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ABSTRACT 

 
This project is a voice-controlled robot project for academic purpose. It will provide 

readers with the introduction, literature review, system methodology and system design. 

The robot in this project will be called as Alexabot, and it is an Alexa based voice-

controlled robot. This robot is built-up by using GoPiGo, Raspberry Pi, speaker and USB 

microphone dongle. Amazon’s Alexa voice service will be implemented into the Raspberry 

Pi so that the robot will be able to use the AlexaPi service. This report will also review the 

current technologies, such as hardware platform, firmware/OS, database, programming 

language and algorithm. Besides, this project will also implement third party services 

which are ngrok and Flask into the robot. Other than that, this project will also contain a 

few functional modules which are voice recognition module, online searching module and 

robot movement module.  
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Chapter 1 

IntrodXction 

1.1 MotiYation and Problem Statement 

AccRUdiQg WR FiQch (FiQch, Q.d.), WheUe aUe VeYeUaO SURbOePV WRZaUdV YRice UecRgQiWiRQ 

Zhich aUe OacN Rf accXUac\ aQd PiViQWeUSUeWaWiRQ, acceQWV aQd VSeech UecRgQiWiRQ aQd 

bacNgURXQd QRiVe iQWeUfeUeQce. AV ZhRX, BOacNOe\, KRZaOVNi, DRaQ, AcNeU, LaQdPaQ, 

KRQWUieQW, MacN, MeWeeU, BaWeV aQd GURVV VWaWe WhaW Whe eUURU UaWe Rf cOiQicaO QRWeV 

geQeUaWed b\ VSeech UecRgQiWiRQ VRfWZaUe aPRQg 217 cOiQicaO QRWeV UaQdRPO\ VeOecWed fURP 

2 heaOWh caUe RUgaQi]aWiRQV ZaV 7.4% (2018, S.e180530). ThiV iV PRVW OiNeO\ becaXVe Rf Whe 

VSeech UecRgQiWiRQ VRfWZaUe ZiOO QRW aOZa\V VhRZ Whe cRPPaQdV giYeQ b\ cRPPaQd giYeU 

RQ Whe VcUeeQ cRPSOeWeO\ accXUaWeO\ (FiQch, Q.d.). BeVideV WhaW, FiQch aOVR VWaWe WhaW Whe 

VSeech UecRgQiWiRQ VRfWZaUe caQ RQO\ iQWeUSUeW Whe PeaQiQg Rf cRPPaQdV afWeU decRded iW 

fURP aQaORg VigQaO WR digiWaO VigQaO (FiQch, Q.d.). HRPRQ\P, VOaQg, WechQicaO ZRUdV aQd 

acURQ\PV aUe Whe RbVWacOeV WhRVe ZiOO caXVe Whe VSeech UecRgQiWiRQ VRfWZaUe PiViQWeUSUeW 

Whe PeaQiQg Rf ZRUdV giYeQ b\ hXPaQ. 

  The Qe[W PaMRU SURbOeP ZRXOd be Whe acceQWV aQd VSeech UecRgQiWiRQ. AV SeRSOe 

NQRZ, JaSaQeVe EQgOiVh haV a YeU\ heaY\ acceQW. FRU e[aPSOe, Whe ZRUdV µVhRS¶ ZiOO be 

SURQRXQced aV µVhRSSX¶ iQ JaSaQeVe EQgOiVh. ThiV NiQd Rf SURQXQciaWiRQ iV YeU\ difficXOW 

fRU Whe VSeech UecRgQiWiRQ VRfWZaUe WR diffeUeQWiaWe ZheWheU iW iV a BUiWiVh EQgOiVh ZRUd RU 

JaSaQeVe EQgOiVh ZRUd. BeVideV WhaW, FiQch Vaid WhaW ZheQ Whe YRice Rf cRPPaQd giYeU iV 

chaQged dXe WR cROd, cRXgh, ViQXV RU WhURaW SURbOeP, Whe VSeech UecRgQiWiRQ VRfWZaUe Pa\ 

be haYiQg SURbOePV WR UecRgQi]e YRice aV QRUPaO (FiQch, Q.d.).  

 The WhiUd SURbOeP iV bacNgURXQd QRiVe iQWeUfeUeQce WRZaUdV VSeech UecRgQiWiRQ. A 

VSeech UecRgQiWiRQ VRfWZaUe Pa\ haYe SURbOePV diffeUeQWiaWiQg Whe VSeech Rf cRPPaQd 

giYeU fURP Whe aPbieQW QRiVe aQd RWheU SeRSOe WaONiQg becaXVe PXOWiSOe VRXUce Rf YRice 

ZiOO Oead WR Pi[-XSV Rf WUaQVcUiSWiRQ aQd eUURUV (FiQch, Q.d.). SR, XVe Rf VSeech UecRgQiWiRQ 

VRfWZaUe iQ aQ RSeQ YeQXe ZiWh a ORW Rf bacNgURXQd QRiVe ZiOO UedXce Whe accXUaWeO\ Rf Whe 

VSeech UecRgQiWiRQ.  
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FURP WhiV SURSRVaO, aQ AOe[a baVed YRice-cRQWUROOed URbRW WhaW aOORZed XVeU WR giYe 

cRPPaQdV b\ XViQg VSeech WR SeUfRUP VSecific WaVNV VXch aV PRYiQg fRUZaUd, bacNZaUd, 

WXUQ OefW aQd UighW ZiOO be deYeORSed.  

 

1.2 Project ObjectiYes 

1. TR deYeORS a YRice-cRQWUROOed URbRW WR UeceiYe cRPPaQdV giYeQ b\ XVeU XViQg 

VSeech.  

2. TR iQWegUaWe APa]RQ¶V AOe[a VeUYice iQWR Whe YRice-cRQWUROOed URbRW. 

 
3. TR cUafW Whe AOe[a SNiOOV VeWV WR haQdOe diffeUeQW cRPPaQdV giYeQ b\ XVeU XViQg 

AOe[a SNiOO KiW.  

 
4. TR iPSOePeQW WhiV AOe[a baVed YRice-cRQWUROOed URbRW WR PRYe fRUZaUd, bacNZaUd 

aQd WXUQ OefW, UighW. 

 

1.3 Project Scope 

IQ WhiV SURMecW, aQ AOe[a baVed YRice-cRQWUROOed URbRW WhaW caQ UeVSRQdV WR YRice cRPPaQdV 

giYeQ b\ cRPPaQd giYeU ZiOO be cUeaWed. The URbRW ZiOO be caOOed aV AOe[abRW. AOe[abRW iV 

a URbRW bXiOd XS b\ GRPiGR3 aQd RaVSbeUU\ Pi ZiWh AOe[a YRice VeUYice Zhich iV AOe[aPi 

VeUYice iPSOePeQWed. B\ cRQQecWiQg WR Whe QeWZRUN, Whe URbRW ZiOO be abOe WR SeUfRUP Whe 

acWiRQV UeTXiUed b\ Whe cRPPaQd giYeU. FRU e[aPSOe, ZheQ Whe cRPPaQd giYeU Va\V 

³AOe[a, fRUZaUd´, Whe AOe[aPi VeUYice iQ Whe AOe[abRW ZiOO VeQd Whe VSeech WR Whe AOe[a 

cORXd WR SURceVV Whe VSeech. AfWeU Whe VSeech iV SURceVVed, Whe AOe[a CORXd ZiOO geQeUaWe 

a UeTXeVW ZiWh Whe XVeU iQWeQW iQ MVRQ fRUPaW aQd VeQW iW WR Whe OaPbda fXQcWiRQ iQ AOe[a 

SNiOOV OibUaU\. The OaPbda fXQcWiRQ iQ AOe[a SNiOOV OibUaU\ ZiOO SURceVV Whe UeTXeVW ZiWh Whe 

UeVSecWiYe iQWeQW aQd PaNe Zeb UeTXeVW WR Whe AOe[abRW fOaVN VeUYeU accRUdiQg WR Whe XVeU 

iQWeQW. AfWeU WhaW, Whe fOaVN VeUYeU ZiOO haQdOe Whe Zeb UeTXeVW aQd e[ecXWe Whe fRUZaUd 

fXQcWiRQ. FiQaOO\, Whe AOe[abRW ZiOO be abOe WR PRYe fRUZaUd.   

 BeVideV WhaW, ZheQ Whe cRPPaQdV giYeU iV aVNiQg TXeVWiRQ WR Whe AOe[abRW, iW ZiOO 

aQVZeU Whe TXeVWiRQ b\ VeaUchiQg aQd cROOecWiQg daWa fURP Whe IQWeUQeW. FRU iQVWaQce, ZheQ 
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Whe cRPPaQd giYeU iV aVNiQg ³AOe[a, hRZ PaQ\ caVeV Rf cRURQa YiUXV iQ MaOa\Via?´, 

AOe[abRW ZiOO aQVZeUV Whe TXeVWiRQ afWeU VeaUchiQg aQd cROOecWiQg daWa fURP IQWeUQeW. 

 FXUWheUPRUe, aQ AOe[a SNiOOV OibUaU\ fRU AOe[abRW ZiOO be cUafWed b\ XViQg AOe[a 

SNiOOV KiW. ThiV acWiRQV OibUaU\ ZiOO be abOe WR adaSW aQd UecRgQi]e a VeUieV Rf acWiRQV ZiWh 

VSecific YaOXe iQdicaWRUV. FRU e[aPSOe, Whe cRPPaQd giYeU caQ giYe a cRPPaQd, ³AOe[a, 

PRYe fRUZaUd fRU 5 VecRQdV.´, Whe AOe[abRW ZiOO PRYe fRUZaUd fRU 5 VecRQdV. 

 

1.4 Main ContribXtions from the Project 

ThiV SURMecW deYeORS aQ AOe[a baVed YRice-cRQWUROOed URbRW ZiWh AOe[aPi VeUYice 

iQWegUaWed, AOe[abRW, Zhich caSabOe Rf PRYiQg WR diffeUeQW diUecWiRQ b\ fROORZiQg Whe 

cRPPaQd giYeQ b\ cRPPaQd giYeU XViQg VSeech. DXe WR Whe AOe[abRW caSabOe Rf 

SeUfRUPiQg acWiRQV b\ XViQg YRice cRPPaQd, iW ZiOO be a SOaWfRUP fRU RWheU deYeORSeU WR 

iQWegUaWe RWheU fXQcWiRQV aQd haUdZaUe iQWR Whe URbRW VXch aV URbRWic aUP. BeVideV WhaW, 

geWWiQg RQOiQe iQfRUPaWiRQ WhURXgh AOe[abRW b\ XViQg VSeech ZiOO be PXch eaVieU cRPSaUed 

WR WUadiWiRQaO Za\V Zhich iV VeaUchiQg RQOiQe ZiWh Whe heOS Rf Ne\bRaUd aQd PRXVe aV iQSXW 

deYiceV.  

 
1.5 Organisation of the Report 

ThiV SURMecW UeSRUW iV RUgaQiVed b\ 7 chaSWeUV. ChaSWeU 1 SURYideV aQ RYeUYieZ Rf Whe 

cXUUeQW SURbOeP VWaWePeQW Rf Whe YRice-cRQWUROOed URbRW aQd Whe PRWiYaWiRQ. IW aOVR SURYideV 

Whe SURMecW RbMecWiYeV aQd SURMecW VcRSe Rf Whe SURMecW aV ZeOO aV Whe PaiQ cRQWUibXWiRQV 

fURP Whe SURMecW. 

 IQ ChaSWeU 2, a UeYieZ Rf WechQRORgieV WRZaUdV Whe YRice-cRQWUROOed URbRW iV 

SURYided, VXch aV haUdZaUe SOaWfRUP, fiUPZaUe/OS, daWabaVe, SURgUaPPiQg OaQgXage aQd 

aOgRUiWhP. BeVideV WhaW, UeYieZ aQd VXPPaU\ Rf Whe e[iVWiQg YRice-cRQWUROOed URbRW ZiOO 

aOVR be SURYided iQ WhiV chaSWeU. 

 IQ ChaSWeU 3, VRPe V\VWeP deYeORSPeQW PRdeOV deWaiOV aUe SURYided aV ZeOO aV Whe 

VeOecWed V\VWeP deYeORSPeQW PRdeO. BeVideV WhaW, WhiV chaSWeU ZiOO aOVR cRYeU Whe V\VWeP 

UeTXiUePeQW aQd fXQcWiRQaO UeTXiUePeQW. MRUeRYeU, SURMecW PiOeVWRQe aQd eVWiPaWed cRVW 

ZiOO aOVR be iQcOXded. 
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 IQ ChaSWeU 4, V\VWeP aUchiWecWXUe, fXQcWiRQaO PRdXOeV iQ Whe V\VWeP aQd V\VWeP 

fORZ ZiOO be iQcOXded.  

 IQ ChaSWeU 5, aOO Whe haUdZaUe VeWXS aQd VRfWZaUe VeWXS ZiOO be iQcOXded. BeVideV 

WhaW, iW aOVR SURYideV Whe VeWWiQg aQd cRQfigXUaWiRQ SURcedXUe WR VeWWiQg XS Whe AOe[abRW. 

MRUeRYeU, V\VWeP RSeUaWiRQ ZiWh VcUeeQVhRW ZiOO aOVR be cRYeUed iQ WhiV chaSWeU. 

 IQ ChaSWeU 6, V\VWeP WeVWiQg, aQd SeUfRUPaQce PeWUicV ZiOO be cRYeUed. BeVideV WhaW, 

Whe WeVWiQg VeWXS aQd Whe WeVWiQg UeVXOW ZiOO be VhRZQ iQ WhiV chaSWeU. OWheU WhaQ WhiV, 

chaOOeQgeV faciQg iQ WhiV SURMecW ZiOO aOVR be UecRUded iQ WhiV chaSWeU. BeVideV WhaW, aQ 

RbMecWiYeV eYaOXaWiRQ ZiOO be iQcOXded iQ WhiV chaSWeU. 

 IQ ChaSWeU 7, cRQcOXViRQ aQd UecRPPeQdaWiRQ ZiOO be cRYeUed. 
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Chapter 2 

LiteratXre ReYieZ 

2.1 ReYieZ of the Technologies 

2.1.1 HardZare Platform 

BefRUe deYeORSiQg a URbRWic SURMecW, SeRSOe aOZa\V ORRNiQg fRU a bXdgeW haUdZaUe. WheQ 

iW cRPeV WR bXdgeW haUdZaUe fRU URbRWic deYeORSPeQW, AUdXiQR aQd RaVSbeUU\ Pi aUe Whe 

fiUVW WZR haUdZaUe SOaWfRUP WhaW cRPe WR PiQd.  

 AUdXiQR, a ViQgOe-bRaUd PicURcRQWUROOeU bRaUd WhaW aUe eTXiSSed ZiWh PXOWiSOe VeWV 

Rf aQaORg aQd digiWaO I/O SiQV WhaW caQ be XVed WR iQWeUface ZiWh bUeadbRaUd RU RWheU VeQVRUV. 

TheUe iV a USB iQWeUface RQ Whe bRaUd, Zhich iV XVed fRU ORadiQg SURgUaPV fURP cRPSXWeU 

WR Whe PicURcRQWUROOeUV. TR SURgUaP Whe PicURcRQWUROOeUV, C aQd C++ SURgUaPPiQg 

OaQgXageV caQ be XVed aV ZeOO aV P\WhRQ ZheQ Whe deYeORSeU ZiVheV WR deaO ZiWh VeQVRUV. 

AUdXiQR caQ RQO\ UXQ RQe SURgUaP iQ a ViQgOe iQVWaQce RYeU aQd RYeU agaiQ. 

 RaVSbeUU\ Pi, a ViQgOe-bRaUd cRPSXWeU WhaW aUe eTXiSSed ZiWh 40-SiQ Rf GPIO SiQV 

WhaW caQ be XVed WR iQWeUface ZiWh bUeadbRaUd RU RWheU VeQVRUV. TheUe aUe 4 USB iQWeUfaceV, 

1 EWheUQeW SRUW, 1 HDMI SRUW aQd a 3.5PP aXdiR MacN RQ Whe RaVSbeUU\ Pi. BeVideV WhaW, iW 

aOVR RQ-bRaUd BOXeWRRWh aQd 802.11Q WI-FI. The SURgUaPV e[ecXWed RQ Whe RaVSbeUU\ Pi 

caQ be SURgUaPPed XViQg P\WhRQ, C, C++, JaYa, RXb\ aQd ScUaWch. RaVSbeUU\ Pi iV 

RSeUaWed XQdeU LiQX[ RSeUaWiQg V\VWeP VXch aV RaVSiaQ, De[WeUOS, eWc. NaWXUaOO\, 

RaVSbeUU\ Pi iV PXOWi-fXQcWiRQaO, baVicaOO\ PeaQ iW aOORZV UXQQiQg PXOWiSOe SURgUaPV 

ViPXOWaQeRXVO\ iQ a ViQgOe iQVWaQce. 

 

2.1.2 FirmZare/OS 

OSeUaWiQg V\VWeP iV a SURgUaP ZiWh Whe fXQcWiRQ Rf cRQWUROOiQg Whe e[ecXWiRQ Rf aOO Whe 

SURgUaPV aQd aQ iQWeUface beWZeeQ haUdZaUe aQd aSSOicaWiRQV. The PaiQ RbMecWiYeV Rf aQ 

RSeUaWiQg V\VWeP aUe efficieQc\, cRQYeQieQce aQd abiOiW\ WR eYROYe. OSeUaWiQg V\VWeP haV 

WZR UROeV Zhich aUe UeVRXUce PaQageU aQd cRQWURO SURgUaP. AV a UeVRXUce PaQageU, iW 

PaQageV aOO Whe VRfWZaUe UeVRXUceV aQd cRPSXWeU haUdZaUe aQd decideV beWZeeQ faiU 

UeVRXUce XVe aQd cRQfOicWiQg UeTXeVWV fRU efficieQW iQ cRPSXWeU. MRUeRYeU, aV a cRQWURO 
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SURgUaP, iW SUeYeQWV iPSURSeU XVe Rf Whe cRPSXWeU aQd eUURUV b\ cRQWUROOiQg Whe e[ecXWiRQ 

Rf Whe SURgUaPV aQd aOVR SURWecW Whe V\VWeP fURP aQ\ PaOiciRXV SURgUaPV. 

 FXUWheUPRUe, RSeUaWiQg V\VWeP caQ be caWegRUi]ed iQWR 7 W\SeV Zhich aUe ViQgOe-

WaVNiQg aQd PXOWi-WaVNiQg, ViQgOe-XVeU aQd PXOWi-XVeU, diVWUibXWed, WePSOaWed, ePbedded, 

UeaO-WiPe aQd OibUaU\. FiUVW, ViQgOe-WaVNiQg RSeUaWiQg V\VWeP iV a V\VWeP WhaW caQ RQO\ 

e[ecXWeV RQe SURgUaP iQ a ViQgOe iQVWaQce, ZhiOe a PXOWi-WaVNiQg RSeUaWiQg V\VWeP caQ 

e[ecXWe PXOWiSOe SURgUaPV cRQcXUUeQc\. TR achieYe Whe cRQcXUUeQc\, Whe SURceVVeV XVe Whe 

diYided aYaiOabOe SURceVVRU WiPe b\ WiPe-VhaUiQg. The WaVN-VchedXOiQg VXbV\VWeP Rf Whe 

RSeUaWiQg V\VWeP ZiOO iQWeUUXSW each Rf WheVe SURceVVeV iQ WiPe VOiceV UeSeaWedO\.  

 SecRQd, ViQgOe-XVeU RSeUaWiQg V\VWeP iV a V\VWeP Zhich aOORZ PXOWiSOe SURgUaPV WR 

UXQ iQ WaQdeP ZiWhRXW faciOiWieV WR diVWiQgXiVh Whe XVeUV, ZhiOe PXOWi-XVeU RSeUaWiQg V\VWeP 

iV a V\VWeP e[WeQdV fURP PXOWi-WaVNiQg RSeUaWiQg V\VWeP¶V baVic cRQceSW ZiWh Whe faciOiWieV 

WR diVWiQgXiVh Whe XVeUV. FRU e[aPSOe, PXOWi-XVeU RSeUaWiQg V\VWeP ZiOO ideQWif\ Zhich 

SURceVVeV aQd UeVRXUceV aUe beORQgiQg WR Zhich XVeUV.  

 ThiUd, diVWUibXWed RSeUaWiQg V\VWeP iV a V\VWeP WhaW haV Whe abiOiW\ WR PaQage a 

gURXS Rf diVWiQcW cRPSXWeUV iQWR a ViQgOe cRPSXWeU. Each Rf Whe iQdiYidXaO cRPSXWeU QRde 

iQ Whe diVWUibXWed RSeUaWiQg V\VWeP ZiOO hROdV a VSecific gORbaO aggUegaWe RSeUaWiQg 

V\VWeP¶V VRfWZaUe VXbVeW. FRXUWh, WePSOaWed UefeUV WR cUeaWiQg a gXeVW RSeUaWiQg V\VWeP 

XViQg a ViQgOe YiUWXaO PachiQe iPage fRU PXOWiSOe UXQQiQg YiUWXaO PachiQeV.  

 FifWh, ePbedded RSeUaWiQg V\VWeP iV a V\VWeP WhaW iV deVigQed fRU ePbedded deYiceV 

ZiWh OeVV aXWRQRP\. IW iV a UeVRXUce-efficieQW aQd UeOiabOe RSeUaWiQg V\VWeP WhaW VXiWabOe fRU 

aQ\ haUdZaUe ZiWh OiPiWed UeVRXUceV VXch aV RAM aQd ROM. FRU e[aPSOe, UaVSbeUU\ Pi 

aQd AUdXiQR aUe beVW VXiWed fRU ePbedded RSeUaWiQg V\VWeP.  

 Si[Wh, UeaO-WiPe RSeUaWiQg V\VWeP iV a V\VWeP WhaW deVigQed fRU SURceVViQg daWa aQd 

eYeQWV ZiWhRXW aQ\ bXffeU deOa\V. A UeaO-WiPe RSeUaWiQg V\VWeP caQ be a ViQgOe-WaVNiQg RU 

PXOWi-WaVNiQg RSeUaWiQg V\VWeP. SeYeQWh, OibUaU\ RSeUaWiQg V\VWeP iV iQ a fRUP Rf OibUaUieV 

WhaW SURYideV W\SicaO RSeUaWiQg V\VWeP VXch aV QeWZRUNiQg. ThiV RSeUaWiQg V\VWeP 

cRPSRVed ZiWh Whe cRQfigXUaWiRQ cRde aQd aSSOicaWiRQ WR cRQVWUXcW a XQiNeUQeO. 
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2.1.3 Database 

DaWabaVe iV a VWUXcWXUed VeW Rf daWa RU aQ RUgaQi]ed cROOecWiRQ Rf daWa WhaW caQ be VWRUed iQ 

cORXd, VeUYeU RU SeUVRQaO cRPSXWeU. IW caQ be acceVVed fURP a cRPSXWeU V\VWeP 

eOecWURQicaOO\. DaWabaVeV aUe RfWeQ deYeORSed XViQg PRdeOOiQg WechQiTXeV aQd fRUPaO 

deVigQ. BeVideV WhaW, daWabaVe caQ be caWegRUi]ed iQWR 11 W\SeV Zhich aUe ceQWUeOiVed 

daWabaVe, diVWUibXWed daWabaVe, SeUVRQaO daWabaVe, eQd-XVeU daWabaVe, cRPPeUciaO daWabaVe, 

NRSQL daWabaVe, RSeUaWiRQaO daWabaVe, UeOaWiRQaO daWabaVe, cORXd daWabaVe, RbMecW-RUieQWed 

daWabaVe aQd gUaSh daWabaVe. 

 FiUVW, ceQWUeOiVed daWabaVe iV a daWabaVe WhaW aOO Whe daWa iV VWRUed aW a ceQWUeOiVed 

ORcaWiRQ. ThiV daWabaVe caQ be acceVVed b\ XVeUV UePRWeO\ fURP diffeUeQW ORcaWiRQV ZiWh Whe 

heOS Rf aSSOicaWiRQ SURcedXUeV cRQWaiQed b\ Whe daWabaVe. The adYaQWage Rf WhiV W\Se Rf 

daWabaVe iV Whe daWa iV eaVieU WR RUgaQi]e aQd PaiQWaiQ dXe WR Whe daWa iV NeSW iQ VaPe 

ORcaWiRQ, ZhiOe Whe diVadYaQWage Rf WhiV W\Se Rf daWabaVe iV iW Pa\ face bRWWOeQecN dXe WR 

high WUaffic. 

 SecRQd, diVWUibXWed daWabaVe iV a daWabaVe WhaW haV Whe RSSRViWe cRQceSW Rf Whe 

ceQWUeOiVed daWabaVe. The cRQceSW Rf WhiV W\Se Rf daWabaVe iV Whe daWa aUe VWRUed iQ diffeUeQW 

ORcaWiRQV. DiVWUibXWed daWabaVe caQ be caWegRUi]ed iQWR 2 W\SeV Zhich aUe hRPRgeQRXV aQd 

heWeURgeQeRXV. HRPRgeQRXV diVWUibXWed daWabaVe iV Whe daWabaVeV Zhich aUe XViQg VaPe 

haUdZaUe, RSeUaWiQg V\VWeP aQd aSSOicaWiRQ SURcedXUeV, ZhiOe Whe heWeURgeQeRXV 

diVWUibXWed daWabaVe iV Whe daWabaVeV Zhich Whe haUdZaUe, RSeUaWiQg V\VWeP aQd aSSOicaWiRQ 

SURcedXUeV caQ be diffeUeQW. The adYaQWage Rf WhiV W\Se Rf daWabaVe iV Whe SeUfRUPaQce ZiOO 

QRW be affecWed ZiWh ViQgOe-ViWe faiOXUe Rf aQ\ daWabaVe. The diVadYaQWage iV diVWUibXWed 

eQYiURQPeQW Qeed WR be VXSSRUWed b\ Whe RSeUaWiQg V\VWeP. 

 ThiUd, SeUVRQaO daWabaVe iV a daWabaVe cRQViVW Rf cROOecWed daWa WhaW VWRUe RQ 

SeUVRQaO cRPSXWeUV. The daWa iQ WhiV daWabaVe aUe RfWeQ acceVVed b\ a VPaOO gURXS Rf XVeUV. 

The adYaQWage Rf WhiV W\Se Rf daWabaVe iV eaV\ WR PaQage dXe WR iWV VPaOO Vi]e, ZhiOe Whe 

diVadYaQWage iV iW iV QRW VXiWabOe iQ daWabaVe e[SaQViRQ.  

 FRXUWh, eQd XVeU daWabaVe iV a daWabaVe WhaW dReV QRW cRQceUQV abRXW Whe WUaQVacWiRQV 

aQd RSeUaWiRQV bXW RQO\ cRQceUQV RQ SURdXcW Zhich Pa\ be aQ aSSOicaWiRQ RU a cRPSXWeU 
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VRfWZaUe. ThiV W\Se Rf daWabaVe iV VSecificaOO\ deVigQed fRU eQd XVeU WR XVe. The adYaQWage 

Rf WhiV W\Se Rf daWabaVe iV iW iPSURYed iQ daWa VhaUiQg. 

 FifWh, cRPPeUciaO daWabaVe iV a Said YeUViRQ Rf OaUge daWabaVeV WhaW VSecificaOO\ 

deVigQaWed fRU XVeUV ZhR ZaQW WR acceVV Whe daWabaVe fRU cRPPeUciaO XVe. ThiV W\Se Rf 

daWabaVe caQ RQO\ be acceVVed WhURXgh cRPPeUciaO OiQNV SURYided b\ Whe SURYideU. The 

diVadYaQWage Rf WhiV daWabaVe iV iW caQQRW affRUd hXge iQfRUPaWiRQ dXe WR iW VXbMecW VSecific.  

 Si[Wh, NRSQL daWabaVe iV a daWabaVe WhaW aUe XVed fRU hXge VeWV Rf diVWUibXWed daWa 

aQd iQfRUPaWiRQ. ThiV W\Se Rf daWabaVe iV deVigQaWed WR aQaO\]e hXge Vi]e Rf XQVWUXcWXUed 

daWa WhaW Pa\ be VWRUed iQ diffeUeQW VeUYeUV. The adYaQWage Rf NRSQL daWabaVe iV iW abOe WR 

haQdOe aQ\ NiQd Rf OaUge YROXPeV Rf XQVWUXcWXUed, VePi-VWUXcWXUed, aQd VWUXcWXUed daWa aQd 

iQfRUPaWiRQ, ZhiOe Whe diVadYaQWage Rf WhiV W\Se Rf daWabaVe iV iW iV QRW cRPSaWibOe ZiWh 

SQL. 

 SeYeQWh, RSeUaWiRQaO daWabaVe iV a daWabaVe ZiWh daWa UeOaWed WR RSeUaWiRQV Rf aQ 

RUgaQi]aWiRQ VWRUed iQ iW. ThiV W\Se Rf daWabaVe iV deVigQaWed fRU XVeUV WR SeUfRUP CRUD WR 

Whe daWa iQ UeaO-WiPe. The adYaQWage Rf RSeUaWiRQaO daWabaVe iV Whe daWa aUe XS WR daWe, ZhiOe 

Whe diVadYaQWage Rf WhiV W\Se Rf daWabaVe iV iQiWiaO WUaiQiQg iV UeTXiUed dXe WR Whe OeaUQiQg 

cXUYe iV OaUge. 

 EighWh, UeOaWiRQaO daWabaVe iV a daWabaVe caWegRUi]ed b\ a VeW Rf WabOeV. The daWa aUe 

iQVeUWed iQWR WabOe baVed RQ SUe-defiQed caWegRU\. The WabOeV iQ Whe UeOaWiRQaO daWabaVe 

cRQViVW Rf cROXPQV aQd URZV. The cROXPQV UeSUeVeQW Whe aWWUibXWe, ZhiOe Whe URZV UeSUeVeQW 

Whe UecRUd. The adYaQWage Rf UeOaWiRQaO daWabaVe iV iW iV eaV\ WR XQdeUVWaQd dXe WR iW 

RUgaQi]ed WabOeV, ZhiOe Whe diVadYaQWage iV iW Pa\ eQcRXQWeU difficXOW\ ZheQ Whe XVeUV WU\ 

WR iQVeUW daWa iQWR a cXUUeQW e[iVWed WabOe. 

 NiQWh, cORXd daWabaVe iV a daWabaVe WhaW aOO Whe daWa aUe VWRUed iQ Whe cORXd Zhich iV 

aOVR NQRZQ aV a YiUWXaO eQYiURQPeQW. The YiUWXaO eQYiURQPeQW caQ eiWheU be a SUiYaWe cORXd, 

SXbOic cORXd RU a h\bUid cORXd. The adYaQWage iV VecXUiW\ dXe WR Whe cORXd cRPSaQ\ WheiU 

RZQ adYaQced WechQiTXeV WR VecXUe Whe daWabaVe, ZhiOe Whe diVadYaQWage iV Whe cORXd 

daWabaVe Pa\ be cRVWO\. 

 EOeYeQWh, RbMecW-RUieQWed daWabaVe iV a daWabaVe cRQViVWV Rf a cROOecWiRQ Rf UeOaWiRQaO 

daWabaVe aQd RbMecW-RUieQWed SURgUaPPiQg. ThiV W\Se Rf daWabaVe iV RUgaQi]ed daWa iQ 
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RbMecW. The adYaQWage Rf RbMecW-RUieQWed daWabaVe iV iW eQUiched PRdeOOiQg caSabiOiWieV dXe 

WR Whe daWa RbMecWV aUe eQcaSVXOaWed iQ a PRUe QaWXUaO aQd UeaOiVWic UeaO-ZRUOd RbMecWV. The 

diVadYaQWage Rf WhiV W\Se Rf daWabaVe iV OacN Rf VWaQdaUdV dXe WR iW dR QRW haYe aQ\ 

VWaQdaUdi]ed PRdeO WR fROORZ. 

 LaVW, gUaSh daWabaVe iV a daWabaVe cRQViVWV Rf QRdeV aQd edgeV. The QRdeV iQ Whe 

gUaSh daWabaVe UeSUeVeQW Whe eQWiW\, ZhiOe Whe edgeV UeSUeVeQW Whe UeOaWiRQVhiS beWZeeQ Whe 

eQWiWieV. The adYaQWage Rf gUaSh daWabaVe iV Whe SeUfRUPaQce dXe WR each Rf Whe YeUWe[ ZiOO 

RQO\ PaiQWaiQV iWV QeighbRU YeUWe[ iQfRUPaWiRQ, VR XQUeOaWed YeUWe[ ZiOO QRW be gR WhURXgh 

ZheQ a TXeU\ iV e[ecXWed. 

 

2.1.4 Programming LangXage 

PURgUaPPiQg OaQgXage iV aQ\ Rf YaUiRXV OaQgXageV WhaW cRPSUiVeV RU e[SUeVVeV a VeW Rf 

deWaiOed iQVWUXcWiRQV WhaW ZiOO SURdXce YaUiRXV NiQdV Rf RXWSXW fRU digiWaO cRPSXWeU XVe. 

PURgUaPPiQg OaQgXage caQ be caWegRUi]ed iQWR 3 caWegRUieV Zhich aUe PachiQe OaQgXageV, 

aVVePbO\ OaQgXageV aQd high-OeYeO OaQgXageV. 

 MachiQe OaQgXageV aUe Whe QaWiYe OaQgXage fRU cRPSXWeU Zhich cRQViVW Rf ORZ-OeYeO 

PachiQe iQVWUXcWiRQV. ThiV iV Whe RQO\ OaQgXage WhaW Whe haUdZaUe ZiOO XQdeUVWaQd. Each Rf 

Whe XQiTXe cRPSXWeU ZiOO haV iWV RZQ XQiTXe PachiQe OaQgXage. A PachiQe OaQgXage RfWeQ 

UeSUeVeQWed XViQg biQaU\ RU he[adeciPaO. BeVideV WhaW, each Rf Whe iQVWUXcWiRQV ZiOO caXVe 

Whe CPU WR SeUfRUP VSecific WaVN VXch aV ORad, VWRUe aQd MXPS. NeYeUWheOeVV, SURgUaPPiQg 

iQ PachiQe OaQgXage ZiOO be difficXOW fRU hXPaQ SURgUaPPeUV dXe WR Whe PachiQe OaQgXage 

Qeed WR be PePRUi]ed iQ biQaU\ cRde RU he[adeciPaO cRde. 

 AVVePbO\ OaQgXageV aUe Whe eQcRded YeUViRQ Rf PachiQe cRde ZheUe iW iV PRUe 

UeadabOe fRU hXPaQ SURgUaPPeUV. Each Rf Whe iQVWUXcWiRQV iQ PachiQe OaQgXage SURgUaP 

ZiOO be UeSOaced ZiWh ViPSOe abbUeYiaWiRQV VXch aV ADD, MOV aQd LW. The aVVePbO\ 

OaQgXage ZiOO aOVR XQiTXe fRU each cRPSXWeU. BefRUe e[ecXWiRQ, Whe aVVePbO\ OaQgXage 

Qeed WR be WUaQVOaWed iQWR PachiQe OaQgXage iQ RUdeU WR OeW cRPSXWeU WR XQdeUVWaQd. The 

WUaQVOaWiRQ fURP aVVePbO\ OaQgXage WR PachiQe OaQgXage ZiOO be dRQe b\ a cRPSXWeU 

SURgUaP NQRZQ aV AVVePbOeU. 
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 High OeYeO OaQgXageV aUe Whe SURgUaPPiQg OaQgXageV WhaW aUe ZideO\ XVed b\ PRVW 

Rf Whe SURgUaPPeUV. ThiV W\Se Rf SURgUaPPiQg OaQgXageV aUe XVXaOO\ cRQVWUaiQWV aQd 

abVWUacWed Whe Qeed Rf a VSecific PachiQe. The high-OeYeO OaQgXage SURgUaP caQ be 

e[ecXWed fRU aQ\ PachiQe aV ORQg aV Whe PachiQe VXSSRUW Whe VaPe SURgUaPPiQg OaQgXage 

ZiWh Whe high-OeYeO OaQgXage SURgUaP. SaPe aV aVVePbO\ OaQgXage, high OeYeO OaQgXage iV 

aOVR Qeed WR be WUaQVOaWed iQWR PachiQe OaQgXage befRUe e[ecXWiRQ. TR WUaQVOaWe Whe high-

OeYeO OaQgXage WR PachiQe OaQgXage, a cRPSiOeU RU aQ iQWeUSUeWeU iV XVed. 

 

2.1.5 Algorithm 

AOgRUiWhP iV a VeW Rf UXOeV RU a SURceVV WhaW Qeed WR be fROORZed iQ caOcXOaWiRQV RU aQ\ RWheU 

SURbOeP-VROYiQg RSeUaWiRQV. FRU VSeech UecRgQiWiRQ, WheUe aUe 2 iPSRUWaQW SaUWV Qeed WR be 

WaNe caUe Rf Zhich aUe acRXVWic PRdeOOiQg aQd OaQgXage PRdeOOiQg.   

 The aOgRUiWhP XVed iQ VSeech UecRgQiWiRQ iV HiddeQ MaUNRY PRdeOV (HMMV) 

Zhich iV a VWaWiVWicaO MaUNRY PRdeO WhaW ZiOO RXWSXW a VeTXeQce Rf TXaQWiWieV RU V\PbROV. 

NRZada\V, PRVW Rf Whe PRdeUQ geQeUaO-SXUSRVe VSeech UecRgQiWiRQ V\VWePV aUe deYeORSed 

baVed RQ HMMV. The UeaVRQ Rf XViQg HMMV RQ VSeech UecRgQiWiRQ iV becaXVe Rf Whe 

VSeech VigQaO caQ be Uead iQ a VhRUW-WiPe VWaWiRQaU\ VigQaO RU a SieceZiVe VWaWiRQaU\ VigQaO. 

SR, a VSeech VigQaO caQ be WUeaWed aV a VWaWiRQaU\ SURceVV ZheQ iW iV iQ a VhRUW WiPe VcaOe.  

 BeVideV WhaW, D\QaPic WiPe ZaUSiQg (DTW) iV aOVR XVed aV Whe aOgRUiWhP iQ VSeech 

UecRgQiWiRQ. DTW iV aQ aOgRUiWhP WhaW WaNe iQ 2 WePSRUaO VeTXeQceV, Zhich aUe diffeUeQW iQ 

VSeed RU VSeed aQd PeaVXUiQg fRU Whe ViPiOaUiW\ beWZeeQ WheP. ThiV aOgRUiWhP iV XVed fRU 

VSeech UecRgQiWiRQ befRUe Whe diVSOacePeQW WR HMMV.   

 

2.1.6 SXmmar\ of the Technologies ReYieZ 

IQ cRQcOXViRQ, WR bXiOd a URbRW SURMecW, Whe fiUVW cRQceUQ PXVW be ZhaW aUe Whe WaVNV WhaW 

URbRW QeedV WR SeUfRUP. If Whe URbRW QeedV WR SeUfRUP PXOWiSOe WaVNV, RaVSbeUU\ Pi iV Whe 

PRVW VXiWabOe haUdZaUe SOaWfRUP. WheUeaV, AUdXiQR iV Whe PRVW VXiWabOe haUdZaUe SOaWfRUP 

if Whe URbRW QeedV WR SeUfRUP RQO\ RQe WaVN cRQWiQXRXVO\. IQ addiWiRQ, Whe VecRQd cRQceUQ 

ZRXOd be Whe RSeUaWiQg V\VWeP. The RSeUaWiQg V\VWeP fRU Whe URbRW PXVW be OeVV SRZeU 

cRQVXPSWiRQ, OeVV RAM aQd ROM UeTXiUe. FRU WhiV ViWXaWiRQ, Whe ePbedded RSeUaWiQg 
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V\VWeP iV Whe beVW VXiWabOe fRU deYeORSiQg a URbRW SURMecW. BeVideV WhaW, daWabaVeV aUe aOVR 

RQe Rf Whe cRQceUQV becaXVe diffeUeQW W\Se Rf daWabaVeV iV deVigQaWed fRU diffeUeQW NiQdV Rf 

XVage. MRUeRYeU, SURgUaPPiQg OaQgXageV ZiOO be Whe Qe[W cRQceUQ fRU URbRW SURMecW 

deYeORSPeQW. High OeYeO SURgUaPPiQg OaQgXageV aUe beVW VXiWabOe fRU URbRW SURMecW dXe WR 

iWV chaUacWeUiVWic Zhich iV eaV\ WR XQdeUVWaQd b\ hXPaQ SURgUaPPeUV. LaVW bXW QRW OeaVW, 

HMMV iV Whe PRVW VXiWabOe aOgRUiWhP fRU VSeech UecRgQiWiRQ V\VWeP dXe WR Whe fRUP Rf 

VSeech VigQaO iV abOe WR be WUeaWed aV Whe VWaWiRQaU\ SURceVV WR be SURceVVed b\ HMMV. 

 

2.2 ReYieZ of the E[isting S\stems/Application 

2.2.1 The VoiceBot: A Voice Controlled Robot Arm 

IQ WhiV MRXUQaO, Whe aXWhRUV iQWURdXced a VSeech cRQWUROOed URbRWic aUP, VRiceBRW, aQd Whe 

VRiceBRW ZaV iPSOePeQWed b\ XViQg a V\VWeP caOOed VRcaO JR\VWicN iQWeUfeUeQce eQgiQe 

(HRXVe, MaONiQ aQd BiOPeV, 2009). The VRcaO JR\VWicN caQ SURYide a XQiTXe YRice-

cRQWUROOed iQWeUface becaXVe iW iV UeO\iQg RQ Whe hXPaQ YRcaO WUacW¶V eQRUPRXV fOe[ibiOiW\ WR 

SURdXce a UaQge Rf cRQWiQXRXV aQd diVcUeWe VRXQdV.  

BeVideV WhaW, The VRcaO JR\VWicN dR QRW UeTXiUe aQ\ iQYaViYe RU VSeciaOi]ed 

haUdZaUe bXW RQO\ a cRPSXWeU, VWaQdaUd PicURShRQe aQd VRXQd caUd. The SRVVibOe 

aSSOicaWiRQ fRU Whe VRcaO JR\VWicN aOPRVW XQOiPiWed dXe WR Whe SRUWabOe OibUaU\ Rf Whe cRUe 

eQgiQe caQ be XVed b\ aQ\ aSSOicaWiRQ WR SURYide SaUaPeWeUV Rf cRQWURO.  

AccRUdiQg WR (BiOPeV eW aO., 2005), Whe VRcaO JR\VWicN haV WhUee PaiQ chaUacWeUiVWicV 

Zhich aUe cRQWiQXRXV cRQWURO SaUaPeWeUV, diVcUeWe YRcaO cRPPaQdV aQd UeXVabOe 

iQfUaVWUXcWXUe. TheVe chaUacWeUiVWicV Rf VRcaO JR\VWicN heOS Whe iQdiYidXaOV ZiWh PRWRU 

iPSaiUPeQWV WR XVe WheiU YRcaO SaUaPeWeUV fRU cRQWiQXRXV cRQWURO WaVN.  

IQ addiWiRQ, VRcaO JR\VWicN iV abOe WR WUacN QRQ-VSeech YRcaO SURSeUWieV VXch aV 

SiWch, YROXPe aQd YRZeO TXaOiW\ cRQWiQXRXVO\ (SOLEYMANI eW aO., 2009). AccRUdiQg WR 

(HRXVe, MaONiQ aQd BiOPeV, 2009), Whe OiPiWaWiRQ Rf Whe VRiceBRW iV SiWch WUacNiQg, becaXVe 

Rf Whe SiWch UeVSRQVe ZaV baVed RQ a OiQeaU fUeTXeQc\ PaSSiQg aQd XViQg OiQeaU fUeTXeQc\ 

WR caOcXOaWe Whe SiWch chaQgeV, VR, iQ ORZeU fUeTXeQcieV, Whe effecWiYe UeVROXWiRQ Rf Whe SiWch 

cRQWURO Rf Whe aUP ZiOO be UedXced. ThiV SURbOeP caQ be UeVROYed b\ XViQg LRg-VcaOe 
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fUeTXeQc\ Zhich iV PXch cORVeU WR Whe hXPaQ SeUceSWiRQ Rf SiWch (HRXVe, MaONiQ aQd 

BiOPeV, 2009). FigXUe 2.1 VhRZV Whe iPage Rf VRiceBRW. 

. 

 
Figure 2.1: Image of VoiceBot (House, Malkin and Bilmes, 2009) 

 

2.2.2 Robot-b\-Yoice: E[periments on commanding an indXstrial robot Xsing 

hXman Yoice 

IQ WhiV MRXUQaO, Whe aXWhRUV VWaWed WhaW iW iV SRVVibOe WR UedXce WUePeQdRXVO\ Rf Whe QRiVe 

effecW b\ addiQg a VhRUW cRPPaQd VWUXcWXUe ZiWh a VSecific ZRUd VXch aV µRRbRW¶ aV SUe-

cRPPaQd VWUiQg (NRUbeUWR PiUeV, 2005).  

BeVideV WhaW, NRUbeUWR (2005, SS.505-511) aOVR VWaWed WhaW Whe Za\ AXWRPaWic 

SSeech RecRgQiWiRQ UecRgQi]eV Whe VSeech fURP Whe cRPPaQd giYeU defiQed b\ gUaPPaUV, 

VR Whe gUaPPaU bXiOdeU PeWhRdV iQcOXded iQ Whe MicURVRfW SSeech API (SAPI) ZeUe XVed 

iQ Whe SURMecW WR SURgUaPPaWicaOO\ cRQVWUXcW aQd PRdif\ Whe gUaPPaU.  

IQ addiWiRQ, if WheUe ZeUe PXOWiSOe URbRWV iQ Whe QeWZRUN, Whe XVeU haV WR ideQWif\ Whe 

URbRW fiUVW befRUe VeQdiQg aQ\ cRPPaQd b\ XViQg Whe VeTXeQce Rf ZRUdV cRQVWiWXWe OeYeO 

UXOeV (NRUbeUWR PiUeV, 2005). IQ RUdeU WR RYeUcRPe WhiV SURbOeP, µRRbRW¶ iV XVed aV Whe 

³TRSLeYeORXOe´ WR OeW Whe URbRW NQRZ Whe XVeU iV WaONiQg WR Whe URbRW aQd a QXPbeU iV VSRNe 
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afWeU Whe µRRbRW¶ aV Whe ³SecRQdLeYeORXOe´ WR OeW Whe URbRW NQRZ Zhich URbRW iV caOOed b\ 

Whe cRPPaQd giYeU (NRUbeUWR PiUeV, 2005). FigXUe 2.2 VhRZV Whe gUaPPaU iPSOePeQWed. 

 

 
Figure 2.2: The grammar implemented (Norberto Pires, 2005). 

OWheU WhaQ WhaW, NRUbeUWR PiUeV (2005, SS.505-511) aOVR VWaWed WhaW VafeW\ iV aOVR 

Qeed WR be cRQVideUed. IQ Whe SURMecW (NRUbeUWR PiUeV, 2005), afWeU each Rf Whe URbRW UeVSRQdV 

WR a VSecific cRPPaQd VXch aV µIQiWiaOi]e¶, Whe URbRW ZiOO aVN fRU XVeUQaPe aQd SaVVZRUd 

b\ XViQg YRice ideQWificaWiRQ iQ RUdeU WR be abOe WR giYe Whe cRPPaQd giYeU Whe SURSeU 

acceVV UighWV. FigXUe 2.3 VhRZV Whe VaPSOe Rf cRPPXQicaWiRQ beWZeeQ cRPPaQd giYeU aQd 

Whe URbRW. 

 
Figure 2.3: The communication betZeen User and Robot (Norberto Pires, 2005). 
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2.2.3 ArdXino Based Voice Controlled Robot 

IQ WhiV MRXUQaO, Whe aXWhRUV bXiOd aQ AUdXiQR baVed YRice cRQWUROOed URbRW aQd VWaWed WhaW 

Whe fXQcWiRQ Rf VSeech UecRgQiWiRQ aQd ceQWUaO SURceVViQg XQiW (CPU) aUe VeSaUaWed 

iQdeSeQdeQWO\ (KaQQaQ aQd SeOYaNXPaU, 2015). ThiV iV becaXVe ZheQ CPU diVWUibXWeV iWV 

SURceVViQg SRZeU WR dR VSeech UecRgQiWiRQ, Whe SeUfRUPaQce Rf CPU ZiOO be decUeaVed. B\ 

VeSaUaWe Whe VSeech UecRgQiWiRQ ciUcXiW aQd Whe CPU, Whe CPU ZiOO PeUeO\ checN if a 

cRPPaQd haV beeQ iVVXed WR Whe URbRW RccaViRQaOO\ b\ SROOiQg Whe VSeech ciUcXiW¶V 

UecRgQiWiRQ OiQeV (KaQQaQ aQd SeOYaNXPaU, 2015).  

IQ addiWiRQ, WhiV caQ eYeQ iPSURYe b\ cRQQecWiQg RQe Rf Whe URbRW¶V CPU iQWeUUXSW 

OiQeV ZiWh Whe UecRgQiWiRQ OiQe (KaQQaQ aQd SeOYaNXPaU, 2015). ThiV iV becaXVe ZheQ a 

UecRgQi]ed ZRUd ZaV VSRNeQ b\ Whe cRPPaQd giYeU, iW ZiOO caXVe aQ iQWeUUXSW WR OeW Whe 

CPU NQRZ, VR, iW ZiOO UedXce Whe chaQce Rf CPU RYeUhead ZheQ CPU dR QRW haYe WR SROO 

VSeech ciUcXiW¶V UecRgQiWiRQ OiQeV RccaViRQaOO\ (KaQQaQ aQd SeOYaNXPaU, 2015).  

BeVideV WhaW, b\ XViQg VWaQd-aORQe VSeech UecRgQiWiRQ ciUcXiW ZiOO SURPiVe Whe 

SURgUaPPabiOiW\ VR WhaW Whe SURgUaPPeU ZhR SURgUaP Whe VSeech UecRgQiWiRQ ciUcXiW caQ 

WUaiQ iW WR UecRgQi]e Whe VSecified ZRUdV WhaW Whe SURgUaPPeU ZaQWV UecRgQi]ed (KaQQaQ 

aQd SeOYaNXPaU, 2015).  

TheUe aUe VeYeUaO OiPiWaWiRQ RU ZeaNQeVVeV WRZaUdV Whe URbRW. The fiUVW OiPiWaWiRQ 

RU ZeaNQeVV iV ZheQ WheUe iV QRiVe RU RWheU VRXQd aURXQd Whe URbRW, Whe eUURU UaWe ZiOO 

iQcUeaVe (KaQQaQ aQd SeOYaNXPaU, 2015). The VecRQd OiPiWaWiRQ RU ZeaNQeVV iV Whe 

diVWaQce beWZeeQ Whe cRPPaQd giYeU aQd Whe PicURShRQe, Whe gUeaWeU Whe diVWaQce, Whe 

higheU Whe eUURU UaWe (KaQQaQ aQd SeOYaNXPaU, 2015). FigXUe 2.4 VhRZV Whe iPage Rf Whe 

AUdXiQR baVed YRice cRQWUROOed URbRW. 
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Figure 2.4: Image of Arduino based Voice Controlled Robot (Kannan and SelYakumar, 

2015). 

 

2.2.4 SXmmar\ of the E[isting S\stems/Applications 

E[isting S\stem AdYantages DisadYantages Critical 

Commends 

The VRiceBRW: A 

VRice CRQWUROOed 

RRbRW AUP 

A UeaO 5 degUeeV-Rf-

fUeedRP (DOF) 

WhUee-diPeQViRQaO 

hRbb\iVW URbRWic 

aUP aOORZV Whe 

URbRW WR haYe high 

accXUac\. 

LaUge aPRXQW Rf VeW 

Rf YRice cRPPaQdV 

aUe Qeeded WR 

SeUfRUP a high 

accXUac\ WaVN dXe 

WR Whe OiPiWaWiRQ Rf 

WhiV V\VWeP caQ 

RQO\ cRQWURO 1 

diPeQViRQ iQ a 

ViQgOe cRPPaQd. 

The aXWhRUV Pa\ 

UecRQVWUXcW Whe 

VWUXcWXUe Rf Whe 

YRice cRPPaQdV WR 

WacNOe PXOWiSOe 

acWiRQV iQ a ViQgOe 

cRPPaQd WR UedXce 

Whe WRWaO aPRXQW Rf 

YRice cRPPaQdV WR 

SeUfRUP a VSecific 

aQd high accXUac\ 

WaVN. 
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RRbRW-b\-YRice: 

E[SeUiPeQWV RQ 

cRPPaQdiQg aQ 

iQdXVWUiaO URbRW 

XViQg hXPaQ YRice 

PUe-cRPPaQd ZRUd 

abOe WR UedXce Whe 

chaQceV Rf geWWiQg 

UeVSRQVe fURP QRQ-

WaUgeW URbRW ZheQ 

PXOWiSOe URbRWV 

e[iVW aW VaPe SOace. 

The V\VWeP iV 

highO\ UeOiabOe WR 

QeWZRUN 

cRQQecWiRQ. 

RedXce Whe 

deSeQdeQc\ Rf Whe 

V\VWeP WR QeWZRUN 

cRQQecWiRQ.  

AdUXiQR BaVed 

VRice CRQWUROOed 

RRbRW 

LeVV SRZeU 

cRQVXPSWiRQ fRU 

CPU dXe WR Whe 

iQdeSeQdeQWO\ 

fXQcWiRQ Rf VSeech-

UecRgQiWiRQ ciUcXiW 

fURP CPU. 

RaWe Rf VXcceVVfXOO\ 

VSeech UecRgQiWiRQ 

ZiOO iQcUeaVe dXe WR 

eQYiURQPeQW aQd 

diVWaQce beWZeeQ 

hXPaQ aQd URbRW¶V 

PicURShRQe.  

IQcUeaVe Whe UaWe Rf 

VXcceVVfXOO\ VSeech 

UecRgQiWiRQ.  

 

Table 2.1: Summar\ of the E[isting S\stems
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Chapter 3 

S\stem Methodolog\ 

3.1 S\stem DeYelopment Models 

3.1.1 IteratiYe SDLC Model 

IWeUaWiYe PRdeO iV a PRdeO WhaW baVed RQ Whe idea Rf deYeORSiQg aQ iQiWiaO iPSOePeQWaWiRQ 

Rf a SaUW Rf Whe V\VWeP UeTXiUePeQWV aQd iWeUaWiYeO\ iPSURYiQg aQd eYROYiQg Whe 

iPSOePeQWaWiRQ WhURXgh VeYeUaO YeUViRQV XQWiO aQ adeTXaWe V\VWeP iV iPSOePeQWed, 

deYeORSed aQd Uead\ WR be deSOR\ed. 

 IQ each Rf Whe iWeUaWiYe SURceVVeV, WheUe aUe 5 VWageV ZiOO be iQcOXded Zhich aUe 

SOaQQiQg aQd UeTXiUePeQWV, aQaO\ViV aQd deVigQ, iPSOePeQWaWiRQ, WeVWiQg aQd eYaOXaWiRQ. 

The iWeUaWiYe SURceVV ZiOO be aSSOied afWeU Whe iQiWiaO SOaQQiQg ShaVe RYeU aQd RYeU agaiQ 

XQWiO Whe V\VWeP iV adeTXaWe aQd cRPSOeWe. AfWeU WhaW, Whe iWeUaWiYe SURceVV ZiOO be eQded 

aQd eQWeU Whe fiQaO ShaVe Zhich iV Whe deSOR\PeQW VWage ZheUe Whe V\VWeP iV gRiQg WR be 

deSOR\ed. 

 BeVideV WhaW, b\ haYiQg Whe chaUacWeUiVWic Rf Whe iWeUaWiRQ ZiOO PaNe Whe iWeUaWiYe 

PRdeO VXiWabOe fRU a VceQaUiR OiNe ZheQ WheUe iV a QeZ WechQRORg\ iV beiQg OeaUQW aQd iV 

beiQg XVed b\ Whe deYeORSeUV iQ Whe deYeORSPeQW WeaP ZhiOe SURMecW deYeORSPeQW iV aOUead\ 

VWaUWed. OWheU WhaQ WhiV, iWeUaWiYe PRdeO aOVR VXiWabOe fRU Whe iQdXVWU\ ZheQ WheUe aUe YeU\ 

high-UiVN Rf Whe V\VWeP feaWXUeV aQd gRaOV Zhich Pa\ chaQge iQ Whe fXWXUe dXUiQg Whe 

deYeORSPeQW SURceVV. 

 MRUeRYeU, Whe adYaQWage Rf Whe iWeUaWiYe PRdeO iV Whe cRVW Rf chaQgeV iQ V\VWeP ZiOO 

be UedXced dXe WR Whe PRdeO iV aSSOied aW Whe eaUO\ VWage Rf Whe deYeORSPeQW, Zhich PaNeV 

iW OeVV difficXOW WR fiQd aQ\ deVigQ aQd fXQcWiRQaO eUURUV. IQ addiWiRQ, Whe iWeUaWiYe PRdeO ZiOO 

aOVR be haYiQg Whe adYaQWage Rf VXSSRUWV chaQgiQg eQYiURQPeQWV dXe WR Whe chaQgeV caQ be 

aSSOied iQ fXWXUe iWeUaWiYe SURceVV. 

 NeYeUWheOeVV, Whe diVadYaQWage Rf Whe iWeUaWiYe PRdeO iV iW iV QRW VXiWabOe fRU aQ\ 

VPaOOeU SURMecWV. ThiV iV becaXVe iW Pa\ UeTXiUe PRUe UeVRXUceV dXUiQg Whe iWeUaWiYe SURceVV. 

FigXUe 3.1 VhRZV Whe iPage Rf IWeUaWiYe SDLC PRdeO. 
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Figure 3.1: Image of IteratiYe SDLC Model (Panagoulias & Anastasios, 2017) 

 

3.1.2 Agile SDLC Model 

AgiOe PRdeO iV a PRdeO WhaW Whe V\VWeP ZiOO be deYeORSed iQWR a VeUieV Rf YeUViRQV ZheUe 

each Rf Whe YeUViRQV ZiOO be iQYROYed ZiWh cOieQW fRU YeUViRQ eYaOXaWiRQ aQd VSecificaWiRQ 

dXUiQg Whe deYeORSPeQW SURceVV. Each Rf Whe V\VWeP YeUViRQV iV iQcUePeQWaO ZiWh addiWiRQaO 

feaWXUeV XQWiO Whe fiQaO YeUViRQ Rf Whe V\VWeP Zhich cRQViVWV Rf aOO Whe UeTXiUe feaWXUeV fURP 

Whe cOieQW.  

 IQ each Rf Whe iWeUaWiRQ SURceVV ZiOO be iQYROYed SOaQQiQg, UeTXiUePeQWV aQaO\ViV, 

deVigQ, cRdiQg, XQiW WeVWiQg aQd acceSWaQce WeVWiQg. AfWeU each Rf Whe iWeUaWiRQ SURceVV, a 

YeUViRQ Rf Whe V\VWeP ZiOO be deYeORSed aQd UeOeaVed WR Whe cOieQW aQd cROOecW Whe feedbacN 

fURP Whe cOieQW afWeU Whe V\VWeP iV XVed b\ Whe cOieQW. 

 AgiOe PRdeO iV VXiWabOe iQ a VceQaUiR ZheQ Whe cOieQWV ZaQW WR iQYROYe WhePVeOYeV 

iQWR Whe V\VWeP deYeORSPeQW aQd ZiVh WR iQWeUacW ZiWh Whe deYeORSeUV WR diVcXVV abRXW Whe 

V\VWeP feaWXUeV. BeVideV WhaW, Whe agiOe PRdeO iV aOVR VXiWabOe ZheQ aOZa\V haYe QeZ 

chaQgeV Qeed WR be iPSOePeQWed iQWR Whe V\VWeP. 

 MRUeRYeU, WheUe aUe VeYeUaO adYaQWageV Rf aSSO\iQg Whe agiOe PRdeO. The fiUVW 

adYaQWage iV aQ\ Rf Whe XQVWabOe UeTXiUePeQWV fURP Whe fXWXUe ZiOO QRW hROd XS Whe V\VWeP 
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deYeORSPeQW SURgUeVV. The VecRQd adYaQWage iV Whe cOieQW ZiOO be abOe WR Vee Whe RQ-WiPe 

deOiYeU\ Rf iQcUePeQW aQd haYe a beWWeU XQdeUVWaQdiQg RQ ZhaW iV Whe SURgUeVV Rf Whe V\VWeP 

deYeORSPeQW. 

 NeYeUWheOeVV, RQe Rf Whe chaUacWeUiVWic Rf Whe agiOe PRdeO iV WhaW iW UeTXiUed RQO\ 

OiWWOe fRUPaO dRcXPeQWaWiRQ. B\ haYiQg WhiV chaUacWeUiVWic, SURbOePV Pa\ aUiVe ZheQ Whe 

RUigiQaO deYeORSeUV aUe UeVigQed RU Whe SURMecW iV haQdOe b\ RWheU deYeORSPeQW WeaP dXUiQg 

Whe PaiQWeQaQce VWage. 

 
Figure 3.2: Image of Agile SDLC Model (tutorialpoint, n.d.) 

3.1.3 Big Bang SDLC Model 

Big BaQg PRdeO iV a PRdeO WhaW dR QRW haYe aQ\ VSecific deYeORSPeQW SURceVV. ThiV NiQd 

Rf PRdeO iV RQO\ SXWWiQg WiPe, effRUWV aQd UeVRXUceV aW Whe VWaUWiQg SRiQW Rf Whe deYeORSPeQW 

aV Whe iQSXW aQd RXWSXW Whe V\VWeP afWeU Whe V\VWeP iV fXOO\ deYeORSed aQd Uead\ WR be 

deSOR\ed. 

 BeVideV WhaW, Big BaQg PRdeO RQO\ UeTXiUed YeU\ OiWWOe SOaQQiQg aQd dR QRW fROORZ 

aQ\ VSecific deYeORSPeQW SURceVV dXUiQg Whe deYeORSPeQW. OWheU WhaQ WhiV, aQ\ chaQgeV 
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afWeU Whe V\VWeP iV deYeORSed Pa\ RU Pa\ QRW Qeed WR aSSO\ iQWR Whe V\VWeP. HeQce, WhiV 

NiQd Rf PRdeO iV VXiWabOe fRU VPaOO SURMecW ZiWh OiPiWed QXPbeU Rf deYeORSeUV VXch aV 

acadePic SURMecWV. 

 IQ addiWiRQ, WheUe aUe VeYeUaO adYaQWageV Rf Whe Big BaQg SDLC. The fiUVW adYaQWage 

iV WhiV iV a YeU\ ViPSOe PRdeO, VR Whe ZhROe SURceVV Rf deYeORSPeQW iV UeOaWiYeO\ eaV\ WR 

PaQage. BeVideV WhaW, Big BaQg PRdeO aOVR giYeV Whe deYeORSeU fOe[ibiOiW\ WR deYeORS Whe 

V\VWeP dXe WR iW dR QRW fROORZ aQ\ VSecific deYeORSPeQW SURceVV. 

 NeYeUWheOeVV, WheUe aUe aOVR a feZ diVadYaQWageV Zhich iV b\ XViQg Big BaQg PRdeO 

ZiOO be haYiQg YeU\ high UiVNV aQd XQceUWaiQW\ dXUiQg aQd afWeU Whe deYeORSPeQW. BeVideV 

WhaW, Big BaQg PRdeO iV QRW VXiWabOe fRU OaUge SURMecW dXe WR OiWWOe SOaQQiQg aQd 

XQVWaQdaUdi]ed deYeORSPeQW SURceVV. 

 
Figure 3.3: Image of Big Bang SDLC model (ProfessionalQA.com, 2019) 

 

3.1.4 Selected Model 

IQ WhiV SURMecW, Whe VeOecWed PRdeO fRU Whe SURMecW deYeORSPeQW iV Big BaQg PRdeO. ThiV iV 

becaXVe Whe YRice cRQWUROOed PRbiOe ePbedded deYice SURMecW iV a VPaOO SURMecW aQd RQO\ 

UeTXiUe RQe deYeORSeU. B\ chRRViQg Big BaQg PRdeO, Whe ZhROe deYeORSPeQW SURceVV ZiOO 

be eaV\ WR PaQage aQd UeYieZ. BeVideV WhaW, dXe WR Whe OiPiWed QXPbeU Rf deYeORSeU iQ WhiV 

SURMecW, IWeUaWiYe PRdeO aQd AgiOe PRdeO aUe cRQVideUed aV cRPSOe[ PRdeO WR Whe SURMecW. 

OWheU WhaQ WhiV, Big BaQg PRdeO UeTXiUeV OeVV deYeORSPeQW WiPe cRPSaUe WR RWheU 2 PRdeOV 

Zhich ZiOO VSeQd a ORW Rf WiPe iQ Whe iWeUaWiYe SURceVVeV. MRUeRYeU, dXe WR Whe OiPiWed 
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QXPbeU Rf deYeORSeU, Big BaQg PRdeO iV PRVW VXiWabOe ViQce iW RQO\ UeTXiUeV OeVV QXPbeU 

Rf deYeORSeUV. 

 

3.2 S\stem ReqXirement (Technologies InYolYed) 

3.2.1 HardZare 

3.2.1.1 GoPiGo 

IQ WhiV SURMecW, WheUe aUe VeYeUaO haUdZaUe Qeeded WR bXiOd Whe AOe[abRW. The fiUVW 

haUdZaUe Qeeded iV GRPiGR Zhich iV bRd\ Rf Whe URbRW caU. The GRPiGR ZiOO cRPeV ZiWh 

GRPiGR3 BaVe KiW, ScUeZdUiYeU fRU aVVePbO\, RaVSbeUU\ Pi 3, GRPiGR SeUYR PacNage, 

DiVWaQce SeQVRU, PicURSD CaUd, 8GB USB DUiYe aQd PRZeU SXSSO\ (De[WeU IQdXVWUieV, 

2019). FigXUe 3.4 VhRZV Whe SicWXUe Rf GRPiGR. 

 
Figure 3.4: The picture of GoPiGo (De[ter Industries, 2019). 

 

3.2.1.2 Raspberr\ Pi 3 

The VecRQd haUdZaUe iV Whe RaVSbeUU\ Pi 3. RaVSbeUU\ Pi 3 iV a ViQgOe-bRaUd cRPSXWeU 

ZiWh BOXeWRRWh cRQQecWiYiW\ aQd ZiUeOeVV LAN WhaW acWV aV Whe bUaiQ Rf Whe URbRW caU 

ZhRVe UeVSRQVibOe WR SeUfRUP aOO Whe RSeUaWiRQV. BeVideV WhaW, Whe CPU Rf Whe RaVSbeUU\ 

Pi 3 iV QXad CRUe 1.2GH] BURadcRP BCM2837 64biWV CPU. IQ addiWiRQ, iW cRPeV ZiWh 4 

USB 2.0 SRUWV aQd a fXOO Vi]e HDMI SRUW. FigXUe 3.5 VhRZV Whe SicWXUe Rf RaVSbeUU\ Pi 3 

ZhiOe FigXUe 3.6 VhRZV Whe deWaiOV Rf Whe VSecificaWiRQ Rf RaVSbeUU\ Pi 3. 
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Figure 3.5: The picture of Raspberr\ Pi 3 (Raspberr\pi.org, 2019). 

 
Figure 3.6: The specification details of Raspberr\ Pi 3 (Raspberr\pi.org, 2019). 

 

3.1.2.3 3.5mm AXdio Jack Speaker 

The WhiUd haUdZaUe ZRXOd be Whe VSeaNeU fRU Whe RaVSbeUU\ Pi. The fXQcWiRQ Rf VSeaNeU iV 

WR SURYide Whe URbRW a YRice aQd VRXQd iQ RUdeU WR UeSO\ WR cRPPaQd giYeU. TheUe iV aQ aX[ 

MacN RQ Whe RaVSbeUU\ Pi WR aOORZ Whe VSeaNeU WR cRQQecW WR iW. BeVideV WhaW, XVeUV caQ adMXVW 

Whe YROXPe Rf Whe VSeaNeU b\ XViQg RaVSbeUU\ Pi RU Whe YROXPe bXWWRQ RQ Whe VSeaNeU 

(De[WeU IQdXVWUieV, 2019). FigXUe 3.7 VhRZV Whe iPage Rf Whe VSeaNeU. 
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Figure 3.7: The speaker is connecting to the au[ jack of the Raspberr\ Pi (De[ter 

Industries, 2019). 

 

3.1.2.4 USB Microphone Dongle 

The fRXUWh haUdZaUe iV USB PicURShRQe dRQgOe fRU Whe RaVSbeUU\ Pi. The fXQcWiRQ Rf USB 

PicURShRQe dRQgOe iV WR OeW Whe cRPPaQd giYeU abOe WR cRPPXQicaWe ZiWh Whe RaVSbeUU\ 

Pi ZiWh YRice. FigXUe 3.8 VhRZV Whe iPage Rf Whe USB PicURShRQe dRQgOe. 

 
Figure 3.8: The picture of USB microphone dongle (De[ter Industries, 2019). 
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3.2.2 SoftZare 

3.2.2.1 Ale[aPi 

AOe[aPi iV aQ AOe[a YRice VeUYice Zhich SXUSRVeO\ deVigQed fRU RaVSbeUU\ Pi b\ APa]RQ. 

AccRUdiQg WR (APa]RQ AOe[a, Q.d.), AOe[a YRice VeUYice iV Whe VeUYice fURP APa]RQ WhaW 

aOORZ Whe XVeU WR acceVV Whe cORXd-baVed AOe[a caSabiOiWieV WhURXgh Whe VXSSRUW Rf AOe[a 

YRice VeUYice APIV, VRfWZaUe WRROV, haUdZaUe NiWV, aQd dRcXPeQWaWiRQ. FigXUe 3.10 VhRZV 

Whe iPage Rf APa]RQ AOe[a ORgR. 

 
Figure 3.10: The logo of Ama]on Ale[a (mobilit\, 2020.). 

 

3.2.2.2 Ale[a Skills Kit (ASK) 

AOe[a SNiOOV KiW iV a WRRO aQd SOaWfRUP fRU deYeORSeU WR deYeORS AOe[a VNiOOV VeWV. 

DeYeORSeUV caQ XVe Whe VeOf-VeUYice APIV SURYided b\ Whe AOe[a SNiOOV KiW (ASK) WR bXiOd 

WheiU AOe[a VNiOOV. DeYeORS ZiOO Qeed WR XVe P\WhRQ WR ZUiWe Whe OaPbda fXQcWiRQ iQ RUdeU WR 

haQdOe diffeUeQW iQWeQWV Rf XVeU. FigXUe 3.11 VhRZV Whe iPage Rf AOe[a SNiOOV KiW (ASK). 
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Figure 3.11: The logo of Ale[a Skills Kit 

 

3.2.2.3 Ngrok 

NgURN iV a VeUYice WhaW aOORZ a Zeb VeUYeU UXQQiQg RQ a ORcaO deYice WR be e[SRVed WR Whe 

IQWeUQeW (QgURN, Q.d.). B\ XViQg Whe NgURN VeUYice, XVeU ZiOO be abOe WR acceVV Whe Zeb VeUYeU 

UXQQiQg RQ Whe GRPiGR fURP Whe RXWVide QeWZRUN. FigXUe 3.12 VhRZV Whe iPage Rf NgURN¶V 

ORgR. 

 
Figure 3.12: The logo of Ngrok (a[Za\, 2017) 
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3.2.2.4 Flask 

FOaVN iV a OighWZeighW Zeb aSSOicaWiRQ fUaPeZRUN ZUiWWeQ iQ S\WhRQ WR haQdOe Whe Zeb 

UeTXeVWV iQ Whe ORcaO deYice (The PaOOeW PURMecWV, Q.d.). FigXUe 3.13 VhRZV Whe iPage Rf 

fOaVN¶V ORgR. 

 
Figure 3.13: The logo of flask (Flask, n.d.). 

 

3.3 FXnctional ReqXirement 

3.3.1 Voice Recognition ModXle 

- AOe[abRW VhaOO be abOe WR UecRgQi]e hXPaQ VSeech. 

- AOe[abRW VhaOO RQO\ UeSO\ WR XVeU ZheQ Whe VSecific SUeaPbOe ZRUd iV caOOed b\ Whe 

XVeU. 

- UVeU Qeed WR caOO Whe VSecific SUeaPbOe ZRUd aQd ZaiW Whe UeSO\ fURP AOe[abRW, WheQ 

RQO\ caQ giYe cRPPaQd. 

- UVeU VhaOO be abOe WR iQWeUacW ZiWh AOe[abRW ZiWh YRice cRPPaQd. 

3.3.2 Online Searching ModXle 

- AOe[abRW VhaOO be abOe WR cRQQecW WR QeWZRUN. 

- AOe[abRW VhaOO be abOe WR dR RQOiQe VeaUchiQg baVed RQ Whe cRPPaQd giYeQ b\ XVeU. 

- AOe[abRW VhaOO be abOe WR Uead RXW Whe dRcXPeQW geWWiQg fURP RQOiQe. 

3.3.3 Robot MoYement ModXle 

- UVeU VhaOO be abOe WR cRQWURO Whe URbRW PRYePeQW b\ XViQg YRice cRPPaQd. 
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3.4 Project Milestone 

 

 

 

TaVN 

PURMecW WeeN 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

DefiQe MRWiYaWiRQ aQd PURbOeP 

VWaWePeQW,  

PURMecW ObMecWiYeV, PURMecW ScRSe 

aQd PURMecW CRQWUibXWiRQV                              

ReSRUW cXUUeQW SURgUeVV ZiWh 

VXSeUYiVRU                             

IQVWaOO UaVSbiaQ iQWR PicUR SD caUd                             

IQVWaOO AOe[aPi iQWR RaVSbeUU\ Pi                             

CRQfigXUe AOe[aPi                             

ReSRUW cXUUeQW SURgUeVV ZiWh 

VXSeUYiVRU                             

ReYieZ cXUUeQW WechQRORgieV                             

CUeaWe aSSOeWV RQ IFTTT                             

ReSRUW cXUUeQW SURgUeVV ZiWh 

VXSeUYiVRU                             

ReYieZ cXUUeQW e[iVWiQg V\VWePV                             

IQVWaOO QgURN iQWR RaVSbeUU\ Pi                             

CRQfigXUe QgURN                             

ReSRUW cXUUeQW SURgUeVV ZiWh 

VXSeUYiVRU                             

DefiQe S\VWeP MeWhRdRORg\                             

IQVWaOO fOaVN iQWR RaVSbeUU\ Pi                             
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Table 3.2: Project Milestone for FYP1 
 

 

TaVN 

PURMecW WeeN 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

DefiQe V\VWeP iPSOePeQWaWiRQ                             

CUafW Whe AOe[a SNiOOV fRU AOe[a 

XViQg AOe[a SNiOOV KiW                             

CUafW Whe FOaVN SeUYeU PURgUaP               

DefiQe V\VWeP eYaOXaWiRQ aQd 

diVcXVViRQ                             

ReSRUW cXUUeQW SURgUeVV ZiWh 

VXSeUYiVRU                             

TeVW aQd RecaOibUaWe                             

SXbPiW                             

PUeVeQWaWiRQ                             

Table 3.3: Project Milestone for FYP2 

 
 

 

 

 

WUiWe fOaVN aSSOicaWiRQ                             

ReSRUW cXUUeQW SURgUeVV ZiWh 

VXSeUYiVRU                             

DefiQe V\VWeP deVigQ                             

TeVW Whe V\VWeP                             

SXbPiW                             

PUeVeQWaWiRQ                             
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3.5 Estimated Cost 

 

Items For FYP DeYelopment For Commercialisation 

GRPiGR RM 428.53 RM 428.53 

SSeaNeU RM 34.95 RM 34.95 

USB MicURShRQe dRQgOe RM 20.00 RM 20.00 

NgURN - RM 248.07 / \eaU 

Table 3.4: Table of Estimated Cost 
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Chapter 4 

S\stem Design 

4.1 S\stem ArchitectXre 

 
Figure 4.1: Block diagram of Ale[abot S\stem Architecture 

 

4.2 FXnctional ModXles in the S\stem 

 
Figure 4.2: Diagram of Functional Modules in the S\stem 
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4.3 S\stem FloZ 

 
Figure 4.3: S\stem floZ of the Ale[abot
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Chapter 5 

S\stem Implementation 

5.1 HardZare SetXp 

5.1.1 GoPiGo connect Zith USB Microphone Dongle 

 
Figure 5.1.1: USB Microphone Dongle connected to Ale[abot 

FigXUe 5.1.1 VhRZV WhaW Whe USB PicURShRQe dRQgOe iV cRQQecWed WR AOe[abRW WhURXgh Whe 

USB SRUW RQ Whe GRPiGR.  

 

5.1.2 GoPiGo connect Zith 3.5mm AXdio Jack Speaker 

 
Figure 5.1.2: 3.5mm Audio Jack Speaker connected to Ale[abot 

FigXUe 5.1.2 VhRZV WhaW Whe 3.5PP aXdiR MacN VSeaNeU iV cRQQecWed WR AOe[abRW WhURXgh 

Whe 3.5PP aXdiR MacN SRUW. 
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5.2 SoftZare SetXp 

5.2.1 Raspbian OS Installation 

TR iQVWaOO Whe RaVSbiaQ OS iQWR GRPiGR, WheUe aUe a feZ VWeSV Qeed WR fROORZ: 

1. PUeSaUe a PicUR SD caUd ZiWh aW OeaVW 8GB VWRUage. 

2. DRZQORad Whe OaWeVW YeUViRQ Rf RaVSbiaQ OS iPage fiOe aW Whe ZebViWe: 

hWWSV://ZZZ.de[WeUiQdXVWUieV.cRP/hRZWR/iQVWaOO-UaVSbiaQ-fRU-URbRWV-iPage-

RQ-aQ-Vd-caUd/  

3. DRZQORad Whe OaWeVW YeUViRQ Rf EWcheU aW hWWSV://ZZZ.baOeQa.iR/eWcheU/ 

4. PXW Whe PicUR SD caUd iQWR Whe caUd UeadeU VORW RQ Whe OaSWRS. 

5. OSeQ Whe EWcheU SURgUaP RQ OaSWRS, cOicN Whe ³SeOecW iPage´ aQd fiOe Whe 

RaVSbiaQ OS iPage fiOe. AfWeU WhaW, cOicN Whe ³SeOecW WaUgeW´ aQd VeOecW Whe PicUR 

SD caUd. Ne[W, cOicN Whe ³FOaVh!´ bXWWRQ aQd ZaiW fRU Whe EWcheU WR fOaVh Whe 

RaVSbiaQ OS iQWR Whe PicUR SD caUd. FigXUe 5.2.1.1 VhRZV Whe iQWeUface Rf 

EWcheU SURgUaP. 

6. UQSOXg Whe PicUR SD caUd fURP Whe OaSWRS, SOXg Whe PicUR SD caUd iQWR Whe 

PicUR SD caUd VORW RQ Whe GRPiGR. 

7. CRQQecW PRXVe aQd Ne\bRaUd WR Whe USB SRUW RQ Whe GRPiGR aQd PRQiWRU 

WhURXgh HDMI SRUW. 

8. SWaUWXS Whe GRPiGR aQd fROORZ Whe iQVWUXcWiRQ WR cRPSOeWe Whe fiUVW-WiPe VWaUWXS 

cRQfigXUaWiRQ. 

 
Figure 5.2.1.1: Etcher program interface 
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5.2.2 Ale[aPi SerYice Installation 

TR iQVWaOO AOe[aPi SeUYice iQWR GRPiGR, WheUe aUe a feZ VWeSV Qeed WR fROORZ: 

1. RegiVWeU aQ APa]RQ accRXQW aW hWWps://deYeloper.ama]on.com 

2. AfWeU UegiVWUaWiRQ cRPSOeWed, cOicN ³AOe[a VRice SeUYice´ bXWWRQ VhRZ iQ Whe figXUe 

5.2.2.1. AfWeU WhaW cOicN Whe ³PURdXcW´ bXWWRQ VhRZ iQ Whe figXUe 5.2.2.2. AfWeU WhaW, 

cOicN Whe ³ADD NEW PRODUCT´ bXWWRQ aW Whe WRS UighW VhRZ iQ Whe figXUe 5.2.2.3. 

Ne[W, defiQe a PURdXcW ID. 

3. AfWeU SURdXcW iV VXcceVVfXOO\ cUeaWed, COieQW ID, COieQW SecUeW, SecXUiW\ PURfiOe 

deVcUiSWiRQ aQd SecXUiW\ PURfiOe ID ZiOO be aXWR geQeUaWed. RecRUd aOO Rf WheP. 

4. GR WR GRPiGR, RSeQ XS a WeUPiQaO aQd W\Se ³cd /RSW´ 

5. T\Se ³VXdR aSW-geW iQVWaOO giW´ WR PaNe VXUe giW iV iQVWaOOed iQ Whe GRPiGR 

6. T\Se ³VXdR giW cORQe hWWSV://giWhXb.cRP/aOe[a-Si/AOe[aPi.giW´ WR cORQe Whe AOe[aPi 

SeUYice UeSRViWRU\. 

7. T\Se ³VXdR ./AOe[aPi/VUc/VcUiSWV/VeWXS.Vh´ WR VWaUW Whe AOe[aPi SeUYice iQVWaOOaWiRQ. 

8. FROORZ Whe iQVWUXcWiRQ dXUiQg Whe AOe[aPi SeUYice iQVWaOOaWiRQ. T\Se iQ Whe COieQW 

ID, COieQW SecUeW, SecXUiW\ PURfiOe deVcUiSWiRQ aQd SecXUiW\ PURfiOe ID ZheQ Whe 

iQVWaOOaWiRQ iV Qeeded. 

 
Figure 5.2.2.1: Ama]on DeYeloper Interface 
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Figure 5.2.2.2: Ale[a Voice SerYice Interface 

 
Figure 5.2.2.3: Ale[a Voice SerYice Interface 

 

5.2.3 Ngrok Installation 

TR iQVWaOO NgURN iQWR GRPiGR, WheUe aUe a feZ VWeSV Qeed WR fROORZ: 

1. RegiVWeU a NgURN accRXQW aW hWWSV://QgURN.cRP/ 

2. AfWeU UegiVWUaWiRQ, aQ aXWheQWicaWiRQ WRNeQ cRPPaQd ZiOO be aXWR geQeUaWed iQ Whe 

³SeWXS & IQVWaOOaWiRQ Sage VhRZ iQ Whe figXUe 5.2.3.1. RecRUd dRZQ Whe 

aXWheQWicaWiRQ WRNeQ cRPPaQd. 

3. GR WR GRPiGR aQd RSeQ XS a WeUPiQaO, W\Se ³PNdiU a/QgURN´ 

4. T\Se ³cd a/QgURN´ 

5. T\Se ³VXdR ZgeW hWWSV://biQ.eTXiQR[.iR/c/4VPD]A7iaHb/QgURN-VWabOe-OiQX[-

aUP.]iS´ 

6. T\Se Whe UecRUded aXWheQWicaWiRQ WRNeQ cRPPaQd. 



Voice Controlled Mobile Embedded Device 
Chapter 5: System Implementation 
 

- 3ϲ - 
BIT (Honours) Communications and Networking 
Faculty of Information and Communication Technology (Kampar Campus), UTAR. 
 

 
Figure 5.2.3.1: Auto generated authentication token command b\ Ngrok 

5.2.4 Flask SerYer Installation and Flask Program 

TR iQVWaOO FOaVN SeUYeU aQd cUeaWe Whe FOaVN PURgUaP iQWR GRPiGR, WheUe aUe a feZ VWeSV 

Qeed WR fROORZ: 

1. OSeQ a WeUPiQaO iQ GRPiGR, W\Se ³VXdR SiS iQVWaOO fOaVN´ WR iQVWaOO Whe fOaVN VeUYeU 

2. WUiWe a FOaVN PURgUaP XViQg P\WhRQ WR haQdOe Whe HTTP UeTXeVW aQd cRQWURO Whe 

GRPiGR. FigXUe 5.2.4.1 VhRZ a cRde VQiSSeW Rf FOaVN PURgUaP. 

 
Figure 5.2.4.1: Code snippet of Flask Program 
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5.2.5 Ale[a Skills Librar\ DeYelopment 

TR cUafW Whe AOe[a SNiOOV LibUaU\, WheUe aUe a feZ VWeSV Qeed WR fROORZ: 

1. GR WR hWWSV://deYeORSeU.aPa]RQ.cRP/aOe[a/cRQVROe/aVN aQd cOicN Whe ³CUeaWe SNiOO´ 

bXWWRQ. FigXUe 5.2.4.1 VhRZV Whe iQWeUface Rf AOe[a DeYeORSeU CRQVROe. 

2. DefiQe Whe VNiOO QaPe, aQd fROORZ Whe VeOecWiRQ VhRZQ iQ Whe FigXUe 5.2.4.2. AfWeU 

WhaW cOicN Whe ³CUeaWe VNiOO´ bXWWRQ aW Whe WRS UighW. 

3. SeOecW Whe ³HeOOR WRUOd SNiOO´ aQd cOicN Whe ³CRQWiQXe ZiWh WePSOaWe´ bXWWRQ aW Whe 

WRS UighW. 

4. CUeaWe Whe iQWeQWV aQd VaPSOe XWWeUaQceV VhRZV iQ Whe FigXUe 5.2.4.3. 

5. COicN Whe ³CRde´ bXWWRQ aQd VWaUW WR cUeaWe OaPbda fXQcWiRQ XViQg P\WhRQ iQ Whe 

cRQVROe. FigXUe 5.2.4.4 VhRZV Whe cRde VQiSSeW Rf OaPbda fXQcWiRQ. 

 

 

 
Figure 5.2.5.1: Interface of Ale[a DeYeloper Console 
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Figure 5.2.5.2: Interface of Ale[a DeYeloper Console 

 

 

 

 
Figure 5.2.5.3: Interface of Ale[a Skill Console 
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Figure 5.2.5.4: Interface of Intents and Utterances DeYelopment 

 

 

 
Figure 5.2.5.5: Code snippet of lambda function 

 

5.3 Setting and ConfigXration 

TheUe aUe a feZ VWeSV WR VeWWiQg aQd cRQfigXUe befRUe Whe AOe[aBRW VWaUW WR ZRUN. 

The VeWWiQg aQd cRQfigXUaWiRQ caQ be diYided iQWR WhUee SaUWV Zhich aUe NgURN, FOaVN VeUYeU 

aQd AOe[aPi VeUYice. 
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FiUVWO\, VWaUW Whe NgURN b\ fROORZ Whe VWeSV beORZ: 

1. OSeQ WeUPiQaO iQ GRPiGR, W\Se ³cd a/QgURN´ 

2. T\Se ³./QgURN hWWS 5006´ WR VWaUW Whe NgURN. 

3. DXe WR Whe NgURN accRXQW iV XViQg fUee SOaQ, aQ aXWR-geQeUaWe URL ZiOO be 

geQeUaWed iQ Whe cRQVROe VhRZV iQ Whe FigXUe 5.3.1.  

4. RecRUd dRZQ Whe aXWR-geQeUaWed URL aQd OeaYe Whe WeUPiQaO UePaiQ RSeQ. 

5. ReSOace Whe ROd aXWR-geQeUaWed URL iQ Whe OaPbda fXQcWiRQ SURgUaP VhRZV iQ Whe 

FigXUe 5.2.4.5 ZiWh Whe QeZ aXWR-geQeUaWed URL.   

 
Figure 5.3.1: Console shoZs after Ngrok is started 

 

SecRQdO\, hRVW Whe FOaVN SURgUaP b\ fROORZ Whe VWeSV beORZ: 

1. OSeQ a QeZ WeUPiQaO iQ GRPiGR, W\Se ³S\WhRQ3 aOe[abRW-fOaVN-aSS-Y6.S\´ WR VWaUW 

WR hRVW Whe fOaVN SURgUaP. FigXUe 5.3.2 VhRZV Whe cRQVROe afWeU Whe fOaVN SURgUaP iV 

VWaUWed. 

2. LeaYe Whe WeUPiQaO UePaiQ RSeQ. 

 
Figure 5.3.2: Console shoZs after flask program is started 
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ThiUdO\ aQd fiQaOO\, VWaUW Whe AOe[aPi VeUYice b\ fROORZ Whe VWeSV beORZ: 

1. OSeQ a QeZ WeUPiQaO iQ GRPiGR, W\Se ³cd /RSW/AOe[aPi/VUc´ WR ORcaWe Whe AOe[aPi 

VeUYice SURgUaP ORcaWiRQ. 

2. T\Se ³S\WhRQ3 PaiQ.S\ -d´ WR VWaUW Whe AOe[aPi VeUYice. 

3. LeaYe Whe WeUPiQaO UePaiQ RSeQ. 

 
Figure 5.3.3: Console shoZs after Ale[aPi serYice program is started 

 

5.4 S\stem Operation 

 AfWeU Whe haUdZaUe VeWXS, VRfWZaUe VeWXS, VeWWiQg aQd cRQfigXUaWiRQV aUe dRQe, Whe 

XVeU caQ VWaUW WR giYe cRPPaQd WR Whe AOe[aBRW b\ XViQg VSeech. WheQ Whe XVeU giYe 

cRPPaQd WR AOe[aBRW. TR VWaUW XViQg Whe cUafWed AOe[a SNiOOV LibUaU\, a OXQch UeTXeVW iV 

Qeeded, VR, XVeU haYe WR Va\ Whe VNiOO¶V iQYRcaWiRQ QaPe WR AOe[aBRW. The iQYRcaWiRQ 

cRPPaQd iV ³YRice URbRW´. AOe[aPi VeUYice ZiOO VeQd Whe VSeech WR Whe AOe[a SeUYice iQ 

cORXd WR iQWeUSUeW Whe XVeU¶V iQWeQW. UVeU caQ PRQiWRU Whe SURceVV WhURXgh Whe WeUPiQaO VhRZ 

iQ Whe FigXUe 5.4.1. 
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Figure 5.4.1: Terminal in GoPiGo that running Ale[aPi SerYice Program 

 

 AfWeU Whe AOe[a SeUYice iQ Whe cORXd iQWeUSUeWed Whe VSeech¶V iQWeQW, AOe[a SeUYice 

ZiOO geQeUaWe aQd VeQd a OaXQch UeTXeVW iQ MVRQ fRUPaW WR Whe AOe[a SNiOOV LibUaU\. The 

OaPbda fXQcWiRQ WhaW UeSUeVeQW WhiV VNiOO ZiOO SURceVV Whe OaXQch UeTXeVW aQd VeQd a 

UeVSRQVe iQ MVRQ fRUPaW. FigXUe 5.4.2 VhRZV Whe cRde VQiSSeW Rf Whe OaXQch UeTXeVW iQ MVRQ 

fRUPaW. FigXUe 5.4.3 VhRZV Whe cRde VQiSSeW Rf Whe UeVSRQVe fURP OaPbda fXQcWiRQ iQ MVRQ 

fRUPaW. 
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Figure 5.4.2: Code snippet of the launch request in json format 

 
Figure 5.4.3: Code snippet of the response from lambda function 
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 AfWeU Whe AOe[aBRW UeceiYe Whe UeVSRQVe fURP OaPbda fXQcWiRQ, Whe cUafWed AOe[a 

SNiOOV LibUaU\ iV acWiYaWed. NRZ, XVeU caQ VWaUW WR giYe cRPPaQd WR AOe[aBRW b\ XViQg 

VSeech WR cRQWURO Whe PRYePeQW Rf AOe[aBRW. FRU e[aPSOe, ³AOe[a, PRYe fRUZaUd fRU 

RQe PeWeU´. AfWeU Whe AOe[aBRW UeceiYe Whe cRPPaQd, AOe[aPi VeUYice ZiOO VeQd Whe 

VSeech WR AOe[a VeUYice iQ cORXd WR iQWeUSUeW. AfWeU iQWeUSUeWaWiRQ, Whe AOe[a VeUYice iQ 

cORXd ZiOO geQeUaWe aQ iQWeQW UeTXeVW ZiWh XVeU¶V iQWeQW iQ MVRQ fRUPaW WR Whe AOe[a SNiOOV 

LibUaU\¶V OaPbda fXQcWiRQ WR SURceVV. DXUiQg Whe SURceVViQg, Whe OaPbda fXQcWiRQ ZiOO 

PaNe a HTTP UeTXeVW WR Whe fOaVN SURgUaP XViQg Whe URL geQeUaWed b\ NgURN. FigXUe 

5.4.4 VhRZV Whe fOaVN VeUYeU UeceiYe aQd VWaUW WR haQdOe Whe HTTP UeTXeVW fURP OaPbda 

fXQcWiRQ.  

 

 
Figure 5.4.4: Console shoZs the flask serYer receiYe a HTTP request 

 

 WheQ Whe fOaVN SURgUaP cRPSOeWed Whe UeTXeVW, iW ZiOO VeQd a UeVSRQVe bacN WR 

OaPbda fXQcWiRQ. AfWeU OaPbda fXQcWiRQ UeceiYe Whe UeVSRQVe fURP fOaVN VeUYeU, iW ZiOO 

geQeUaWe a UeVSRQVe iQ MVRQ fRUPaW aQd VeQd iW bacN WR AOe[aPi VeUYice. 
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5.5 ConclXding Remark 

 IQ ChaSWeU 5, haUdZaUe VeWXS SaUW VhRZV hRZ WR VeWXS Whe AOe[aBRW ZiWh USB 

PicURShRQe dRQgOe aQd 3.5PP aXdiR MacN VSeaNeU ZhiOe Whe VRfWZaUe SaUW OiVW dRZQ aOO Whe 

VWeSV WR iQVWaOO Whe UeTXiUe VRfWZaUe aQd VeUYiceV. BeVideV WhaW, aOO Whe VeWWiQg aQd 

cRQfigXUaWiRQ aUe aOVR iQcOXded iQ WhiV chaSWeU. LaVW, Whe V\VWeP RSeUaWiRQ SaUW VhRZV Whe 

fXOO RSeUaWiRQ fORZ fURP XVeU giYe cRPPaQd XQWiO Whe URbRW PRYe. 
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Chapter 6 

S\stem EYalXation and DiscXssion 

6.1 S\stem Testing and Performance Metrics 

 IQ Whe AOe[aBRW deYeORSPeQW, WheUe aUe WZR W\SeV Rf WeVWiQg aUe XVed Zhich aUe 

accXUac\ WeVWiQg aQd UeOiabiOiW\ WeVWiQg WR WeVW Whe V\VWeP aQd Whe SeUfRUPaQce. DXUiQg Whe 

accXUac\ WeVWiQg, WheUe aUe fRXU caWegRUieV ZeUe WeVWed Zhich aUe diVWaQce, diUecWiRQ, 

diVWaQce ZiWh diUecWiRQ aQd PRYiQg dXUaWiRQ. TheVe fRXU caWegRUieV ZeUe WeVWed WR eQVXUe 

Whe accXUac\ Rf Whe AOe[aBRW iV higheU. 

 Ne[W, iV Whe UeOiabiOiW\ WeVWiQg. DXUiQg Whe UeOiabiOiW\ WeVWiQg, Whe UeVSRQVe WiPe fURP 

Whe AOe[a ZaV WeVWed ZiWh diffeUeQW W\SeV aQd cRPSOe[iW\ Rf Whe cRPPaQdV. BeVideV WhaW, a 

ViQgOe cRPPaQd iV aOVR XVed WR WeVW Whe VXcceVVfXO UecRgQi]ed UaWe Rf AOe[aBRW. B\ WeVWiQg 

Whe AOe[aBRW XViQg UeOiabiOiW\ WeVWiQg, iW ZiOO heOS WR eQVXUe WhaW Whe UeVSRQVe WiPe Rf Whe 

AOe[a ZiOO QRW be WRR ORQg.    

 AOO Whe V\VWeP WeVWiQg PeWhRdV ZeUe WeVWed RQ AOe[a deYeORSeU cRQVROe VhRZ iQ Whe 

FigXUe 6.1.1 dXe WR Whe XQVWabOe Rf AOe[aPi VeUYice SURbOeP. 

 

 
Figure 6.1.1: Interface of Ale[a DeYelopment Console 
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6.2 Testing SetXp and ResXlt 

6.2.1 AccXrac\ Testing 

 IQ Whe accXUac\ WeVWiQg, WheUe aUe WhUee W\SeV Rf WeVWiQg aUe iQcOXded Zhich aUe 

diVWaQce WeVWiQg, diUecWiRQ WeVWiQg aQd PRYiQg dXUaWiRQ WeVWiQg. The diVWaQce WeVWiQg iV WR 

geW Whe diffeUeQW iQ PeWeU beWZeeQ Whe UeTXeVWed PRYiQg diVWaQce aQd Whe acWXaO PRYiQg 

diVWaQce ZhiOe Whe diUecWiRQ WeVWiQg iV WR geW Whe degUee chaQgeV afWeU WXUQiQg. BeVideV WhaW, 

PRYiQg dXUaWiRQ WeVWiQg WR geW Whe diffeUeQW iQ VecRQd beWZeeQ Whe UeTXeVWed PRYiQg 

dXUaWiRQ aQd Whe acWXaO PRYiQg dXUaWiRQ. 

 

6.2.1.1 Distance 

ReqXested MoYing 

Distance (m) 

ActXal MoYing Distance 

(m) 

Different betZeen 

ReqXested MoYing 

Distance and ActXal 

MoYing Distance 

(m) 

1.00 0.97 0.03 

2.00 1.94 0.06 

3.00 2.90 0.10 

4.00 3.87 0.13 

5.00 4.82 0.18 

Table 6.1: Distance betZeen Requested MoYing Distance and Actual MoYing Distance 

 BaVed RQ Whe UeVXOW Rf diVWaQce WeVWiQg VhRZV iQ Whe TabOe 6.1, Whe aYeUage diVWaQce 

diffeUeQW beWZeeQ UeTXeVWed PRYiQg diVWaQce aQd acWXaO PRYiQg diVWaQce iV 0.01 PeWeU.  

 

6.2.1.2 Direction 

ThiV diUecWiRQ WeVWiQg iV cRQdXcWed XViQg Whe degUee fURP Whe diUecWiRQ Whe AOe[aBRW iV 

faciQg aW Whe begiQQiQg WR Whe diUecWiRQ Whe AOe[aBRW iV faciQg afWeU WXUQiQg. The diUecWiRQ 

WhaW Whe AOe[aBRW RUigiQaO faciQg iV 0 degUee. If Whe AOe[aBRW WXUQ OefW RU UighW, Whe degUee 

PXVW be 90 degUeeV. If WXUQ WR bacN, Whe degUee PXVW be 180 degUeeV.  
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ReqXested Direction Degrees from Starting Direction 

LefW 88 

RighW 88 

BacN 176 

Table 6.2: Degree from Starting Direction 

 

 

6.2.1.3 MoYing DXration 

ReqXested MoYing 

DXration (s) 

ActXal MoYing DXration 

(s) 

Different betZeen ActXal 

MoYing DXration and 

ReqXested MoYing 

DXration (s) 

2 2.02 0.02 

4 4.01 0.01 

6 6.07 0.07 

8 8.07 0.07 

10 10.04 0.04 

12 12.10 0.10 

14 14.00 0 

16 16.05 0.05 

18 18.08 0.08 

20 20.09 0.09 

Table 6.3: Different betZeen Actual MoYing Duration and Requested MoYing Duration  

 BaVed RQ Whe UeVXOW Rf Whe PRYiQg dXUaWiRQ WeVWiQg VhRZV iQ Whe TabOe 6.3, Whe 

aYeUage PRYiQg dXUaWiRQ diffeUeQW beWZeeQ acWXaO PRYiQg dXUaWiRQ aQd UeTXeVWed PRYiQg 

dXUaWiRQ iV 0.053 VecRQdV. 
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6.2.2 Reliabilit\ Testing 

 IQ Whe UeOiabiOiW\ WeVWiQg, WheUe aUe WZR W\SeV Rf WeVWiQg aUe iQcOXded. The fiUVW W\Se 

Rf WeVWiQg iV WR geW Whe AOe[a¶V UeVSRQVe WiPe b\ XViQg ViPSOe acWiRQ cRPPaQd ZiWhRXW 

YaOXe aQd cRPSOe[ acWiRQ cRPPaQd ZiWh YaOXe ZhiOe Whe VecRQd W\Se Rf WeVWiQg iV geWWiQg 

Whe UecRgQiWiRQ UaWe b\ XViQg a ViQgOe cRPPaQd ZiWh PXOWiSOe WiPeV.  

 

6.2.2.1 Response Time for Simple Action Command ZithoXt ValXe 

Command Response Time (s) 

FRUZaUd 1.57 

BacNZaUd 1.22 

LefW 1.13 

RighW 0.89 

Table 6.4: Response Time Zith Simple Action Command giYen 

 BaVed RQ Whe UeVXOW Rf Whe ViPSOe acWiRQ cRPPaQd ZiWhRXW YaOXe UeVSRQVe WiPe 

WeVWiQg VhRZV iQ Whe TabOe 6.4, Whe aYeUage UeVSRQVe WiPe iV 1.2025 VecRQdV. 

 

6.2.2.2 Response Time for Comple[ Action Command Zith ValXe 

Command Response Time (s) 

FRUZaUd fRU RQe PeWeU 1.79 

BacNZaUd fRU RQe PeWeU 1.89 

MRYe fRUZaUd fRU WZR PeWeUV 1.81 

MRYe bacNZaUd fRU WZR PeWeUV 1.82 

Table 6.5: Response Time Zith Comple[ Action Command giYen 

BaVed RQ Whe UeVXOW Rf Whe cRPSOe[ acWiRQ cRPPaQd ZiWh YaOXe UeVSRQVe WiPe 

WeVWiQg VhRZV iQ Whe TabOe 6.5, Whe aYeUage UeVSRQVe WiPe iV 1.8275 VecRQdV. 
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6.2.2.3 Recognition Rate 

A cRPPaQd, ³caQ \RX fRUZaUd fRU RQe PeWeU´ iV XVed WR cRQdXcW Whe WeVWiQg. 

FreqXenc\ Able to Recogni]e 

1 YeV 

2 YeV 

3 YeV 

4 YeV 

5 YeV 

6 YeV 

7 YeV 

8 YeV 

9 YeV 

10 YeV 

Table 6.6: Result of Able to Recogni]e a Single Command in Multiple time 

 BaVed RQ Whe UeVXOW Rf Whe UecRgQiWiRQ UaWe WeVWiQg VhRZV iQ Whe TabOe 6.6, Whe 

UecRgQiWiRQ VXcceVV UaWe iV 100%. 

 

6.3 Project Challenges 

 DXUiQg Whe SURMecW deYeORSPeQW, WheUe aUe VeYeUaO chaOOeQgeV haV RccXUUed. The fiUVW 

chaOOeQge iV Whe URbRW caQ RQO\ haQdOe RQe cRPPaQd aW a WiPe. B\ haYiQg WhiV SURbOeP, Whe 

XVeU QeedV WR fROORZ Whe URbRW iQ RUdeU WR giYe Whe URbRW Qe[W cRPPaQd.  

OWheU WhaQ WhiV, Whe VecRQd chaOOeQge iV difficXOW WR iQWeUUXSW Whe URbRW. WheQ Whe 

URbRW iV SeUfRUPiQg giYeQ WaVN, XVeU ZiOO fiQd iW QRW eaV\ WR iQWeUUXSW Whe URbRW b\ giYiQg 

aQRWheU cRPPaQd. ThiV iV becaXVe ZheQ Whe URbRW iV PRYiQg, Whe PRWRUV ZiOO SURdXce 

QRiVe, VR WhaW Whe USB PicURShRQe dRQgOe iV difficXOW WR heaU hXPaQ YRice ViQce Whe PRWRUV 

iV cORVeU WR Whe PicURShRQe cRPSaUe WR XVeU. 

 BeVideV WhaW, fUee accRXQW Rf NgURN ZiOO aOVR iQcUeaVe Whe VWeSV fRU iQiWiaOi]aWiRQ. 

FRU fUee accRXQW RQ NgURN, each WiPe UXQQiQg Whe NgURN ZiOO geQeUaWe a UaQdRP URL aQd 

Whe XVeU Qeed WR PaQXaOO\ UeSOace Whe URL iQ Whe OaPbda fXQcWiRQ iQ Whe AOe[a SNiOOV 

LibUaU\.  
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 MRUeRYeU, ZheQ PaNiQg HTTP UeTXeVW iQ Whe OaPbda fXQcWiRQ, aOO Whe HTTP 

UeVSRQVe ZiOO Qeed WR UeVSRQVe iQ OeVV WhaQ 7.5 VecRQdV. SR, if Whe fOaVN VeUYeU SURgUaP Qeed 

WR SURceVV PRUe WhaQ 7.5 VecRQdV RU Whe QeWZRUN iV QRW VWabOe, Whe AOe[a ZiOO SURPSW eUURU 

WR XVeU aQd Vaid WhaW Whe UeTXeVW UeVSRQVe iV eUURU. 

 FXUWheUPRUe, Whe AOe[aPi VeUYice WhaW iQVWaOOed iQ Whe AOe[aBRW iV QRW VWabOe dXe WR 

Whe SURgUaP SURbOeP. WheQ XVeU giYe cRPPaQd WR Whe AOe[aBRW, PRVW Rf Whe WiPe Whe 

AOe[aPi VeUYice ZiOO SURPSW eUURU RU QRW UeVSRQdiQg.   

 

6.4 ObjectiYes EYalXation 

 The fiUVW SURMecW RbMecWiYe Rf WhiV SURMecW iV WR deYeORS a YRice-cRQWUROOed URbRW WR 

UeceiYe cRPPaQdV giYeQ b\ Whe XVeU XViQg VSeech. ThiV RbMecWiYe iV VXcceVVfXO achieYed iQ 

WhiV YRice-cRQWUROOed URbRW SURMecW. BecaXVe, Whe AOe[aBRW iV deYeORSed b\ iQWegUaWed ZiWh 

AOe[aPi VeUYice, VR Whe AOe[aBRW caQ UeceiYe aQd UeacW WR XVeU VSeech aQd cRPPaQd 

WhURXgh Whe AOe[aPi VeUYice. 

 The VecRQd SURMecW RbMecWiYe Rf WhiV SURMecW iV WR iQWegUaWe APa]RQ¶V AOe[a VeUYice 

iQWR Whe YRice-cRQWUROOed URbRW. ThiV RbMecWiYe iV SaUWiaOO\ achieYed iQ WhiV YRice-cRQWUROOed 

URbRW SURMecW becaXVe Whe AOe[aPi VeUYice iV VXcceVVfXOO\ iQVWaOOed iQWR Whe AOe[BRW. 

HRZeYeU, Whe AOe[aPi VeUYice iV QRW VWabOe dXe WR Whe SURbOeP Rf AOe[aPi VeUYice SURgUaP 

iWVeOf. TR VROYe WhiV SURbOeP, Whe AOe[aPi VeUYice iQ Whe AOe[a DeYeORSeU CRQVROe iQ Whe 

AOe[a¶V RfficiaO ZebViWe iV XVed WR WePSRUaU\ UeSOace Whe UROe Rf AOe[aPi VeUYice iQ Whe 

AOe[aBRW. AOWhRXgh Whe AOe[aPi VeUYice iQ Whe AOe[aBRW iV UeSOaced ZiWh Whe RQe iQ AOe[a 

DeYeORSeU CRQVROe, Whe PaiQ idea Rf iQWegUaWiQg AOe[aPi VeUYice WR YRice-cRQWUROOed URbRW 

iV VWiOO Whe VaPe.  

 The WhiUd SURMecW RbMecWiYe Rf WhiV SURMecW iV WR cUafW Whe AOe[a SNiOOV VeWV WR haQdOe 

diffeUeQW cRPPaQdV giYeQ b\ XVeU XViQg AOe[a SNiOO KiW. ThiV RbMecWiYe iV VXcceVVfXOO\ 

achieYed iQ WhiV YRice-cRQWUROOed URbRW SURMecW. AOe[a SNiOOV VeWV aUe VXcceVVfXOO\ cUafWed 

XViQg Whe OaPbda fXQcWiRQ iQ Whe AOe[a SNiOOV LibUaU\. The AOe[a SNiOO VeWV caQ haQdOe Whe 

PRUe QaWXUaO cRPPaQd giYeQ b\ Whe XVeUV becaXVe Whe AOe[a SNiOO iV abOe WR SUedefiQe 

VaPSOe XWWeUaQceV fRU each iQWeQW. IQ Whe VaPSOe XWWeUaQceV, cXVWRP VORW W\Se iV iPSOePeQWed 

WR acceSW diffeUeQW YaOXe fURP Whe XVeU iQ RUdeU WR eQVXUe Whe VcaOabiOiW\ Rf Whe cRPPaQd. 
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 The OaVW SURMecW RbMecWiYe Rf WhiV SURMecW iV WR iPSOePeQW WhiV AOe[a baVed URbRW-

cRQWUROOed URbRW WR PRYe fRUZaUd, bacNZaUd aQd WXUQ OefW, UighW. ThiV RbMecWiYe iV VXcceVVfXO 

achieYed iQ WhiV YRice-cRQWUROOed URbRW SURMecW b\ iPSOePeQWiQg Whe AOe[aBRW ZiWh AOe[aPi 

VeUYice, cUafWed OaPbda fXQcWiRQ iQ Whe AOe[a SNiOOV LibUaU\, fOaVN VeUYeU aQd NgURN. WheQ 

XVeU giYe cRPPaQd WR Whe AOe[aBRW, Whe AOe[aPi VeUYice ZiOO VeQd Whe VSeech WR Whe AOe[a 

VRice SeUYice iQ cORXd WR SURceVV. AfWeU Whe SURceVViQg iV dRQe, The AOe[a VRice SeUYice 

ZiOO VeQd UeTXeVW ZiWh XVeU¶V iQWeQW WR Whe AOe[a SNiOOV LibUaU\, aQd Whe cUafWed OaPbda 

dXQcWiRQ ZiOO SURceVV Whe UeTXeVW aQd PaNe HTTP UeTXeVW WR Whe FOaVN VeUYeU WhURXgh Whe 

URL geQeUaWed b\ Whe NgURN. AQd Whe fOaVN SURgUaP iQ Whe AOe[aBRW ZiOO UeVSRQVibOe fRU 

Whe PRYePeQW Rf Whe URbRW.
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Chapter 7 

ConclXsion and Recommendation 

7.1 ConclXsion 

 IQ cRQcOXViRQ, WhiV SURMecW iV WR cUeaWe aQ AOe[a baVed YRice-cRQWUROOed URbRW ZiWh 

URbRWic aUP WhaW iQWegUaWed ZiWh APa]RQ¶V AOe[a YRice VeUYice. The PaiQ RbMecWiYe Rf 

WhiV SURMecW iV WR OeW Whe XVeU WR be abOe WR cRQWURO Whe URbRW WR PRYe b\ XViQg YRice 

cRPPaQd iQVWead Rf XViQg haQdV.  

 BeVideV WhaW, Whe cRPSRQeQWV Rf Whe URbRW aUe GRPiGR3, RaVSbeUU\ Pi, 3.5PP 

aXdiR MacN VSeaNeU aQd USB PicURShRQe dRQgOe. AOO Whe cRPSRQeQWV OiVWed abRYe aUe 

VXiWabOe fRU a URbRW becaXVe Rf Whe Vi]e aQd Whe cRVW. 

 OWheU WhaQ WhiV, WhiV SURMecW ZiOO aOVR cRPe RXW ZiWh VRPe fXQcWiRQaO UeTXiUePeQW 

PRdXOeV Zhich aUe YRice UecRgQiWiRQ PRdXOe, RQOiQe VeaUchiQg PRdXOe aQd URbRW 

PRYePeQW PRdXOe. MRUeRYeU, Whe deYeORSPeQW PRdeO fRU WhiV SURMecW iV Big BaQg MRdeO 

dXe WR Whe cRQceSW Rf Big BaQg PRdeO iV PRVW VXiWabOe WR VPaOO SURMecW. 

 IQ addiWiRQ, chaOOeQgeV aOVR RccXUUed dXUiQg Whe deYeORSPeQW SURceVV, VXch aV 

RQO\ RQe cRPPaQd aW a WiPe, difficXOW WR iQWeUUXSW URbRW ZheQ Whe URbRW iV SeUfRUPiQg 

aQRWheU WaVN, HTTP UeVSRQVe Qeed WR be OeVV WhaQ 7.5 VecRQdV aQd XQVWabOe Rf AOe[aPi 

VeUYice. MRUeRYeU, Whe SeUfRUPaQce Rf Whe accXUac\ WeVWiQg aQd UeOiabiOiW\ WeVWiQg aUe 

abRYe aYeUage.  

 IQ Whe eQd, a YRice-cRQWUROOed URbRW iV deYeORSed. HRZeYeU, Whe AOe[aPi VeUYice 

SURgUaP iV QRW VWabOe aQd WheUe aUe PaQ\ PRUe WR iPSURYe.  
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7.2 Recommendation 

 IQ WhiV YRice-cRQWUROOed PRbiOe ePbedded deYice SURMecW, WheUe aUe VWiOO PaQ\ PRUe 

WR iPSURYe aQd eQhaQce. The accXUac\ WeVWiQg Pa\ QRW be YeU\ accXUaWe dXe WR Whe WeVWiQg 

iV SeUfRUP aW a fOaW aQd VPRRWh VXUface dXe WR Whe UeVWUicWiRQ Rf QeWZRUN cRYeUage iV RQO\ iQ 

Whe Oab. SR, a SIM caUd dRQgOe caQ be iQWegUaWed WR RYeUcRPe Whe QeWZRUN cRYeUage 

UeVWUicWiRQ. 

 BeVideV WhaW, Whe AOe[aPi VeUYice iV QRW VWabOe. SR, aQ XSdaWe iV Qeeded iQ Whe fXWXUe 

ZheQ Whe RfficiaO ZebViWe UeOeaVeV Whe QeZ YeUViRQ Rf AOe[aPi VeUYice. OWheU WhaQ WhiV, a 

URbRWic aUP iV aOVR UecRPPeQded WR iQWegUaWe ZiWh Whe AOe[aBRW iQ RUdeU WR SURYide Whe 

gUabbiQg abiOiW\ WR Whe AOe[aBRW. 
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1. WORK DONE 
[POeaVe ZUiWe Whe deWaiOV Rf Whe ZRUN dRQe iQ Whe OaVW fRUWQighW.] 
 
     IQ WheVe 2 ZeeNV, I haYe defiQed Whe V\VWeP iPSOePeQWaWiRQ. BeVideV 

WhaW, I haYe aOVR VWaUWed WR cUafW Whe AOe[a SNiOOV LibUaU\ XViQg Whe OaPbda 

fXQcWiRQ SURYided b\ AOe[a SNiOOV KiW. OWheU WhaQ WhiV, I haYe aOVR VWaUWed 

WR cUafW Whe FOaVN VeUYeU SURgUaP WR haQdOe Whe HTTP UeTXeVW. 
 
2. WORK TO BE DONE 
 
     WRUN WR be dRQe RQ Qe[W 2 ZeeNV aUe cRQWiQXiQg WR cUafW AOe[a SNiOOV 

LibUaU\ aQd FOaVN VeUYeU SURgUaP.  
 
3. PROBLEMS ENCOUNTERED 
 
     NR SURbOeP eQcRXQWeUed iQ WheVe 2 ZeeNV  
 
4. SELF EVALUATION OF THE PROGRESS 
 
     AOO Whe VchedXOed WaVNV aUe iQ gRRd SURgUeVV.  
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       SXSeUYiVRU¶V VigQaWXUe     SWXdeQW¶V VigQaWXUe 
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1. WORK DONE 
[POeaVe ZUiWe Whe deWaiOV Rf Whe ZRUN dRQe iQ Whe OaVW fRUWQighW.] 
 
 
     IQ WheVe 2 ZeeNV, I aP cRQWiQXiQg WR cUafW Whe AOe[a SNiOOV LibUaU\ XViQg 

Whe OaPbda fXQcWiRQ SURYided b\ AOe[a SNiOOV KiW. OWheU WhaQ WhiV, I aP 

aOVR cRQWiQXiQg WR cUafW Whe FOaVN VeUYeU SURgUaP WR haQdOe Whe HTTP 

UeTXeVW. 
 
2. WORK TO BE DONE 
 
     WRUN WR be dRQe RQ Qe[W 2 ZeeNV aUe cRQWiQXiQg WR cUafW AOe[a SNiOOV 

LibUaU\ aQd FOaVN VeUYeU SURgUaP. 
3. PROBLEMS ENCOUNTERED 
 
     NR SURbOeP eQcRXQWeUed iQ WheVe 2 ZeeNV.  
 
4. SELF EVALUATION OF THE PROGRESS 
 
     AOO Whe VchedXOed WaVNV aUe iQ gRRd SURgUeVV.  

 
 
 
 
_________________________   _________________________ 
       SXSeUYiVRU¶V VigQaWXUe     SWXdeQW¶V VigQaWXUe 
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1. WORK DONE 
[POeaVe ZUiWe Whe deWaiOV Rf Whe ZRUN dRQe iQ Whe OaVW fRUWQighW.] 
 
     IQ WheVe 2 ZeeNV, I aP cRQWiQXiQg WR cUafW Whe AOe[a SNiOOV LibUaU\ XViQg 

Whe OaPbda fXQcWiRQ SURYided b\ AOe[a SNiOOV KiW. OWheU WhaQ WhiV, I aP 

aOVR cRQWiQXiQg WR cUafW Whe FOaVN VeUYeU SURgUaP WR haQdOe Whe HTTP 

UeTXeVW. 
 

2. WORK TO BE DONE 
 
     WRUN WR be dRQe RQ Qe[W 2 ZeeNV aUe cRQWiQXiQg WR cUafW AOe[a SNiOOV 

LibUaU\ aQd FOaVN VeUYeU SURgUaP. 
3. PROBLEMS ENCOUNTERED 
 
     NR SURbOeP eQcRXQWeUed iQ WheVe 2 ZeeNV.  
4. SELF EVALUATION OF THE PROGRESS 
 
     AOO Whe VchedXOed WaVNV aUe iQ gRRd SURgUeVV.  
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       SXSeUYiVRU¶V VigQaWXUe     SWXdeQW¶V VigQaWXUe 
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1. WORK DONE 
[POeaVe ZUiWe Whe deWaiOV Rf Whe ZRUN dRQe iQ Whe OaVW fRUWQighW.] 
 
     IQ WheVe 2 ZeeNV, I aP cRQWiQXiQg WR cUafW Whe AOe[a SNiOOV LibUaU\ XViQg 

Whe OaPbda fXQcWiRQ SURYided b\ AOe[a SNiOOV KiW. OWheU WhaQ WhiV, I aP 

aOVR cRQWiQXiQg WR cUafW Whe FOaVN VeUYeU SURgUaP WR haQdOe Whe HTTP 

UeTXeVW. 
 

2. WORK TO BE DONE 
 
     WRUN WR be dRQe RQ Qe[W 2 ZeeNV aUe cRQWiQXiQg WR cUafW AOe[a SNiOOV 

LibUaU\ aQd FOaVN VeUYeU SURgUaP. 
3. PROBLEMS ENCOUNTERED 
 
     NR SURbOeP eQcRXQWeUed iQ WheVe 2 ZeeNV.  
4. SELF EVALUATION OF THE PROGRESS 
 
     AOO Whe VchedXOed WaVNV aUe iQ gRRd SURgUeVV.  
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1. WORK DONE 
[POeaVe ZUiWe Whe deWaiOV Rf Whe ZRUN dRQe iQ Whe OaVW fRUWQighW.] 
 
     IQ WheVe 2 ZeeNV, I aP cRQWiQXiQg WR cUafW Whe AOe[a SNiOOV LibUaU\ XViQg 

Whe OaPbda fXQcWiRQ SURYided b\ AOe[a SNiOOV KiW. OWheU WhaQ WhiV, I aP 

aOVR cRQWiQXiQg WR cUafW Whe FOaVN VeUYeU SURgUaP WR haQdOe Whe HTTP 

UeTXeVW. 
2. WORK TO BE DONE 
 
     WRUN WR be dRQe RQ Qe[W 2 ZeeNV aUe WeVWiQg Whe cUafWed AOe[a SNiOOV 

aQd FOaVN VeUYeU SURgUaP. 
 
3. PROBLEMS ENCOUNTERED 
 
     NR SURbOeP eQcRXQWeUed iQ WheVe 2 ZeeNV.  
 
4. SELF EVALUATION OF THE PROGRESS 
 
     AOO Whe VchedXOed WaVNV aUe iQ gRRd SURgUeVV.  
 
 

 
 
 
 
_________________________   _________________________ 
      SXSeUYiVRU¶V VigQaWXUe     SWXdeQW¶V VigQaWXUe 
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1. WORK DONE 
[POeaVe ZUiWe Whe deWaiOV Rf Whe ZRUN dRQe iQ Whe OaVW fRUWQighW.] 
 
IQ WheVe 2 ZeeNV, I aP cRQWiQXiQg WR WeVW Whe cUafWed AOe[a SNiOOV aQd FOaVN 

VeUYeU SURgUaP. BeVideV WhaW, I haYe aOVR UeSRUWed Whe SURgUeVV ZiWh P\ 

VXSeUYiVRU. 
2. WORK TO BE DONE 
 
     WRUN WR be dRQe RQ Qe[W 2 ZeeNV aUe WeVWiQg Whe cUafWed AOe[a SNiOOV 

aQd FOaVN VeUYeU SURgUaP. OWheU WhaQ WhiV, dRcXPeQWaWiRQ iV aOVR Qeed WR 

be dRQe. 
3. PROBLEMS ENCOUNTERED 
 
     AOe[aPi VeUYice SURgUaP iV QRW VWabOe. 
4. SELF EVALUATION OF THE PROGRESS 
 
     AOO Whe VchedXOed WaVNV aUe iQ gRRd SURgUeVV.  
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