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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 pfojatie

of content will guide us to each individual part of this report. At the beginning, Introduction
part gives a rough idea about why we do this project and whatobjectives are We did

some research on the Morse code and the main technology Open@\h ukes project.

Some key conceptreexplained so that we can understand all the things in a reasonable way.
Then we present our design and implementation efagbplication. Some special functions
usage and realization process accompanied with some picturggyleiplain in a detail way.
Testing is always necessary in any project. In the following Experiment and Testing part, we
present how we find problemss¢ ve probl ems and i mprove our
Finally, in the conclusion part, we show how we implement our application step byrstep.
the implementation process, we found tinatre still exist somimitations in our application,

SO we give an overview to these limitations amdpressour expectations in future

developmenin the end
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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 general public, 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 seful especially when you are in wild and your phone is out of powven

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. One can choose 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 régag), word training (only transmitting), free

mode, speed adjusting (WPM), sound effects adjusting and electronic handbook.

Department of Computer Science and EngineeringCUHK 7
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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 includes the features that the flashlight can transmits short
messages of lights (Morse Code); there are some template stored in the d&dabase
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 wordrghrase. 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 . . o
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,presentMorse 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 (beeps) to text message;

Play Morse code with audible messages (beeps);

Play Morse code with flashlight.

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

message. Therefor@ addition to encoding Morse code by light sequenaes,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 messagetpehby light. For entertainment,

if we can decde those Morse codrurselvesthat would be very interesting.

Department of Computer Science and EngineeringCUHK 9



Final Year Project 20132014
LYU1305 RealTime Morse Code Communication App Fall 2013

1.3 Objectives

In our final year project, we are going to study the Morse Code, android progranmage,
processing, computer vision, reaahe processingand develop a Rediime Morse Code
Communication App for Android mobile device. The video camera of the Android mobile
device is used to capture the flash light of another Android mobile device and decode the

Morse code light pattern throughethecognition of the image sequences.

Therefore, in our final year project, we want to achieve following objectives

Encoding Morse code artisplaying it by flashlight;

Decoding Morse code of light pattern;

Allowing uses to change transmission rsite

The decoding part can decode messages with any transmission rate in some range.
Storing some templaten a databaséor convenieme andin case of emergency, for
example, SOS.

Allowing users to save their words or sentences frequambdto the template
database.

Implementhebi-directional communicatiom the standard way.

Department of Computer Science and EngineeringCUHK 10
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1.4 Development Environment

Development platformiWindows 7

Application platform Android OS

Development tooEclipse

Programming languagelava

Open source libraryOpenCV

Encoding testing devicGAMSUNG GALAXY S4

Decoding testing devicGAMSUNG GALAXY S3

Department of Computer Science and EngineeringCUHK 1
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Chapter 2: Morse Code!®

2.1 Overview

At the beginning of this repor tMprsewadésarel al r e a
what Morse code can délerewe introduce the mechanism of Morse code in deli&s
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 markdotor A di t Ois ofelimeunit lorig.c h

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 12
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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 w——
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 13
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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.

Department of Computer Science and EngineeringCUHK 14
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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 15
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Chapter 3: OpenCV

3.1 Overview
n OpenCV(Open Source Computer Vision Librarg)an open soge computer
0 vision and machine learning software libraty.functions similar to ther
OpenCV
common libraries in programming languag®éth its advantage in real time
processing, OpenCV plays a fundamentalole in computer vision applications and

accelerabn of the use of machine perception in the commercial products. As diB&i3ed

product, OpenC\alsomakes it easy for businesses to utilize and modify the ‘€ode

3.2 Algorithms and Usage

More than 2500 optimized algorithms were included into OpenCV now, like a comprehensive
set of both classic and stadéthe-art computer vision and machine learning algorithms.
These algorithms can be used to detect and recognize faces, identify atgsstby human
actions in videos, track camera movements, stich images together to produce a high

resolution image of an entire scéfle

Department of Computer Science and EngineeringCUHK 16
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3.3 DevelopmentPlatform

OpenCV was designed to be crgdatform. The library was written in C which makes

OpenCVportable to almost any commercial system, from PowerPC Macs to robotic dogs.

OpenCValsoincludesits traditional C interfacandthe new C++one; Python and Java were
included as wel/l which encourage a wider
dektop (Windows, Linux, Android, MacOS, FreeBSD, OpenBSD) and mobile (Android,

Maemo, iOS) encouraged a variety of developers at the sam&'time

Department of Computer Science and EngineeringCUHK 17
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3.4 OpenCV and Android
Since 2010 OpenCWwas ported to the Android environment, it allows using the full power of
the library in the development of mobile applicatioBgeveral fundamental applicatiois

Android are introduced below:

3.4.1 Canny edge detection
It was implemented by a canny edge dgta operator that uses a mistage

algorithm to detect a wide range of edges in images. Implementation in Android with

the help of OpenCV is shown below:

We can see that the edges of the keyboard were detected and displayed in a different

way.
Department of Computer Science and EngineeringCUHK 18
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3.4.2 Color blob detection

A trivial color blob tracker was implemented in Android through the use of OpenCV.
When user points to some region, @dgorithm triesto select the whole blob of a

similar color.Work with touch interface and contours are demongtriatéhis way:

After we point the camera to the keyboard, parts with similar color (were draw in the

red line part) were selected successfully.

Department of Computer Science and EngineeringCUHK 19
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3.4.3 Face Detection

It is the simplest implementation of the face detection functionality on Andtoid.
supports 2 modes of execution: available by default Java wrapper for the cascade
classifier, and manually crafted JNI call to a native class which supports tracking.

Even Java version is able to show close to thetiaal performance on a Google

NexusOne devicé'Y,

We used a picture searched from the Internet to do the test. We can see that the face

of the person was marked in the phone.

Department of Computer Science and EngineeringCUHK 20
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3.4.4 Puzzle

A simple puzzle game was implemented by dividing the real time image into 15

parts and disrupting the order of those small images. It can be developed with just a

few calls to OpenCV.

Empty slot

The picture captured by the phone kepainging all the time. We can move each

part to the empty slot in order to make it locate in right position. In this way, we can

recover the origin picture.

Department of Computer Science and EngineeringCUHK 21
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3.5 OpenCV and Our App

Qur Appbs Morse Code detection partnCvwainly
provides a platform for us to process the image in real time. Its high efficiency in image
processing makes the detection of Morse Code Possible. After obtaining frames of images in
every second, those frames will then be analyzed to detect the ON#DE#oN of the flash

light, the duration of each flash lightd the flashing rule of the lighall these information

contribute a lot to the decoding of the Morse Code.

Department of Computer Science and EngineeringCUHK 22
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Chapter 4: Problems in Environment
Setup

4.1 Overview

Our application is built inAndroid Operating SystentOS) 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 project deelopmentHo wever , things diWemnetsevggad t hat

problems in the setting process.

4.2 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 softwdoenstall 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 be built successfully which may

bring a lot of trouble.
Department of Computer Science and EngineeringCUHK 23
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After all the installation, open eclipse and set configuration to SDK in this way:

-
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 2 Installed
i Glass Development Kit Sneak Peek 15 1 | Not installed
T1| 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

| M iw

Done loading packages.

In the above interface, corresponding

U Toolsand

U Versionsof Android OS
need to be selected to make it possible for our application to run in a range of Android
mobile phone.A t first we didnot install necessa
successfily as well. After doing things abovehe lowest running environment for our

applicationcan be ensured

Department of Computer Science and EngineeringCUHK 24
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4.3 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, errors |ike

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 OpenCYV folder 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 25
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4.4 Problems inbuilding a new projed

Fall 2013

Building a new Android Apptation project in Eclipse is an easy thing. However, when we

tri

ed

sever al

probl ems

appeared,

appropriate Android device can be found. Thnesfound thateveral parameters need to be

changed to bid the project successfully

i

i

Versions of Android OS

OpenCYV 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 18 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
C‘?: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.

Department of Computer Science and EngineeringCUHK
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Chapter 5: Design and Implementation

5.1 Design Overviav

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 Encoding
5.2.1 Ul Design
1 Input message. See figurel3-1.
1 When translation begins, the button turns blue. See figaré 2.
T When the encoding is fini swileappearanche not
the button returns to gragee figure 4.1-3.
f Click®twice to exit the app. The first c

exito at the bottom of t heexs See &égara . The

NFT al2%% 17:38

morse code

message cuhk cse fyp| message SOS|

translate translate

Figure 5.1.11 Figure 5.1.12
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BT 3%k 11:40 4 b
orse code

_cuhk cse fyp)

translate

Translation finishes click again to exit

Figure5.1.1-3 Figure 5.1.34

5.2.2 Flashlight control *2
1) Declaring permissions
To open the flashlight, we have to use the android aflroid.hardwareand the
classcamera
To access the device camevee must declare thEAMERA permissios in the
Android Manifest.Becausave use the camera arfldshlightfeatures, the Manifest
includes the following:
<usespermissiorandroid:rame="android.permission. CAMERA/>
<usesfeatureandroid:name"android.hardware.camer&*

<usesfeatureandroid:name"android.hardwar&ELASHLIGHT" />
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2) Open camera:

Obtain an instance of Camera from usimgn(int)

private Cameracamera= null;

if (null ==camerg)

camera= Cameraopen);

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

camerastartPreview();

4) Get existing (defaut) settings witietParameters(Iif 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;
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parameters.setFlashMo@gmera.ParameteFd. ASH_MODE_TORCH

camerasetParameters(parameters);

6) Close Flashlight:

To close flashlight,modify the parameter toFLASH_MODE OFF mode and

call setParameters(Camera.Parameters)

/Iclose flashlight

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;

}
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5.2.3 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.
At the beginning, lastTime = curTiméashlight 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) stop time betweenmspols or words
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stopTime = unit * 0.3 for stopdurationbetween symbols;

stopTime = unit * 0.7 for stopdurationbetween words.

Similar to the aboveat the beginning, lastTime = curTime, flashlight closes and the

program enters an while loofghe program will not jump out of the loop until

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

5.2.4 Encoding Morse coca

1) Save the Morse code in a tdonensional arraynt[][] code Each row of therray

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

using dot and dash, we use digits 1 and 3 to septedit 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

Mor se code f ornceAwe have cidegTinte = 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

finally off. For wor eod,f fserquexamplies, oA (A0

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

process) 0.
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The entire encoding process is indicated by the Process FlowSChar2.

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
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} I/i 35 {3,3,3,3,1} 9
9 {1,3,3,3} J/j 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 {1,3,3,3,3,1} 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 {3,381, 3} Q/q 43 {3,1,3,3,1, 3} )
17 {1,3, 1} R/r 44 {1,3,1,1, 1} &
18 {1, 1,1} Sis 45 {3,3,3,1,1, 1}
19 {3} Tht 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} XIx 50 {1,1,3,3,1,3} B
24 {3,1,3,3} Yly 51 {1,3,1,1,3,1} o
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

<< len 12> Close flashlight———

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.

Fall 2013

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 i ndecadée mded(m[iF=00, i ndex =
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 j < 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 = 2the program jumps out of the second for lamal 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 fa loop 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.
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