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MP4 The extension for MPEG-4 media format 

NAS Network-Artached Storage 

NUS New Technology File System 

NVLDlA A rrademark name of a manumclurer ofGPUs 

OpenGL Open Graphics Libraty, multi-platrorm API fur rentiering 2D/3D graphics 

OpenVG Open Video Graphics, cross-platfuml API, provides hardware acceleration 

Ope nVM S Open Virtual Memory System, a type of server operating system 

OS Operating System 

OS/2 Operating Systeml2, a type of computer OS developed by Microsoft and IBM 

PC Personal Computer 

PHl' Hypertext Preprocessor, a SCripting language like HlML 

POWER Refers to a type of architecture fu r computer processors, like x86 and ARM 

RALD Redundant Array of Independent Disks, a type of data storage technology 

RAM Random- Access Mel11Ory, main lnel110lY for computer system 

RCA Radio Corporation of America, electrica l connector for audio/video signals 

SD Secure Dii,>ita l rerers to mel1X)ry card, a solid-state storage medium 

SDIO Secure Digital Input Output, extension ofSD specifica tio n for 110 functions 

SDRAM Synchronous Dynamic Random Access Memory, a typc of RAM 

5MB Server Message Block, a type of network protocol for shared access 
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SoC System on Chip, integrated circuit of computer components and electronics 

SPI Serial Peripheral lnterfuce 

TV Television 

UART Universal Asynchronous ReceiverfTransm itter 

Ul User lnterrnce 

UK United Kingdom 

UNIX Originally UN lCS, UN iplexed Information & Computing Service, type o[OS 

UPnP Standard Universal Plug-and-Play 

USB Universal Serial Bus, a corrmlUnication protocol of with electronic device 

USD United Sta[CS Dollar 

V Voltage, measurement unit for electric current 

WHS Windows Home Server 

Wi-Fi A type of local area wireless technology 

Win7 Windows 7, a type ofx86-based computer OS by Microsoft 

WmS Windows 8, a type ofx86-based computer OS by Microsoft 

WinXP Windows XP , a type ofx86-based computer OS by Microsoft 

WMC Windows Media Center 

x86 Tenn for x86 -based architecture of Ln!el- based CP U 

XBMC Xbox Media Center, a type of media center soiiware 

XBOX A type of gaming console owned by Microso ft 

ZFS Zettabyte File System, a type of file system like FA 1'32 or NTFS 
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ABSTRACT 


Con ventionalfilesh aringa nd media viewing IIsIIally involves lediollsfiie transfer. This project 

aims to pro vide access co nveniencefor sha/'ing do lo and direct-viewing of media files by having file 

senler (FS) and media cenler (Me) capability using Raspberry Pi. The system consists of severa l 

j un clionalities Ihat wae developed th rough iterative and incremenlal delle lopmen/. The resulling 

system has ils FSfunc/ion catered by Samba prog/am and its MCfunclion calered by Kodi progra m. 

Direct MC output is on high -defin ition television (HDTV). 

The web-based user inte /jace (WebUI) pro llides administrative fu nclions for the system, its FS 

ond users managemenl an d indirect access to ils MC jill1ction through web playerfo r all registered 

users. 77, e syslem has undergone severa l testing processes an d it is a lvorking prOlotype of an 

economical and j easible file server and media center using Raspberry Pi. The system can still be 

improved with other functions and features i/1 Ihefu ture. 
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ABSTRAK 


Perkongsian fuil secara konvensional dan lontonan media biasanya mebbatkan kerja 

berlebil13n semasa pemindahan fail lersebut. Projek ini beltujuan lmtuk menyediakan 

kemudahan akses wltuk perkongsian data dan tontonan langsung bagi fu il media dengan 

mempunyal pelayan fail dan pusat media dengan menggunakan Ra spberry Pi. Sistem ini 

terdiri daripada beberapa fimgsi yang telah dibangWlk an melalui pembangunan lela ran dan 

tambahalL Sistem yang dmasilkan mempunya i fungsl peJayan fail yang disediakan oleh 

program Samba dan fimgsi pusat media yang disediakan oleh program Kod i. Output pusat 

media disiarkan secara Jangsung di televisyen bereso lusi tinggi (J-lDTV). 

Manakala antaramllka untuk penggunanya yang berasaskan web (WebUI) menyediakan 

fungsi pentadbiran lmtuk sistem itu, pelayan fuilnya dan pengurusan penggunanya dan juga 

memberi akses tidak Jangsung kepada fimgsi pusat media melalui pemain web untuk semua 

pengguna ya ng berdaftar. Sistem ini telah meJalui beberapa proses ujIan dan ia adalah sa tu 

prototaip yang berfungs~ terdiri daripada peJayan fail dan media pusat yang ekonomi dan 

boleh dilaksanakan dengan menggunakan Raspberry Pi. Sistcm ini juga masih bolch ditambah 

dengan fimgsi dan ciri-ciri lain pada masa akan datang. 
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1 INTRODUCTION 

1.1 Introduction 

In the modem world, data and media are mostly in digital form owadays, data storing has 

become more crucial and significant. Data storage has also steadily evolved over time from 

the early usage of diskettes and compact-discs (CDs) and due to the constant increase of data 

size especia lly media files, there was always a constant need for bigger size storage. This is 

why the main storage later has evolved to Digital Video Discs (DVDs) and Blu-Ray Discs 

(BDs), and USB flash drives to external Hard-Disk Drives (HDDs). While storing data 

extemally in bigger size storage eases tbe huge file size problem, it however incorporates a 

tedDus way of access ing them 

The conventional way of storing data and media files usually include several distnbuted 

electronic de\~ces for example docwnents are stored in persona l cOl1l]luters (PCs) while huge 

size media files and backup data are stored in external HDDs. To obta in a desired file, one 

may have to connect their externa l storage devices to a PC and this may involve time 

consuming copy-and-paste process. To view or watch a media file , one may have to transfer it 

into another external storage device such as flash drive or SD card. Then, one need to connect 

it to media output devices such as TV, monitor, speakers and media player. All these can be 

quite annoying if one need those files on a frequent basis. 
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1.2 Problem Statement 

1he typical solution to solve the problem with access convenrence is to use a commercia l file 

server, which usually has very. large storage size to store all dle files in one place. However, 

the cunent va lue of a commercia l file server is quite expensive and thus many still prefer the 

conventional way of managing the.' files. Plus , a commercia l file server may have limited 

usage and capability - as a server to host and share files readily to be accessed. It may lack on 

tlle feature to view them directly on media output devices due to the lack of media player or 

codec support. 

This means that one s till needs a PC that is connected to tile file server in order to access the 

stored files. Moreover, the PC ma y need a proper program to open and view the content of tile 

files, provided that the file server allows direct access. This can be even more problematic If 

certain media files needing ceJ1ain codecs in order to play or view them And while a PC may 

have all tile proper program and codecs required to view any files stored, one may still want to 

view them on a bigger flat-sc reen TV. So, one still need to go ilirough the tin1e consuming 

process of copy-and-paste especially for huge file size like video files. Furthennore, one later 

need to plug them into a media pklyer or TV in order to view them. 

Thus, there is a need to have an alternative solution to bypass the tediolls process and at the 

same tune with muc h less cost if possible. And tilis project proposes to build a cheaper and 

working prototype of a file server that also has a media player capa bility. FurthemlOre, it will 

be built using Raspberry p~ which gives it potentia l to be enhanced with additiona l useful 

features for more convenience. 
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1.3 Objectives 

The objectives of this project are as listed below: 

a) To creare a file server which host both data (d ocW11ents, executables, generic files) and 

med ia files (audio, vid eo. image files) using Raspberry PL 

b) To equip the file server with media center capability by insta lling a media center 

program and connect it with media output devices (monrtor/TV/speake rs). 

c) To build a main system interfuce (web-based) for users to easily interact and use the 

functions. 

1.4 Methodology 

The methodology to be used to develop the file server and media center using Raspberry Pi 

will be based on the incremental development. This me thodology is chosen mainly because 

the final product will have several functionalities that need to be delivered separately and 

added incrementa lly. It is proposed that it will start with very bas ic func tions of a file server 

and later basic media player capability as they are the highest priority func tions to be 

implemented. The development of the main system interlace will also use this methodology as 

the functions on the web-based interfuce will be added incrementa lly. 

Once these main two functions are working correc tly, the system will be shovm and used by 

user and based on the feedback, the functions w ill be modified if necessary and enha nced with 

several useful features. Other new functions with their own features will then be added 

incrementally based on priority. The addition of the functions and features will involve a 

series of concurrent activit ies. 
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Architecturally, the Raspbel1)' Pi will be physica lly connected with several hardware, input 

and output devices. [t will be the central unit that controls all the hardware and devices. The 

main operating system fur the Raspbel1)' Pi will be of Deb ian Linux distnbution. As for the 

technica l details in developing the functions and features, basic programs that are relevant to 

file server and media player functionalities will be used. These programs later will be 

lTlodified wherever necessaJ)' and depend ing on requirements for other functions and fea tures, 

new programs may need to be developed solely to acconunodate them 

1.5 Scope 

The file server and media center will have at least two main functions: file server capability to 

host and share stored files; and med ia player capability to access media files direc tly. Other 

functions and its fea tures are to be detem1ined later based on user request and feedback during 

requirement analysis phase and testing. 

The intended user fo r the sys tem is anyone with intention to use it as a file server and at the 

same time may use it to access, view content or play media files stored in the server directly 

on media output devices connected to it. Thus, the system may not have or has vel)' limited 

capability (if any) in mod ifYing or editing the content of stored data or media files without 

proper programs. 

Other limitation is that the proposed file server and med ia center is intended for personal use. 

It will be initially connected only within a local private network and thus, the files stored may 

only be accessed and shared with those connected to the same network. Ths also means that 

the file server feature is intended to cater fo r small number of clients in a home network. 
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1.6 Significance of Project 

The proposed personal file server and media center wiU be a working prototype o f a personal 

file se rve r equipped with media player capability. This means that the system will host data 

and share them. At the same tune, user can also access and view the content or play stored 

media files directly on media output devices the system is connected to, w~hout the need to 

transfer them to be played on other external media player. It will also be a model prototype of 

an alfurdable file server for persona l use due to the relaflYe Iy much cheaper Raspberry Pi. 

The fuct that it will use Raspberry Pi as a platroml will further display the wide potential and 

versatMy of the sma ll piece of electronic hardware. This device can be configured as the 

central of innova tive and creative products. While the proposed system is intended to be 

developed for personal lise, ~s concept and architec ture may be modified and used in sma ll­

scale business or even educational pWlloses in learning facilitie s such as school. 

1.7 Project Schedule 

Below are the project schedules tor this proposed project dw-ing FYP I and FYP 2 se mesters. 
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Figure 1.1: Project schedule for FYP 1 with Gantt Chart (part A). 

.. ...... .... ,' " 
~- .. ~ .' , -, 

, , .~. .J ....f\ W .... ' '''-''''''fll·llo,It'\/ll< 

Wrll'",_.'" I'!<¥<1 DHl:n,IIlN ....... w.~ 1-.'Vl/lo..l.tWr1'tJ I I 
, a. .• ' I'"" ,., Lo,..u "" I~ • I~' '" 


n _ ~ 
~ .. 

II.., II I', 
~..-.- '" ",."_'of"", "11 ..."10.,, ............ .. 1..:1:-;0 ' .... '" , \~ .."h'CroJl"""''' '" __,~".. ",.""Wo.,~"", ,... n/OWI' ......" ",,"'/1 , , ... •. '1,1i00i 

• , 'NI1lln.t: l uU Pm....., 
'"" 

~IH.... tllIlI~' 
L 

• , ~llu~~'" . 1QI''' 
".., .. .. .... niLll,.'l1"', 

.~ , -_.. , '~1~411i111'" " ·V,~" ·\ T-i a "~ ~ I 


_'"- .." ........ I " .... w e' ,\llDj tMon 11; 111/)" 
, ., •, , ,', ....M~' I " ,~ .. , W'.... "I,~I'I ~ '"' .-J""""· """""'/Il/'...... 
nt..' 1 M• , ~,," ...........- ""'" ' "I,~ 1tot. .. " 0 
, • "......,.w""'~,,, ' '"- 1 _1lI11"' 1 ~ 1\OI,"1 OlfW' •, , ~ llo~· , -., I ~r, IIA~' ,,' '. ,.... l'W! • 


'_lu ...I"" ....... _hpolt ~ ~'Y' I.... ~/II!J. ' " lJ/1111' 


, ., , , '"... .~..... 
t"
." 

~' 

~ ""Itl ' co, 1~"Lo ",.. 0 

I_IV~ • .,.~'-~~ '''', IIoIUJ I' ' ., IOVW1~
, ..,.. .... 14,<h,.. " or ","",'"n, ,I •• 111 "".Iu , I~ Ll II 0 -'" , ''''' -..vl.... l 1.;r _ ......... (II ..""j II oJ.,., ,,", JOI I IJ U Iljll;~/J'
" , . J., •0'"I~'''" " 
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Figure 1.4: Project schedule for FYP 2 w,th Gantt Cha ri (part B). 

1.8 Expected Outcome 

Expected outcome of this project wiD be a working prototype of personal file server and 

media center that hosts both data (documents, executables, generic files) and media files 

(audio. video, image files) using Raspben-y Pi. 1t will be connected to media output devices 

for direct file and media viewing. This system will be low cost and economical than typical 

commercial file server and may be improved with additional useful features. This file server 

and media center is intended for personal usage, targeted mainly for bome users. Blrt its 

concept and implementation can also be applied for small business and also for education 

pw-poses in learning facilities such as school. 
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This personal file server will also ha ve file \1eWer and media player capability along with 

additional codecs for support of various media format s. 1l1is file server will also be 

configured to have direct connection with media output devices which means no more ted ious 

transfer of med ia files using other external storage to view them 

Aside from that, a main system interfuce (web-based interfuce) will be developed for users to 

ulteract with the system funct ions, mainly the file server functiona lities. Its lower power 

consumption may enable this system to run 2417 . Further modifications may be done to 

lllClude useful additional fea tures. An example of basic arcMecMe fo r this file server and 

media center is as shown below: 

f XH:rna l External 
HOD H O~ Video oulput devICe
( Media)(0;;11<'1) ( T V/P C monilor ) 

Netwo rk Connection 
Raspberry Pi 8 + 

Oplionul e.xtr ., mo nilor Ot he r optionul /~ (GU l l'l cce.ss toinpur/output r- ­ Raspbe.r ry Pi)dcvice:s A.ud.o "",put device 
(spe~kc'!o/5 tereo) 

Figme 1.5: Bas ic architecture of the propose d sys tem using Ras pberry Pi. 
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1.9 Summary 


111is chapter has introduced to reader this project to develop a Personal File Server and Media 

Center using Raspben y Pi. The system proposed fOr this project aims is to solve the problem 

wilh access convenience fOr sharing data and direct- viewing of media files by having both the 

file server capability and media center capability. The proposed methodology chosen to 

develop the system IS incrementa I development since the system will have several 

fWlCtionalities and features that need to be added incrementally. The resulting system will 

cater for the need of personal use and within a private home network. However, its 

implementation concept and architecture may be modified and used in sma ll business and 

educaliona I facilities. 
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2 LITERATURE REVIEW 

2.1 Introduction 

Thi5 chapter contains the background and technical review of this project. It consists of 

several subsections that descnbe in detRils about this project background, the Raspbeny Pi 

dc\~c c, the file server technology and the media center technology. This chapter also contRins 

revx=ws and ana lysis on the existing technologies tbat will be used to realize the proposed 

system Each review subsection foc us mainly on the concept, technology and implementR tion 

details of the existing techno logies and also includes the comparisons between them. 

2.2 Overview of Project Background 

This idea of creating a file server and media center by using Raspbeny Pi device emerged 

from the introduction towards the Raspbeny Pi device itself Upon learning of what it is ; its 

relatively-new implementRtion, tiny physicality, portability, its purpose and its surprisingly 

ctxoap cost - it is discovered that the de\~ce has a wide range of potential usage and capability 

based on the large number of ex.isting projects done by using it. 

Among the existing projects, it is proven that the device is capable to be modified and 

configured to create a file server. Coinc identRlly, the author has a longing need for a cheap 

and economic file server mainly to use it to access media files and share them with other 

computers in a private network . And the idea to use Raspbeny Pi device to crea te a file server 

emerged naturally given the advantRges and viability. But it is later decided that it would be 

more convenient for the file server to also include the capability as a media center. After all, 

there are also other projects that use the Raspbeny Pi device to create a media center. Finally, 
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aU these gave birth to the idea to crea te a file server and media center by using the Raspberry 

Pi device. 

·lhe details of the Raspberry Pi device and the wlo erlying technology of file server and media 

l;eIlter are discussed in the next three subsections. AJI subsections contain the review and 

analysis on the existing teclmologies for each subsection_ 

2.3 Overview of Raspberry Pi Device 

2.3.1 Introduction to Raspberry Pi 

As descnbed in FA Qs (n.d.) page on its officia l website, the www.raspbenypi.org - the 

RaspberTY Pi device is essentially a low-cost, credit-card sized computer that plugs "lto a 

computer monitor or TV. It is basica lly a small single-board computer that also uses standard 

keyboard and mouse. Despite its tiny size, it has a wide range of potential usage in various 

kinds of elec tronic projects. 

Like a normal computer, it has the basic ca pabilities of a ,ksktop PC ranging from 

tUnctionality to browse the Intemet, making spreadsheets, word- processing, playing games 

and even capable to play high-definition video (Wha t is a Raspberry Pi, n.d.). Due to its cheap 

cost and yet capab le and pOltable, the device has become increasingly popular worldwide and 

being used in various electronic projects. 
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2.3.2 Brief History of Raspberry Pi 

TIle Raspberry Pi device was developed in tile UK under a registered educational charity 

organization - the Raspberry Pi Foundation, which main goal is to "advance the education of 

adults and children, particularly D1 the field of computers, computer sc ience and related 

subjects" (Wh al is a Raspberry Pi, n.d.). The idea to create a tiny and affordable computer fo r 

kids emerged in 2006 among the colleagues in University of Cambridge'S Computer 

Laboratory and several prototypes were crea ted between. 2006 to 2008 (About Us , JLd .). 

Following the announcement on the offic ial Raspberry Pi website on February 29 th in 20 12, 

the Raspberry Pi model A and model B became the first models availab le on general sales 

with price of just £22 (35 USD) for model B, with a promise of a cheaper version (model A) 

of just £ 16 (25 USD) later that year (Cellan-Jones, 2012). After more than two years, on July 

14'1. , 2014, Eben Upton - the Raspberry Pi found er, offic ially announced the release of the 

Raspberry Pi model B+, an improved version of its predecessor but still at the same price of 

35 USD (Upton, 20 14a). And later on November 10' '', 20 14, he armounced the officia l release 

of the Raspberry Pi model A+, an improved version of model A at a low price of just 20 USD 

(Upton, 2014b). 
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2.3.3 Technical Specification 

Physically, a Raspberry Pi device has the dimension of 85.60 mm x 56mm x 21mm (or 

roughly 3.37" x 2.21" x 0.83 ") and weighs just 45g (FA Qs, n.d.). It utilizes a System on a 

Chip (SoC) of Broadcom BCM283 5, which contains RAM of 256MB (for model A) , 512MB 

(Klr model B) , 700 MHz ARM 1176.JZFS CPU and a VideoCore IV GPU capable of Btu-Ray 

quality playback with H.264 at 40I'vlb/s. The board of a Raspben)' Pi device typically bas "26 

dedicated GP IO pins, including a UART, an i2c bus,. a SP I bus with two chip selects, i2s 

audio, 3v3 , 5v, and ground" (FAQs, n.d.). 

In temn of performance, the GPU provides OpenGL ES 2.0 with 24 GFLOP S computing 

capability, hardware-accelerated OpenVG, and 1080p30 H.264 with high-profile encode and 

decode capability. By comparison, it has roughly equivalent graphics capabilities of an Xbox 

and computing power equivalent to 300 MHz Pentium 2 processor (FAQs , n.d.) . The 

capab ilities are quite outstandolg for such a small, cheap and capable piece of an electronic 

device. 

Like a typical computer, it has the typical peripherals, plugs and ports attached on it fur 

connectivity with various other hardware and devices. Essential ones are the GPIO pins, RCA 

video plug, 3.5111m Audio jack, LEDs, ports of USB, LAN, HDMl, SD card slot and its power 

p~lg as illustrated by Raspberry Pi model B in below. The device also has a camera pOl1 for 

connectivity for a camera up to 5MP resolutiolL In tenn of playback, it can record and play 

media files of H.264 containers (MP4!MKV) by defuult and through the HDMf, it supports 

high quality video and sound for connectivity with display devices with supporting HDMI 

rearure (FAQs, n.d.). 
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RASPBERRY PI MODEL B 


SO CARD 

RCA VIDEO AUDIO 

POWER 

"* 
Figure 2.1: The ge neral architecture of Raspberry Pi Model B (www.raspberrypi.org ). 

Since Raspberry Pi device uses ARM -based CP U. it only supports ARM -based operating 

systems (OS), mauu y the ARM-Linux distribution and recommended distro is Raspbia n, 

which spec ifica lI y des igned for the de vice. In other wo rd s, it does not support x86-based OS 

like Windows and cannot rllll any x86 -based software (FAQs. n.d .). 
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2.3.4 Advantages of Raspberry Pi as Small File Server Platform 

It is worth noting that for comparison purposes, a normal PC or laptop can be configured to 

work as a pla tfom1 to serve as file server. However, they are not suitJblc or practica l to be 

used in the long run Raspberry Pi device is much better to be used in the context and 

liUlc lions of the proposed system - which is a small file server intended for home and 

persona l usage. According to Clay (20 14), Raspberry Pi has several advantages as a platform 

for a sma ll file selver such as: 

a) Low power consumpt io n. 

Compared to normal PC or laptop, Raspberry Pi device only use 5V using MicroUSB. 

1l1is feature alone makes the device very capable and economica I to run 2417. 

b) Small fonn facto r. 

Raspberry Pi is very small and not bulky compared to normal PC or laptop. 1l1is 

makes it requires very small space to fit in a room 

c) Completely silent. 

Raspberry Pi use SO card for its main storage and thus has no moving parts compared 

to normal PC or laptop. Thus, the device itself makes no noise. 

d) Aftordab le. 

For the plll'jlose of building a sma ll file server, it is velY affordable a ltema tive which 

cost just 35 USD. Compared to normal PC or laptop, couple of hundreds USO is just 

not WOlth it or even practical to be spent for a small file selver platfonn 
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2.4 Review on Existing Raspberry Pi Devices 

As lnentioned previously under Section 2.3, ol1ly four models of Raspbeny Pi devices have 

been released. The first ones are the model A and B, commercia lly available since February 

20 12 and later model B+ in July 20 14 and very recent ly the release of model A+ m early 

November 2014. The ne"i subsections review the distmctive details of each model and also 

summarize the similarities and differences between the Raspberry Pi models. 

2.4.1 Raspberry Pi model A 

Raspberry Pi model A is basicalJy the lower-spec variant of the Raspbeny r~ with 256MB of 

RAM and just one USB port and no Ethemet port (Model A , n.d.). This means that, this model 

h:ls limited capability to connect with other hard wa re or devices and does not suppOJ1 

networking. Howeve r. th is also means that mode l A is lighter and conSlIlnes less power than 

its mode l B counterpart. This essentia lly makes this model ideal for embedded projects such 

as robotics where weight and power is of main COncem (Model A, n.d.). And naturally it is 

quite cheap at a price of just 25 USD. Figure below shows the Raspbeny Pi model A 

Figure 2.2: Raspberry Pi model A (www.rs-online.com). 
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2.4.2 Raspberry Pi model A+ 

Raspberry Pi model A+, like model A, is the lower-spec varia nt of Raspberry Pi and officiaUy 

replaced ~s predecessor in November 20 14 . Compared to model A, this model has 40 GP IO 

pins (instead of 26), has Micro SO slot (instead of SO slot), lower power consumption, better 

audio and neater architectural design (Model A+, n.d. ). These features make th is model a 

properly improved version of model A despite still having lunited USB port and no Ethemet 

port. And like its predecessor, it is suitable mainly for embedded projects, especially with 

mere GP IO pins and even lower power conswnption. In addition to these innprovements, this 

medel is even cheaper than its predecessor, costing just 20 USO. Figure below shows the 

Raspberry Pi model A+. 

Figure 2.3: Raspbeny Pi model A+ (m\'w.raspberrypi.org). 
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2.4.3 Raspberry Pi model B 

Raspberry Pi model B is basica lly the higher- spec variant o f the Raspberry P~ with S12MB of 

RAM, two US B ports and a 100MB Ethemet port (Model E, n.d.) . This means that lh is model 

has more RAM, extra USB port and has Ethernet port Jor networking capability. This makes it 

lhe most popular model as it has a ll the typ ica l fea tures needed jusl like a desklop PC. It is 

basically the mode l with standard complele fealure and th is essentia Uy makes it very suitable 

to power real-world projects as it is being used in va rious electronic projects (Model E, n.d.). 

And this mode l costs JUSl 3S USD. Figure below shows the Raspberry Pi mode l B. 

Figure 2.4: Raspberry Pi model B (\rnW.geek.com). 
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2.4.4 Raspberry Pi model B+ 

Raspbeny Pi model B+, like model B, is also the higher-spec variant of Raspbeny Pi and 

officially replaced its predecessor in July 2014. Compared to model B, this model has 40 

GP IO pins (instead of 26), 4 USB 2.0 ports (2 extra), has Micro SO s lot (instead of SO s lo t), 

lower power consmnption, better audio and neater architectural des ign (Model 8 + , n.d .). 

These feat ures make this model a properly itnproved ve rs ion of model B. The extra GP IO pins 

and USB ports make this mode l mo re fle xible and suitable fO r various e lectronic projects as 

well as lO r ed ucat iona l pw-poses. In addition to that, this mode l still cost the same as its 

predecessor at 35 USO. F igure below shows the Raspbeny Pi model B+ . 

Figure 2.5: Raspbeny Pi model B+ (www.raspberl}' pi.o rg). 
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2.4.5 Comparisons between the Raspberry Pi models 

11ili section swnmarizes the similarities and differences between the Raspberry Pi models. as 

shown in table below. The data and va lues described in the table be low are as stated in FAQs 

(n.d.). Model A (n.d .), Model A + (n.d.), Model B (n.d.) and Model B+ (n.d.). 

Table 2.1: The comparisons of Raspbeny Pi models. 

--;IlIII I)\ h " I) ' 1\ I(tOl1lge 

Network \ .\ " 
Power 5 

H.264 

Memory 

1lOSB Ports 

Video I I J111'\1 1. I{l \ 1I1l\11 I't \ II ' 

I I, I I I • 

Audio Ana log 3.S mm audio jack. high-definitio n so und via HDMI 

Dimensions x.:' 6 rl :lllH \. X Miq l1l \ N"" "OIl'Ull 

51.lOln 111 fllnll ) "t.'l11lH 

lS!.! i';~ -J)!..!Weight 

" II ) '5 I "Il 
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Upon analyzing the infonnation shown in table above, severa l points can be derived as listed 

below: 

a) 	 All Raspbeny Pi models are based on the sa me chip type and thus making them 

equivalent in tem1 of CPU/GPU processing and performance. 

b) 	 All models also support HOMI aside from having standard 3.5 mm audio jack and all 

models are powered with 5 V via MicroUSB. 

c) 	 Model Band B+ is obviously the higher end of Raspbeny Pi as they are both having 

512 MB of RAM instead of just 256 for model A and A+. 

d) 	 Only mode l Band B+ have networking capability due to its Ethernet periphera l 

c) 	 Model B+ has the highest number of USB ports, which is 4, twice that of model B 

while model A and A+ both having just I US B port. 

o In tem1 of storage, model A+ and model B+ are both equipp ed with the new MicroSD 

sto rage capability as they are the latest versions released in 20 14. 

g) 	 Dimension-wise and weight consideration, model A+ is the lightest and the sma llest of 

the fow' models. 

Overal~ model B+ seems to be the best model to be used for this project as it has 4 USB ports 

that is particularly useful for file server connectivity with devices. It also has network 

capability which is a must for a file server and has more RAM than model A or A+. 

Additionally, it has better audio quality, consume less power than model B and also nea ter in 

architectw-a I design 
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2.5 Overview of File Server Technology 

2.5.1 Introduction to File Server 

-ll1ere are various definitions that constitutes to what is a file server. According to Beal (n.d.), 

a tile server is a computer or device t]13t is connected within a network, dedicated to storing 

hie- and any user connected on the network can store files on the server While Rouse (2005) 

descnbed file server as a computer that acts as a central storage and manage data so that they 

are accessib le to other computers on the same network. And Hanson (20]4) defines file server 

as computer Ul a LAN network that serves as centra lized data storage for other machules as 

pan of a client-server model of computer networking. 

File servers are conrrnonly used in business and educa tional fields where sharing of data is 

llnpOl1ant and beneficial to all users in an organization. They enable users to share 

intormation over a network without the need to physically transter them into other external 

storage devices. Any modem computer can be configured to act as a file server And based on 

the number of hardware and softwa re configurations, file servers can serve various purposes 

rangUJg from simple data storage and sharing, as backup for critical data and distnbution of 

data over the Internet through FTP (File Transfer ProtocoQ and HTTP (Hyper-Text Transfer 

ProtocoQ (Hanson, 20 14). 

'Ibcre are two main type of file server - dedicated and non-dedicated. A dedicated file server 

only serves as a file server and does not do any other tasks such as processing (Bea~ n d.). 

-llllS means that it serves solely as central storage and hosts the data for other computers in its 

network. In a more sophisticated network, a file server can also be a dedicated NAS 

(Network-Attached Storage), which acts as a remote hard disk drive fur other computers in the 
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network (Rouse, 2005). On the other hand, a non-dedicated file server is essentially "a file 

server that can also be used simuJtaneously as a wo rkstatio n" (Non-dedicated file server, lcd .) . 

·1l1l, means that it serves both as a file server and a workstation - stores and hosts data and at 

tile same time do processing tasks on the data . 

2.5.2 How a File Server Works 

Accordulg to Evans (fJd.) , there are three important points to descnbe how a file seIVer 

works: first - it may nUl seIVer software; second - it is equipped with plenty of storage space; 

and third - there are users connec ted to the file seIVer. TIle server software are the operating 

system (OS) platforms like Windows SeIVer, Mac OS Server, UN IX and Linux, which 

specifically designed to enhance file seIVer func tio na ~ty, making them ideal so ftware 

platfunns for file server setting and coflfiguration (Evans, fJd.). 

As fOr storage space, a file server typically equipped with one 0 1· more internal hard drives 

totaling with terabytes of storage space. These drives are cOn%oured lhrough the seIVer OS to 

host the files stored in them and once proper cOlmection is estab~hed , users' computer will 

detect and b·eats the hard drives in the file seIVer as additional drives (Evans, fJd.). Users can 

then access the files and Jnaflipulate them based on the coflfigured pennission settings. TIle 

file server may also enable the sharing of storage space to any users connected in the network. 

File server in itself is a computer, complete with its own motherboard and typical peripheral 

and electronic devices connected to it such as processor (CPU), memory (RAM) and network 

card and storage devices. Unlike a normal PC, the hardware coflfigurations and specifica tions 

vary since a file server is usually a dedicated one and has one maul task - to serve as file 

23 




server. Thus, it does not need other unnecessary hardware devices such as multimedia 

;peakm and graphics processing unit (GPU). And also as stated by Evans (n.d.) ear lier , it 

TlIltm1lly runs file sef\'er software, which ac ts as an interfuce program and controls the file 

..er.~r capability. A simple file SCf\'er in a private netwo rk where the c lients are connected 

.r..1her through LAN or Wi-Fi has a general architecture as shown in the next figure. 

Client PC / " File Sef\'er 

Network File Sef\'er Storage 
ro uter (files)software 

./"-
Chent PC 

Figure 2.6: The general architecture of a file server. 

Based on the figure above, a simple file server basically consists of fill:! sef\'er software and its 

own storage to store the files that it hosts or share. C lient PCs that are connected within the 

network and has proper access permission can then access the stored files in the file server 

storage. The network router is the main electronic device that provides interconnection fo r the 

whoJe network. The file sef\'er software is the central progra m that controls the file sef\'e r and 
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pm\~des user interface for server administrator for system interaction and configuration. This 

general architecture of a simple file server is relevant and app lies to aU the file server software 

as discussed later in section 2.6 . 

2.6 Review on Existing File Server Software 

'J11ere are several file server programs available whether commerciaUy or fo r free. The 

popular ones are the Windows Home Server 20 I I, freeNAS, Ubuntu Server Ed ition and 

Samba. The next subsections descnbe them in terms of their teclmology and implementa tion 

details. 

2.6.1 Windows Horne Server 2011 

Windows Home Server 20 11 , code-named 'Vail", is home server OS developed by Microsoft, 

designed lOr smaU office and homes, which was released in 20 11 (Foley, 20 I I). It is built 

based on its predecessor WOldows Home Server and it is the latest version of Windows Home 

Server (Foley, 2012). Due to the familiarity with Windows OS and given its popularity among 

nllst home Q,ers, WHS 2011 naturaUy is the easiest server software to set up, compared to 

Unix or Linux OS (Throckmorton, 20 11 ) Despite of this, WHS 20 11 is commercia l type of 

software and thus not free, costing around 50 USD. 

\VIIS 20 II only comes in 64-bit to support the use of more than 4 GB of RAM and it Co mes 

with media server capability with its robust transcoding and streamDlg capabilities 

IDcluding support for wide range of media codecs (Case, 20 II ). Aside from that, Case (20 II ) 

also sta ted that the sharing of files and printers is easier since WHS 20 I I box ca n be listed 

tmder Windows 7 HomeGroup , though with limited flexibility on access pcnnissions. It also 
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has easier login management by usll1g the same login account fOr PC to login on the server 

lea e. 2011). 

Figure 2.7: Windo,,~ Home Server 2011 Jogo. 

2.6.2 Ubuntu Server Edition 

UblUltll Server Edition is a variant of Ubuntu Desktop Edition. an open-source Debian-based 

Linux operating syste m wh.ich developed mainly to serve as file server software. Unlike the 

Desktop Edition, UbLlntu Server does not have GUI (Graphical User Interface), which makes 

[ less user-fTiendly towards users that are mxe fumiJiar with GUJ-based OS like Windows 

(ServerFaq, 2012). And being a variant of UbLlntLl, Server Ed it ion is also relatively easy to 

insta l~ m<lo1tain and upgrade fo r those fumiliar with Linux command- line intertace. 

Ubuntu Server Edition, like other LU1UX distribution OS, is also a flexible and can be 

configured to run a low-power and headless server (Fitzpatrick, 2009). According to Ubuntu 

(20 14), the latest version of Ub'll1tU Server Edition, the 14.04 LTS vers ion has a li the 

improvementS in the Linux kell1el to UbLlntu and it is capable to run on x86. ARM64 and 
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POWER architectures. And be ing LTS (Long-Tenn Support) ve rsion, it has 5-years support 01 

maintenance and secw'ity updates (Ubuntu, 20 14). 

Figure 2.8: Ubuntu Server Edition logo. 

2.6.3 FreeNAS 

FrccNAS is an open- so urce network- attached storage (NAS) operating system buik based on 

FrceBSD. a Unix operating system (ThrockmoI10n, 201 I). Unlike FreeBSD which uses only 

okl text-based system and command-Iule olterface , FreeNAS oiters an oltuitive and use r­

lTiendly web interfuce along with command-line interface for ease of use (Throckmorton, 

20 1 I). However, it only runs on 32 and 64-bit x86 architecture hard wa re. It is also an 

extremely minimal distribution of FreeBSD, designed to mUlimize the resources devoted for 

storage (Fitzpatrick, 2009). 
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L!c FreeBSD, FreeNAS has ZFS tile system (much bKe NTFS and FATI2 in Windows) 

II hich ofters similar functiona lities of NTIS such as limitless file and partition size caps and 

auto repair (1hrockmorton, 201 I ). And despite its minima l size, FreeNAS has various features 

- replication backup, data protec tion through backup services, data encryp tion, file system 

smpshots, file sharing, web interface and support for va lious third party pJugins (FreeNas 

i'itailires, n.d .) It also supports both hardware and software based RAlD, disk encryption, and 

nBnagement of groups and users via local authentication or Microsoft Domains (Fitzpatrick, 

2009). 

-
The free network attached storage 

Figure 2.9: FreeNAS logo. 
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2.6.4 Samba 

Samba is free file server software specifically designed to easily corifigure Ubuntu and 

II'nx!ows computer into a file server (Throckmorton, 20 II ) It provides secw'e, stable and mst 

jik and print selvices ror all clients USUlg the 5MB/CIFS protoco ~ which is used by 

Windows, OS/2, LU1UX and many others (Samba, n.d.). 

Samba can run on various different platfonns other th(ln Windows, such as UnixlLinux, IBM 

S)~tcm 390 and OpenVMS and it also allows "interoperab ility between LinlWUniX servers 

am Windows-based clients" (Samba , n.d.). 1his makes Samba pat1iclliarly useful to run file 

server that serves mixed clients of different platforms. In addition, it gives network 

administrators fleXJbility and freedom in teons of setup and server configuration, making it 

grown in populality since its release in 1992 (Samba, n.d.). 

opening Wlndo~ to awider world 

Figure 2.10: Samba logo. 

29 




2.6.5 Comparisons Between the File Server Software 

Th~ section describes the comparisons between the file server software by analyzing their 

similarities and distinctive fearw-es as described previous ly. They are as shown in table below: 

Table 2.2: The comparisons between WHS 2011 , Ubuntu SE, FreeNAS and Samba, 

Cri le ria ' ~1 ..~:~g~·;1 ~_uy.¥~.J~, i"Il ~~-,. I ~~·~S~~~.-'l 
I~a l fonn \\ ,"d..,,,, 1IIllI\ I 11 1,\ \\ illl,.h \\ 1 I , 

Program 

Interface 

,.1.. • I 

- , 
, lainl) 

cornmnct-hlle 

\ ", ,." ., \ I"Dll~ 

cl1mmnd-linc 

Software type Operating 

System 

OperatDlg 

System 

OperatDlg 

System 

\i'1' I '· 

I" " , 
Ease of usage H~rJ , I I 

Usage 

Flexibility 

Limited Fb ..,hlo.: II.;"hk FI\· .\ ib ~· 

I Features \ '.Jf i')11 \ .lriLlll'\ \ ::lrlllll__ V:H IIIU 

Urxlates ~~ 'I'l';;' yl· .... ) ", 
Media Center 

Support 

y~ ... V~~ " t", 
, ~"j 

Cost ,I) 1:"f) I c. I , I 

Upon analyzing the infonnation shown m table above, several points can be derived as listed 

below: 

a) WHS 2011 , Ubuntu SE a nd FreeNAS a re a ll o perating system-type o f so ftware while 

only Samba is an app lication program. 

b) WHS 201 J and FreeNAS can only run on Windows platfonn while Ubuntu SE on 

Lif1lC~U nix platform and only Samba is capable to run in at least both platforms. 

c) WHS 20 11 and FreeNAS a re easy to use due to their GUI-based interface. 
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d) All of them have vanous features and fieXJble in tenn of its usage except for WHS 

2011. 

e) All file server programs have updates support and can be configw-ed into media center. 

t) All file server programs are fi'ee except for WHS 20 11 which costs SO US D. 

Since the Raspberry Pi device only supports ARM-based software like Linux, we have only 

UblUltu SE and Samba as primalY choices. And since the Raspberry Pi device will be installed 

wrth Raspbian OS, this automa tica lly makes Samba as the only choice to be used as file server 

programs among the fow-. Bes ides, Samba is very suitable for the proposed system mainly 

because it can run on multipla tfonn and at the same time capable to serve clients with 

multiple platfunns. 

Even though Samba has mainly command -line interfuce, it is relatively easy to be configw-ed . 

.\00 a web-based interfuce fo r the main system interfuce will be developed to help users 

conveniently interact with Samba functionalities. Besides it has up dates support, fieXJble with 

SUppOlt for various file server features, easy to use, supports configw-ation to be used as media 

center and it is tree. 
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2.7 Overview of Media Center Technology 

2.7.1 Introduction to Media Center 

\!edia center can be described as an electronic device that has the capability to support the 

pbyback of media files such as video, audio and image on external video and audio output 

hardware. In the context of this project, media center refers to the Home Theater Personal 

Computer, or HTPC. By definition, a home theater PC is basically a "personal computer that 

~ \l<;ed to store and play music and movies as well as display photos" (HTPC, n.d .). 

A HTPC is normally physically connected to several other output devices such as television, 

PC lllJl1itor and speakers. It may include a remote control and a GUT interfuce for users to 

easily navigate between the media files stored in the HIPC storage. AJtematively, users can 

smply use standard keyboard and rmuse. In short, users can use the I--!11'C to access the 

media files and conveniently view them on large screen IV with superior soood from large 

speakers. 

2.7.2 Howa Media Center Works 

At its simplest funn, a media center or Home Theater PC in this context - is a home PC that is 

connected to audio and video receiver and the PC acts as the central device in a home theate r 

environment (Layton, 2006). And as a typical computer, the PC bas aU the basic functions 

ranging from computing functions , video files streaming, editing and playback, audio files 

recording and playback and also serves as media storage (Layton, 2006). The HTPC IS 

ronnally connected to television, typically a large screen TV through various wiring op tions. 
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.In! HTPC is usually equipped with huge storage size and sometimes requires extra storage 

d,li: s such as externa l hard disk drives (Layton, 2006). And as descnbed previously, users 

CJn use the TV to naviga te through the stored content by using standard input devices and 

ret111 tc controL For better audio playback quality, users may insta ll a sound card on the HTPC 

10 support and utilize the capability of the connected speakers. Additionally, the HTPC may 

b.: equipped with a TV Tuner to allow it to receive TV signals and record programs (if the 

IWlf r has DVR capability) and may also be equipped with AMlFM radio receiver (Layton, 

2006). 

. \ simplc media center or HTPC has a genera l architecture as shown below: 

r "\ 
Personal Computer (PC) 

Media 
Storage center 

software (medial 

"­ ./ 

PC Monitor I 

~.~HDTV 

Keyboard Remote contro l I Mouse I 
Figure 2.11: The general architecture ofa media ce nter (HTPC). 
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Based on the figure shown above, a media center basically consists of a PC insta lied with a 

media center software and its own storage to store the media files containing video, aud io and 

im£" files . To complete its function, the PC must be connected with basic video and aud io 

output - in this case, a PC monitor or a TV and standard spea kers. Aside from that, a normal 

PC would then connected with standard input devices such as keyboa rd and mousc - either 

connected through USB P OliS or wireiessly. The media center softwa re is the central program 

that accesses tile media files and provides user internee for users to browse through the 

,tOlage du·ectories. A remote control is an optional device for user convenience willie viewing 

and listening to the media files . 
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2.8 Review on Existing Media Center Software 

TIlere are several media center programs available tilat can provide GUI navigation and access 

to the media files on a HTPC. The most popular ones are the Windows Media Center, XBMC 

Media Center and Boxee. 

2.8.1 Windows Media Center 

Windows Media Center (WMC) is a free media center program that is usually pre-included in 

Windows Vista and Windows 7. WMC is the most mainstream media server and apparently 

\~ly good for streaming music and music videos (Tuukka, 2011). WMC by default provides 

access to all media bbrary in Windows OS and can play several media formats. According to 

Fitzpatrick and Purdy (20 I 0) , WMC has rts own strengths and weaknesses as shown in the 

table below: 

Table 2.3: The strengths and wea knesse s of WMC. 

Strength Weakness 

Nice and easy DVR wrthout having to 
-

pay a monthly fee. 

Limited codec support for the diverse range of 

video and audio formats. 

Good interface that has obvious sections 

and fuirly intuitive directional layouts. 

Platfonn limitation as it ca n only nm on 

Windows. 

Large range of compatible remotes tllat 

availab Ie in most electronic stores. 

Complex remotes that sometimes confusing and 

not simple to use. 

Generally easy uetworking across 

Windows systems through the use of 

shared ro ld ers. 

Locked-down DVR ftIes where the recorded 

vid eo can only be played on authorized 

Wind ows machines, Zunes, and XBox devices. 
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Figure 2.12: The screenshot of Windo"~ Media Ce nter interface. 

2.8.2 XBMC Media Center 

XBMC is an open-source lnedia center software that was originally designed as a media 

center internee for the XBOX galne console and over the years has evolved into a po we rfuJ 

mukiplatfonn media center capable of playing most availab le media fonnats (Tuukka, 20 II ). 

lie also described XBMC as well-established and robust software , which makes it the 

fOlmdation for other alternative media centers. Note that as of November 20 14, XMBC 

version 14 and onward s were rebranded as Kodi media center. According to Fitzpatrick and 

Purdy (2010). XBMC has its own strengths and weaknesses as shown in the l2bJe below: 
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Table 2.4: The strengths and weaknesses ofXBMC. 

Strength Weakness 

Open source and open nature which makes it Lack of streaming support for TV and 

ahlays open to improvemems/modifications. video streaming site s like Netfli x and Hulu. 

Good meta-data and file recognition that Over-stuffed , sometime s with complicated 

efficientl y tracks files properties. menus that can be r1Ither confus ing to new 

Light and agile because it is focused on users. 

srrooth med ia files playback. 

Slick UI des ign that by defu ult is already 

futur istic- look in g and customizab Ie UI further 

adds to XBMC flexibility in interface design. 

Excellent media [onnat support as XBMC 

can play literall y any media format available. 

Figure 2.13: The screens hot of XBMC interface. 

2.8.3 Boxee Media Center 

Boxee media cente r is based o n the same internal code as XBMC but its media is focused 

mainly on web content trom video s ites, blog streams and social apps (Fitzpa trick & Purdy, 

37 




2010). Besides act as a typical media center, Boxee is also capable of integrating online video 

co ntent w~h user recommendation system (Tuukka, 20 I I). According to Fitzpatrick and 

Purdy (20 10), Boxee has its (}\VJl strengths and weaknesses as shown in the table below: 

Table 2.5: The strengths and weaknesses of Boxee. 


Strength Weakness 


; BlIllt-m support mth Hulu and Netlllx 

\\ hich enable users to stream content from the 

,ideo streaming sites. 

MedIocre mterface deSIgn that IS rather 

weird and hard to get used to and even 

disliked by some users. 

Growing director)' of web content apps 

from popular social sites like FailBlog and 

Vimeo and has app "store" lor customized 

streaming content. 

Lack rocus on handling local file where 

Boxee is not effective in recognizing and 

updating local file stores. 

Capable to play any web content media as 

it uses a reworked Firdox browser to view 

Hulu aside ITom its own browser. 

Figure 2.14: The screens hot of Boxee interface. 
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2.8.4 Comparison between the Media Center Software 

ll1 is section describes the comparisons between the med ia center software by analyzing the ir 

s imjlar~ie s and distinctive features as described previously. Extra information also being used 

lrom Fitzpatrick and Purdy (20 I 0) analysis. They are as shown in Table 4 below: 

Taille 2.6 : The comparisons between Windom; Media Center, XBM C and Boxee. 

Criteria \. WMC XB!\1 G Roxcc 

Supported platfomls \\ II1Jl"" \\ I I 

I 11111 \ , 'I I 

I I Ie 

\ 

Media format support \ kdiuln I, 

" 
I I i· ' I' 

TV Tune r support ~ ~, ~.... 
,,, 

Hardware acce lemtio n \ tl , .
, 

' , 1111 

\ II II \ 

\ ,. ,," 

\11 I 

Hulu and Netllix 

streaming support 

" '1 Itl\ L11 d\ No ' ". 

CUI design quality I It;:! , \ 'I ·1 I Ill' 

Customizable GUI h , ,,, 
Remote control s upport II ·1 II ·1 I (HI. 

pon analyzing the ulformatio n shown III table above, several points can be derived as listed 

below: 

a) Only XBMC and Boxee can rWl on muki-platforms and WMC narurally rurlS only on 

Wnldows. 

b) All 3 media center programs are capable of l11edia playback but XBMC has the highest 

playback support fo r wide range of media tormat. 
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c) AU 3 media center programs support hardware acceleration but only WMC and 

XBMC ha s TV tuner support. 

d) Only Boxee has bo th HuJu and Netflix streaming support, however it does not have 

support for customizable GUl like WMC and XBM C. 

e) XBMC has very good des ign quality and like WMC , it also has high support for 

remote control 

Omall, the XBMC is the best media center among the three simply because it has the highest 

supports fOr media fo nnat which is very important as key feature to be had for the proposed 

F.Ie server U1 this project. Besides, it can run on va rious other pJatfom1s and has great 

C\l>!omizable GUl design as ide from having support for wide range of remote contro l 

2.9 Overview of Proposed System 

Based on the analysis of comparisons done in Section 2.4. 5, Section 2.6 .5 and Section 2.8.4, it 

is proposed that the system to be developed is based on the best selection of Raspberry Pi 

Ilude!, file server software and media center program Thus, the proposed system will be built 

on Raspbeny Pi model B+, using Samba as its file server software and XBMC program to 

provide it with media center capability_ 

111cse choices are much preferable due the reasons descnbed in the comparison analysis. And 

SUlCC the proposed system will include media center capability, this directly makes it a non­

dedK:atcd file server. The system will also be improved with a web -based interface for users 

to interact with the system and utilize all the system functions. TIle requirement details of the 

nterfuce and its proposed des ign are described in Section 3.3.4 and Section 3.4.3 respectively_ 
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ilr the architectlU"al design and schematics, it will be built based on the proposed 

ture shown in Section 3.4.1 and schematics in Section 3.4.2. 

2.10 Summary 

(~oclusivcJy, this main chapter has provided the relevant literature rCVJews on the main 

.olT!loncnts that are going to be used in this project. It has presented the overviews of 

Ra<pbeny Pi models, descnbed in details on file server and media center tec hnology and the 

,1 ubI choice for each. This main section also compared and ana lyzed each component in 

t<1T11S of their variations and available programs to choose the best for each. Analysis result 

,nnl.'!uded that the proposed system will be built on Raspberry Pi model B+, using Samba as 

I> IiIc server software and XBMC program for its media center capability. 
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3 REQUIREMENT ANALYSIS AND DESIGN 

3.1 Introduction 

Jbi, chapter contains the deve lopment methodology and the requirement analysis and design 

ix the system implementation of this project. It consists of several subsections tha t descnbe 

i1 detail; about the chosen development methodology, the analysis on the hardware, software 

and Uler requirement and the design details of the system 

3.2 Development Methodology 

ll1~ section describes the development methodology fOr this project. The methodology 

-rosen for the implementation of the personal file server and media center using Raspbeny Pi 

will be based on the incremental development. As mentioned previously in lntroduction 

...:c\ion. incremental development IS chosen because the system will have several 

liloctionalities that need to be delivered separately and added incrementally. lnitially, the 

\\ tun will ha ve very basic functions of a file server and then basic media center capability. 

Once these two features are implemented, several other functions will be added to improve the 

,)SI~m as a whole in temlS of functionality and fealmes. 

3.2.1 Incremental Development 

.\ccording to Sorrnnerville (20 1 J), increlnental development is basically the process of 

Jel'eloping an init ia l implementa tion, expose it for user reed back and improve it through 

\<\'crdl versions until an adequate system IS finally deve loped. He further sta ted that 

~pecifica tion, development and validation activities are interleaved as coneUlTent activities 
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rather than separate, with rapid feedback across activities. Figure below shows the 

architecture of nlcren--.enta I developn--.ent. 

Concurrent 

Ac1.Jvn les 


, 

Irll l.!fm Cti ldtc 
Development Versions 

FlIlal 

Version 


Figure 3.1: The architecture of incremental development (Somme rville, 2011). 

Based on the figure above. increrrental develop=nt consists of severa l. e le=nts: outline 

description. concurrent activities (consist of specification. developn"ent and validation) and 

the system versions (consist of initial, ultennediate and final version). The details for each are 

as described in Table 3. 1 below: 
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Table 3.1: The concurrent activities in incremental development. 

Elements Description 

Outtine Description The basic outline that descnbes the system requireme nt (the system 

--, 


IConcurrent Activities 

a) Specification 

b) Development 

c) Validation 

S)·stem Versions 

al Initial ve rsion 

b) Intennediate version 

fimctionalities to be developed). 

The interlea ved activities of main implementation process. They are 

to be perfomled iterative ly to impleme nt each of the syste m 

fimctionalities based on the outline description fi-om end-user 

The specification activit y is where system functio nality is specified 

in deta ils tenns of teclmica lit y and expected outcome. 

The development ac tivit y is where system fimctionalit y is being 

implemented based on its specification_ 

The va lidation ac tivit y is where the imple me nted system 

fimctio nalit y is being tested and validated with its specificatio n. 

The varia tion o f system versions as it is being developed throughout 

the impleme ntatio n phases. 

The initial version is where the system has its most basic fimctio n 

and reature implemented _ 

The intennedia te versio n is where the system has some additional 

fimctio ns and features being added incrementall y through a series of 

iterative imple mentation process. 

c) Final version The final version is where the system has aU its fimct io ns and 

fea tures fully implemented and ready IUr delivery to end-user 
I 

The resulting system fimct ionalities and fea tures will be implemented through a series of 

speciocation, development and va lidation as descnbed previously. In order to properly 

implement the system, the development part of the incrementa l development is to be divided 

:Ilta several phases as brie fly descnbed in ta ble below. The descriptions of each development 

phase are descnbed later in details under Chapter 4 (Implementation and Testing). 
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Table 3.2: The planned development phases for development part. 

Phase I Main activities 

Development phase J Preparation of the Raspberry Pi device with its operating system, 

essential programs and drivers. 

Development phase 2 Imp lementa tio n of file server capability Will be using Samba file 

server software. 

Development phase 3 Imp leme nta t io n of media center capability. Will be using XBMC 

media center software. 

Development phase 4 Implementation of webserver capability. Will be using LAMP 

webserver component. 

Developme nt phase 5 Implementation of system interface (web-based interfuce) mainly 

for the file server fimction and secondary media center fimction. 

Development phase 6 System integration and va lidation. Involves the process of 

integrating aU the components and configuring their fimctionalities. 
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3.3 Requirement Analysis 


This section descnbcs the requil-ement analysis for this project. It covers the hardware and 


IOftware requirements that are needed for the implementation and also user requirements that 


descnbe all the fimctions and fea tures to be implemented. 


3.3.1 Hardware Requirements 


All the hardware and devices needed for tills project are as descnbed in table below: 


Table 3.3: List of hardware needed with their specification and description. 

Hardware Specification Description 

Ras pbe IT)' Pi Model B+ The central electronic device fOr this 
project 

SI) Card MicroSD Card , at least 8 GB, 

preferably of class 10 

I The primary storage for Raspberry 

Pi (OS and system Jiles) 

PC Monitor Standard PC lTlOnitor, LCDILED, 

with HDMI support 

Standard display output device 

Television High-d efInition flat screen TV, 

LCDILED, with HDM! support 

High-defmition display output 

device 

.Speakers Standard PC speakers, at least 2­

channels (stereo) 

Standard audio output device 

Standard PC 

keyboard 

Standard Universal Plug-and- Play 

(UPnP) keyboard , USB or 

wireless 

Standard input device to interact 

with the system 

Standard PC 

mouse 

Standard Universal Plug-and-Play 

(UPnP) lTlOuse, USB or wireless 

Standard input device to interact 

with the system 

External Hard-

Oisk Drive 

Standard 3.5" external HDD, at 

least 500 GB, with USB 2 .0 

support 

Main storage device fOr Jile server 

pWlJoses 

Po\\ered USB 

hub 
Standard powered USB hub, 

providing at least 4 extra USB 

slots 

Extemal USB hub to sufficicntly 

power several hardware devices 

Network route r Standard network router, with 

LAN and Wi-Fi capability 

Standard router for networking - fOr 

Jile server pWlJoses 
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PC or laptop Standard PC or laptop, running 

WinXPIWin7/Win8 

Standard client hardware, for access 

within the network 

mrings LAN cables, power cables, 
3. 5nun audio jack cable, USB 

cables, HDM I to USB converter 

For network, input/output and 
interconnection among the hardware 

and externa l de\~ces 

Extension cord Standard extension cord with at 

least 4 extra power plugs 

To provide enough power plugs to 

power all the hardware and devices 

3.3.2 Software Requirements 


All the software and extra programs needed for this project are as descnbed in table below: 


Table 3.4: List of software needed with their specification and description. 

Software Specification Description 

Rasbian OS Raspbian version Sept 2014 l11e Linux OS for the Raspberry Pi 
(Debian Wheezy), kernel 3.12 device, also part of LAMP server 

Samba me server Samba ve rsion 4.1.13, stable The standard program to provide file 
release server capability 

XBMC XBMC version 13.2 (Gotham) or The standard program to provide 
program* Kodi version 14+ media ccnter capability 

.\pacbe program Apache HTTP Server 2.4.1 0 Part of LAMP server to cater fo r the 

(httpd), sta ble release System lntcrfuce 

\fySQL server MySQL Conununity Server Part of LAM P server to cater for thc 

version 5.6.22 System Interfuce 

PHP 5 PHP version 5.6.4 Part of LAMP server to cater fur the 

System I nt ermce 

Drivers Depending on hardware and Related drivers that [nay be needed 

devices driver requirement to support the installation of external 

specificatio ns hardware and devices 

(Specifications based on data from Raclpbian (n.d .), Samba.org (n.d.) and kodi.tv (n.d .).) 

• 'ote that for XBMC program, version 14.1 was initially used during implementation (and 

later upgraded to version 14.2) and it was rebranded as Kodi for version 14+ . 
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3.3.3 User Requirements 

US~r requirements are the requirements that end-user expects in the final system to be 

i-nplemented _ For this projec t, the user requirements focus mainly on the fea tures of the final 

S)~tem ranging from basic functions to additional fea tures. 

Ihe user requirements for this proj ect are as descnbed below: 

a) 	 File server capability 

The system shaU have file server capability, provided ill a private network, accessible 

to client users through LAN or wireless connection_ The file server shall be able to 

host and share files (both data and media files) to other authorized clients within same 

network. Clients shaU have at least read pemussion to the shared data stored in the file 

server. 

b) 	 Media ce nter ca pability 

The system shall have media center capability, provided in a priva te network, 

accessible to client users through LAN or wireless connectiolL TIle media center shaU 

be able to access all med ia files stored in the file server storage (external HDD) and be 

able to open and play the media files. The media center shall support Ihe pla yback of 

various popular audio and video files fomE!. Clients shall be able to view and listen to 

the med ia playback through the system standard video output devices (PC 

monitor/TV) and standard audio output device (stereo speakers). 
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c) Main sys tem interface 

The system sha ll be added with a web- based system interfuce. TIle internee will be 

used by to interact with the file server function, specifically Samba file server 

func tionalit ies . TIle intetface sha ll be extended to integrate and ma na ges all the 

funct ions and features of the system for user converuence. The requirement 

spec ifica tion fur the system internee is desctibed in details in Sec tion 3.3.4. 

3.3.4 Web -based User Interface Requirements 

TIle primary purpose of the Web-based User lnterfuce (WebUl) will be to act as the GUl to 

configure the file server capability by interact ing with the Samba fi le server, and in this case it 

will be a web-based adminis tration tooL Other than that, the system interfuce will also act as a 

homepage for all the functions of the whole system The system internce will be a web-based 

ilterfaee, to be built using PHP (Hypertext Preprocessor) and HTML (Hyper-Text Markup 

Language) scripting language. 

nlroUgh PHP, the system interface will have capability to accept user input through web fo rm 

and use the input for several functio ns including user login and validation, file sharing 

!mnagement and also the file server configuration TIle interaction between the web -based 

internee and the Samba file server will be possible by executing externa l commands using 

PHP scripting language and the output or results will be displayed on the web -internee tooL 
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1.3.4.1 We blJI me se rve r co ofigmation requiremeots 

The requirement details fo r file server functio ns include: 

a) Login feature to va tidate user before they can start using the file server func tion. Once 

validated, they can use the web- interface to manage file sharing functions and 

configure the file server. 

b) File sharing management functions includes adding new share, modifying an existing 

share and deleting an existing share. 

c) File server configuration functions includes modifYing server settings in term of 

security settings and file sbaring access. 

Due to the nature of tills direc t accessib ility to mod ifY the internal system, this function is 

limited only to the ad min of the system 
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3.4 Design 

This section describes the design details fo r the system of this project. It covers the system 

architectures for the system and its maUl interface that will govern a ll the fimctions and 

learures of the system 

3.4.1 System Architecture 

"li'e architecture for th is system varies as ~ is being developed. 111is is because the fimctions 

ROO features are to be implemented incrementally. Thus, the system physical and hardware 

configuratio ns for system initial version will be different with its intermediate/fi nal version. 

3.4.1.1 initial Version Architecture 

PC/Laptop 
Powered 
USB-hub 

PC 
Monito rfTVExternal 

HDD 

Network Ras pbe rry Pi B+ 
router 

KeyboardlMouse 

Figure 3.2: The architecture of initial system version. 
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Based on the figure above, the initial version architecture is based on the system having its 

basic functions and featw-es. In 01 is vers ion, the system has the fullowing functio ns : 

a) File server function 

b) Media center function 

In this architecture, the file server uses external hard-disk drives (HODs) as its main storage 

and a network router for its network connection. The. file server hosts both data and media 

ft s and it is accessible to users through client computers cOIU1ected within the same network 

Ihrough LAN or Wi-Fi. The media center function uses standard video output devices (PC 

n'(lnitor or TV), standard aud io output device (speakers) and standard D1put devices (keyboard 

and mouse). Through the media center program, user can then access the med ia files stored in 

111.: system and view them dO·ectly. 

3.4.1.2 IntennediatefFinal Version Architecture 

PClLaptop PC - Powered 
..L 

Extemal MonitorlTV 
USB-hllb - , HOD 

t 
-1. 

Network Raspberry Pi B+ 

router (with WebUI) 

t 
I 

I ha~Phone 
Keyboard Mouse 

Figure 3.3: The architecture ofintennediatelfinal system version. 

52 

~.,.-. 



Based on the figure above, the intennediate/final version architecture is based on the system 

equipped with its basic and additiona l functions and features. In this version, the system has 

the following function and features: 

a) File server function 

b) Media center function 

c) Main system inter13ce (the WebUI) 

In this architecture, the basic configurations and usability for file server and media center are 

slightly different ti1an described in previous sub-section. It is proposed that the system to have 

nl'o external HDDs to separate the data and media files for proper storage management 

purposes. This final system version may also be complete with additional functions. FinaUy, 

the system will also have a main sys tem internce that will act as an administrative tool to 

manage aU the basic and additiona I functio ns and feature s. 
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3.4.2 System Schematics 


'Ibis subsection discusses the schema tics of the system archrtecture shown Ul previous section. 


GP IO pins 
USB 

Raspberry Pi B+ n slots x2 

MicroSO __ 

slot U F I 
Ethemet 

portHOMI 

~~'----'--­
Power cable slo t 3.5" audio jack 

Figure 3.4: The schematic of Raspberry Pi model B+. 

PC/Laptop 

...... 
Micro SO KeyboardlM o llse I­

-­

I 

LAN Cab le 
~ E 
11 0 

Wire less ,...,n 111 
Connection Network 

router 

Mobile 
devices PC ~a~Monitorr rv 

~ 

Extemal 
HDD 

... 

J 

Powered US B 
Hub 

Figure 3.5: The schematic ofintennediate/final system ve",ion. 
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L 

Figure 3.6: The schematic of intennediatelfinal system version (picture). 

3.4.3 Web-based User Interface 

The Web-based User interface is ll1tended to have one primary function: the file server 

configuration function which enable user to configure file server shares and server settings. 

A~emative ly, if possible. the Web VI will be extended to include secondary media center 

function, capab le to play media files through web playe r. aside fi'om Kod i being primary. 

Other nU1Ctions may be added later based on the WebUI functionality. Next subsections 

illustrate the proposed interface for the WebUI file serve r nlnctio n and media center functio n. 
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3.U.1 Interface for File Server Function 


for fif, server function, it includes login feature to validate the user. 


Perso Center 

Back 10 HomePIle Se rve r FwIction 
Please login m ord er to use 
this functio n. 

Usemame: 

Passwoni: 

Figure 3.7: The login interface for file server function. 

Once validated , user w ill be directed to the default ulterfuce for file server function. 

Perso al F· e Ce ter 

FIle ServerFundion Logout and Exit 

I Add New Share II Server Settings 

Directory Share name Permissions Visibil ity DescriPtion 

/shared/TestD ir TestDir Read/Write Visible Test D irectory 

Figure 3.8: The default interface for the file server function . 
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Cser can then add new share by clicking the "Add New Share" button. 

F" e Server & Media Ce te 


FIle SelYer .FImdio.n Logout and Exit 

Add Ncw Shan: Server Settings
I 

Directory: Browse II 
Share name: 

De sc ription: 

Pennissions: DRead o Write 

OK Cancel II 

Figure 3.9: The interface for add new share lor fil e server function. 

loser can then configure se rver settulgs by clicking the "Server Settulgs" bl[ton. 

erso I M dia Center 


Logout and Exit 

Add New Share 

Workgroup: WORKGROUP 

Descriptio n: Demuk Workgroup 

Authentication mode: User ,., 
OK I I Cancel 

Figure 3.10: The interface lor server settings in file server function. 

57 



Dollble- click in g any existin g share on the list will bring user to existin g share edit page. 

P SO I er 


F1Ie Server FimdIon Logo ut and Exit 

Edit Exi'>ling Share 

Directory : /sharedrrestD ir/ Browse II I 
Share name : TestDir I 
Descl"iptio n: Test Direc tory I 
Permiss ions: [;21 Read [;21 Write 

OK I I Cance l 

Figure 3.11: The intelface for editing existing share for file se rver function. 

3.4.3.2 Interiace for Media Center Function 

Pe SO 


Media Ceuter FWllCtlG,n Back to I lo me 

Media tiles list (Ul table) 


and also ror web player fi'alne 


Figure 3.12: The default intelface for the media center function. 
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Perso eente 

Media Ce r Flml:tion Back to Home 

Advanced S~nrch 

Keywo rd: 

Media type: D Audio D Video D Image 

Extens io n: D *'mp3 D *.mkv D *.jpeg 

*.m4a D *.mp4 D *.pngD 
Other e>.1e ns ion: I (Without "*.") SearchI 
Figure 3.13: The interface for adva nced search for me dia center function. 
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3.4.4 User-System Interaction 


Th~ subseclion shows the interaction between the user and the system for each functio n. 


,( ('!ltig-un: 

~ 
II Admi l 

~ 
I User 

sh'lrc~ 

Figure 3.14: The nser-system interaction for file server fll nc tinn (direct). 

"'",'rn..'r \"'... ~~... R",pherr~ Pi l 
Storage 

'I:I \ ~( 11. 11 ~., (data) 

----.., Samba 
I. Raspbia n I-t wogram and 
I 0 .. CONF file 

r Storage 
(rnedia) , 

I Nelwork 
J router 

\(C~S~ "('r\ cr 

~rage
(data) 

~ 
ll)ll li~u r~ 

,h.1r~~ "Jd 
n\1ndg~ ....~·T\Cr Ru 'ph~'T, Pi 

II I. J WebU I t-
LAMP Samba CONF 

Admin I I Webserver file 
----' 

~ \ 0:\\ ,hal," list 
Netwo rk Storage 

I User I router (media)I 

Figure 3.15: The user-system interaction for file se rver function (using WebUl). 
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R" ' phen;. Pi 
Storage 

~ 
\"c" .II1J pll) t (media) 

m:d i" lib 
Kodi media '"Raspbian J 

center program ~ OS 

Admin / 
User 

\ oJcn Il lIlpul PC ha~MonitorfTV 

\ ~lI.h l (11 111'1 11 

Figure 3.16: The user-sys tem intel1lction for media center function (using Kodi). 

I'b, "IKl \.:" 

mcd iJ iiI.: . 
~ 

StorageAdmin / 
WebUIUser t ­ (media) 

Ra'phclT) PI 

1LAMP 
Webserver , J 

Network 
ro uter 

Figure 3.17: The user-s ys tem intel1lction for media center function (using WebUI). 
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Ib'l'h~ IT) Pi 

Samba and 

~ 
I+-Kodi programs ~rage 

(data) 

( ' \'IIII~lIr,-' 

I Admin I Raspbian 

J OS 

t .-qlli~lIrc ~ Sto rage 

t 1\.' tllt _1Ll iJl'U.:':'-~ 
~ 

(media) 

thrnu~~, ""I IJ Ne twork 

rOLrter 

~a~ V'k" (J 1I1!' 111 PC 
\lonitorTV 

-\ItJ " (11 111'"1 I 

Figure 3.18: The us e r-sys te m interdction for sys te m co nfigurntion and manage me nt. 

3.5 Summary 

11,l; chapter has desc ribed in deta ils the pro posed methodology to develop the syste m for this 

project - the increme nta l deve lopme nt. It a lso brie fly out lined the p la nned deve lopment fo r to 

deliver the functions and features of the system incrementally. This chap ter also describes the 

hardware, software , user and syste m interface requirements of the proposed system Aside 

Irom Ihat, it contains the proposed system architecture and its sc hematics. This chapter a lso 

presented the des igns fo r the web-based interface to integrate a ll the {Unc tions and fea lures. 

Th~ chapter also shows the use r interactio n with the syste m functio ns. 
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4 Chapter 4 - Implementation 

4.1 Introduction 

This section descnbes in details the implementation process for the proposed system in thi~ 

project. The dewils illclude the development process of the system as a whole. Ths 

JClelopment process is divided into several phases as descnbed earlier in Section 3.2. Each 

plese descnbes how the development process for that particular phase was done. Also 

n:lOOed is the list of tools and devices used for implement" tion. 

4.2 Development Phase 1: System Preparation 

fh~ phase is JllainJy to prepare the Raspberry Pi device ready for installation procedures in 

Uk: next subsequent phases. Main objectives are to validate whether the Raspbeny Pi device is 

'nrkulg, update its operating system components with the latest version and also to connect 

!Ii! device with hardware and component devices. Once these are completed, the 

D1lcrconnection between the Raspberry Pi with the hardware devices and components are then 

Icnfl::d befOre proceeding to the next development phase. 

4.2.1 Installation Procedures 

lhe ulStaLlatio n procedures fOr this development phase are as descnbed step-b y-step below: 

I) The Raspberry Pi device is inserted with MicroSD card conwining Raspbian OS and 

encased in its plastic case to hold and cover the device. 

2) Note that the MicroSD card being used already contains pre-instaUed Raspbian 

\'3.12.18+ along with NOOBS (New-Out-Of-the-Box-Software) file. For dewils on 

how to instaU Raspbian OS from empty MicroSD card , please refer to setup guide 

sec.tion in system User Manual (included in System CD). 
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3) 1ext, the Pi device is connected with PC monitor through HDMI cable with HDMI to 

DVI adapter, keyboard and wu·eless mouse. 

4) 	 Next, the Pi device is plugged in and switched on. Then its operating system is loaded 

and the author logged in using default credentiaL Note that the default password is the 

same for all new Pi devices. TIle password is then later changed (highly 

recommended). The defu uh login credential for the Pi device is: 

//username = pi 
//password = raspberry. 

5) 	 Once the desktop is loaded and displayed on PC monitor screen, the keyboard and 

wireless mouse are then tested and verified to be working con·ectly. 

6) TIle Pi device is then connec ted with router through LAN cable and later wireless 

connection. Its connection is then verified by using ifconfig and ping command. 

ifconfig 
ping 192.168.1.254 //router gateway IP 

7) 	 Access to the Pi device from other device was also tested by using ipconfig and ping 

command from a laptop that is cOJmected under the same network . 

ipconfig 
ping 192.168.1.65 //Raspberry Pi device default IP 

X) 	The Pi device is then connec ted wirelessly to phone Wi-Pi hotspot. Internet access was 

tested and verified by ping-ing Google domain. 

ping www.google.com 

9) 	 Once Intemet access is verified, the Pi device is then updated using system command. 

sudo apt-get update 
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4.2.2 Hardware and Components Setup 


The in~ial setup between the Raspberry Pi and othe r devices are as shown in figure below: 


Figure 4.1: Initial setup of the system (Phase 1). 

4.2.3 System Specification 

The 	specification of the system at this phase is as desc ribed in table below: 

Table 4.1: System components and their specification. 

r Il1terconnec lIo n 

Acer xl93HQ 

u ptop Device Acer Aspire 4750G access/programmi ng 

Lo~ech KI20 input 

' louse Lo~ech MISS device, wireless 
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lllptop Device Accr 4750G DelilUlt PC ror access/programming 

~martphone Device Sony Xperia E Defuult Wi- Fi hotspot for Internet 

lRaspbian Software 3.12.22+ Default OS for Rasp Pi 

HDMI cable Cable Standard HDMf For video output to monitor/screen 

lLA."1 cables Cable Standard LAN For physica l connection with router 

lID'vll to DVl Adapter F-M adapter For connection with PC monitor 

4.3 	 Development Phase 2: File Server Installation 

Th~ phase is mainly to equip the Raspberry Pi device with file server capability. Main 

Dhjcct~'c are to install Samba program for file server fimction and to install GAdmin-Samba 

pmgram to manage and configure the Samba program Once these two programs are installed, 

a will then be configured and its file server capability will be verified and tested . 

4.3.1 Installation Procedures 

llie ulStallation procedures for this development phase are as descnbed step-by-step below: 

I) 	 Samba program and Samba essential components are being installed by using terminal 

commands; the instaUation packages are downloaded from the Internet through Wi-Fi 

hotspot connection provided by smartphone. 

sudo apt-get install samba //file size = 8179 KB 
sudo apt-get install samba-common 

2) 	 l 1Je same procedure as in ( I) is repeated for installation of GAd min-Samba program 

sudo apt-get install gadmin-samba 

3) 	 Once they are both insta lled, a backup of Samba config file (smb.conf at directory 

Jetcisamba/) is created (file name: smb_BACKUP-ORlconj). The origilla~ defuult 

content of smb.con/is as shown in Appendix section 8. 1. 
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4) The router default fP range, gateway and nameserver are checked and noted using 

i(config command and Pi also by reading resolv.con( file (/eiclresolv.conj). 


sudo nanD /etc/resolv.conf 


5) 	 The Pi device defuuh IP address is then checked using ifconfig cOlTDlland and is shown 

to be 192. 168. 1.65. 

6) 	 The Pi device defuult LAN config is then modified into static configuration by editing 

its 	 lllterfuces system file (letcinelworklinler(aceS). 

sudo nanD /etc/network/interfaces 

//added these lines under 'iface eth0 inet static' 

//address 192.168.1.65 

//netmask 255.255.255.0 

//gateway 192.168.1.254 


7) 	 Once done, the Samba config file (smb.con}) is then opened and configured both by 

using GAdmin-Samba program and manually using Leali1ad, a text-editor program 

Note that by using GAdmin-Samba, most key and values created by the program are 

defuult configurations that work fur Imst system and do not need to be cha.nged. 

8) 	 The server configurations under global section are then modified to enable tbe Samba 

file server to work with the router. 

//configuration on smb.conf, under global section 
/ /server string = Samba 

//workgroup = MSHOME 

//hosts allow = 127. 192.168.1. 

// interfaces = 127.0.0.1/8 192.168.1.65 

// remote announce = 192.168.1.255 


9) 	 Once done, a test share folder is created (/Iesllshare-public) to test whether the Samba 

lile server is working. Using GAdmin-Samba program, tbe lest fu lder is then 

configured to be a public share with read and write pennissions. O nce evelything is 

done, Samba file server is restarted. 
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10) To verifY that the fO lder sharing is working, a laptop is connected to the same router 

using LAN cable, its IP is 192. 168 .1.66. The interconnection between the laPIOP and 

the P i device is then verified using ping corrumnd from both devices. 

ffping laptop from Pi device 
ping 192.168.1.66 
Ilping Pi device from laptop 
ping 192.168.1.65 

11) Once the connection between them is verified, the shared folder is then checked and 

appeared lUlder laptop (Win7) Networks list, under Samba. Inside Samba is the lest -

public fo lder that can be accessed without password (pub lic share). The read and write 

capability is then verified when a new fold er was able to be created ulside it. 

12) The sharing capab ilities are then further tested with different access and permissions 

such as read- only, non-public, and visibility. Their access and permissions varinnt are 

all verified using laptop and also smartphone (through ES File Explorer app). 

4.3.2 File Server Specification 

lk specilication of the file server function at this phase is as descnbed in table below: 

Table 4.2: File server components and their specification. 

Software 3.6.6 Dcfuuk fIle server program 

GAdmin-Samba 0.2.9 For Samba server configuratio n 

.\< lor fuJI Sa mba coriliguration settnlgs , the fuji content of smb.con/is in Appendix 8. 2. 
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4.4 Development Phase 3: Media Center Installation 


Ibis 	 phase is mainly to equip the Raspberry Pi device with media center capability. Main 

"hjective is to ins tall Kodi program for media center function. Once K odi is installed, it will 

:n.:n be configured, its compatibility with Raspbeny Pi device and its operating system will be 

:csted and Kodi functio ns and features will be explored. 

U,1 Installation Procedures 

The installation procedures for this development phase are as descnbed step-by-step below: 

I) The first step is to insta ll K odi program However, Kodi did no t yet have o fficia l 

repositories W1der Rasbian list that it cannot simply be installed using normal sudo 

apt -gel ins/all co rrnnand . Note: as o f May 2015, Kodi now has offic ial repos itories 

und er Rapsbian list. 

sudo apt-get install kodi / /error: "kodi" not found 

2) 	 To insta ll it, several other commands had to be entered and Kodi was later able to be 

downloaded urrough unofficia l source and then insta lled successfull y. 

sudo apt-get install python-software-properties 
sudo add-apt-repository ppa:team-xbmc/ppa 
sudo apt-get update 
sudo nanD /etc/apt/sources/list.d/mene.list 
//added this line at the end of the list: 
/I"deb http://archive.mene.za.net/raspbian wheezy contrib" 
sudo apt-key adv --keyserver keyserver.ubuntu.com --recv-key 5243(DBD 
sudo apt-get install kodi / /I~orking, file size = 51. e MB 

3) 	 Once K odi is installed, the program is then started trom system menu. K odi managed 

to be executed and run nOlmally. 111is in a way proved tha t Kodi is compal1b le with 

the Pi device and its Raspb ian OS 
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4) 	 Kodi functions and features are then explored and tested in terms of media files 

playback (audio, video and images) and its defuuJt settings are also modified slightly. 

5) 	 Note that there is an unresolved bug/enor upon exiting Kodi which cause the desktop 

screen to turn black and input fi·om keyboard and mouse seems to be unresponsive. 

TIlis is apparently due to the Raspbian Glfl failed to reload again after exiting a full­

screen Kodi program The only way to get access back is either by clicking Ctrl + All 

+ FI combinat ion keys to enter console-only Glfl or sinnply restart tbe Pi device. 

4.4.2 Media Center Specification 

Th! specification of the media center function at this phase is as descnbed in table below: 

Table 4.3: Media center components and their spccit1cation. 

'I"""'~ rs 

Software 3.12.22-,­

14.1 

screen 

F-M adapter 
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.,5 	Development Phase 4: Webserver Components Installation 

nus 	 phase is mainly to equip the system with webserver components to make the system 

.J!l,ble to act as a web server. Main objective is to install LAMP Web server, which consists 

I '\pache, MySQL and PHP components. Once the web server essential components are 

I'li1Illled, it will be then tested and verified. 

tS.1 installation Procedures 

Jk ilStallation procedures for this development phase are as described step- by-step below: 

I) 	 The LAMP web server components are installed one by one through tenninal 

cortUl13nds. All comp onents are downloaded through Internet access provided by 

smartphone Wi- Fi hotspot and installed automatically once download is finished. 

sudo apt-get update //update system first 

sudo apt-get install apache2 

sudo apt-get install mysql-server 

sudo apt-get install phpS 

sudo apt-get install phpS-mysql 

sudo a t-get install phpmyadmin 


2) 	 Once a component is downloaded , no further co nfiguration is needed to complete 

installation except fo r phpMyAdmin component. During installation, phpMyAdmin is 

set to be automatica lly run by Apache2 program, password for access is prompted and 

defined here and new database was installed and configured automatically using 

dbconflg-commol1 configurdtio n option 

3) 	 After that, Apache2 config file is then modified (/e/c/apache2/apache2. can/) . Once 

done, the system is then rebooted. 

sudo nano /etc/apache2/apache2.conf 
//added this to the last line: 

II"Include etc/phpmyadmin/apache. conf" 
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4) Once phpMyAdll7in is successfully installed, it is then accessed through a web browser 

and con£gured. 

//phpmyadmin login: 

//username: root 

/ /pass\oJord: <the password defined du ring installation> 

//phpmyadmin URL access: http://raspberrypi/phpmyadmin/ 


5) Once access to phpMyAdmin through web browser is verified , its webserver function 

is then tested. This is done by access ing its default webserver index. him! page (in 

lvar/www!) through a web browser. The default webpage was verified to be accessIble 

from the Pi device itself (through localhost), and both from laptop and smartphone 

access (through accessing default Pi device lP address). 

//URL to access index.html from Pi device: 

http://localhost/ 

//URl to access index.html from laptop/phone 

http://192.168.1.65 //default Pi device IP 


4.5.2 Webserver Specification 

lh: specification of the web server components at this phase is as descnbed in tab le below: 

Table 4.4 : Webserver components and their specification. 

Part LAMP 
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4.6 Development Phase 5: Web-based UI Implementation 

~ phase is mainly to equip the system with a Web-based internee, as an intennediate 

oc~vcen the Pi device and ~er Main objective is to develop a Web-based interfuce fOr ~er 

olcraction with the file server fimction. TIle webserver capability is realized by LAMP 

'!"ebscrver which was installed previously in Phase 4. The Web-based VI main pmpose is to 

prol'ide access to file server configuration without direct access to tbe system Aside from 

that. the Web-based Dlterface was extended to include ,secondary media center fimction, where 

',lsm can view and play media files through web player and web image viewer 

4.6.1 Implementation Analysis and Planning 

The process of configuring Samba server mainly invo lves the modification and configmation 

of smb.con! file, the Samba configmation file which is loca ted inside letclsambal folder. And 

:bJs, the fiature of the configmation needs a system tbat can read and Wlitc or modrlY the the 

;,.ntent of the file. The main idea is to do this through a Web -based interface, and in thrs 

(llliext, it is by us ing a web page to do the configmation. This is possible to be done through 

th: utilization of HTML, JavaScript, CSS and PHI' techilologies. In a way, tile Web-based 

nerJace can be seen as a Web-app application that configures the system file server fimction. 

lleilre the development of tile Web-based internee can be initiated, it has to ha ve a proper 

ma~sis and plarming. ~uring analysis process, extensive research has been done focusing on 

«eiOC technica l deta ils of how the configmation will be achieved or whether it is even 

n,IJic. It was then found that PHP has various built-in fimctions to support read and write 

'pera tioll5 to external file but lack proper parser fimction that can parse configmation file like 
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Samba' s CONF file. PHP does however have a built-in parser called parse_iniJileO to parse 

~ I file, another type of configuration file . 

What this parser function does is parses the content of a configuration file and put them in 

b tl I multi-associative array, and return the associative array. For more details , see its 

docUlrentatio n as referenced by php _inlJile (n.d.). The structure of INI file and C ONF file is 

!l-c same since both consist of one or more sections that are enc losed U1 square brackets, e. g.: 

iseclionNamej and have correspond ing key and value Wlder each section. The section names 

are unique but the key and values are usually not. And due to this, parse_'niJileO fimction 

can be used to parse Samba 's CONF file too . The generic structure is as shown belo w 

:section1] 
keyl = va lue1 
<ey2 = value2 

[section2] 
'<y3 = value3 
key4 = value4 

isection3] 
\eyS = val ue5 

Figure 4.2: The generic structure of INI and CONF tile. 

However, the built-u1 fimction has certau1 limitations when reading certain key values that 

(nlilain reserved words: where values like null, off, no and false result in" " (blank), 

IDle values like yes and true result U1 " 1" (php_iniJile, n.d .). Tbis becomes a problem 

menparsu1g Samba ' s CONF file since it contau1S yes and no va lues and the content of the 

y being passed does not reflect the file actual content. However, due to performance 

,.:n;iderdtion and tme consu'au1t, it is decided that parse _'n(jileO function will be used , 

'Ither than creating a new parser function from scratch tha t may not even be parsing correctly. 
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W thus, rt was mandatory to create PHP fimctions that can manipulate multi-associative 

UTlIy and change the values inside the array, regardless whether parsing Samba CONF file 

lill be using built-in fimct ion or not. As for the displaying and modiJYing the content of the 

l'ONf file through web-browser, PHP, HTML, CSS and JavaScript technologies will be 

~zed to rea lize tha t, 

~,6,2 Implementation Procedures 

4,6.2.1 Webpages for Web-based UI 

Table 4.5: Summary for the webpages for Web-based UI. 

crite ria 

Total number of web pages 

Infonnation 

24 

File types 
r--
Unes of code (LOC) 

23 PHP files, 1 HTML 
Range: 137 (min) - 754 (max) 

location <web server- tDlder> /SambaKod iP iJWeb UI / 

The implementation procedures for the develo pment of the base webpages are as descnbed 

,Icp-by-step below: 

I) Several bootstrap-based webs ite templates were browsed, compared and downloaded, 

2) It was then decided that SB-Admin-2 ,1.0.6 will be used as the website template mainly 

because of its sleek and attrac tive design along with various examples that showcas ing 

rts UI elements for future rererence dwing coding process , 

3) The template was then uploaded into Raspbenry Pi default webserver folder 

(lv arlwwwl) and the template was tested and verified to be disp layed and working 

cOITectly and can be accessed fi'om P i localhost and from outside (laptop and phone). 
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4) 	 The SB-Admin-2 template is then modified and several h~nl and php webpages are 

created one by one by mainly by using Notepad++. 111e webpages were created based 

on the file server fimctio nality. The full list are as listed in table below: 

Table 4.6: The list of web pages for We bUI component. 

login.php The login page to log in to the system 

new users to 

user after they are logged In. 

system as a whole. 

system as a 

"arlma server 

OISIJiay and ' o rnho shares. 

-Ole page to display and edit Samba server configuration 

system storage. 

stored in the system storage. 

The page to system storage. 

The page to manage new user application. 

user accounts. 

comments 	 system 

and feedbacks on this system 

page to manage user 

page to manage user 

The page to display access error (uscr not logged in). 

en'or is not an admin}. 
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5) 	 An offic ial logo for the WebUl was also created using Adobe Photoshop CS5 , and it 

was dw-ing this step that the system decided to be named SambaKodiPi, in honor to 

Raspbeny Pi and the two main programs that power the system main functionalities. 

6) 	 Over time, the webpages are being modified one by one as file setver functions are 

being developed iteratively and incrementa lly by utilizing Pill , JavaScript, HTML 

and CSS technologies. Due to the high munber of tota l pages and long lines of (some 

are redWldant) code fo r each page, the resulting final sow-ee code for the WebUI pages 

arc included as softeopy. The screenshots for each page however, are as shown in 

Append ix Section 8.3. 

4,6.2.2 The PHP functions for WebUl base operations 

Table 4.7: Sununary for the file handling WebUl base operations. 

I lite ria Infomlation 

SKP-Base.php 

Incation 

IDe name 
<websetver- folder> ISambaKod iP ilfu nct io nsi 

Dmription For WebUI session initialization, login, user authentication, 

dbase query, access restric tion, and for all other basic WebUI 

fW1Ctions 

Content details 28 global functions 

lines of code (LOC) 567 

i:'e nnplementation procedures for the development of the Pill functions for WebUI base 

t',lerations are as descnbed step-by-step below: 

I) 	 Before the WebUl opera tions start to be implemented, a new database called 

SambaKodiPi is created through phpMyAdmin page (http ://localhosl/phpmyadmin/J . 

Inside it is the new user table with manually inser1ed va lue. 

77 




2) Once done, a new privilege is created for user called 'jyp" and its password and 

granted speciiic access to the SambaKodiPi database created previously. This user 

credential will be used as login connection to connect to the database later. 

3) The initial base PHP fimction was then created, specifically the login code section to 

verilY user login into the system The code section that works together with MySQL 

was implemented in login.php page by using Dreamweaver CSS. The login code is 

then tested by logging in into the system through the WebUl page and verified once 

the page manage to redirect user to home.php page upon successful login 

4) Next is the code section for logout action, also created using Dreamweaver CS5, to 

logout user from the system Once done, the logout code is then tested and verified 

once user is red irected back to login.php page upon successfu l logout. 

5) Next is the code section to exD'ac t user infonnation (name and account type), in order 

to display them on the webpage under user icon section, also created usolg 

Dreamweaver CS5. TIle code section is then verified whe n it displays the user 

informatio n correctly. 

6) That concludes the basic base operations for the WebLJI pages. However, fonowing 

the capability of PHP fi.mctions to be working mside a single file, it was decided that 

the WebLJI base operations are to be placed inside a single file too , caned SKP­

Base.php. The rnain reason for this change is for readability and maintel'ance purposes 

fur the source code section inside WebUl pages. Doing this also heavily reduce code 

redwldancy of sunilar source code inside each page. 

7) In order to put the PHP base operations ins ide externa l file, the logic behind the code 

generated by Dreamweaver need to be fully understood as it is stmcturaL And thus, 



putting them inside an external file then required modification and creation of new 

functions so that the code section can be caUed fi"Om each WebUl page. 

S) 	 All the base operations are then placed inside their own fimction, wb.icb now accepts 

parameter arguments so that they can be caUed and used by each WebUl page. 1l1ese 

functions are then later extended to include specific database query for user 

authentication and also access restriction. Due to the high number of LaCs, the final 

source code for the SKP-Basephp file that handles the WebUI base operations is not 

included in this report, but includ ed as softcopy. 
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4.6.2.3 The PHP functions for File Server operations 

Table 4.8: Sununary for the file handling WebUI me server operations. 

its content and other operations used by WebUI file server 
function 

(ontent 41 

of codes (LOCs) 

1k 	unpJementation procedw-es for the development of the PHP funct ions for Samba CO~ F 

:Illtlipulation are as described step-by-step below: 

I) lbe initial PHP functions crea ted were tbe ones that access values in nOn1lal array. 

They later extended to value modifica tion in nOmlal array. All functions were created 

based I11ainiy from examples from PHP docw-nentation (php.net) and other typ ical 

sow-ces such as slGckovelflow. com website. 

2) 	 Once the basic logic was implemented , new functions were then created to handle 

nOmlal associative array. Once they were working fmc:, a discontinuous and very time 

consw-ning effort was given to extend the functions in order to sUppOl1 manipUlation of 

multi- associative arra y as well, especiaUy level I multi-associative array, since it is of 

that structure ofCONF file. 

3) 	 Once the functiolls are implemented, they were being tested and modified accordingly 

by 	 processing dummy INI and CONF file, working along with parse_ini~lIeO 

function to parse the content. Once the functions are verified to be accessing the 

content properly, it is then tested by parsing the rea l Samba CONF file. 
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4) Extra limclions then created to modifY values of yes and no inside Samba CONF file 

that are being displayed as "j" and "" (empty) inside array that is being passed by 

parse inly/eO limction. This in tum ensures that the values inside the alTay match 

that of actual Samba CONF values. At this point, the whole parsulg process involves 

parsing using parse_inifi/eO limction and mantIal editing of array values. 

5) 	 Once ule parsing process are verified to be working correctly, only then other 

fimctions are created and WebUJ development focus back on "integrating" and usmg 

these PHP limctions to display and provide a way to collfioaure the Samba CONF 

content through the WebUI. 

6) As the implementation for WebUl progressed, more PHP limctions were created 

whenever necessary to accommodate the fimctions needed to unplcment file server 

connguration. For proper utilization, some of the limctions were extended aga in into a 

class called Sam b(JCONF, so that it is easier to be called and use its limctions once it is 

initialized as object. In a way, the implementation of the S(JmbaCONF class also 

utilized the concept of Object-Oriented Programming. 

7) The PHP limctions are then grouped together into one PHP file and put under 

fimctions folder so that all WebUJ pages can utilize them Note that the source code 

fOr the WebUJ pages kept changing over tune as more features are being implemented. 

Due to the high number of tines of codes (LOC), the final source code for SKP-FSphp 

file that handles the WebUJ file server operations is not included Ul this repol1, but 

included as soflco py. 
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4.6.2.4 The PHP functions for Media Center operations 


Table 4.9: Summary for the rue handling WebUI media center operations. 


other WebUI media center fill1ction 

h tal numbe r functions 13 

of codes (LOCs) 327 

roc 	 implementation procedures for the development of the PHP functions for WebUl media 

,enter operations are as describ ed step -by-step below: 

I) The initial PHP functions created was the one that scans directory and return the 

inlOnnation in that dU·ectory. They later extended to recursive dU'ectory scanning 

based on passed path parameter and return the directory information U1 an array. Some 

of tbe co ncepts utilized in the functions were created based on examples from PHP 

documentation (php.ne/) and oUler typical sources such as stackove17ow.com website. 

2) 	 Once the recursive directOlY scanning operations are working, new function was then 

created to filter the directory for specific file type based on a specified extension value. 

Once this function is tested and working, it is tllen extended to filter for several file 

extensions at once, where the extensions are stored in an array, passed as a parameter. 

3) 	 Once the functions are tested to be working together, new function was then created 

that combines the concepts of both recursive directory scannU1g and file extensions 

filtration. This was done so that all of the operations for directory scanning fur specific 

file are stored and handled by one function. This function was then tested and proved 

to be work ing as intended. 
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4) Aller that, other fi.mctions were created to help with debugging. As the implementatio n 

for WebUI media center fi.mction progressed , more PHP flmctions were created to 

accommodate the fi.mctio ns needed to impleme nt the Web Ul media center fi.mctio n. 

5) Aside fi'om that, other fi.mctions were also add ed to retrieve summary of media files 

infurmation. Due to the high nwnbcr o f LOCs, the final source code for SKP-MCphp 

file tha t handles the WebU1 media center opera tions is not includ ed in this report, but 

included as so ft copy. 

4.6.3 Web-based UI Specification 

11k: specification for the WebUI components at this phase is as described in table below 

Table 4.10: Wel:rbased U1 components and their specification. 

v3. 3.2 Base JS 

v4.3.0 Custom icon font WebUI 

CSS v4 .3.0 Custom CSS font Ill r WebUT 

Font vl.009 Custom icon tont fllr WebUl 

CSS vl.O Custom CSS fur WebUI 

JavaScript vl.O 

JavaScript Custom 

PHP Base PHP connectio n to 

Template v2.1.0.6 Base website template WebUI 

PHP 

server operatIOns 

vI.O media center operations 

vary temp 
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4.7 Development Phase 6: System Integration and Validation 


lb~ phase is mainly to integrate the file server and media center components in the Raspberry 

Pi \Vitil tile WebUI component. Maul objectives are: 

a) To validate that the WebUI configuration function is working and capable to modifY 

the file server shares and server settings as intended 

b) To va lidate that the WebUl media center function is working and capahle to access, 

read and play the media files stored in the media. fo lder 

c) To validate that the file server and media center components are compatible with the 

WebUI component and between each other. 

[he va lidation processes stated above were done by testing the WebUI functions on the real 

L\MP server in the Raspherry Pi. Most of the testing processes were done in conjwlction 

uih the System Testing activities. DLlling the testing process, several elTors and bugs were 

JisI;overed and tllen fixed by modifYing the source code of the WebUI component and 

OIJduying certain file systems and pennissions in Raspberry Pi system In the end , the WebUI 

'''IT!'onent was successfully integrated with the Raspberry Pi and compatible with the file 

~'!I'er component and media center component. 

lJI,; WebUl configuration function was validated to be working and capab le to read Samba 

iliguration file (5mb.con/) and display its content cOITectiy on the WebUl page. It was also 

be capable to modifY the file server shares and server settings correctly. The 

~ebUl media center function was also validated to be ab le to access and read media files 

"rW nl media folder and capable to play and display them correctly on the WebUl page. 
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4.8 Other Tools and Devices Used for Implementation 

Below is the Jist of other tools and devices that were used to develop the system 

Table 4.11: Details of otheT tools and devices used during implementation process. 

Device 

S 

Software 

codes 

backup ptnposes 
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5 Chapter 5 - Testing 

S.1 Introduction 

lli; section describes in details the testing activities ror the system that is being imp lemented 

fl this project TIle testing activities were done based on ISTQB's testing principles, using 

100lCcpt from the ISO 9126 standards as reference (Software Life Cycle, 20 I J). And thus , the 

»; tem testing for this system covers fO ur main test levels: 

a) Component testing 

b) lntegration testing 

c) System testing 

d) Acceptance testing 

Each test level may consist of several sub- testing levels. Each level consists of description 

Jbout the procedures on how the testing activities were done along with their results. Testing 

l:tivities involves bo th static and dynamic testing fO r the validation and vermcation of the 

iro l system Overail testing process focuses on measuring the quality of the system in terms 

fboth its fimctional and non-funct iona l requirements. 

5.2 Component Testing 

Component testing is essentially the first testing leveL focuses on testing the slm ilest units of 

I software product Main objective is to ensure tbat the system bas the con'ect and complete 

,tionality based on its requirements. Component testing for this system involves unit 

:t>ting fOr the units of each hardware/so ftware or device that !11akes up file server component, 

:ned ia center component, WebU1 component and the system as a whole. 
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Cnit testing, in general, concerns with the testing of individual software units or object classes 

linl make up a software program and testing is focused on their functionality. In the context of 

±is project, lUUt testing focused on three main areas. Unit testing activities were performed o n 

Clch of the areas by using both static and dynamic testing methods. Due to lhis, unit testing 

"as essentially done using white-box test techniques. TIle testing areas are: 

I ) TIle functiona lit y of each hard ware/soft ware component and electronic device 

2) The functio nality of each WebUI page 

3) The functionality of individual PHP nmctions that bandle base operations, file server 

operations 	 and media center opera tions 

5.2,1 Unit testing for hardware/software component,; 

Ilx: hardware/so ftware components and electronic devices in this context are those tbat were 

~",d dtuing implementa tion phase as descnbed in Cbapter 4. Hardwa re components were 

~ected physically while software components were inspected by checking their installation 

<I1ooition, both for any defects and later their functionality was tested and verified one by one 

mig assembling process throughout the implementation proc(',,,. Aller the testing, aU 

((ill¥lnents and devices were verified to be in good condition and working correctly. The 

~uk for this lUUt testing is as shown in Appendix Section 8.4. 

5.2.2 Unit testing for WebUi web pages 

for WebUl web pages, unit testing was performed by inspecting the base source code for each 

:xIge tor their structure and indentations. TIle functionality and correctness of each page then 

by viewing them using web browsers (Mozilla Firefox and Google Chrome). The 

correctness 	of each page source code were then verified by inspecting the page 

browsers .. View page source ' built-in function. This function is capable 
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10 highlight incorrect or missing HTML tags as well as syntax error of HTML codes or 

inproper use of HTML attnbutes and elements. After the testing, all WebUI pages were 

'l'lified to have proper structure and indentations, ha ve no syntax en'or in tags or llnproper 

lISe of l-ITML elements and displayed correctly on web browser. The result fo r this wlit 

~stiog is as showl1 in Appendix Section 8.4. 

5,2,3 Unit testing for PHP functions 

for PHP functions , unit testing was perfurmed by inspecting the sow'ce code of each of the 

' HP functions Ul three separate files namely: SKP-Base.php , SKP-FS.php and SKP-MCphp. 

I1r func tionality and correctness of each function were tested by inspecting the code liue by 

II: fur con'ect structure and uldentations and by executing the functions and class functions 

uSing test parameters and dUI11ll1y arrays. AU the dynamic testing activities were done by 

:RIg tesl.php page, an additional page created just fo r testing various HTML, JavaScript and 

JHP ftmctions before they were "transferred" and used in the actual WebUI page. 

lMing the tes ting, some functions were found to be incorrect and they were fixed and re­

",ted again until they are working as intended. After the testing, all PHP functions for base, 

~ seIVer and media center operations were verified to be coded correctly in tenDS of 

't:u:ture, parameters, and function calling and thus verified to be working correctly. TIle 

~;uhs fur this unit testulg are as shown in Appendix Section 8.4. 
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5.3 Integration Testing 

Integration testing is essentially the second test level after component testing. At this leveL it 

. assumed that the test objec ts for this level are already tested in component testing and their 

and elTors have already been fixed . TIle main objective of integration testing is to veriJY 

interaction and interconnection between system devices and hardware components and the 

tionalities of the integrated components: the Raspberry Pi controller device, the liIe 

"rver, the media center and the Web-based UI. 

the context of this project, component testing focuses on three main areas: 

I) TIle functionauty of each of the integrated components (the Raspbeny Pi component, 


File Server component, Med ia Center component and LAMP web server component) 


2) TIle functionauty of WebUI integra ted component as a who le (WebUI pages and the 


integration with its CSS liles, JavaScript files and Pill' function tiles 

3) The interaction between all the integrated components that make up the SambaKodiPi 

system as a whole 

5.3.1 	 Functionality testing of integrated components inside Raspberry Pi 

Q[ (I), the Raspberry Pi integra ted components were inspected physically for any physical 

!l:lects. For other components, the sub-components that make up the compo nent were tes ted 

mJ verified based on certa in test cliteria during their integration process throughout the 

Ir\lk:mentation phase. After the testing, aU Dltegrated components were verified to be in good 

:oOO1ion and working conectly. Full results for this testing are descnbed in details in Table 

6in Appendix Section 8.5. 
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5.3.2 Functionality testing of WebUl integrated components 

ror (2), the WebUI integrated components were tested based on certain cliteria determined by 

the author. The criteria include inspectulg aU webpage files for completeness and ex istence, 

rcvicwulg the extended source code that use or call any C55, Java5cript, or PHI' code or 

timctioll. The integra tion between H1ML, CS 5, Java5cript and PHI' was also verified by 

.lling Firefox web browser .. Vie w page source" fuDction. The functionality of it as a whole 

was then veli£ed by how each page displays the end results on web browsers, as intended and 

wihout any en"Of. Full results for this testing are descnbed in deta ils in Table 8. 6 in Appendix 

Section 8.5. 

5.3.3 Integration testing between all integrated components 

For (3), the interac tion between the integrated components was tested once they are all 

I1tcgrated togcther to make up the resulting 5ambaKod il'i system in this project. The pre­

condition for this is when the WebUI component is successfully installed and configured in 

the LAMP webserver folder. TIle interactions between them were tested based on certain 

.rieria detem1ined by the author. Full results for this testing are described in deta ils in Table 

1.7 in Appendix Sec tion 8.5. 
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5.4 System Testing 

S)~tem testing is the third test level after integration testing. Main objective is to verifY that 

ihe SambaKodiPi system implemented meets its speciJied requirements. At this leve~ it is 

assumed that the system is now fully assemb led and has passed integration testing as a whole. 

In tllC context of this project, system testing test object is the SambaKodiPi system as a whole. 

' )~tem testing can verilY that an implemented system fulfills its requirements based on two 

iparate classes of requireme nts: 

a) FWlctiona I requirements 

b) Non-functional requirements 

In order to cover fur both functional and non- functional requirements for the SambaKodiPi 

'J,tcm, it is tested based on software quality charac teristics as stated by ISO 91 26 standard. 

Thill, system test ing covers the foUowing three main characteristics: 

I) Functiona lity 

Covers functio nal testing, secwity testing, accuracy testing and interoperabiIity testing 

2) Retia bilit y 

Covers reliability testing 

3) Effic ienc y 

Covers performance testing 
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5.4.1 Testing Functionality 

5.4.1.1 Functional testing 

Descript io n:. 

Ftmctional testing focuses on testing the fimctions of a system. In tllis testing, system 

requirements and use cases are used as test basis to test the fimctio na lity of the tina I system 

I,!ocedures: 

T~sting activities involved testing and verifYing that the functio nality of each of the system 

requirements and use cases are fully implemented. 

Results: 

The final system passes all functional test cases as it has all base functions based on its 

specified requirements and use cases. The final system also includes additional (secondary) 

rredia center function which was not originally specified in its base requirements. Full results 

Ilr jUnctional testing are descnbed in deta ils in Table 8.8 in Appendix Section 8.6. 

5.4.1.2 Security testing 

!>"'Scription: 

Security testing focuses on testing the access authorizations of a system In this testing, the 

'cessibility restriction of the sys tem is used as test basis to test the security of the system 

I'locedures: 


Testing activities involved testing the access restriction of the WeblJI pages if user is not 


•<>Qed in and access restriction if user tries to access restricted page/content specifically 

Ilcnded for admin only. Also includes the testing of access restriction for WeblJI subfolde!3 

th.u store sensitive information. 
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TIle firuJl system passes aU security test cases. Access to certain WebUl subfolders is properly 

restricted, validating that the Apache configuration is proper and .luaccess fiJe is working. 

Full results for secw'ity test ing are descnbed in details in Table 8.9 in Appendix Section 8.6. 

5,4,1.3 Accuracy testing 

Description: 

Accuracy testing focuses on testulg a system capability to perfonn its fi.ulctions to provide the 

ri<~Jt results or etfucts. [n this testing, the accuracy of the Kodi program and WebUl are tested 

hased on the user interactio n and input against WebUl response and results being displayed. 

Procedures: 

Testing ac tivities ulVolved testing Kodi program and its accuracy to display and playa media 

J1e, testing the Webl.fl sb-ucture in terms of correct web page for each of its URL link and 

~~ting the user input fur various forms in the WebUl. The forms include the ones used for 

registration, comment, changing user profiJe change and password, adding new server share, 

(drting existing server share and editing server settings Accwacy testing also covers the 

~ccuracy of Web UJ actions perfunning its fi.u1ctions related to user input and the furms, admin 

fuoc tions to accept or reject user application, disable or enab le existing user accoWlt and 

r,~ening user passwo rd and delete an existing server share. The accuracy of WebUl media 

:cnter fi.mction was also tested, verifYing that it can display list of media fiJes correctly and 

p~y the correct media file that is being clicked by user. 

Results: 

The final sys tem passes all accw'acy test cases. This further verified that the system was 

properly fixed for its defec ts/errors during component and integration test level Full resuits 

)Ir accuracy testing are descnbed in details in Table 8.10 in Appendix Section 8.6. 
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5.4.1.4 Intel'uperability testing 

Description: 

\ccording to ISO 9126. interoperability testing focuses on a system capability to interact with 

one or more specified components or systems. In this testing, the test cases focus on tile 

lambaKodiPi file server and WebUl components. 

Procedw'es: 

Testing activities involved testing tile interoperability of ~he file serve r capability to share files 

11 otiler systems, which in this case the Wind ows pl2tfonn and Android platfurm 

[nteroperability testing also covers tile WebUl capability to be accessed by different browsers 

and on different pl2tfonns. 

Results : 

'rho final system passes aU interoperability test cases. SambaKodiPi file server function is 

:apable to host arJd share files to both I2ptop running Windows 7 and smartphone running 

Indroid KitKat, through ES File Explorer app. lOe WebUl website is proved to be accessib le 

l'n both platfonns, using both Google Chrome and Mozilla Firefox browsers. Full results fur 

nlcmperability testing are descnbed in details in Table 8.1 I in Appendix. Section 8.6. 
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5.4.2 Testing Reliability 

5.4.2.1 Retia bility te sting 

:kscriptio n: 

\ccording to ISO 91 26. reliability of a system is its capability to mainta in a specified level of 

rerfunnance wlder certain conditions and for a specific period of time. In this testing, the test 

focus on SambaKodiPi functions to run nonnally for a specific period of time. 

Procedures: 

jisting activities involved testing the Kodi media center program and WebUI media center 

play several media files for a certain time period . It also involved testing the 

server shares accessibility over a 24 hours period. 

·ne final system passes all reliability test cases. SambaKodiPi media center func tion seemed 


11 be working smoothly when playing media files, for both Kodi program and WebUI media 


;mer function. Note that for WebUI media center function, its reliab ility also relies on the 


~' tem that powers the web browser. As fo r Samba tile server shares, they seemed to be st ill 


cessibJe nonnally after the Raspberry Pi system been switched on lOr over 24 hours period. 


\ lIte that the file server function also relies on router stab ility thai powers the network. Full 


ruIis for relia bi lity testing are descnbed in delails in Table 8. 12 in Appendix Section 8.6. 
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5.4.3 Testing Efficiency 

5.4.3.1 Perfonnance testing 

Description 

Performance testing measures how efficient a system perfunns its functionalities. In the 

,ontext of this system, pelfonnance testing focus on the file transfer speed across file server 

IiUlCtion of SambaKodiPi system. 

Procedures: 

Testing activities to test the perfonnance of file transrer speed involved the copying of a big 

lize file and measuring the time take to copy the file. In this case. a movie file of size I GB 

was used. The details of the constant variab les in the perfonnance test are as described below: 

Table 5.1: The constant variables in performance testing for me transfer speed 

t titcria Constant v81;ablcs 

Perfonnance test procedure Copying a big file onto Desktop 

r~e being transferred Movie file of size I GB (1000 MB) 

External JIDD used Seagate 500GB (with USB 3.0 support) 

Powered USB-hub used 10-slots Powered USB-hub (suppOt1 only up to USB 2.0) 

l.a ptop PC being used Acer Aspire 4750G 

Raspberry Pi storage Kingston Micro S D 8GB class 4 

To test the perfulmance of file transfur speed, the tune taken to copy the I GB file was tested 

I'n v;lIious setup and condition as well as copying the file itself as server share. 1ne file was 

copied for several times through the external HDD, with and without powered USB hub as 

l1lennediaty and also using Raspbeny Pi to test real-tune file transrer speed when the file IS 

accessed through server shares. The list of the difterent setups to test the file transfer speed IS 

as listed below: 
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a) Extemal HDD - Powered USB Hub - Raspbeny Pi (using File Manager) 


b) External HDD - Powered USB Hub - Raspberry Pi (using LXTerrninal) 


e) External HDD - Powered USB Hub - Raspberry Pi (using delilUlt command- line, no 


desktop GUl) 

d) External HDD - Powered US B Hub - Raspberry Pi - Router - Laptop (the file as server 

share - the operational setup) 


e) Extemal HDD - L1ptop USB 2.0 slot 


f) External HDD - Powered USB Hub - Laptop USB 2.0 slot 


g) Extemal HDD - Laptop USB 3.0 slot (the ideal setup) 


h) External HDD - Powered US B Hub - Laptop USB 3.0 slot 


Results : 

Through the test, it is found that the speed of file transfer through server shares is aunost the 

,dine as normal copying speed from external HDD into the Ra spberry Pi itself; which is 

around 5 MB per second. lllis file transfer speed is already quite good to ensure smoo tll 

media streaming. As an id eal comparison, the file transfer speed is at optimum speed of 

around 55 MB per second when te sted through the id ea l setup. 

'ote iliat tlle file transfer speed was restricted by the limitation of the powered USB-hub that 

','"5 being used only supported up to USB 2.0 transfer speed. At tlle time of tlle testing, a 

;lOwered USB hub that supports USB 3.0 was not available. It is believed tllat from the test 

~hs, tlle file transfer speed of a file as server share should be much higher or could be close 

050 MB per second if the storage has a powered USB hub that can sup port US B 3.0. TIle 

re:.uhs of the perfonnance of file transfer speed are as shown in Table 8.13 in Appendix 

leetion 8.6. 
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5.5 Acceptance Testing 

Acceptance testing is the fourth and final test level after system testing. Main objective is for 

" ended users of a system to actually use the system and decide whether the system meets 

their specified requirements . In the context of this system., the actual end-user for the system is 

the author himself lllUS, alpha testing and beta testing are a moot point considering the end 

user is the developer himself and he already more than fumiliar with the system functions , 

operations and limitations. However, these testing can still be done in the future shall the 

sl~tem is intended for other group of users. Due to this, only acceptance testing is done on the 

'y,tem, to test user acceptance of the system 

5.5.1 Testing user acceptance 

Descripton : 

l;ser accep tance testing is perfonned by the intended user of a system by actually using the 

tIDl system and deciding whether the system is ready to be accepted and deployed on a real 

(nl'~onment. Test cases were based on certain criteria determined by the author. 

Procedures: 

Testing activities involved testing user acceptance to the system functionalities as a whole. 

Criteria focus on whether the final system is complete with sufficient enough fill1ctions and 

i:.lturcs. It also test on whether the user is satisfied with the system as a whole and ac cept it as 

Iut they really wanted. 

Results: 

10C final system passes aU user acceptance test cases. The intended user, which is the 

himsett; is fuUy satisfied with the file server and media center functions. The 

user also fully satisfied with the Web-based user interface (WebUl) file server 
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oonilguration function and the secondary WebW media center function as they are both 

~l1rk.iJg correctly. Full results for acceptance testing are described in deta ils in Table 8. 14 in 

.\ppendix Section 8.7. 

5.6 Summary 

fhiI chapter has descnbed ~1 details how the system was tested through four test levels 

rumely component testing, integration testing, system testing and acceptance testing. Each 

lest level contains sub- testing activities. In each testing activities, the test descriptions, 

procedures and results are stated and descnbed accordingly along with full testing results, 

ILluded in Appendix section. After the system underwent those testing activities, the system 

3.\ a whole has passed all the test cases. Finally it was accepted by the intended user as a 

complete system with suffic ient fi.ulctionalities, fulfilling what the user intended. 
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6 Chapter 6 - Conclusion and Future Works 

6.1 Conclusion 

!n this FYP Final RepOIi, a ll chapters seemed to have descnbed and explained in details about 

!hi; resulting final system for this FYP project. Chapter I has introduced tllis system on wha t 

lIas all about and Chapter 2 has provided more than sufficient literature review for this system 

aoo its backgrotmd infonnatiorL Meanwhile, Chapter 3 descnbed in details the system 

ana lysis and design for this system along with its architecture and concept. Then Chapter 4 

outlines its imp ~mentation details through its six development phases in rea lizing tllis final 

system Finally, Chapter 5 displayed in deta ils the tes ting activities that were done on the final 

S)stem along with their results which are included in Append ix section. 

!lespite the overwhelming odds of techuucal difficulties and time constraint, in the end, the 

linal system was successfully developed. The final system, wluch nicknamed as SambaKodiPi 

5 essentially an integrated system of 5 main integrated components, namely: the Raspberry Pi 

component, the Samba Dle server component, the Kodi media center component, the LAMP 

lIebserver component and its Web -based User Interfuce (Web UT) component. All of these 

'omponents have passed component and integration testing and proved to be working 

iogetller. The final system also passed sys tem testing, which tested its functionality and 

-eli1bility and finally acceptance testing by its intended user. Granted that the system may still 

De quite simple but there will always be rooms and time for improvements and addition of 

!Illre functions in the future. And it is now properly equipped with all the required capability 

realize all its original intent and purposes. 111us, the final year project aimed to develop this 

\)1itern, as a whole, is definitely a success. 
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6.1.1 System limitations 

"iotc that the final system has the following limitations: 

a) Its file server and file sharing fimction is intended for personal usage, in a small home 

LAN network environment with limited nLllllber of users (arowld 5). Thus , its file 

server and file sharing is not tested to cater fOr high nLllllber of users. Note that doing 

tJlls rnay overload the Raspbeny Pi device and crash if it calmot handle high munber 

of users cOJmecting and accessing its server sharys concUITently. 

b) Its primary media center fimction was tested to work with one video output, either PC 

monitor or HOTV Its HOMI video capability was not tested on multiple monitors or 

screens and Raspberry Pi rna y lack the power to support multiple monitors output. 

c) Il, Web-based User Interface (WebUI) component was tested only on Google Chrome 

v42 and MozilIa Firefox v36, on both Windows and Android platfonos. And thus, it 

was not tested on oU,er web browser, rwming on other platfOrm AL'io note that its 

display and fimctiona lit y may not work on web browsers with low HTML5 support. 

d) Its secondary media center fimct ion, which provides aud io and video files playback 

using its WebUI component is limited in tenos of [onnat support. The audio player for 

the WebUI was implemented using HTML5 audio element and thus its audio pla yback 

support is limited to MP3 , WAY and OGG file extensions. The video player for the 

WebUI was implemented using DivX web player plugin and thus its video playback 

support is limited to MKV, DNX, MP4, M4V and MOV lile extensions. 

e) Also note that since the secondary media function tor video playback uses 3,d party 

DivX web player pJugin, the WebUI video playback will not work on web browsers on 

3rdmobile devices since they lack support for party plugins. Audio and innage viewer 

fimction however should be working fine as they are using purely HTML5 elements. 
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6.2 Future Works 

TIlcre are many other fimctions that the author would have liked to add into the system but 

\l JS wlable to do so due to overwhebning time constraint as well as due to technica l 

knowledge and implementation limitations. Other original fimctions ultended for the system 

were also not implemented due to their impossible nature or out of the original system scope. 

They are now essentially ca tegorized by the author as possible future works that can be done 

to improve the system where some will implemented by the author himself The list of future 

·mrks for this system is as listed below: 

I) 	 Extend the system for access outside of local network/through the internet, but doing 

this will also need the system to be equipped with proper secwity implementation 

(along with proper session timeout and dual-login preventio n) 

2) Add TV-viewing fimction (was not implemented due to lack of hardware component 

and time constraint) 

3) Develop a custom-made parser to parse Samba CONF file 'llld avoid the limitations of 

php_iniJ ileO with certain keywords 

4) Develop WebW system config, if possible, to havefimctiOl1 to enable/disable file 


server, remo te restart/shutdown of Kodi program and remote restart of Raspberry Pi. 


5) Develop an intemledialY GW for direct system management for the Rasp Pi (same 


concept with WebUI) that shall separa te direct access to system OS 

6) Extend Kodi and WebW media center function files to include user-uploaded content 

7) Extend WebW system info, if possible, to display server health, performance and logs 

8) Extend WebUI to ha ve a web-based terminal access using SSH to manage system 

9) Improve WebUI media fimctio n to ha ve playlist function (with queue, like Youtube) 

IO) lmprove WebUI to have localizatio n for otller langua ges 
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8 APPENDICES 

B.l Appendix A - Default content of Samba configuration file 

# This is the main Samba configuration file. You should read the 

~ 5mb. conf(S) manual page in order to understand the options listed 

~ here. Samba has a huge number of configurable options (perhaps too 

n many!) most of which are not shown in this example 

~ 


~ Any line which starts with a ; (semi-colon) or a # (hash) 

• is a comment and is ignored. In this example we will use a # 
, for commentry and a ; for parts of the config file that you 
I may wish to enable 
~ 
! NOTE: Whenever you modify this file you should run the command "testparm" 

I to check that you have not many any basic syntactic errors. 

# 

#======== === ======== == == Global Settings 

=;;;====~============================ 

[global] 

Uworkgroup = NT -Domain-Name or Workgroup-Name, eg: REDHAT4 
workgroup = MYGROUP 

# server string is the equivalent of the NT Description field 
server string = Samba Server 

# This option is important for security. It allows you to restrict 
# connections to machines which are on your local network. The 
I following example restricts access to two C class networks and 
~ the "loopback" interface. For more examples of the syntax see 
# the smb. conf man page 

hosts allow = 192.168.1. 192,168.2. 127, 

: If you want to automatically load your printer list rather 
# than setting them up individually then you'll need this 

load printers = yes 

# you may wish to override the location of the printcap file 
printcap name /etc / printcap 

' on SystemV system setting print cap name to lpstat should allow 
i you to automatically obtain a printer list from the SystemV spool 
~ system 

printcap name = lpstat 

# It should not be necessary to specify the print system type unless 
I it is non-standard. Currently supported print systems include: 
~ bsd, sysv, pIp, lprng, aix, hpux, qnx 
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printing = bsd 

¢ Uncomment this if you want a guest account, you must add this to 
/etc/passwd 
# otherwise the user "nobody" is used 
; guest account = pcguest 

~ this tells Samba to use a separate log file for each machine 

~ that connects 


log file = /usr/local / samba/var/ log.r~ 


" Put a capping on the size of the log files (in Kb). 

max log size = 50 


# Security mode. Most people will want user level security. See 

# security_Ievel.txt for details. 


security = user 


I	~ Use password server option only with security = server 
# The argument list may include: 
4 password server = My_POC_Name [My_BOC_Name] [My_Next_BOC_Name] 
# or to auto-locate the domain controller/s 
~ password server = * 

password server = <NT-Server-Name> 

# Note: Do NOT use the now deprecated option of "domain controller" 

# This option is no longer implemented. 


# You may wish to use password encryption. Please read 

# ENCRYPTION. txt, Win9S.txt and WinNT.txt in the Samba documentation. 

~ Do not enable this option unless you have read those documents 

encrypt passwords = yes 


# Using the following line enables you to customise your configuration 
~ on a per machine basis. The %m gets replaced with the netbios name 
I' of the machine that is connecting 
j include = /usr/local / samba/lib/ smb.conf.%m 

# Most people will find that this option gives better performance. 
• See speed.txt and the manual pages for details 
• You may want to add the following on a Linux system: 
l 	 SO_RCVBUF=8192 SO_SNOBUF=8192 


socket options = TCP NODE LAY 


j Configure Samba to use multiple interfaces 

, If you have multiple network interfaces then you must list them 

~ here. See the man page for details. 


interfaces = 192.168.12.2 / 24 192.168.13.2/24 

# Browser Control Options: 
• set local master to no if you don't want Samba to become a master 

, browser on your network. Otherwise the normal election rules apply 
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local master = no 

# as Leve l determines the precedence of this server in master browser 
! elections. The defau It va lue should be rea sonable 

os level = 33 

UDomain Master specifies Samba to be the Domain Master Browser. This 
Uallows Samba to collate browse lists between subnets. Don't use this 
~ if you already have a Windows NT domain controller doing this job 

domain master = yes 

# Preferred Master causes Samba to force a local browser election on 
startup 
~ and gives it a slightly higher chance of winning the election 

preferred master = yes 

~ Enable this if you want Samba to be a domain logon server for 
: Windows9S workstations. 

domain logons = yes 

# if you enable domain logon s then you may want a per -machine or 
" per user logon script 
" run a specific logon bat ch file per workstation (machine) 

logon script = %m .bat 
U run a specific logon batch file pe r username 

logon script = %U.bat 

~ Where to store roving profiles (only for Win9S and WinNT) 
# %L substitutes for this servers net bios name, %u is username 
# You must uncomment the [Profiles] share below 

logon path = \\%L\ Profiles\%U 

# ~jindows Internet Name Serving Support Section: 
# ~IINS Support - Tells the NMBD component of Samba to enable it's WINS 
Server 

wins support = yes 

# WINS Server - Tells the NMBD components of Samba to be a WINS Client 
I Note: Samba can be either a WINS Server, or a WINS Client, but NOT 
both 

wins server = w. x.y. z 

! WINS Proxy - Tells Samba to answer name resolution queries on 

; behalf of a non WINS capable client, for this to work there must be 

• at 	least one WINS Server on the network. The default is NO. 


wins proxy = yes 


# DNS Proxy - tells Samba whether or not to try to resolve NetBIOS names 

# via DNS ns lookups. The built-in default for versions 1.9.17 is yes, 

# this ha s been changed in version 1 .9 .18 to no. 


dns proxy = no 
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~;;;;;;;;;;;;====;;;;;;=;;=== Share Definitions 
== ======= ============= == ====== 

[homes ] 
comment = Home Directories 
browseable = no 
writable = yes 

# Un- comment the following and create the netlogon directory for Domain 
Logons 

[netlogon] 

comment = Network Logon Service 

path = /usr/loca l / samba/lib/ netlogon 

guest ok ; yes 

writable = no 

share modes = no 


# Un-comment the following t o provide a specific roving profile share 
# the default i s t o us e the user's home directory 
;[Profiles] 

path = /us r / l oca l /samba/ profiles 

browseable = no 

guest ok = yes 


# NOTE: If you have a BSD-style print system there is no need to 
# specifically define each individua l printer 
[printer s ] 

comment = All Printers 

path; / usr/spool /samba 

browseable = no 


# Set public ; yes to allow user 'guest account' to pr'int 
guest ok = no 
writable; no 
printable = yes 

# This one is useful for people to share file s 
;[tmp1 

comment = Temporary file space 
path = /tmp 
read only ; no 
publi c ; yes 

# A publicly accessible directory, but read on l y, except for people in 
# the "staff" group 
; [public 1 

comment = Public Stuff 

path ; /home/ samba 

public = yes 

writable; yes 

printable = no 

write list ; @staff 
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~ Other examples. 

4 

~ A pri vate pr inter, usable only by fred. Spool data will be pI aced in 

fred's 

~ home directory . Note that fred must have write access to the spool 

directory, 

# wherever it is. 

;[fredsprn] 


comment = Fred's Printer 
valid users = fred 
path = / homes / fred 
printer = freds_printer 
public = no 
writable = no 
printable = yes 

# A private directory, usable only by fred. Note that fred requires write 
~ access to the directory. 
;[fredsdir1 

comment = Fred's Service 
path = / usr / somewhere/ private 
valid users = fred 
public = no 
writable = yes 
printable = no 

# a service which has a different directory for eac h machine that connects 
# this allows you to tailor configurations to incoming machines . You could 
4 also use the %U option to tailor it by user name. 
# The %m gets replaced with the machine name that is connecting. 
;[pchome 1 

comment = PC Directories 
path = / usr/ pc /%m 
public = no 
writable = yes 

, A publicly accessible directory, read/write to all users. Note that all 
files 
# created in the dire ctory by users will be owned by the default user, so 
# any user with access can delete any other user's files. Obviousl y this 
~ directory must be writable by the default user. Another user could of 
course 
~ be specified, in which case all files would be owned by that use r 
instead. 
; [public 1 

path = / usr / somewh ere / else / publi c 
public = yes 
only guest = yes 
writable = yes 
printable = no 
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# The following two entries demonstrate how to share a directory so that 
two 
# users can place files there that will be owned by the specific users . In 
thi s 
~ setup, the directory s hould be writable by both users and s hould have the 
# sti cky bit set on it to prevent abuse. Obviously thi s could be extended 
t o 
n as many users as required. 
; [myshare] 

comment = Mary·s and Fred·s stuff 

path = / us r /s omewhere/ shared 

valid users = mary fred 

publi c = no 

writable = yes 

printable = no 

create mask = 0765 


8.2 Appendix B - Modified content of Samba configuration (5 mb.conf) 

[globa 1] 
netbios name = Samba 
server string = Samba TEST SERVER 
workgroup = MSHOME 
securit y = user 
hosts allow = 127. 192.168.1. 192.168.43. 
interfaces = 127.0.0.1/8 192.168.1.11 192.168.1.111 192.168 . 43 . 83 
remote announce = 192.168.1.255 192.168.43.1 
printcap name = / etc/printcap 
load printers = yes 
printing = bsd 
guest account = smbguest 
~g file = / var / log / samba / samba.log 
~x log size = 1000 
encrypt passwords = yes 
socket options = . TCP_NODELAY· 
~cal master = no 
domain master = no 
preferred master = no 
domain logons = no 
os level = 33 
logon path = \ \%L \ prof i les \%u 
logon script = %G.bat 
wins support = no 
wins proxy = no 
dns proxy = no 

Pi Webserver 
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http:192.168.1.11
http:192.168.43


comment = 'Pi Web server folder - Just for Debugging' 
path = /var/www/ 
browseable = yes 
writable = yes 
read only = no 
public = no 
valid users = pi 

[Samba CDNF Folder] 
comment = 'Just for Debugging' 
path = /e tc/samba / 
browseable = yes 
writable = yes 
read only = no 
public = no 

[Media Folder] 
comment = 'Default media folder' 
path = /media / 
browseable = yes 
writable = ye s 
read only = no 
public = no 

[test-share-R] 
comment = 'testing share on actual server' 
path = / test/test-share-R/ 
browsea ble = yes 
writable = no 
read only = yes 
public = no 

[test] 
comment = 'test' 
path = /test / test/ 
browseable = yes 
writable = no 
read only = yes 
public = no 

[samba-backup] 
comment = 'samba backup folder' 
path = / home/pi/samba / 
browseable = yes 
writable = yes 
read only = no 
public = no 
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8.3 Appendix C - The screenshots ofWebUl pages. 
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Figure 8.1: Screenshot for index.php page. 
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Figure 8.2 : Screenshot for login.php page. 
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Figure 8.3: Scree/lShot for register.php page . 
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Figure 8.4: Screenshot for about.php page (about SambaKodiPi tab). 
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Figure 8.5: Screens hot for abo ut.php page (FAQs tab). 
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Figure 8.6: Scree ns hot for contact.php page. 
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Figure 8.7: Screens hoI for home.php page (adrnin view). 
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Figure 8.8: Screenshot for home.php page (user view). 
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Figure 8.9: Screens hot for system.php page. 
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Figure 8.10 : Screenshot for system-config.php page. 
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Figure 8. 11 : Scree nshot for server.php page, tab shares info. 
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Figure 8.13: Screens hot for server.php page, tab Samba CONF. 
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Figure 8.14: Screensbot for server-shares.php page. tab shares info. 

120 




• Samba Server __ ~ 

• 

.­.­
_. 
~. , 

t . .. .. . U - • ~- ... ~ ~" - ", ~- • I It .. I ' ~ W:: ... 

Figure IUS: Screens hot for server-shares.php page, tab add new share. 
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Figure 8.16: Screenshot for server-shares.php page, tab shares CONF. 
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Figure 8.17: Scree us hot for server-conlig.php page, tab server conlig. 
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Figure 8.18: Screens hot for server-config.php page, tab edit config. 
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Figure 8.19: Screenshot for server-config.php page, tab sen'er CONF. 
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Figure 8.20: Screens hot for media.php page (media info tab). 
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Figure 8.19: Screenshot for server-config.php page, tab sen'erCONF. 
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Figure 8.20: Screenshot for media.php page (media info tab). 
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Figure 8.21: Screens hot for media.php page (brom;er requirements tab). 
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Figure 8.22: Screenshot for media.php page (formats support tab). 
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Figure 8.23: Screens hot for media-music.php page . 
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Figure 8.24: Screens hot for media-music.php page (with audio playback). 
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Figure 8.25: Screens hot for media-video.php page (f"m/movies tab). 
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Figure 8.26: Screenshot for media-video.php page (video clips tab). 
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Figure 8.27: Screenshot for media-video.php page (with video playback). 
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Figure 8.28: Screenshot for media-pictures.php page. 
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Figure 8.29: Screens hot for users -new.php page (new applications tab). 
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Figure 8.30: Screens hot for users-new.php page (application history tab). 
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Figure 8.31: Screenshot for usen>-manage.php page (active usen> tab). 
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Figure 8.32: Screens hot for uscn>-manage.php page (disabled nsen> tab). 
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Figure 8.33: Screens hot for comments-view.php page. 
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Figure 8.34: Scree ns bot for comments. phI' page. 
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Figure 8.35: Screeushot for error-access.php page. 
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Figure 8.36: Screens hot for error-permissions.php page. 
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8.4 Appendix D - Component Testing Results 


Table 8.1: Unit testing results for system components and devices. 


I 
Name Type Model/Version Condition Functionality 

Raspberry Pi Device Model B+ OK OK 

Modem/Router Device Speedtouch585 v6 OK OK 

PC Monitor Device Acer xl93HQ OK OK 

Stereo speakers Device Logitech Z103 OK OK 

Laptop Device Acer Aspire 475QG OK OK 

Keyboard Device Logitech K120 OK OK 

Mouse Device Logitcch M 185 OK OK 

Laptop Device Acer 4750G OK OK 

Smartphone Device Sony Xperia E OK OK 

Smartphone Device Sony Xperia ZI OK OK 

USB drive Device DTG2 8GB OK OK 

Extemal lIDO Device WD 500GB OK OK 

Raspbian Software 3.12.22+ OK OK 

Kodi Software 14.1 OK OK 

Samba Software 3.6.6 OK OK 

GAdmin-Samba Software 0.2.9 OK OK 

Apache Software 2.2.22 (Deb ian) OK OK 

MySQL Software 14.14, dist 5.5.41 OK OK 

PHP5 Software 5.4.39 OK OK 

Oreamweaver Software CS5.5 vll.5 OK OK 

Notepad++ (Win) Software 6.5.5 OK OK 

Geany (Linux) Software 1.22 OK OK 

OiftMerge Software 4.2.0 OK OK 

WinRAR Software 3.5.1 OK OK 

Mozilla Firefox Software 36.0 OK OK 

Google Chrome Software 41.0.2272.101 m OK OK 

lIDMI cable Cable Standard HDMI OK OK 
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LAN cables Cable Standard LAN OK OK 

IIDMI to DVI Adapter F-M adapter OK OK 

VGA to VGA Ad apter M-M adapter OK OK 

Table 8.2: Unit testing results for each ofWebUl pages . 

No Pal:e name Stnlcture Correctness "-unctionality 

I index.php OK OK OK 

2 login.php OK OK OK 

3 register. p hp OK OK OK 

4 about.php OK OK OK 

5 contact.php OK OK OK 

6 home.php OK OK OK 

7 systemphp OK OK OK 

8 system-config.php OK OK OK 

9 server.php OK OK OK 

10 server-shares.php OK OK OK 

II server-config.php OK OK OK 

12 media .php OK OK OK 

13 media -mus ic. p hp OK OK OK 

14 media-video.php OK OK OK 

15 media-pictures.php OK OK OK 

16 users-new.php OK OK OK 

17 users-manage.php OK OK OK 

18 comments.php OK OK OK 

19 comments-view.php OK OK 
-

OK 

20 profile.php OK OK OK 

21 account. php OK OK OK 

22 en·or -access. php OK OK OK 

23 en·or-penniss io 11. Php OK OK OK 

24 index. html OK OK OK 
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Table 8.3: Unit testing results for PlIP functions in SKP-Base.php me. 

No Flmction name Structure Con-ectness Flmctionality 

1 initSession () OK OK OK 

2 authUserLogin() OK OK OK 

3 initLogoutUser() OK OK OK 

4 initAuthorizedUserType() OK OK OK 

5 isAuthorized() OK OK OK 

6 GetSQLValueString() OK OK OK 

7 dbaseQueryToAuthUser() OK OK OK 

8 freeU serVar() OK OK OK 

9 isAdminSection() OK OK OK 

10 isUserSection() OK OK OK 

11 processUserReg() OK OK OK 

12 getNewApplications() OK OK OK 

13 getActiveUsers() OK OK OK 

14 getDisabledUsers() OK OK OK 

15 approveNewUser() OK OK OK 

16 updateApplicationStatus() OK OK OK 

17 resetUserPassword() OK OK OK 

18 disableUserAccount() OK OK OK 

19 enableUserAccount() OK OK OK 

20 getProfileData() OK OK OK 

21 updateProfileData() OK OK OK 

22 getAccountData() OK OK OK 

23 changeUserPassword() OK OK OK 

24 getAIIUsernames() OK OK OK 

26 isUsernameExist() OK OK OK 

27 insertComment() OK OK OK 

28 getAIIComments() OK OK OK 

Table 8.4: Unit testing results for PlIP functions in SKP-FS.php file. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

\ No Function name Structure Correctness Functionality 

isNormalArray( ) OK OK OK 

i slndexedArray () OK OK OK 

displaylndexedArray() OK OK OK 

islnNArray( ) OK OK OK 

displayNArray () OK OK OK 

printFound () OK OK OK 

setValuel nArray() OK OK OK 

KV islnAArray () OK OK OK 

K_islnAAr ray() OK OK OK 

V_islnAArray() OK OK OK 

S_i slnAArray () OK OK OK 

setValuelnAArray_KV() OK OK OK 

setValuelnAArray_K() OK OK OK 

setValuelnAArray_V( ) OK OK OK 

displayCONF() OK OK OK 

parseCONF () OK OK OK 

getSectionName( ) OK OK OK 

getAllSectionName() OK OK OK 

printAllSectionName() OK OK OK 

getSectionContent( ) OK OK OK 

getAAr rayLevel() OK OK OK 

ERROR_FS() OK OK OK 

SambaCONF class OK OK OK 

SambaCONF() * OK OK OK 

parseCONF() * OK OK OK 

displayCONF()* OK OK OK 

displayGlobalSection()* OK OK OK 

displayAllShareSection () * OK OK OK 

getAllShareSection() * OK OK OK 
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30 printAllShareNames()* OK OK OK 

31 getTotalShares()* OK OK OK 

32 getSectionContent() * OK OK OK 

33 removeSect ion()* OK OK OK 

34 getBackupCONF()* OK OK OK 

35 getParsedCONF()* OK OK OK 

36 restoreParsedCONF()* OK OK OK 

37 processNewShare()* OK OK OK 

38 addNewShare()* OK OK OK 

39 processServerEdit()* OK OK OK 

40 overwriteGlobalSection()* OK OK OK 

41 CONF_ArrayToString() * OK OK OK 

42 writeIntoSambaCONF () * OK OK OK 

Note: All li.U1ctions marked with * are ail class ti.UJctions of SambaCONFclass. 

• 
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Table 8.5: Unit testing results for PHP functions in SKP-MC.php fLle. 

No Function name Stmcture Correctness Functionality 

1 ERROR_MC( ) OK OK OK 

2 scanDirectory() OK OK OK 

3 filterPathlnfo_MKV() OK OK OK 

4 filterPathlnfo() OK OK OK 

5 scanDirectoryWithEXT() OK OK OK 

6 displayPathlnfo() OK OK OK 

7 getAbsoluteVideoPath() OK OK OK 

8 getFullAudioPath() OK OK OK 

9 getFul llmagePath() OK OK OK 

Ie getAudioFilesCount( ) OK OK OK 

11 getVideoFilesCount() OK OK OK 

12 getlmageFilesCount() OK OK OK 

13 countF i lesWithEXT ( ) OK OK OK 
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8.5 Appendix E - Integration Testing Results 

Table 8.6: Integration testing results for each of Samba KodiPi components. 

Name Tcst Criteria Result 

Raspberry Pi Inspection on physical defects of Pi board Pass 

component -checking for fuulty peripheral parts and slo ts 

Inspection on plugged devices connect ion Pass 

-checkulg that all external devices are plugged correctly 

FWlctiona Iity of Raspberry Pi v.:hen switched on Pass 

-whether the Raspberry Pi is starting when switched on 

Inspection on LED lights when switched on Pass 

-veriJYing that the LED lights are on and blipping 

l.nspection on of Raspbian OS installation Pass 

-checking that the OS is complete and with broken parts 

Functiona Iit y of Raspbian OS Pass 

-checking that the OS is functioning properly 

File server inspection on Samba program installation Pass 

component -checking that Samba is complete with no broken parts 

Functiona lity of Samba program Pass 

-checking that Samba server is running properly 

Access ibilit y of Samba configuratio n file Pass 

-checking that the file exists and can be accessed 
~- ---

Functiona lity of Samba server shares Pass 

-checking that Samba is capable of sharing folders and I 
they are visible and accessible from outside using laptop 

Media center IllSpection on Kodi program installa tion Pass 

-check ing that Kodi is complete with no broken parts 

Compatib ilit y of Kodi program Pass 

-checking that Kodi is running normall y on Raspbian 

Functionality of Kodi program Pass 

-checking that Kodi can search and play media files 
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Accessibility of media files used by Kodi Pass 

-checking that the media files are accessible by Kodi 

LAMP webserver 

component 

WebUl component 

Inspection on Apache2, MySQL and PHP5 DlStallatio n 

-checking that the programs exits and are complete 

FlUlctionality of LAMP webserver 

-checking that the webservcr is hosting properly by 

accessing the defuuh server page in /var/www/ 

Accessibility of LAMP webserver 

-checkUlg that the defuult web server page is accessible 

through localhost and fi'om outside on laptop PC 

FlUlctiona lity of PHPMyAdmin sub-component 

-checking that it is accessible on browser through 

localhost using proper login credential 

Inspection on WebUI web pages (*php and ·.hunl) 

-checking that all web pages are complete and exist 

Inspection on WebUI files 

-checking that all WebUI files (the CSS, Ja vaScrip t, 

database connection and PHP fimction files) are 

complete and exist in their proper folder location 

Inspection on WebUI files and structure 

-checking that the folders are in their .intended location 

Inspection on each web page extended source code 

-checking the syntax, parameters and COITectness of 

extended source code sections that call or use any CSS , 

JavaScript or PHP code or function 

Proper interfuce display of each WebUI page 

-checking that each page is displayed properly as 

intended (also validating WebUI interface ) 

Proper overall syntax of each WebUI page 

-check ing that each page is coded properly (no extra or 

missing tags , using browser View page source fimction) 

Pass 

Pass 

Pass 

Pas, 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 
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Table 8.7: Integration testing results for interaction betwe en integrated components. 

Intemction Test Criteria Result 

Interaction between -checking that Rasbian can access the fulders , files Pass 

Ras pbian with tile and programs o f Samba 

server integrated -Samba can run non11311y without unexp ec ted Pass 

components error/crash 

-checking that Raspbian can create and access Pass 

server share fo Id ers 

Interaction between -checking that Rasbian can access the folders, files Pass 

Ras pbian with me ella and programs of Kodi 

center integrated -Kodi can run nonnally without unexpected Pass 

components errorlcrash 

-checking that Raspbian can create and access Pass 

med ia folders used by Kodi 

Interaction between -checking that Rasbian can access the webserver Pass 

Raspbian with LAMP folders and PHPMyAdmin site 

webserver integrated -checking that the database tables for Pass 

components SambaKodiPi exist and accessible through 

PHPMyAdmin 

-checking that Apache2, MySQL and PHPS are Pass 

comp atible with Raspbian and can run norma lly 

without unexpected elTor/crash 

Interaction between -checko1g that Rasbian can access the files m Pass 

Raspbian with WebUI SambaKodiPi folder and its sub folders under 

integrated components Ivarlwwwl root fu lder 

-checking that Raspbian can access the Web UI Pass 

ii-om loca lhost and login into the WebUI 

Interaction between -checking tbat the LAMP webserver is hosting the Pass 

WebUl with LAMP WebUI pages correctly by accessing the WebUI 

webserver integrated from laptop PC through the assigned IP address 
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components fo r Rasp beny Pi device 

-checking that each of tile WebUT pages are 

accessib le fi'om laptop PC (using Ad min account) 

Pass 
\ 

Inte raction betwee n 

We bill and me se rver 

integrated compone nts 

-ycrifYing that WebUl can read and access Samba 

co nfigura tion file under /etc/mmba/ fo lder 

Pass 

-verifYing iliat WebUl has access and can crea te 

files inside /home/pilsamba/ fold er to store backup 

fo r Samba configuratio n file 

Pass 

-checking that the WebUT parser function can 

parse the content of Samba configu ration file 

cO ITectly and verifY its parsed content with actual 

content in smb.conffjJ.e (this was done tllrough test 

page: testphp) 

Pass 

-checking that the WebUT backup functio n can 

make a copy smb.con/ file into its designa ted 

backup folder (this was done through test pa ge: 

testphp) 

Pass 

Inte raction between 

Webill and me dia 

center integrate d 

components 

-checking that tile WebUT has access to media fi le 

root folder and scan the d irectory fo r media files 

(this was done tllrough test page: testphp) 

Pass 

-checking that the WebUT can play aud io files 

inside music root fuld er (this was done through 

test page: testphp) 

Pass 

-checking that the WebUl can video files insid e 

video roo t fo ld er (this was done through test page: 

testphp) 

Pass 

-checking that ilie WebUT ca n access and disp lay 

unage files inside ia mge roo t fo ld er (this was done 

ilirough test page: testphp) 

Pa~s 
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8.6 Appendix F - System Testing Results 


\ 
Table 8.8: Functional testing results for final system 

Test I Test Steps 
ID 

EXJ1Ccted Function 

I 
Acrual Function Status R e IIt:1l'ks 

1 Test final System to ha,"e a File server func tio 11 Pass -

system file server function hosted by Samba, in a 
functions in a "'private ne twork LAN network 
with its user TIle file server to Samba file server Pass -

requireme nt: hos t and share files capable to host and 
File server to authorized clients share any files to both 
capabilit y authorized and guest 

users 
Client to have at Samba file server Pass -
least read allows both read/write 
pennissio n to shared and read-only 
data in server share pennissions for its 

server share 
2 Test final System to have a PrimalY med ia center Pass WebUl 

system media center function is provided by media 
functio ns function provided Kodi program, center 
with its user for users secondary provided by function is 
req uireme nt : WebUl component an 
Media center using web player additiona l 
capability The media center Kod i program is Pass secondary 

able to access, open capable of playing function 
and play various various audio , video 
med ia files format and image fOrmats, 
stored in system while WebUl web 
storage player supports limited 

fonnats 
Users to be ab le to Kod i program is Pass 
listen to and view capable to output media 
media pJayback files pJayback to both 
through standard PC monitor and HDTV 
audio and video using HOM! cab le 
output devices while WebUl media 

center outputs audio 
using HTML player 
and video using DivX 
web player 

3 Test final Final system to have Final system includes Pass -
system a web- based user WebUl component that 
functions interfuce to interact is hosted by LAMP 
with its user with file server webserver, accessible 
requirement: function to users through web 
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Main system browsers, providing file 

internce 
 selver configura tion as 

its ma in functio rL \ 

-

system 
4 Test final System interfuce to WebUl has login Pass 

ha ve login functio n function, accessible to 

functions 
 registered users only 

with its 


before ·user can start 
using its file server 


system 
 function 

internce 
 System internce to WebUI has file server Pass -
requirements: have file sharing functio n where admin 

File server 
 management can view server shares, 

function 
 includ ing add new add new shares, edit or 

share, mod ifY or delete current share 
delete current share 
System interfuce to Web Ul has file server Pass -

have server functio n where admin 
configura tio n can configur e various 
functions to change basic server settings 
security settings and and also advanced 
shares access server settings 

Table 8.9: Security testing results for final system. 

Test 
ID 

Test elise Test Steps I EXp<.'cled 

Result 
Actual Result Status Remarks 

1 Test WebUl 
login access 
restrictio n 

User try to 
access any 
page manuall y 
by URl that 
req uires 10gin 

WebUl will 
not display the 
requested 
page and 
redirect user 

Access error 
page 15 

d isp la yed, 
stating that 
user is not 

Pass -

to error page logged D1 
2 Test WebUI 

access 
Logged in 
nonnal user 

Web UI will 
not display the 

Pennission 
error page 15 

Pass -

restrictio n for 
admin-only 

try to access 
any page 

requested 
page and 

displaycd, 
stating that 

content manually by 
VRL that 
requrres 
adnw1 rights 

redirect user 
to error page 

user has 
irlSuffic ient 
pennissio n to 
view the page 

3 Test WebUI 
sub folders 
restrictio n 

User try to 
access certain 
folders that 
store WebUI 
database 

Web browser 
shall disp Ia y 
error where 
the page or 
content is not 

Intema I server 
error 15 

displayed and 
the requested 
folder remairlS 

Pass 

I 
-

connectlOn 
info and its 

found on 
server 

inaccessib Ie 

PHP functions 
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Table 8.10; Accuracy testing results for final system. 

Test 
ID 

Test Case Test Steps Expected 
Result 

Actual Result Status Remarks 

1 Test Kodi Using Kodi The list of List 0 f med ia Pass -
program to 
display list 

browser 
function for its 

media files 
stored in 

files are listed 
down 

of media pictures, music media fold er correctly, 
files and videos sha II be listed 

properly in 
sorted by name 
(defuult) 

Kodi 
2 Test Kodi Using Kodi to Kodi shall play The media file Pass -

program to play media the selected being played is 
play the files file the one 
correct file accordingly selected 
selected 

3 Test all Browsing all AU web page AU web page Pass -
WebUIlinks WebUJ pages sha II be linked are linked 
of its own using admin correctly and correctly and 
web pages account display the 

right page 
display the 
rigi,t page 

4 Test all 
WebUI 

Using the 
registration 

1l,e fonn shall 
accept user 

The fO m1 
accepted user 

Pass Each 
fOIDl text 

fOID1S and 
user input 

fonn input and 
register new 

input and 
registered new 

input has 
its own 

user correctly user correc tly input 
Using the 
comment ronn 

The form shall 
accept user 

The fonn 
accepted lIser 

Pass validatio n 
patten], 

input and store input and and each 
user corrnnents stored fOm1 has 
into database corrnnents into its own 
ta ble databa se table validatio n 

Using the The fonn sha ll 1lle fOlm Pass func tion 
change user enable users to accepted 
profile rolm ed it their inputs for user 

email, first profile change 
name and last correctly and 
name while usemame field 
usemame field is disabled 
is disa bled 

Using the The form shall The form Pass 
change user enable users to accepted user 
password ronn change their input to and 

pa ssword updated user 
password 
correctly 

Using the The rorm sha ll The fonn Pass 
addulg new accep t user accepted user 
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- --- --- - -

sha re fo nn input and add 
new server 

input and 
added new -­

share server sha re 
correct ly 

Using the edit The form shall TI1e fOrm Pass 
existing share 
fOnn 

display the 
se lected share 

displayed the 
selected share 

to be edited on and updated 
its input field s 
and update the 

the share 
details 

share details correctly 
Using the edit 
server settings 
form 

The fonn sha ll 
display the 
server settings 

The fonn 
disp layed the 
server settings 

Pa ss 

correct value values 
on its input correctly and 
fie ld s and edit 
server settings 
cOlTectly 

updated server 
settings 
con-ectly 

5 Test other 
adrnin 
actions 

Using accept / 
reject user 
application 
function 

The WebUJ 
shall display 
new 
application 
details 
correctly and 

The WebLJl 
displayed new 
app licatio n 
de tails 
cOITectly and 
stored user 

Pass -

store user details in user 
details in user table after it is 
table if 
approved 

approved 

Using disable / The WebUl The Web Ul Pass -
enable user 
accolU1t 
function 

shall display 
user accolU1t 
info cOlTectly 

displayed user 
info correct ly 
and cOlTectly 

and disable / 
enable the 

disabled / 
enab led the 

selected user selected user 
account accolU1t 

Using reset 
user password 

The WebUl 
shall display 

The WebUJ 
displayed user 

Pass -

function user account account info 
info correctly correctly and 
and reset user 
password to 
defuult 

correctly reset 
user password 
to defuult 

Using delete The WebUl TI1e WebUJ Pass -
existin g server 
share function 

shall display 
the user share 

displayed the 
user share 

de tails and deta ils 
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delete the 
server share 

correctly and 
deleted the , 

6 Test WebUI 
med ia center 
function 

Using WebUI 
media center 
to browse 
media files 

section from 
Samba (ONF 
file 
The WebUI 
shaU correctly 
display the 
media files 

server share 
section 
according ly 
The Web UI 
con"ectly 
displayed the 
med ia files in a 

Pass -

stored in 
media folder 

(audio, video 
and pictures) 
in a table 

tab le, complete 
with ~s 

extension 
name and 
searc h function 

Using WebUI 
med ia center 

The WebUl 
shaU load the 

for specific file 
The WebUI 
loaded the 

Pass -

to play audio 
file 

IITML5 audio 
player and 
play the 
selected audio 
file 

HTML5 audio 
player and 
correctly 
played the 
selected audio 
file 

Using 
media 

WebUI 
center 

The WebUI 
shaU load the 

The WebUI 
loaded ule 

Pass -

to play video 
file 

DivX web 
player and 
play the 
selected video 
file 

DivX web 
player and 
correctly 
played the 
selected video 
file 

Using WebUI 
media center 

The WebUI 
shaU load the 

TIle W ebUI 
loaded the 

Pass -

to view 
file 

rrnage blueunp mage 
gaUery and 
display the 
selected nnage 
file 

blueimp in1age 
gaUery and 
correctly 
displayed the 
selected unage 
file 

Table 8.11: The interoperability testing results for fmal system. 

Tcst I Test Case Test Steps Expected Actual Result Status I Remarks 
ID I Result 
I Test file Testing the file The shared The shared Pass -

server inter- server fi.mc tio n fo Iders shaU folders are 
operab ility to broadcast its be visib Ie and visib le and 
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shared fold ers 
to other 
platforms 
(Windows and 

accessible to 
laptop PC and 
Android 
smartphone 

accessible to 
laptop PC and 
Android 
smartphone, 

Android) based on their 
access 
peI111lSs lO IlS 

2 Test Web UI 
inter­
operability 

Acccsslllg the 
WebUlon 
different 
browsers and 
platform 
(F irefox and 
Chrome in 
Windows and 
Android) 

The Wcb UJ 
shall be 
access ible and 
displayed 
correctly on 
both Firefox 
and Chrome 
browsers, both 
for Wind ows 
and Android 
platform 

The WebUI 
are accessible 
and displayed 
con-ectly on 
both Firefox 
and Chrome 
browsers , both 
for Windows 
and Android 
platform 

Pass WebUJ 
display is 
respoIlS lVe 

and 
supports 
nonnal 
display 

for small 
display 
screen 

Table 8.12: Reliability testing resuits for final system. 

Test Test Case Test Steps Expected Actual Result Status Remarks 
ID Result 

-

reliabilit y of 
I Test Using Kodi 1l1e Kodi The Kodi Pass 

program to program sha Jj program 

system 
 playa 900MB be able to keep managed to 

fWJJ1ll1 g 
 movie file playing the play the vid eo 

Kodi 
 continuo us I y video file file without 

program 
 without any en-or or 

crashing / elTor 
for 4 hours 

c rashin.~ 

Test Using WebUT2 The WebUJ The WebUJ Pass The 
reliability of video player video player video player reliability 
WebUJ function to shall be able to managed to ofWebUJ 
media center playa 900MB keep playing play the video also 
to play movie file the video file file without depends 
media files continuo LLS Iy without any error or on web 

for 4 hours crashing / error crashing browser 
reliability 

3 Test Letting the 1l1e system The system Pass The 
reliability of system running shall be able to managed to reliability 
system Samba file run the file run nOImal ly of the file 
runnmg server function server functio n and file server server 
Samba file be switched on continuo us ly functio nand also 
server for 24 hours for 24 hoW's shares were depends 

without still access ible on router 
crashing / eJTor normally reliabilit y 
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Table 8.13: Perfonnance testing results for file transfer speed,­

11me to copy file to Desktap (t/sI 
Petfollillanc:e Test setup I COndItIOft Run 

1 2 3 A".,... 
XHDD- Powered USB Hub - Raspberry Pi 

176.2 1845 176.9 179.2 
(using File Manager) 

XHDD- Powered USB Hub - Raspberry Pi 
1815 177.4 182.9 1806

(usin g LXTerminal) 

XHDD- Powered USB Hub - Raspberry Pi 
173.6 174.5 172.7 173.6 

(using default command-line , no GUI) 

XHOO - Powered USB Hub - Raspberry Pi ­
230.1 22U 226.5 227.9 

Router - laptop (the file as server share) 

XHDD - Laptop USB 2.0 sl ot 34.7 34 35.5 34.7 

XHDD - Powered USB Hub - Laptop USB 
35.2 34.9 35.3 35.1 

2.0 slot 

»tOO laptop usa 3.0 slot 18. 7,4 18.3 17.9 

XHDD - Powered USB Hub - Laptop USB 
32 .2 31.3 324 32.0 

3.0 slot 

Flletl'll_' 
speed~) 

5.58 

5.54 

5.76 

4. 39 

28-79 

211-46 

$JI ... 
----, 

Performance test file t ransfer rate comparisons I 
'5516 

3128 
.~B 79 284630 

' 0 1 

10 
S 58 554 

o 
XHDO ' )(t100 XHOO - l<HDD · )("00 · HOD - XHDD - XHOO · 
Powet~ Powertd POlW'rf'd Powe,~ l.aptOp uSB P~fed l~oPuSB Powered 

USB Hub - USB HlJb - U58 Hub · USS Hub - 2. 0 sic! USB Hub · 30sot U5.BHub· 
Raspbetfv PIRl!Jspberl'l P IRespbt!Jty PIRa5PMrrV P laptop USB. l~O" USB 

(USlfl£ f- Ii! (usmg tU$lfle- POUtf'r - l 0 Slot 30~t 

Manllgerl L. emma!. dc:f.i;ll.dt loptop Ithe 

c.ommolllnd- f ~ as !rf'r ..~' 


llrlt! "oGUII !.hart') 

----- --- -- ---' 

Figure 8.37: The graph for the perfonnance testing on file transfer speed. 
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8.7 Appendix G - Acceptance Testing Results 

Table The user acceptance testing results 

u,)cr 
acceptance with 
of system the flie server 
fllllCtional ity function 

on 
acceptance on Q"ier satisfied with 
the primaty expectation the Kodi 
media center program as the 
functlJ)n (using pnmary media 
Kodi center 

uI)er Depends on ass 
acceptance on u<)cr satisfied with parser 
the WcbU1 file expectation the Web til file function 
server scrver can still 
configuration configura tio n be 
iimctions flmctions as developed 

they are to parse 
working srnb c()t~l 

user on Pass 
acceptance on user satISfied with though 
the WcblD expectation the furmat 
media center media \"C'Hh::r support is 
umctton s functions as limrted, it 

thcy ale may 
capable to play improve 
media files on in the 

, web browser future 
on Lser fuUy Pass 

acceptance on user satisfied with 
the WebLl expectation WebUI 
management !mnagement 
functions fWlctions as 

they arc 
working: 

2 Test user Testing user Depends on 
acceptance acceptance on user 
ofWebU1 the WebUI expectation 

L 
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