 4.77openglwasin saperated activityn previous design
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5. UsageGuide

This chapter will report how to use our application.

5.1User interface

Capture

Show Distance

Get Width

GEN

Update

CLEAR DATA

Fig 5.1.1UserInterface

When the prgram starts, there is a camera view, a red cross and 6 buttons in the
user interface.0Red cross helps user to aim at a cornedCapture button is to
start record each corner readingiShow Distance button starts the distance
measurement function. Theesult will show on screen left upper cornelGet
Widthé starts the length measurement mod@GEN button generates the floor

plan using the data capturedUpdatet button updates the new position on the

floor plandCLEAR DAgAutton clears all the data stoed to reset the program.

Fig. 5.1.2Menu bar
There is also menu bar where there are threloices dLoad Magg is used for
loading out a pregenerated mapdSave is used to save the mapQuité provides

a way to close the program.
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