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Abstract

Real time Morse Code Communication App is an application focused on Morse Code
emission and reception in light. Our goal of the project ismplementthis application in

Android devices.

In this report, we will go through the whole process related to our interesting project in this
semester. A table of content will guide us taheandividual part of this report. At the
beginning, Introduction part gives a rough idea about why we do this project and what our
objectives are. In this semester, we changed the implementation of the decoding part
completely because of the different thitam. We did some research on the usage of android
camera and use it to get the real time images. Some key concepts are explained so that we can
understand all the things in a reasonable way. Then we present our design and
implementation of the applicatio Some special functions usage and realization process
accompanied with some pictures helping explain in a detail way. Testing is always necessary
in any project. In the following Experiment and Testing part, we present how we find
problems, solve problesn and i mprove our applicationbs pe
we show how we implement our application step by step. Finally, contributions to the project

of each of us were described in detail.
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Chapter 1: Introduction

1.1 Background

Morse code is a method of transmitting text information as a seriesaif tones, lights, or

clicks that can be directly understood by a skilled listeneplmerver without special
equipment. It is initially invented by Samuel Finley Breese Morse in 1937. And it has been in
use for more than 160 yedrsonger than any othelectricalcoding system. What is called
Morse code today is actually somewhat different from what was originally developed by Vall
and Morse. After some changes, International Morse Code was standardized at the
International Telegraphy Congress in 1865 in Paris, andlates made the standard by
thelnternational Telecommunication UnidiTU). International Morse code today is most

popular amongmateur radi@perators’.

Morse code is useful in many fields, such as radio navigation, amateur radio, warship, the
signal lamp included in a submarine periscope and s®esides, Morse code has been
employed as an assistive technology, helping people with different native languages or
people witha variety ofdisabilitiesto communicate. For the genkgaublic, an important
application is signald ad@ Lflolro.h eT hpi st hcraonu ghhe Ss

ways: keying a radio on and off, flashing a mirror, toggling a flashlight and similar methods.
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This will be very useful especially when you amenild and your phone is out of powar no

signal.

1.2 Motivation

Nowadays, there are many kinds of Android Apps of Morse Code in the android market.

Here are some examples:

Morse Code Trainer?:

This is an app helping users to learn Morse Code.danehoose either

transmitting or receiving mode to practice corresponding skill and

= . . . . . :
4 receive the performing feedback immediately. It includes the functions
of letter training (both transmitting and receiving), word training (only transmitting), free

mode,speed adjusting (WPM), sound effects adjusting and electronic handbook.
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Morse Code Translator®:

This is an app allowing users to send short flashlight text messages

using the International Morse Code.

Q} The apps includethe features that the flashlight can transmits short
messages of lights (Morse Code); there are some template stored in the database for
emergencies. For example, SOS; allowing users to save new messages; changing frequency

of the transmitted signal.

Simple Morse Code Translatort:
This app allows users to input any text by keyboard or voice or select a

commonly transmitted word or phrase. The app translates the received

Morse Code

message and broadcast the translated text via camera flash.

SMS2CW - Convert to Morse Code™:

EEE This is an app to convert incoming SMS or TXT messages into audible
= =

EEN . . S
B e Morse Code. Once the user enable it and set the options, it will
I N

B intercept incoming text messages and beep them out in Morse Code.
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In summary,preseh Morse code apps in Android market mainly includes the following
features:

. Helping users to learn Morse code;

Allowing users to type Morse code;

Encoding and Decoding between text message and Morse code (dot and dash);
Decoding audible Morse code (beefmsjext message;

Play Morse code with audible messages (beeps);

Play Morse code with flashlight.

However,we didré find an app that can receive a light message and decode it to a text

message. Therefor@ addition to encoding Morse code by light sequesawe consider

developing an android app to decode the Morse code generated by tighwill be very

useful when you are in a disaster, in wild with a pewafércellphone or in other similar

situation and you want to ask for help (sendiB@®S signal).Furthermore, in some movies,

there will sometimes appear some Morse code message generated by light. For entertainment,

if we can decde those Morse codrurselvesthat would be very interesting.
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1.3 Summary in Fall 2013 (Term 1)
U  Morse codanessage encoding and decoding part separately;
U  Morse code was limited to English words base on alphabets;
i  Base time of Morse code is fixed to 0.5 second,

U Detection area is a fixed rectangle.
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1.4 Highlight in Spring 2014 (Term 2)

U A complete applicatiomcluding Morse code message sending and receiving part;
U0 A message box showing the sending and receiving messages was added;

U Message sending and receiving can be stopped manually;

U Base time of Morse code can be changed by users;

U Auto-search the light at éhvery beginning;

U Enable Chinese sending and receiving;

U Light tracking when the light is ON.
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Final Year Project 20132014
LYU1305 RealTime Morse Code Communication App Spring 2014

Chapter 2: Morse Code!®

2.1 Overview

At the beginning of this repor tMprsewadésarel al r e a
what Morse code can délere weintroduce the mechanism of Morse code in detdé
what Morse code is composed of and how it work¢ernational Morse code will be

introduced and used here.

2.2 Coding Rule

International Morse code is composed of five elements:

1) Short markdoto rd ifit 6 ( & pnetiwméunitidmg.

2) Longer markdasho r  fi(e&) viiichis threetimesunitslong.

3) Interel ement gap between the dots and dashe
duration (one unit long)

4) Shortgapbetween lettershichis threetimesunitslong.

5) Medium gapbetween wordsvhichis severtimesunitslong.

Department of Computer Science and EngineeringCUHK 13
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2.3 Symbol Representation
2.3.1 Letters
Character Code Character Code Character Code
A 0 w—s J O sene sews we S 000
=300 K w— () me— T -
C wa—s () wees L O™ 35 0 U O (ueee
D w5 0 M oS ssss Vv 00 Gmm
E 0 N w— () w O wees sues
F 0 Qeee O —— — X wous () (=
G - () P O sees swes Y () s se
H 0000 Q wevs wows () wemn z wows soes 5 ()
I 00 R 0 we—s (
2.3.2 Numbers
Character Code Character Code
0 —— —— — 5 006000
1 0 - wows s su— 6 w3000
2 0 (eees sess sose 7 o) O O
3 0 O G wees 8 sesn wens seew O O
4 0 0 (wim 9 sun wews s swwn ()
2.3.3 Punctuation
Character Code Character Code
Period [.] O oees O wewn 5 e Colon [1] wees wons woes 5 O O
Comma [,] wesw sees ) (sewn wess Semicolon [;] |wes O wes wees O O
Question mark [?] | 0 Owees === 5 § Double dash [=]| wees § § e
ApPOStrr 0p| O s v Plus [+] OQwes wees {
Exclamation mark | ssss( sess O sese s Hyphen, Minus | s 50 O dees
[ [-]
Slash [/] wose ) (wees O Underscore [ ]| O (wes wees  we
Parenthesis open [(| wees O s s G Quotation mark| O wess G0 we=s
[ A]
Parenthesis close [) ws () ss ssss  sses Dollarsign[$] |0 O émm ===
Ampersand [&] | O e 000 At sign [@] 0w suee  smes ()

Department of Computer Science and EngineeringCUHK
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2.4 Speeds

An operator must choose two speeds when sending a message in Morse code. One is the
character speed, or how fast each individual letter is sent. The other is text speed, or how fast
the entire message is sent. An operatuld generate the characters dtigh rate, but by

increasing the space between the letters, send the message more slowly.

Therefore, duration of a dot plays arpiontant role in speed deciding.
For example, if dot = 0.5 secon@me time unit) we will have:
dash= 3 * dot = 1.5 seconds
space = 7 * dot = 3.5 seconds.
The lower the dot duration, the higher the speed of the message isgsédeinerallymore

experienced operators can send and receive at faster speeds.
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2.5 Instance
Here i s an example of phrase fAF Y PO in Mor
space:
O Owess Owes  woss swes woes sess () o}
F Y P

Morse Code is often spoken oordotelpcatedtaethe endi t h 1
of a character, and Adi o for dots |acterated a
Thus, AF Y PO0o is orally:

Di-di-dahdit Dah-di-dahdah Di-dahdahdit.

Department of Computer Science and EngineeringCUHK 16
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Chapter 3. Environment Setup

3.1 Overview

Our application isbuilt in Android Operating SystenfOS) and developed in Eclipse
combined with Android SDK in Window®penCV is used as the main library in our project.

The thing we need to do is to install Eclipse into our computer and set up all the parameters
for the poject developmentHo we v er , things diWemnetsevggad t hat

problems in the setting process.

3.2 Problems ininstalling Eclipse and Android SDK
Eclipse provides an integrated development platform for us to develop application in Java
basically.Android SDK is a Software Development Kit whiphovides a comprehensive set

of development tool®r developers

Follow the normal steps of installing softwdoeanstall Eclipse and SDK we coul dnot
project correctly. Then we found théttihey arenot installed inthe same foldeseveral path
parameters need to be settled to ensure that tyecprcan bebuilt successfully which may

bring a lot of trouble.

After all the installation, open eclipse and set configuration to SDK in this way:
Department of Computer Science and EngineeringCUHK 17
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Android SDK Manager Elﬂlg

Packages Tools

SDK Path: D:VAndroid\adt-bundle-windows-x86-20130917\sdk

Packages

i Mame APIL Rew. Status il

a [|[] Teols
~~ Android SDK Tools 22.2.1 B3 Update available: rev. 22.3
~~ Android SDK Platform-tools 18.0.1 E§ Update available: rev. 19
= Android SOK Build-tools 19 [ | Not installed
= Android SOK Build-tools 18.1.1 || Not installed =
= Android SDE Build-tools 18.1 [E# Installed
= Android SDK Build-tools 18.0.1 E# Installed
= Android SDK Build-tools 17  E# Installed

[¥] L2 Android 4.4 (API 19)

[C1C2 Android 4.3 (APT 18) i
[[1C2 Android 4.2.2 (API 17)
[[1E2 Android 4.1.2 (API 16)
[¥] 2 Android 4.0.3 (API 15)

| SR~

ii§! SDK Platform 15 3 [ Installed
é Samples for SDK 15 2 [ Installed
{8 ARM EABI v7a System Image 15 2 2 Installed
[ Intel x86 Atom System Image 15 1 2 Installed
¥ MIPS System Image 15 1 o Installed
i5; Google APIs 15 2 o Installed
i Glass Development Kit Sneak Peek 15 1 | Not installed
7 Sources for Android SDK 15 2 L Installed
> [M1C2 Android 4.0 (API 14) &
Show: Updates/Mew [¥] Installed [[] Obsclete Select New or Updates ’ Install 10 packages... l
Sort by: @ API level ©) Repository Deselect All ’ Delete 10 packages... l

1 IO-E-

Done loading packages.

In the above interface, corresponding

U Toolsand

U Versionsof Android OS

need to be selected to make it possible farapplication to run in a range of Android

mobile phone.A t first we didnot install necessa

successfully as wellAfter doing things abovehe lowest running environment for our

applicationcan be ensured

Department of Computer Science and EngineeringCUHK 18
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3.3 Problems inimporting OpenCV into the workspace

OpenCVplays the most important role ihe whole development proced&ecessary libraries,

efficient algorithms, useful image processing tools are all provided by it. When we tried to

run the samples in the folder,erré | i ke @Al i brary candét be foun

we need to import like this:

| @ Import | = B |
Import Projects -
Select a directory to search for existing Eclipse projects. d

@ Select root directory:

71 Select archive file: Browse...
. '
Projects: [ i -

Select root directory of the projects to import

Select All

»

> adt-bundle-windows-x86-2013091
> | android-ndk-rg

q. Dpenw—2.4.ﬁ—android—s£l>
A

L -
1 | 1 | 3

[¥] Copy pro
TR R Opent¥-2. 4. b-android-sdk

Waorking se
Fladdprd | | #ESZiEEm | [ @ | BE |

Only when the OpenCYblder was located in the same root directory can the later project run
successfully. Otherwise, many other cumbersome parameters need to be changed achieve the

same goal.
Department of Computer Science and EngineeringCUHK 19
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3.4 Problems inbuilding a new projed
Building a new Android Application project inciipse is an easy thing. However, when we
tried to run it, sever al probl ems appeared,
appropriate Android device can be found. Thnesfound thateveral parameters need to be
changed to build the project susstully.

i Versions of Android OS

i OpenCV library

& Properties for myCamera g x T
type filter text Android Q- T
» Resource . . N
Android Project Build Target
Android Lint Preferences Target Name Vendor Platform API L.,
Builders Android 4.0.3 Android Open Source Project 4.0.3 15
Java Build Path
[C] Google APIs Google Inc. 4.03 15
> Java Code Style roid droid X
 Java Compiler [C] Android 4.1.2 Android Open Source Project 412 16
, Java Editor [C] Google APIs Google Inc. 412 16
Javadoc Location [C] Android 4.2.2 Android Open Source Project 422 17
Project References [C] Google APIs Google Inc. 422 17
Run/Debug Settings [C] Android 4.3 Android Open Source Project 4.3 18
Task Tags [C] Google APIs Google Inc. 4.3 i L
> Validation
Standard Android platform 4.0.3
Library
[[1s Library
Reference Project Add...
+ . \OpenCV Library - 2.4.6 OpenCV Library - 2.4.6
Dowr
4 m 3 2
@:J [ oK l l Cancel ]

Just click on the lowest version of platform we need and add OpEm@ry into the Library

part, the sample project could run successfully.
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Chapter 4: Ul and Functionality Design

4.1 Initial Design
In lastsemester, we dividkethe app into encoding part and decoding part and therefore two

user interfacesThey are just simple initial designs as followings:

In the encoding part, the Was just a simple linear layout, includiagext box for user to
type message and a button to start transmissioa limitation was that you could not stop

the transmission until it was totally finished.

In the decoding part, we used the OperiGiv¥ary and the layout was just the camera
preview and a focus rectangle. The limitation is that the light source had to appear in the area
of the foaws rectangle. Otherwise you might get incorrect message or even no message. It was

not usetfriendly becase the two users had to hold their devices still.
Department of Computer Science and EngineeringCUHK 21
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4.2 Final Design
In the final design, we combine the encoding and decoding parts into one user interface (See

Figure 4.21 and Figure. 4.2).

(=

- :
@/ preview

Chatting Record

SEND: 2014-4-15 AM12:58:20 :
cse
RCVD: 2014-4-15 AM12:59:21 :
FYP

Freq 0.4 S/unit

Message

J

Cancel Send Detect

Figure 4.21

T ——

Linear layout 1: Linear layout2: :
Operation Panel Camera Previewé

Chatting Record

Freq | 0.3 |'¥| s/unit
Message Frame layout:
Top: Transparent Canva:s
Bottom: Camera Preview
I' """"" T I 1
| Cancel Send Detect i
I___I _______________________________
i
1
: e e e ————— 1
===l 1
| SubLinearlayout 22 | | SubLinearlayoutl-1 Figure 4.22
1 1

Department of Computer Science and EngineeringCUHK 22



Final Year Project 20132014
LYU1305 RealTime Morse Code Communication App Spring 2014

We divide the Ul into two linear layouts. The left one is used to do operations and includes 2
sub linear layouts. The right one is used to display the camera previeecandthe

message. It includes a frame layout which contains two lalieesbottom one is just the

camera preview. The top one is a transparent canvas used to draw the focus rectangle.

The pseudo codes of the Ul structure are as follows:

<LinearLayout : O verallUl >
<LinearLayout 1: Operation Panel orientation  ="vertical" weight ="1" >
<Text: Z2Chatting Record &>
<EditText : Chatting Record Box >

<Sub- LinearLayout 1-1: Frequency selection orientation  ="horizontal" >
<Text: ZFreqe
<Spinner : Frequency selection >
<Text: &sl/unit 2>

</End of Sub - LinearLayout 1-1>

<Text: Z2Messages>

<EditText : Message Box>

<Sub- LinearLayout 1-2: Buttons orientation ="horizontal" >
<Button 1: Cancel weight ="1" >
<Button 2: Send weight ="1" >
<Button 3: Detect weight ="1" >

</ End of Sub -LinearLayout 1-2>

</End of LinearLayout 1>

<LinearLayout 2: Camera Preview orientation ="vertical" weight ="1" >
<FramelLayout
<preview surface : the bottom  surface />
<Canvas surface : the top surface opacity =10094>

</End of FrameLayout>
</End of LinearLayout 2>

</ End of Overall Ul LinearLayout >

Department of Computer Science and EngineeringCUHK 23
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4.3 Functionality
AChatting Recordo Edit Box
Thesent messages aneceivednessages will appear in this box.
The message formats are:
SENT: DATE TIME\n message

RCVD: DATE TIME \n message

AiFreqo Selection List

User can choose a frequen@®y2/0.3/0.4/0.5 unit/s) to send message. The frequency

means the time neededgend a dot.

fiMessage Edit Box

User can type the message he/she wants to send in this box.

fACanceb Button

When the message is sending and you want to stop it, clickahneed button.

Department of Computer Science and EngineeringCUHK 24
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nSend Button

Click ASend button to send message. If there is no contefihiessagebox, it will

alert thatfiCannot send empty messaged send nothing.

fDetecd Button

After click this button, the camera will start detecting light source and valid message. If

a validfistaring signab is received the program will start decoding.

If the ADetecd button is not clicked, the decoding part will not work evenfistaring

signabis received.

Camera Preview

If the ADetecd button is clicked and there is a light source, the focus rectangle will

appear, focus on and track the light source. If it detects some&istditing signal, the

decoding part will begin to work.

Department of Computer Science and EngineeringCUHK 25
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Chapter 5: Implementation Detalls

5.1 Overview

Data Flow Diagram:

Encoding Decoding

Translate Button Text message

pushed by user| | typed by user Text array Morse code array
Text
Text ex Morse code
Push Send beginnin
Get Text . g g Seeels
Button signal message
Encoded
Beginning signal message
Read.y = Receive Message Send
receive message message
message
Decoded | Displa
messagesl| message
Wait for Decode Send ending
beginning signal message Ending signa signal
v g Receive Finish
orse code
ending Message
Detection message
button Morse code array Display
pushed by ATransljat
e finishe

Department of Computer Science and EngineeringCUHK
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5.2 Stage 1
5.2.1 Encoding
1. Flashlight control [”
1) Declaring permissions
To open the flashlight, we have to use the android &flroid.hardwareand the
classcamera
To access the device camevee must declare thEAMERA permissios in the
Android Manifest.Becausave use the camera arildshlightfeatures, the Manifest
includes the following:
<usespermissiorandroid:name"android.permission. CAMERA/>
<usesfeatureandroid:name"android.hardware.camer&®
<usesfeatureandroid:name"android.hardwar&LASHLIGHT" />
2) Open camera:
Obtain an instance of Camera from usimgn(int)
private Cameracamera= null;
if (null ==camera

camera= Camerapen);

3) Call startPreview(}o start updating the preview surface.

Department of Computer Science and EngineeringCUHK 27
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camerastartPreview();

4) Get existing (defaut) settings withetParameters(If necessaryopen and close

flashlight), modify the returne@amera.Parameteobject and

call setParameters(Camera.Parameters)

Camera.Parameters parametecameragetParameters();

5) Open Flashlight:

To open flashlightmodify the parameter tdcLASH_MODE_TORCHnNode and

call setParameters(Camera.Parameters)

/lopen flashlight

private Parameterparameters null;

parameters.setFlashMo@mera.ParameteFd.ASH_MODE_TORCH

camerasetParameters(parameters);

6) Close Flashlight:

To close flashlight,modify the parameter toFLASH MODEOFF mode and

call setParameters(Camera.Parameters)

/Iclose flashlight
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parameters.setFlashMode(ParameiaSH_MODE_OFF;

camerasetParameters(parameters);

7) Release Camera:

Call stopPreview(}o stop updating the preview surface.

Callrelease(}o release the camera for usedblyer applications.

if (camerd=null)

{
camerastopPreview();
cameraelease();
camera= null;

}

2. Time control

1) Opendurationcontrol

lastTime records the beginning time when the flashlight opens.

curTime records what time it is now.

openTime records how long the flashlight has opened, that is, openTime =

curTimei lastTime.

codeTimeis the duration that the flashlight should open.
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At the beginning, lastTime = curTimélashlight opens and the program enters an
while loop.The program will not jump out of the loop until openTime = codeTime,

and then the flashlight closes.

2) Stop durationbetween dit and dah
unit denoteghe duration of one dit.
Similar to open time controgt the beginning, lastTime = curTime, flashlight closes
and the program enters an while lodje program will not jump out of the loop

until curTime- lastTime = unit, and then the flashlight is on.

3) stoptime between symbols or words
stopTime = unit * 0.3 for stopdurationbetween symbols;
stopTime = unit * 0.7 for stopdurationbetween words.
Similar to the abovegt the beginning, lastTime = curTime, flashlight closes and the
program enters awhile loop. The program will not jump out of the loop until

curTime- lastTime = stopTime, and then the flashlight is on.
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3. Encoding Morse coc

1) Save the Morse code in a tdlonensional arraynt[][] code Each row of thearray

savethe corresponding Morse code of a symbol (a letter or a punctudtistgad of

Spring 2014

using dot and dash, we use digits 1 and 3 to septtedit and dah, respectively.

2) Write a function code_indestfar symbol) to return an integer that points to the index

where the symbol is in the array code[][]. For example, code_index = 0, then we

have the modified Morse code for A is {1, 8pee table 5.2:4), which means the

Mo

rse

code

f o rnceAwe have cideTinte = dreay[ilfj].* ung, ifor A, the

flashlight will be on for 1 unit time, off for 1 unit time, and on for 3 units time, and

fi

nal |y

of f .

For

wor eébd f

fserguexiampli e,

Aok (Ao

on(3 units), off(7 wits), on(1 unit), off(1 unit), on(3 units), off(until the next decoding

process) 0.

The entire encoding process is indicated by the Process FlowSChar.

Table 5.2.41: Modified Morse code Table

Index CodelindeX Correspon Index Code[indeX Correspon
ding symbol ding symbol
0 {1, 3} Ala 27 {1,3,3,3,3} 1
1 {3,1,1,1} B/b 28 {1,1,3,3,3} 2
2 {3,1,3,1} Clc 29 {1,1,1, 3,3} 3
3 {3, 1, 1} D/d 30 {1,1,1,1,3} 4
4 {1} Ele 31 {1,1,1,1, 1} 5
5 {1,1,3,1} F/f 32 {3,1,1,1,1} 6
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6 {3,3, 1} Glg 33 {3,3,1,1,1} 7
7 {1,1,1,1} H/h 34 {3,3,3,1,1} 8
8 {1, 1} Ifi 35 {3,3,3,3,1} 9
9 {1, 3,3,3} Jij 36 {1,3,1,3,1, 3}

10 {3,1, 3} K/k 37 {3,3,1,1, 3,3} ,
11 {1,3,1,1} L/ 38 {1,1,3,3,1,1} ?
12 {3, 3} M/m 39 {4,3,3,3,3,1} 0
13 {3, 1} N/n 40 {3,1,3,1,3,3} !
14 {3, 3, 3} Olo 41 {3,1,1, 3,1} /
15 {1,3,3,1} P/p 42 {3,1,3,3,1} (
16 {3,3,1, 3} Q/q 43 {3,1,3,3,1, 3} )
17 {1,3,1} RIr 44 {1,3,1,1, 1} &
18 {1,1, 1} S/s 45 {3,3,3,1,1, 1}

19 {3} Th 46 {3,1,3,1,3,1} :
20 {1,1,3} Ulu 47 {3,1,1,1, 3} =
21 {1,1,1,3} VIV 48 {1,3,1,3,1} +
22 {1, 3, 3} W/iw 49 {3,1,1,1,1, 3} -
23 {3,1,1, 3} X/x 50 {1,1,3,3,1,3} _
24 {3,1,3,3} Yly 51 {1,3,1,1, 3,1} 0
25 {3,3,1, 1} Zlz 52 {1,1,1,3,1,1, 3} $
26 {3,3,3,3,3} 0 53 {1,3,3,1, 3,1} @
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cm(]: the array of message inputted. len: length of cm[]. 0a space

index: the index of Morse code array. Code[][]: The Morse code array.

End

stopTime = unit * 7 stopTime = unit * 3
| |
v

index = code_index(cmli])

i F

Open flashlight

code[index][j]*unit seconds

@» Close flashlighl—

T

Close flashlight stopTimseconds

R

i++

Figure 5.2.42: Process Flow chart
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Explanation of Process Flow Chart:

Set

t he

message

AnA AO as

The variables changes as the following table.

And the descriptions of each step are introduced later.

Spring 2014

an example again.

Step | i len = cm[i] | stopTime (s) Index = j | code[index].length | Code[index][j]
cm[].length code_index(cm(i])
1 0
2 0 3
3 0 3 (oY)
4 0 3 (oo} 7 units
5 0 3 (0o} 7 units 0
6 0 3 A 7 units 0 0
7 0 3 A 7 units 0 0 2
89 |0 3 Ad 7 units 0 0 2 1
10 |0 3 (0o} 7units 0 1 2
1 |0 3 A0 7 units 0 1 2 3
1213 | 0 3 (0o} 7 units 0 2 2
14 1 3
15 1 3 0
16 2 3
17 |2 3 6 A0
18 |2 3 0 A0 3 units
19 |2 3 6 Ad 3 units 0
20 2 3 0 Ab 3 units 0 0
21 2 3 0 Ab 3 units 0 0 2
22-23 | 2 3 0 Ab 3 units 0 0 2 1
24 | 2 3 6 Ad 3 units 0 1 2
25 |2 3 0 A0 3 units 0 1 2 3
26 |2 3 0 A0 3 units 0 2 2
27 2 3 0 Ab 3 units 0 2 2
28 3
29 3
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1. Atthe beginning, i = OThe program jumps in the first for loop.
2. Si nce t he Abeng3andi< 8, the gio§ram continues and goes to the

next step.
3. Since cm[0O] is OAG6, not space, the progra
4. Sincei<len 1&&cm[i+1] = = § stopTime = unit * 7.
5. Since code_index( 6Ami])=00, index = code i
6. Since index = 0 < 54, the program goes to the second for loop and j = 0.

7. Since code[0] = {1, 3}, code[index].length = 2.

8. Since | < 2, the flashlight is aand lasts for 1 unit second (code[index][j] = 1)

©

Since code[index].length1l = 1 and < 1, the flashlight in off for 1 unit second.

10.j=j+1=1.

11.Since j =1 < 2, the second for loop continaed the flashlight is on f@& unit

seconds (code[index][j] = 3).

12.Since codefindex].lengthl=1andj=1,j=j+1=2.

13.Since j = 2, theprogram jumps out of the second for lcamd the flashlight closes for

7 unit seconds (stopTime = unit * 7) since i = 0 <d&n

14.i=1+ 1 =1. The program continues the first for loop since i < 2.

15.Since cm[l] isaspace,i=i+1=2.
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16. The first for log continues since i < len.

17.Similar to step 3.

18.Since i =ler 1, stopTime =unit * 3.

19-26. Similar to steps-4.2.

27. Since j = 2, the program jumps out of the second for loop and the flashlight

closes finally since i = 2 = lein1.

28.1=i+1=3,.

29. Since i = 3 = len, the program jumps out of the first for loop and ends the

encoding process.

Department of Computer Science and EngineeringCUHK 36



Final Year Project 20132014
LYU1305 RealTime Morse Code Communication App Spring 2014

5.2.2 Decoding using OpenCV

1. Overview

The decode part is basical/basically an image processing thing. What we need to do
can be simply explained as gets the image and analyzes the image. Details can be

realized in this way:

Detect light Determine the Convert duration into
ON/OFF ON/OFF duration dot/dash/pau se

Display the Decode from
result sequence Morse code

Figure 53.1-1

The problems here are how we can address image efficiently (when the image changes

all the time) and how we can decide the light ON/OFF time precBelyf f er ent devi
cameras have different fps (frames per second) as well. The emission frequency is

seriously limited by the fps value. If the emissfa@guencywas not controlled

appropriately, the reception part may not able to receive the flasliréglency

correctly.
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2. Open the camera

Firstly, override thd_oaderCallbackinterface which add OpenCYV library initialization

to our activity. The camera was activated here.

We want to make use of some efficient algorithms in OpenCV, so clhss

JavaCameraViewin OpenCVwas used to get each frame of the real time image in an

efficient mannerHave a look on how it works:

JavaCameraView:

Il t6s an i mplementation of the Bridge View

the connectCamerawhich opensJava camera and sets tReeviwCallback to be

delivered, preview frame can be obtained through this callback.

When frame is delivered via thebave callback, it processed viapenCV to be

converted to RGBA32 and then passed to the external callback for later use.

Our subsequent work is mainly focused on the frame obtained here.
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3. Set parameters for camera

When the activity is first createdthe parameters value need to be settled.
FLAG_KEEP_SCREEN_ON: Keep the screen on all the time.

setVisibility : Set the enable state of the view (which is the view created in step 1) of the

activity.

4. Process frame values
onCameraFrameis the main function here. It is invoked when the deliverthefframe
needs to be donehich means, as soon as the frame changed, it will be invdked

provides the current camera frame for us to work on.

1) Draw rectangle on the image

Rectangle is the area we used to limit the range that light can be defdttedve

got the RGBA Matrix with frame, we need to calcultite position for the rectangle.
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RGBA of the input frame:
-mll ml2 m1l 3 ml 4 m-; 5 ml6 ¢é
m2 1 m2 2 m2 3 m2 4 m2 5 m2 6
mRgba= m31 m3p m3 3 m3 4 m3 5 m36 é
m4l m4 2 m4 3 m4 4 m4 5 m46 é
é é
mx 1 é
Get sub matrix
\ 4
] wll w1l 2- wl3 ¢é
mZoomWindow = w21l w2 2 w23 é
é
| wn1l é i

The size oimZoomWindow depends on the rectangle size we waffier that, we

candecide the position the corner of the rectangle. Csee.rectangle()combined

with mZoomWindow and its position to draw the rectangle onithage.
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2) Determine the threshold valder light on and off

Webve already got the RGBA of rectangl e

check the value of each point in the rectangle area under different light condition.

At first, we useCore.sumElemsto compute the sum of all the elements in the above

matrix. And then we got the average value of the sum to get a rough idea about

RGBA value when the light is ON. In this way, we need to ensure that the light fully

fills the rectangle. Although the impleentation is limited to that condition, we got

the rough threshold value for RGBA which can be used later.

Finally, we found a function that can extract every element value from the matrix.

Thenwe did some test on the pixel valaad compare to the roughreshold value

we find in last methodand got this:
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Tag Text
MyClamera::Ac... The wvalue
MyCamera::Ac... The value
MyCamera::RAc... The walue
Mylamera::Ac... The wvalue .
MyCamera::Ac... The value nght OFF
MyCamera: :Ac... The wvalue
MyCamera::RAc... The walue
Mylamera::Ac... The wvalue
MyCamera::Ac... The value
MyCamera::Ac... The wvalue
Mylamera::Ac... The wvalue
MyClamera::Ac... The wvalue
MyCamera::Ac... The value
MyCamera::RAc... The walue
Mylamera::Ac... The wvalue
MyCamera::Ac... The value
MyCamera: :Ac... The wvalue
MyCamera::RAc... The walue nght ON
Mylamera::Ac... The wvalue
MyCamera::Ac... The value
MyCamera::Ac... The wvalue
Mylamera::Ac... The wvalue
MyClamera::Ac... The wvalue
MyCamera::Ac... The value

After analyzing the data, we found that pswiith obvious lightON state are inside

the blue circle part and pixels with lighi-F state are inside the red circle part.

Thus, we choose the threshold value for each channel to be:

V(R)=210  V(G)=210 V(B)=210

Which means only when V(R) and V(G) and V(B) all exceed 210 can this pixel be

defined as light on.
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There are so many pixels in this rectangle area, soeed to decide how much

percent pixels are above the threshold value can the area be defined as light on. Here

we choose P = 10%.

3) Calculate the duration of light ON/OFF

According to the light ON/OFF state of the rectangle area, we record the time of the

state change to calculate the duration.

N

RGB value

Threshold
value

Light OFF Light ON
time time

v

Time

However, until now, the threshold value was not that precise which may cause error

happen when deciding the duration tinidis will be discussed in the experiment

part.
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4) Analyze the raw data

Tag

MyCamera::Rc...
MyCamera::Ac...
MyCamera::AcC...
MyCamera::Ac...
MyCamera::AcC...
MyCamera::Ac...
MyCamera::Ac...
MyCamera::Ac...
MyCamera::AcC...
MyCamera::Ac...
MyCamera::Ac...
MyCamera::Rc...
MyCamera::Ac...
MyCamera::AcC...
MyCamera::Ac...

MyCamera::AcC...

We can see that the duration time is varied in some range, so we need to classify

Text
The
The
The
The
The
The
The
The
The
The
The
The
The
The
The
The

light
light
light
light
light
light
light
light
light
light
light
light
light
light
light
light

is
iz
is
is
is
is
i3z
is
isz
is
iz
is
iz
is
is

is

them into
we decide:
[ dot
newTime = { 3 *dot
i 7 * dot

(dash = 3 * dot)

for 0.504 seconds

Raw time
data

nlfor 1.342 secconds

off for 1.559 seconds
on for 0.539% seconds
off for 0.414 seconds
on for 1.388 seconds
off for 0.683 seconds
on for 0.425 seconds
off for 0.62 seconds

on for 0.435 seconds

dot and dash. | f w e

0.7 * dot < realTime < 1.3 * dot

2.5 * dot < realTime < 3.5 * dot

6.5 * dot < realTime < 7.5 * dot

Spring 2014

S ptestsj f vy

Under this rangdimiting, the state of light can be determined in a much more

flexible manner.
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5. Decode
According to this tree, using-élseif to decide whether the code exists or not and

display correct code.

When come across dot, enter the left sub tree, when asmss dash, enter the right

sub tree.
Start Signal
........ o a i W
m _________ S ‘@ @ ______ H“l&
_.-'@\ :@2 "'(g‘ ;@‘ z@l .-:®‘ ;"@\ p\
P A ioN SN SN £N PR SN
O T B L B S O
90000 00 69 0000000 600 0,000 00
@ e 6 e e e @ 0 10 e

Besides the tree above, we also amdendsignal.In any node inside the tree, when

come acrosthe end signal, just stop decoding
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5.3 Stage2
5.3.1 Camera Preview

Generally speaking, the steps to get the camera preview are asfhllows

1. Call the functioropen()in Camerato open the camera.

2. Call the functiongetParameters()n Camerato get parameters of camera,
like resolution, exposure and so on.

3. Set Camera.Parametersaand call setParameters(Camera.Parameterts)
control the camera.

4. Call startPreviewDisplay(SufaceHolder holdetd select the surface to
displaythe pictures.

5. Call startPreview(}o get the camera preview.

6. Call stopPreview(Jo stop camerareview.

Actually, we implement the SurfaceHolder.Callback byerriding several
functions’!
public void onCreate(Bundle savedinstanceState)
public void surfaceCreated(SurfaceHolder arg0)
public void sufaceChanged(SurfaceHoldarg0,int argl,int argiht arg3)
public void surfaceDestroyed(SurfaceHolder arg0)

Department of Computer Science and EngineeringCUHK 46



Final Year Project 20132014
LYU1305 RealTime Morse Code Communication App Spring 2014

In function onCreate(), we use

previewSurfaceView .getHolder() to get the SurfaceHold of SurfaceView;

addCallback( this ) to add a callback listener for the SurfaceHolder;

setType (SurfaceHolder. SURFACE_TYPE_PUSH_BUFFERS set the type of
PUSH buffer, declaring that the surface data is provided by other source (here is
the camera), not the Canvas.

setRequestedOrientation(  ActivityInfo. SCREEN_ORIENTATION_LANDSYAPE

to fix the screen orientation.

In function surfaceCreated() we use
Camera.open() to open camera when the preview surface is created,;
setPreviewSize(320, 240) to set the resolution of camera;
setPreviewFpsRange( 30000, 30000) to set the frame frequency;
setExposureCompensation(params.getMinExposureCompensation()) to set

exposure value.
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The surfaceChanged() function is used to process the preview information when

the data of surface view changes.

In function surfaceChanged() we use

setPreviewDisplay(arg0) to set the surface view;

setOneShotPreviewCallback( this ) totriggerthe onPreviewFrame(byte]],

Camera) function of ClassPreviewCallback ;

startPreview()  to start the camera preview;

stopPreview()  to stop thecamera preview.

In function surfaceDestroyed() we use

setPreviewCallback( null ) to stop the preview callback, which is used to

get the frame buffer data;

stopPreview () to stop camera preview;

release()  to release the camera source.
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5.3.2 Camera Buffer Frame

Last semester, OpenCV providesamsinterface for processing each franregeattime.
The frame data it gives to us is already in RGB format. However, the frame it provides
in every second is a little low. So we decide to use the camenartiveded by android

itself.

The API only gives us the data of first frame, while what we need are those real time
frames continuously.
Triall: Using thread to get frariey-frame.

We define a class FRAME inherits from the class ThR¥Ad:

public class FRAMEextends Thread {
@Override
public void run() {
while (Thread. currentThread ().isInterrupted()) {

try {
long lastTime = System. currentTimeMillis  ();

if (null != myCamera

{

[*Processing the frame data*/
myCamerasetOneShotPreviewCallback(MainActivity. this );

}
Thread. sleep (0);

} catch (InterruptedException e ) {
Il Auto - generated catch block
Thread. currentThread ().interrupt();
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Continuous framean be accessed by calling:

At first, we called this functiomside the thread:

setOneShotPreviewCallback(MainActivity.this)

It means that we build another thread to call the callback function iteratively.

Thread.sleep(Oyasused to control the time between each thread. 0 was proved to

be wrong finally. It called the preview callback function without stopping, while

the camera can provide 30 frames in 1 second only. It caused that there are not

enough frame for the threadpoocess. The image is stuck now @nen We tried

to change 0 into other values that fit in the framte;however it was not that

accurate. Therefore, we gave up this method.
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Final solution:
Call thesetOneShotPreviewCallback(MainActivity.thatithe end of the callback
functiononPreviewFramélyte[] data, Camera camerd) will call itself every time

it finishes theprocessf the frame data.

Frame provided by the cameByte[] data: in YUV420sp format.

YUV420sg*:

From the format table, we can see that every 4 Y data corresponds to 1 U data and 1V

data. Only when we deuwlith one 4x4 block Y data do we need to dead with one U data

and one V data.

YUV data is not convenient for us to uSéerefore, after we get the Y, U, V data we
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need, we turn them into & andB format datan this wa 2.
y1192 = 1192 *y;
r=(y1192 + 1634 * v);

g = (y1192- 833 * v- 400 * u);

b = (y1192 + 2066 * u);

Then we stored these RGB values indifBensional matrix in integer format. There are

3 elements in each pixel, R, G and B:

mRHiJ[j][0] = (int)(r >> 10);

mRgHiJ][1] = (int)(g >> 10);

mRgHi]f][2] = (int)(b >> 10);

In this way, we can use these RGB values in the same way as last semester.
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5.4 Stage3
5.4.1 Light Detection
1. Algorithms for Light detection

1) Original version (asterisk represents pixel in Light ON state)

Last semester, our applicationbés detect

above picture. Only when light appears in this aredlvey be detected

The way we determine that #@ALight ONO i s

Pixel Value > threshold value ==> Pixelliight ON state

Percentage of fALiIight ONO pixel >= 10

That 6s how we determine the ALIight ONO

The problem is when the |light attenuate

deci si on on L ingadetthe @idlication mesunderstooa that the

Light is stildl ON. It caused that we ca

frequencies.

Therefore, we tried several ways to improve our light detection part.
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2) 2" Version

We dondét want areaarymnore, 0 weneat éotsearch the dight

in the whole preview window.

Firstly, find the light center for the whole screen:
(Light center is similar to the mass center):

Suppose we have:

RGB(0,0) RGB(0,1) RGB(0,2) RGB(0,3)
RGB(1,0) RGB(1,1) RGB(1,2) RGB(1,3)
RGB(2,0) RGB(2,1) RGB(2,2) RGB(2,3)
totalRGB =B B 2" "OA
centerRow = B B 22" "OA)/ totalRGB
centerCol = B B Az 2 ' "OA)/ totalRGB

Using centerRow and centerQollocate the light cente{Star represents the

Light Center)
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Cut the screen into several parts based on the light center:

Find the light center for each grid and let the grid withlangest light center

values to be next search area.

Repeat the above procedure until we find the cluster of the Light ON area.

Trial failed:
Searching in the first step already took too much time, let alone cut the screen
and repeats the procedurele selected area. Frame showed by the camera

totally stuck. Therefore, we gave up this method.
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3) 3 Version:By comparing grid |ight centerds

Divide the screen into 3x4 grids at the beginning.

*

*

* %
* %y
*

(localCenterRow, localCenterCol)

SetmaxLightCenterRGB- 0; maxRow= 0; maxCol= 0;

Start from the first grid[0, O].
While there is still grid not processed

Find Light c etanpleghtGenterR@HE thesgaid andeits
coordinateempRowandtempCo| compare théeempLightCenterRGB
with maxLightCenterRGB
If tempLightCenterRGB > maxLightCenterRGB:

maxRow = tempRow;

maxCol = tempCol;

maxLightCenterRGB = tempLightCenterRGB
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At last, we got the grid with the maximum Light Center RGB. Then we can

follow on this grid later.

Comparing to 2 Version, we can see that we only need to traverse all the pixels

in one frame one time, which saved us a lot of time.

However, taking all the pixels into consideration made the light center offset
from the lightsource too much. Thus we add another restriction, that is only
taking pixels whose (R + G + B) / 3.0 is bigger than 210 into consideration. The

result is better than before.

4) 4" Version: Find local maximum RGB pixels and count numbers

During the test 08" Version, we came across some problem.

If we have two grids like this:
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We can see that in the second grid, the Light Center still offset from the light
source which means the RGB value of the Light Cantgy not approximate to
the value of the light source. However in the first grid, the Light Center is inside

the white paper because of the uniform

In this way, the RGB value of the Light Center in first grid will be éarpan the
RGB value of the Light Center in second
because the second grid is the actual grid that contain the light source. Our

algorithm mi sunderstood the Awhite pape

Thereforet he RGB value of fALight Centero do
we have our % algorithm.

Still divide the screen into 3x4 grids:

* %
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Intra -grid:

Define local maximum RGB value of pixel: localMaxRGB = 0

local number of pixels with maximum RGB: localMaxNum = 0.

Start from the first pixel in this grid.

If pixelRGB > localMaxRGB, it means that the original local maximum RGB

value is not the maximum anymore. We need to assign pixelRGB to

localMaxRGB and reaign value 1 to localMaxNum.

If pixelRGB = localMaxRGB, it means that we have another pixel with

maximum local RGB value, then let localMaxNum = localMaxNum + 1.

That 6s how we get the | ocal maxi mum RGB
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Inter-grid:

3 ¥s

Suppose we have localMaxRGB1 and localMaxNumd1 for the first grid,

localMaxRGB2 and localMaxNum2 for the second grid.

How to determine which one is the one with light source?

Comparing localMaxRGBL1 to localMaxRGB2 and comparing localMaxNum1 to

localMaxNum?2.

Previous idea

At first, we thought the relationship between maximum RGB value and number

of pixels with maximum RGB value is: (Under the condition that the light

exitsts)

RGB
25 [ 7777

v

No. of Maximum
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We thought that eveifithe RGB value of the pixel is not 255, if it approximates

255 and the number of these pixels is very large, we can consider it to be Light

ON. However, after testing on this condition, we found that only if there is light

inside a gr ildesmusthe?d5. pi xel sbé6 v a

Present solution

Select the larger one from localMaxRGB1 and localMaxRGB2 and keep

checking localMaxRGB value for other grids. After we get the largest

localMaxRGB, assign it to globalMaxRGB, and assigriacalMaxNum to

globalMaxNum.

This is how we implement the comparison part:

for (int i=pRow[m];i <= (pRow[m] + recSide - 1);i++)

{
for (int j=pCol[m1]; j <= (pCol[m1] + recSide - 1); j++)
{

datal = mRgh][j];
tmpRgb = datal[0] + datal[1] + datal[2];

if (tmpRgb > tmpMax)

{
suml =j * tmpRgb; /Initial sum of max RGB pixel
sumJ = j * tmpRgb;
sumRgb = tmpRgb;

tmpMax = tmpRgb; //Local Maximum RGB
numMax = 1; //number of maximum pixels

}
else if (tmpRgb ==tmpMax)
{
suml = suml + j * tmpRgb;
sumJ = sumJ + j * tmpRgb;
sumRgb = sumRgb + tmpRgb;
numMax++; //number of maximum pixels
}
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If globalMaxRGB = 255 and globalMaxNum=>10

We can determine that there is light in this area.

After we know that there is light, how to draw the detection window?

Use the method in"4Version:

Get the light center (centerRow, centerCol) of the grid with the globalMaxRGB

and globalMaxNum.

Suppose the window size is RecSize, draw the detection window around the
center: (Limit v1, v2, v3, v4 inside the screen)

vl = centerRow 0.5 * Rec%ze

v2 = centerRow + 0.5 * RecSize

v3 = centerCol 0.5 * RecSize

v4 = centerCol + 0.5 * RecSize
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Therefore, we got the initial detection window.

Due to the precision of the locating, we change the division into 6x8. Then the

locating area can be much smaller.
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5.4.2 Auto Tracking

After locating light at the beginning, we have a fixed window for it:

Fixed window means that, if the camera shook accidently, then the light mayfroifiset

the fixed window. Decoding canét go on any

Tracking procedure:
Calculating the light center of the initial detection window by:

centerRow =B B >2' "OA
centerCol =B B Az 2 ' "OA

Updating v1, v2, v3and v4 based on the centerRow and centerCol we just got.

Repeating the above procedure only if light appears in this window.

Problems:

Tracking should have meant that the application can capture the light anytime it appears.

We tried to keep searching thwole screen unless we detect the light. However, every

time it searches, the whole screen will stick and light data may lose. Therefore we

restrict the condition of tracking as follows:
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U The application only will locate the light at the very beginning.

U  Tracking works only when the light is inside the detection window.

U Detection window is fixed when the light is OFF.

U Light should appear in the detection window if we have the detection window.
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5.55tage4
5.5.1 Combine Encoding and Decoding Parts
Up to this stage, we have used the Android Cfi&&amera to display the
camera preview, get the frame buffer from the preview and also convert the
frame data from YUV format to RGB format successfully. With the RGB data
from the frames we can do the cadition and decoding. And we also have
implemented the User Interface combined with the operation panel and the

camera preview. It is time to combine the encoding part and decoding part.

We use mulple threads to achieve the-tirectional communication.

Main thread:
Get the User Interface and Camera Previdhen fiDetecd button is
pressed, it will get the frame buffer, search and track the light source and

decode the light sequences.

Child thread AONo:
WhenfiSenda button is pressed, this thread is created. This thread is used to
open the flashlight, convert the message to Morse Code and send the light
sequences
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In the threadiONO, we need to update the User Interface in following situations:

1. When thefiCanceb button is pressed, the User Interface should display the
stringfiTransmissiorcanceled to the screen.

2. When the transmission is finished, the User Interface should put the input
message to thBChatting Record box and display the stringlransmission

finishedto the screen.

The above operations are actually to update the User InteBatén Android
programming, only the original thread that credbe Ulview (here is the main
thread)can update the Ul. Other thread cannot directly update theoUileSuse

the function runOnUiThread(Runnablelo create the Uupdate codes in a
Runnableobject. When the Ul needs to be update, pass this Runnable object to
the Activity. runOnUiThread(RunnableThen the Runnable object can be called

in the Ul thread*®
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5.5.2 Unicode Encoding and Decoding
The International Morse Code can only represent 54actexrs, so it cannot
communicate with Chinese. It is nobnvenientfor Chinese users. Therefore,

we triedto use Unicode to represent Chinese.

Unicode Representatior™:

Unicode defines apace of 1,114,112 code pointgte range

from Ohex to 10FFFFhexXNormally a Unicode code point |L' ‘-‘
referred to by writing "U+" followed by its hexadecim wc&e
number. For code points in the Basic Multilingual Planerigure 5.4.21
(BMP), four digits are used (e.g. U+0058 for the character LATIN CAPITAL
LETTER X); for code points outside énBMP, five or six digits are used, as
required (e.g. U+E0001 for the character LANGUAGE TAG and U+10FFFD for

the character PRIVATE USE CHARACTEROFFFD).

ChinesdJnicode is fromJ+4E00 toU+9FA5 (19968 17194).

Some examples of ChineBmicode are asigure 5.4.22"%,

Actually, Javausesfluhhhto to represent a Unicode code point. But we cannot
use it because no code fdin Morse code set. Therefore, we séfipliedthe
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normal formatiu+hhhto to represent Unicode code points.

Encoding of Chinese Characters:

In theencoding partwe have a functiononvert Chinese characters to Unicode

public  String chineseToUnicode(String str)

This function works like this:

1. Checksevery character chrl in the input message string.

2. If (chr1>=19968&&chrl1<171941)is true, which means the character chrl
is a Chinese word, then append strflbg"+IntegertoHexStringchrl)to the
result string. Else if the character chrl is not a Chinese word, then just
append it to the result string.

3. Return the resuktring.
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Decoding of Chinese Characters:
In the encoding part, we have another function convert Unicode back to Chinese
characters:
public String UnicodeToChinese (String str)
This function works like this:
1. Use the ClasAPatterm to define the pattern of Unicodi&)+hhhho:
Pattern pattern = Pattern. compile ("( \\U+(\\ p{XDigit{4})" );
2. Use the ClassiMatcheb to search the patterfiJ+hhhto in the received

message string str:
Matcher matcher = pattern.matcher(str);
3. Whenever find the matched pattern, omit the-suimg AU+0 and convert
the 4hexadecimahumbers back to Chinese character.
while  (matcher.find()) {
ch =( char) Integer. parselnt (matcher.group(2), 16);

str = str.replace(matcher.group(1), ch + ")

4. Return the string str.
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5.6 Stage5: Auto Detection
We set a start signal with different time length for auto detecting. The length of the start
signal is based on the frequency of the Morse code we want to send. After we dbeected
start signal, we can calculate the base time for the Morse code according to our rule. Then,

the subsequence Me® code pattern can be decoded.
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Chapter 6: Experiments and Testing

6.1 Window sizetesting

At first, we set the detection window size to88x80 pixels.

Locating time (ms) | 276 357

Tracking time (ms) | 20 ~ 60| 20 ~ 60

Then we tried the size to be 40x40 pixels:

Locating time (ms) | 276 | 298

Tracking time (ms) | 5~ 15| 5~ 20

We can see that the locating time of these two are almost lamwvever, because of the
window size of the second one is much smaller, the tracking time of it is less than the first
one. Smaller window size also means more precise locating.

Therefore, we adopt the 40x40 pix@isndow.

Department of Computer Science and EngineeringCUHK 73



Final Year Project 20132014
LYU1305 RealTime Morse Code Communication App Spring 2014

Chapter 7: Conclusion

7.1 Progress

The encoding part and the decoding part are implemented simultaneously.

7.1.1 Encoding

1) Study on Android programming;

2) Try to write a simple android program to open and close the flash light of android
device;

3) Try to control the on and offuration of the flash light;

4) Add the function that a user can type some text to a textbox and click the
"translate” button, and then the flash light will continue opening with different
durations of different letters;

5) Study the Morse code and try to implem the encoding;

6) Testing

Department of Computer Science and EngineeringCUHK 74



Final Year Project 20132014
LYU1305 RealTime Morse Code Communication App Spring 2014

7.1.2 Decoding

1) Study on Android programming and OpenCV

2) Try to open the camera preview and know the working mechanism

3) Obtain the average RGBA value aflimit area and obtain the RGBA value of

each pixel in the rectangle

4) Optimizethe detection area and get the threshold value of the state of the light

5) Analyze the threshold value and determine the Light ON/OFF state

6) Calculate the duration of the light ON state and the duration of light OFF state

7) Analyze the aw data and classifgach flashlight nt o Adot 06 and

and word

8) Decode the fladlght anddisplaythe result

9) Testing
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7.1.3 Combination

1) Research on the tracking algorithm to realize that the focus rectangle can track

the light source position.

2) Use the Android Camera Class instead of the library OpenCV to display the

camera preview.

3) Design the User Interface that combines the operation panel and the camera

preview display.

4) Research on how to get the frame buffem thecamera preview and how to

convert YUV to RGB.

5) Combine the encoding part and the decoding part.

6) Implement the Chinese communication by utilizing Unicode.

7) Implement the transmission frequency auto detection.
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7.2 Difficulties
7.2.1 Encoding
1) At first, we di d npéogramiknimgtav coitrol whe flashlight.s e an
We seek the solutions on the internet, but some methods were not compatible with out
device. Finally, we found a method, modified it and controlled the flashlight

successfully.

2) At the very beginning, the first syral of one message is always decoded falsely. We
thoughtthat the decoding part is responsible ¢omputng the on and off durations of
flashlight, so the problem must be in the decoding part, but we were wrong. Somehow
we finally found that it was the pblem about encoding. The problem is about time
variables declarations and the progasxedure. At first, we declared

fidouble lastTime = SysterourrentTimeMillig)/100Q0 ,
but the return value @ystemcurrentTimeMillig) should bdong.
Then wemodified the codes to as follows:

long lastTime = SystersurrentTimeMillig);

long curTime = SystensurrentTimeMillig);

double openTime =double)(curTime- lastTime) / 1000.0;
3) Since when we meet a space while encoding, the flashlight should be off 7 unit
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seconds, the process between two words is a little complex. At the beginning, we meet

some probl em. For exampl e, consider the i
beoff 3 wunit seconds after very |l etter. Ho
and the flashlight wi || be off 7 unit s e

flashlight will be off 10 unit seconds, which is not correct. And we added some

conditional statement to fix it out.

7.2.2 Decoding

1) No idea about android programming abpenCV all we can do is start from scratch.

We went through every example in the Open@srial and tried to figure out what

those functions do. After that, we got functions we need and applied it to the Light

detection part.

2) At first, our program an only detect thdight that totally fillsthe rectangleWe got

the sub matrix we need from a matrix and used functions to calculate the sum of all

the elements in that sub matrix. Then we used the result to obtain the average value

of thesum, in this way we got the average RGBA value of the rectangle area.

Finally we find a way to extract the value of each element in the matrix, so that we

can decide the RGBA value of each pixel in the rectangle area. When there are above
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3)

4)

10% pixels in the rectangle area satisfy the LLIQN condition, the rectangle area

then can beconsidered as Light ON.

The emission Light ON/OFF time is not exactly equals to the Light ON/OFF that

was received. Then we need to determine the Light ON duration that was

corresponding to a DOT/DASH, whileig a little hard.Because in the &hl state,

the interelement gap between dot and dash is one time unit, Wiglactual time

being detected fluctuatedp and down with respect to the ideal onéfe

experimented on it for many timemd tried different time range and finally we

found an @propriate one.

Since the flashing frequency was determined by ourselves, at first we could only

detect the Morse code whose time unit was at least 1 second. After several

experiments on the threshold of RGBA value, Light ON/OFF duration decision and

distance testing, we can detect Morse code in higher frequency whose time unit was

0.5 second.
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7.2.3 Combination

1) Locating

At first, we want to locate the light after it is turned ON. The way is to recursively

search the whole screen and the grid we want. Howewsests too much time and

the preview image is stuck. We changed the way by dividing the whole screen and

searching each grid, process the data at the same time.

2) Tracking

We tried to track the Iight even when it

keep locating when the light is OFF costs too much time, when the light is suddenly

ON, Light ON time data may lose. Therefore, we do the tracking only when the light

is ON. When the light is OFF during the process, it must appear in the detection

windowto be decoded.

3) Detection window drawing

A canvas was used to draw the detection v

layout. When we got the detection window, we found that it offsets from our

expected position totally. The detection window always appeared in the upper left

corner of oupreview image. Finally we found that, our preview size is 320x240,
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4)

5)

while the canvasods original size is 1280

That 6s why the detection didndt appear

and the problem was solde

Frame Buffer

OpenCV gives us the real time frame buffer last semester, while the android only

gives the frame buffer of the first fram\&e need to call function by ourselves to get

subsequent frames. At the beginning, we used thread to solyedhism, while the

interval time between threads is hard to control. Then we decide to call the callback

function immediately after we finished the processing of last frame.

Update Ul in child thread

At first, we use the functionsoast. makeText(MainActiv ity. this , String ,0).show()

and EditText .append( String ) in the child thread directly. But the program would

break down. Finally we found that Android programmingonly the original thread

that creates the Ul view (here is the main thread) can update the Ul. Other thread

cannot directly update the Ul. The functiamOnUiThread(Runnablé$ one way to

communicate with the Ul thread (main thread) and then update the UI.
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6)

public final void runOnUiThread (Runnable action):™*®

If the current thread is the Ul thread, then the action is executed immediately. If the

current thread is not the Whread, the action is posted to the event queue of the Ul

thread.

Parameteraction the action to run on the Ul thread

Thread declaration

When thefiSend button is clicked, the encoding thre&dNo should be on. At first,

we declare theddONoO thread variable outside the click listener i@enad button

fisend.setOnClickListener(  new OnClickListener()  {}); 2. But the problem is that

after theASena button has been clicked once, fi@No thread will not start again.

And we found the solution is teclarethe thread inside the onClickListener(){} as a

local variable Because every thread has a thread ID once it is created. If it is

declared as an global variable, its ID will not be changed. And once it is finished, it

will not be start again. But it is declared as a local variable, every time when it is

declared, it will beassignednother ID and theocan be start the encoding program.
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7.3 Limitations

1 Detection of light was easily disturbed by #mvironmentalight.

1 When emission frequency is too highe appc oul dnét decode prec

coul dnat decode
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Chapter 8: Contribution

8.1 Fall 2013
In the first term, our task was mainly to implement the preliminary functionality cfineal

Morse code communication.

1) Att he very beginning, we didndét know anyt hi
processing. So our first task was setting up the Android programming environment

(eclipse) and learning Android programming.

2) After the setting up and learning step, | washarge of encoding paaihd ZOU Lei in
charge of decoding part
1. First, | searched on the internet and tried several ways to control the camera flashlight.
And at last | applied the Android Camera Class to write a small android program to
control theflashlight on and off successftully.
2. | tried to set the parameters of Camera to control the on and off duration of the
flashlight.
3. Tried a simple experiment:
Assign the charactéadls, &62s,&063s, so as so far.

And then tried to input aharacter and made the flashlight on for the corresponding
Department of Computer Science and EngineeringCUHK 84



Final Year Project 20132014
LYU1305 RealTime Morse Code Communication App Spring 2014

duration.
4. Learned the representation and patterns of Morse code.
5. Wrote program to encode input message to Morse code.

6. Played the Morse code by light sequences.

8.2 Spring 2014
Since we havenplemented the basic function of the Morse code communication, in this
term our task mainly is to combine the encoding part and decoding part to one application

and improve some performance.

In last term, the encoding part applied the Camera to cofdsbilight but the decoding part
applied the library OpenCV to display the camera preview. In order to combine the two parts,
we have to unify the implementation way. Otherwise the camera source would be demanded
by two objects and the program would breakvd. So our first task was to design using

which method to implement both the two parts. We tried to use OpenCV to control the
flashlight, but it didd@ work. So we tried to use the Camera class to display the preview and

get the frame buffer. It was moctemplicated.
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So in this term, ZOU L& task is mainly to improve the performance and my task is to

combine the two parts.

My work is as follows:
1) Utilize the Camera Class to display the camera preview.
2) Design the User Interface that can combine theparts.
3) Obtain the frame buffer with ZOU Lei.
4) Use multithreads to combine the encoding and decoding parts.

5) Implement the Chinese communication by utilizing the Unicode.
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