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Editorial Preface 

From the Desk  of Managing Editor…  

It may be difficult to imagine that almost half a century ago we used computers far less sophisticated than current 

home desktop computers to put a man on the moon.  In that 50 year span, the field of computer science has 

exploded. 

Computer science has opened new avenues for thought and experimentation. What began as a way to simplify the 

calculation process has given birth to technology once only imagined by the human mind. The ability to communicate 

and share ideas even though collaborators are half a world away and exploration of not just the stars above but the 

internal workings of the human genome are some of the ways that this field has moved at an exponential pace. 

At the International Journal of Advanced Computer Science and Applications it is our mission to provide an outlet for 

quality research. We want to promote universal access and opportunities for the international scientific community to 

share and disseminate scientific and technical information.  

We believe in spreading knowledge of computer science and its applications to all classes of audiences. That is why we 

deliver up-to-date, authoritative coverage and offer open access of all our articles. Our archives have served as a 

place to provoke philosophical, theoretical, and empirical ideas from some of the finest minds in the field. 

 We utilize the talents and experience of editor and reviewers working at Universities and Institutions from around the 

world. We would like to express our gratitude to all authors, whose research results have been published in our journal, 

as well as our referees for their in-depth evaluations. Our high standards are maintained through a double blind review 

process.  

We hope that this edition of IJACSA inspires and entices you to submit your own contributions in upcoming issues. Thank 

you for sharing wisdom.  

Thank you for Sharing Wisdom! 

 

 

 

 

 

 

Managing Editor 

IJACSA 

Volume 9 Issue 9 September 2018 

ISSN 2156-5570 (Online) 

ISSN 2158-107X (Print) 

©2013 The Science and Information (SAI) Organization 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(ii) 

www.ijacsa.thesai.org 

Editorial Board 

Editor-in-Chief  

 

Dr. Kohei Arai - Saga University 

Domains of Research: Technology Trends, Computer Vision, Decision Making, Information Retrieval, 

Networking, Simulation 

 

 

Associate Editors 
 

Chao-Tung Yang 

Department of Computer Science, Tunghai University, Taiwan 

Domain of Research: Software Engineering and Quality, High Performance Computing, Parallel and Distributed 

Computing, Parallel Computing 

 

Elena SCUTELNICU 

“Dunarea de Jos" University of Galati, Romania  

Domain of Research: e-Learning, e-Learning Tools, Simulation 

 

Krassen Stefanov 

Professor at Sofia University St. Kliment Ohridski, Bulgaria 

Domains of Research: e-Learning, Agents and Multi-agent Systems, Artificial Intelligence, Big Data, Cloud 

Computing, Data Retrieval and Data Mining, Distributed Systems, e-Learning Organisational Issues, e-Learning 

Tools, Educational Systems Design, Human Computer Interaction, Internet Security, Knowledge Engineering and 

Mining, Knowledge Representation, Ontology Engineering, Social Computing, Web-based Learning Communities, 

Wireless/ Mobile Applications 

 

Maria-Angeles Grado-Caffaro 

Scientific Consultant, Italy 

Domain of Research: Electronics, Sensing and Sensor Networks 

 

Mohd Helmy Abd Wahab 

Universiti Tun Hussein Onn Malaysia 

Domain of Research: Intelligent Systems, Data Mining, Databases 

 

T. V. Prasad 

Lingaya's University, India 

Domain of Research: Intelligent Systems, Bioinformatics, Image Processing, Knowledge Representation, Natural 

Language Processing, Robotics 

 

 

  



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(iii) 

www.ijacsa.thesai.org 

Reviewer Board Members 

 

Aakash Ahmad Abbasi 

Abbas Karimi 

Abbas M. Al-Ghaili 

Abdelghni Lakehal 

Abdul Aziz Gill 

Abdul Hamid Mohamed Ragab 

Abdul Karim  Assaf ABED 

Abdul Razak 

Abdul Wahid Ansari 

Abdur Rashid Khan 

Abeer Mohamed ELkorany 

ABRAHAM VARGHESE 

Adebayo Omotosho 

ADEMOLA ADESINA 

Aderemi A.  Atayero 

Adi A. Maaita 

Adnan Ahmad 

Adrian Nicolae Branga 

Ahmad  A.  Al-Tit 

Ahmad A. Saifan 

Ahmad Hoirul Basori 

Ahmad Mousa Altamimi 

Ahmed Boutejdar 

Ahmed Nabih Zaki  Rashed 

Ahmed S.A AL-Jumaily 

Ahmed Z. Emam 

Ajantha Herath 

Akram Belghith 

Alaa F.  Sheta 

Albert  Alexander S 

Alcinia Zita  Sampaio 

Alexane Bouënard 

ALI AMER ALWAN 

Ali Asghar Pourhaji Kazem 

Ali Hamzeh 

Ali Ismail Awad 

Ali Mustafa  Qamar 

Alicia Menchaca Valdez 

Altaf Mukati 

Aman Chadha 

Amin Ahmad Shaqrah 

amine baina 

Amir HAJJAM EL HASSANI 

Amirrudin Kamsin 

Amitava Biswas 

Amjad Gawanmeh 

Anand Nayyar 

Anandhi Mohanraj Anu 

Andi Wahju Rahardjo  Emanuel 

Anews Samraj 

Anirban Sarkar 

Anita Sofia V S 

Anju Bhandari Gandhi 

Anouar ABTOY 

Anshuman Sahu 

Anthony Nosike Isizoh 

Antonio Dourado 

Antonio Formisano 

ANUAR BIN  MOHAMED KASSIM 

Anuj Kumar Gupta 

Anuranjan misra 

Appasami Govindasamy 

Arash Habibi Lashkari 

Aree Ali Mohammed 

Arfan Jaffar 

ARINDAM SARKAR 

Aris Skander Skander 

Arun D Kulkarni 

Arun Kumar Singh 

Arvind K Sharma 

Asadullah Shaikh 

Asfa Praveen 

Ashok Matani 

Ashraf Hamdy Owis 

ASIM TOKGOZ 

Asma Cherif 

Asoke Nath 

Athanasios Koutras 

Ayad  Ghany Ismaeel 

Ayman EL-SAYED 

Ayman Shehata Shehata 

Ayoub BAHNASSE 

Ayush Singhal 

Azam Moosavi 

Babatunde Opeoluwa  Akinkunmi 

Bae Bossoufi 

Balasubramanie Palanisamy 

BASANT KUMAR VERMA 

Basem M. ElHalawany 

Basil Hamed 

Basil M Hamed 

Basim Almayahi 

Bestoun S. Ahmed 

Bhanu Kaushik 

Bhanu Prasad Pinnamaneni 

Bharti Waman  Gawali 

Bilian Song 

Binod Kumar 

Bogdan Belean 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(iv) 

www.ijacsa.thesai.org 

Bohumil Brtnik 

Bouchaib CHERRADI 

Brahim Raouyane 

Branko Karan 

Bright Keswani 

Brij Gupta 

C Venkateswarlu  Venkateswarlu 

Sonagiri 

Chanashekhar Meshram 

Chao Wang 

Chao-Tung Yang 

Charlie Obimbo 

Chee Hon Lew 

CHERIF Med Adnen 

Chien-Peng Ho 

Chun-Kit (Ben) Ngan 

Ciprian Dobre 

Constantin Filote 

Constantin POPESCU 

CORNELIA AURORA Gyorödi 

Cosmina Ivan 

Cristina Turcu 

Dai-Gyoung Kim 

Daniel Filipe Albuquerque 

Daniel Ioan Hunyadi 

Daniela Elena Popescu 

Danijela Efnusheva 

Dariusz Jakóbczak 

Deepak Garg 

Devena   Prasad 

DHAYA R 

Dheyaa  Kadhim 

Diaa Salama  Dr 

Dimitris Chrysostomou 

Dinesh Kumar Saini 

Dipti Durgesh Patil 

Divya  Kashyap 

Djilali IDOUGHI 

Dong-Han Ham 

Dragana Becejski-Vujaklija 

Duck Hee Lee 

Duy-Huy NGUYEN 

Ehsan Mohebi 

El Sayed  A. Mahmoud 

Elena Camossi 

Elena SCUTELNICU 

Elyes Maherzi 

Eric  Tutu Tchao 

Eui Chul Lee 

Evgeny Nikulchev 

Ezekiel Uzor OKIKE 

Fabio Mercorio 

Fadi Safieddine 

Fahim Akhter 

Faizal Khan 

FANGYONG HOU 

Faris Al-Salem 

fazal wahab karam 

Firkhan Ali Hamid Ali 

Fokrul Alom Mazarbhuiya 

Fouad AYOUB 

Francesco FP Perrotta 

Frank AYO Ibikunle 

Fu-Chien Kao 

G R  Sinha 

Gahangir Hossain 

Galya Nikolova Georgieva-

Tsaneva 

Gamil  Abdel Azim 

Ganesh Chandra Deka 

Ganesh Chandra Sahoo 

Gaurav  Kumar  

George D. Pecherle 

George Mastorakis 

Georgios  Galatas 

Gerard Dumancas 

Ghalem Belalem Belalem 

gherabi noreddine 

Giacomo Veneri 

Giri Babu 

Goraksh Vithalrao Garje 

Govindarajulu Salendra 

Grebenisan Gavril 

Grigoras N. Gheorghe 

Guandong Xu 

Gufran Ahmad Ansari 

Gunaseelan Devaraj 

GYÖRÖDI  ROBERT STEFAN 

Hadj Hamma Tadjine 

Haewon Byeon 

Haibo Yu 

Haiguang  Chen 

Hamid Ali Abed  AL-Asadi 

Hamid Mukhtar 

Hamidullah Binol 

Hanan Elazhary 

hanan habbi 

Hany Kamal Hassan 

Harco Leslie Hendric SPITS 

WARNARS 

HARDEEP  SINGH 

Hariharan Shanmugasundaram 

Harish Garg 

Hazem I. El Shekh Ahmed  I. El 

Shekh Ahmed 

Heba  Mahmoud  Afify 

Hela Mahersia 

Hemalatha SenthilMahesh 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(v) 

www.ijacsa.thesai.org 

Hesham G. Ibrahim 

Hikmat Ullah Khan 

Himanshu  Aggarwal 

Hongda Mao 

Hossam Faris 

Huda K. Kadhim AL-Jobori 

Hui  Li 

Hüseyin  Oktay ERKOL 

Ibrahim Adepoju Adeyanju 

Ibrahim Missaoui 

Ikvinderpal Singh 

Ilayaraja Muthalagu 

Imad Zeroual 

Imed JABRI 

Imran  Ali Chaudhry 

Imran Memon 

IRFAN AHMED 

ISMAIL YUSUF 

iss EL OUADGHIRI 

Iwan Setyawan 

Jabar H Yousif 

Jacek M. Czerniak 

Jafar Ahmad Alzubi 

Jai Singh W 

JAMAIAH HAJI  YAHAYA 

James Patrick Henry Coleman 

Jamil Abdulhamid Mohammed 

Saif 

Jatinderkumar Ramdass Saini 

Javed  Anjum Sheikh 

Jayapandian N 

Jayaram M A 

Jerwinprabu A 

Ji Zhu 

Jia Uddin Jia 

Jim Jing-Yan Wang 

John P Sahlin 

JOHN S MANOHAR 

JOSE LUIS PASTRANA 

José Santos Reyes 

Jui-Pin Yang 

Jungu J Choi 

Jyoti Chaudhary 

Jyoti Gautam 

K V.L.N.Acharyulu 

Ka-Chun Wong 

Kamatchi R 

Kamran Kowsari 

KANNADHASAN SURIIYAN 

KARTHIK MURUGESAN 

KASHIF MUNIR 

Kashif Nisar 

Kato Mivule 

Kayhan Zrar Ghafoor 

Kennedy Chinedu Okafor 

KHAIRULLAH KHAN KHAN 

Khaled Loukhaoukha 

Khalid Mahmood 

Khalid Nazim Sattar Abdul 

Khin Wee Lai 

Khurram Khurshid 

KIRAN SREE POKKULURI 

KITIMAPORN CHOOCHOTE 

Kohei Arai 

Kottakkaran Sooppy Nisar 

kouki Mohamed 

Krasimir Yankov Yordzhev 

Krassen Stefanov Stefanov 

Krishna Kishore K V 

Krishna Prasad Miyapuram 

Labib Francis  Gergis 

Lalit Garg 

LATHA RAJAGOPAL 

Lazar Vojislav Stošic 

Le Li 

Leanos A Maglaras 

Leon Andretti Abdillah 

Lijian  Sun 

Liming Luke Chen 

Ljubica B. Kazi 

Ljubomir Jerinic 

Lokesh Kumar Sharma 

Long  Chen 

M A Rabbani 

M. Reza Mashinchi 

M. Tariq Banday 

Madihah Mohd Saudi 

madjid khalilian 

Mahdi H. Miraz 

Mahmoud M Abd Ellatif 

Mahtab Jahanbani Fard 

Majharoddin Kazi Kazi 

majzoob kamal aldein omer 

Malack Omae Oteri 

Malik Muhammad Saad Missen 

Mallikarjuna Reddy Doodipala 

Man Fung LO 

Manas deep 

Manisha Gupta 

Manju Kaushik 

Manmeet Mahinderjit Singh 

Manoharan P.S. 

Manoj Manoj Wadhwa 

Manpreet  Singh Manna  

Manuj Darbari 

Marcellin Julius Antonio Nkenlifack 

Marek Reformat 

Maria-Angeles Grado-Caffaro 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(vi) 

www.ijacsa.thesai.org 

Marwan Alseid 

Mazin S. Al-Hakeem 

Md Ruhul Islam 

Md.  Al-Amin Bhuiyan 

Mehdi Bahrami 

Mehdi Neshat 

Messaouda AZZOUZI 

Milena Bogdanovic 

Miriampally Venkata 

Raghavendra 

Mirjana Popovic 

Miroslav Baca 

Moamin Mahmoud 

Moeiz Miraoui 

Mohamed  AbdelNasser 

Mohamed Mahmoud 

Mohamed  Salah SALHI 

Mohamed A. El-Sayed 

Mohamed Abdel Fatah  

Ashabrawy 

Mohamed Ali Mahjoub 

Mohamed Eldosoky 

Mohamed Hassan Saad Kaloup 

Mohamed Najeh LAKHOUA 

Mohamed SOLTANE Mohamed 

Mohammad Abdul Qayum 

Mohammad Ali Badamchizadeh 

Mohammad Azzeh 

Mohammad H. Alomari 

Mohammad Haghighat 

Mohammad Jannati 

Mohammad Zarour 

Mohammed  Abdulhameed Al-

shabi 

Mohammed A. Akour 

Mohammed Ali  Hussain 

Mohammed Sadgal 

Mohammed Shamim Kaiser 

Mohammed Tawfik Hussein 

Mohd Ashraf Ahmad 

Mohd Helmy Abd Wahab 

Mokhtar Beldjehem 

Mona Elshinawy 

Monir Kaid 

Mostafa Mostafa Ezziyyani 

Mouhammd sharari sharari 

alkasassbeh 

Mounir Hemam 

Mourad Amad 

Mudasir Manzoor Kirmani 

Mueen Uddin 

Muhammad  Adnan Khan 

Muhammad Abdul Rehman 

Muhammad Asif Khan 

Muhammad Hafidz Fazli  Bin Md 

Fauadi 

Muhammad Naeem 

Muhammad Saeed 

Muniba Memon 

MUNTASIR AL-ASFOOR 

Murphy Choy 

Murthy Sree Rama Chandra 

Dasika 

MUSLIHAH WOOK 

Mustapha OUJAOURA 

MUTHUKUMAR S SUBRAMANYAM 

N.Ch. Sriman Narayana  Iyengar 

Nadeem Akhtar 

nafiul alam siddique 

Nagy Ramadan Darwish 

Najeed Ahmed  Khan 

Najib A.  Kofahi 

Namrata Dhanda 

Nan Wang 

Naseer Ali Alquraishi 

Nasrollah Pakniat 

Natarajan  Subramanyam  

Natheer Gharaibeh 

Nayden V. Nenkov 

Nazeeh Ghatasheh 

Nazeeruddin Mohammad 

Neeraj Kumar Tiwari 

NEERAJ SHUKLA 

Nestor Velasco-Bermeo 

Nguyen Thanh Binh 

Nidhi Arora 

NILAMADHAB MISHRA 

Nilanjan  Dey 

Ning Cai 

Niraj Singhal 

Nithyanandam Subramanian 

Nizamud  Din 

Noura Aknin 

Obaida M.  Al-Hazaimeh 

Olawande Justine Daramola 

Oliviu Matei 

Om Prakash Sangwan 

Omaima Nazar Al-Allaf 

Omar A. Alzubi 

Omar S. Gómez 

Osama Ali Awad 

Osama Omer 

Ouchtati Salim 

Ousmane THIARE 

P.V. Praveen Sundar 

Paresh V Virparia 

Parminder  Singh Kang 

PAUL CELICOURT 

Peng Xia 

Ping Zhang 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(vii) 

www.ijacsa.thesai.org 

Piyush Kumar  Pareek 

Poonam  Garg 

Prabhat K Mahanti 

PRASUN CHAKRABARTI 

Praveen  Kumar 

PRISCILLA RAJADURAI 

PROF DURGA PRASAD SHARMA ( 

PHD) 

Purwanto Purwanto 

Qaisar Abbas 

Qifeng Qiao 

Rachid Saadane 

Radwan R. Tahboub 

raed Kanaan 

Raghuraj Singh 

Rahul Malik 

Raja Ramachandran 

raja sarath kumar boddu 

Rajesh  Kumar 

Rakesh Chandra Balabantaray 

Rakesh Kumar Dr. 

Ramadan Elaiess 

Ramani Kannan 

RAMESH  MUTHUSAMY 

RAMESH VAMANAN 

Rana Khudhair Abbas Ahmed 

Rashad Abdullah Al-Jawfi 

Rashid  Sheikh 

Ratnesh Litoriya 

Ravi Kiran Varma P 

Ravi Prakash 

RAVINA  CHANGALA 

Ravisankar Hari 

Rawya Y. Rizk 

Rayed AlGhamdi 

Reshmy  Krishnan 

Reza  Fazel-Rezai 

Reza Ghasemy Yaghin Dr Reza 

Ghasemy Yaghin 

Riaz Ul-Amin 

Ricardo Ângelo Rosa Vardasca 

Ritaban Dutta 

Rodica Doina Zmaranda 

Rohini Ravi 

Rohit Raja 

Roopali Garg 

roslina ibrahim 

Ruchika Malhotra 

Rutvij H. Jhaveri 

SAADI Slami 

Sachin Kumar Agrawal 

Sagarmay  Deb 

Sahar Abd El_RAhman Ismail 

Said Ghoniemy 

Said Jadid Abdulkadir 

Sajal Bhatia 

Saman Hina 

SAMSON OLUWASEUN FADIYA 

Sanam Shahla Rizvi 

Sandeep R Reddivari 

Sangeetha SKB 

Sanskruti V Patel 

Santosh  Kumar 

Sasan Adibi 

Sattar  Bader Sadkhan 

Satyena Prasad Singh 

Sebastian Marius Rosu 

Secui Dinu Calin 

Seema  Shah  

Seifedine Nimer Kadry 

Selem Charfi 

SENGOTTUVELAN  P 

Senol Piskin 

SENTHIL P Prof 

Sérgio André Ferreira 

Seyed Hamidreza Mohades 

Kasaei 

Shadi Mahmoud Atalla 

Shafiqul Abidin 

Shahab Shamshirband 

Shahanawaj Ahamad 

Shaidah Jusoh 

Shaiful Bakri Ismail 

Shailesh  Kumar 

Shakir Gayour Khan 

Shashi Dahiya 

Shawki A.  Al-Dubaee 

Sheeraz Ahmed Dr. 

Sheikh Ziauddin 

Sherif E. Hussein 

Shishir Kumar 

SHOBA MOHAN 

Shriniwas Vasantrao Chavan 

Shriram K Vasudevan 

Siddeeq Ameen 

Siddhartha Jonnalagadda 

Sim-Hui Tee 

Simon L. R. Vrhovec 

Simon Uzezi Ewedafe 

Siniša Opic 

Sivakumar Poruran 

sivaranjani reddi 

Slim BEN SAOUD 

Sobhan Roshani 

Sofien Mhatli 

sofyan Mohammad Hayajneh 

Sohail Jabbar 

Sri Devi Ravana 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(viii) 

www.ijacsa.thesai.org 

Sudarson Jena 

Sudipta Roy 

Suhail Sami Owais Sami Owais 

Owais 

Suhas J  Manangi  

SUKUMAR SENTHILKUMAR 

Süleyman Eken 

Sumazly Sulaiman 

Sumit Goyal 

Sunil Phulre 

Suparerk Janjarasjitt 

Suresh  Sankaranarayanan 

Surya Narayan Panda 

Susarla Venkata Ananta Rama 

Sastry 

Suseendran G 

Suxing Liu 

Syed Asif Ali 

T C.Manjunath 

T V Narayana rao Rao 

T. V.  Prasad 

Taghi Javdani Gandomani 

Taiwo Ayodele 

Talal Bonny 

Tamara Zhukabayeva 

Taner Tuncer 

Tanvi Banerjee 

Tanweer Alam 

Tanzila Saba 

TAOUFIK SALEM SAIDANI 

Tarek Fouad Gharib 

tarig ahmed 

Taskeed Jabid 

Tasneem Bano Rehman 

thabet Mohamed slimani 

Totok R. Biyanto 

Touati Youcef 

Tran Xuan Sang 

TSUNG-CHUAN MA 

Tsvetanka Georgieva-Trifonova 

Uchechukwu Awada 

Udai Pratap Rao 

Urmila N Shrawankar 

V Baby Deepa 

Vaidas Giedrimas 

Vaka MOHAN 

Venkata Raghavendran 

Chaluvadi 

VENKATESH JAGANATHAN 

Vijay  Bhaskar Semwal 

Vijayarani Mohan S 

Vijendra Singh 

Vinayak  K Bairagi  

VINCE PAUL A 

Visara Urovi 

Vishnu Narayan Mishra 

Vitus S.W. Lam 

VNR SAIKRISHNA K 

Voon  Ching Khoo 

VUDA SREENIVASARAO 

Wali Khan Mashwani 

Wei Wei 

Wei Zhong 

Wenbin Chen 

Wenzhao  Zhang 

Wichian Sittiprapaporn 

Xi Zhang 

Xiao Zhang 

Xiaojing Xiang 

Xiaolong  Wang 

Xunchao Hu 

Y Srinivas 

Yanping Huang 

Yao-Chin Wang 

Yasser M.  Alginahi 

Yaxin Bi 

Yi Fei Wang 

YI GU 

Yihong Yuan 

Yilun Shang 

Yu Qi 

Zacchaeus Oni Omogbadegun 

Zaffar Ahmed Shaikh 

Zairi  Ismael  Rizman 

Zarul Fitri Zaaba 

Zeki Yetgin 

Zenzo  Polite Ncube 

ZHENGYU YANG 

Zhigang Yin 

Zhihan Lv 

Zhixin Chen 

Zia Ur Rahman Zia 

Ziyue Xu 

Zlatko Stapic 

Zne-Jung Lee 

Zuraini Ismail



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(ix) 

www.ijacsa.thesai.org 

CONTENTS 

Paper 1: A Proposal for A High Availability Architecture for VoIP Telephone Systems based on Open Source Software 

Authors: Alejandro Martin, Eric Gamess, Dedaniel Urribarri, Jesús Gómez 

PAGE 1 – 11 

 

Paper 2: Aesthetics Versus Readability of Source Code 

Authors: Ron Coleman 

PAGE 12 – 18 

 

Paper 3: User-Defined Financial Functions for MS SQL Server 

Authors: Jolana Gubalova, Petra Medvedova 

PAGE 19 – 25 

 

Paper 4: An Amplitude Modulation of Cerebral Rhythms based Method in a Motor Task BCI Paradigm 

Authors: Oana Diana Eva, Anca Mihaela Lazar 

PAGE 26 – 31 

 

Paper 5: Financial Literacy of SME Managers’ on Access to Finance and Performance: The Mediating Role of Financial 

Service Utilization 

Authors: Juma Buhimila Mabula, Han Dong Ping 

PAGE 32 – 41 

 

Paper 6: Method of Graph Mining based on the Topological Anomaly Matrix and its Application for Discovering the 

Structural Peculiarities of Complex Networks 

Authors: Artem Potebnia 

PAGE 42 – 48 

 

Paper 7: Comparison of Intelligent Methods of SOC Estimation for Battery of Photovoltaic System 

Authors: Tae-Hyun Cho, Hye-Rin Hwang, Jong-Hyun Lee, In-Soo Lee 

PAGE 49 – 56 

 

Paper 8: Novel Mechanism of Classifying the Brain Tumor for Identifying its Critical State 

Authors: Deepthi Murthy T S, Sadashivappa G, Ravi Shankar D 

PAGE 57 – 66 

 

Paper 9: Quality Flag of GOSAT/FTS Products Taking into Account Estimation Reliability 

Authors: Kohei Arai, Takashi Higuchi, Hiroshi Okumura, Hirofumi Ohyama, Shuji Kawakami, Kei Shiomi 

PAGE 67 – 74 

 

Paper 10: An Ensemble Approach to Big Data Security (Cyber Security) 

Authors: Manzoor Ahmed Hashmani, Syed Muslim Jameel, Aidarus M. Ibrahim, Maryam Zaffar, Kamran Raza 

PAGE 75 – 77 

 

Paper 11: An Interactive Content Development for Depression Awareness among Tertiary Students 

Authors: Sarni Suhaila Rahim, Thum Wei Ching 

PAGE 78 – 87 

 

Paper 12: Model for Predicting Educational Domain Rate based on the Regional Level 

Authors: Arslan Tariq, Iqra Tariq, Aneela Abbas, Muhammad Aadil Butt, Maimoona Shahid, Umair Muneer Butt 

PAGE 88 – 92 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(x) 

www.ijacsa.thesai.org 

 

Paper 13: Crypt-Tag Authentication in NFC Implementation for Medicine Data Management 

Authors: Z. Zainal Abidin, N. A. Zakaria, N. Harum, M. R. Baharon, Ee-Song Hong, Z. Abal Abas, Z. Ayop, N. A. Mat 

Ariff 

PAGE 93 – 100 

 

Paper 14: Thinging Machine Applied to Information Leakage 

Authors: Sabah S. Al-Fedaghi, Mahmoud BehBehani 

PAGE 101 – 110 

 

Paper 15: Statistical-Based Trustful Access Control Framework for Smart Campuses 

Authors: AHMAD B. ALKHODRE 

PAGE 111 – 117 

 

Paper 16: Singkat: A Keyword-Based URL Shortener and Click Tracker Package for Django Web Application 

Authors: Gottfried Prasetyadi, Utomo Tri Hantoro, Achmad Benny Mutiara 

PAGE 118 – 122 

 

Paper 17: A Quantum based Evolutionary Algorithm for Stock Index and Bitcoin Price Forecasting 

Authors: Usman Amjad, Tahseen Ahmed Jilani, Humera Tariq, Amir Hussain 

PAGE 123 – 132 

 

Paper 18: Detection of Railroad Networks in SAR Images 

Authors: Şafak Altay Açar, Şafak Bayır 

PAGE 133 – 138 

 

Paper 19: Connectivity Restoration Techniques for Wireless Sensor and Actor Network (WSAN), A Review 

Authors: Muhammad Kashif Saeed, Mahmood ul Hassan, Ansar Munir Shah, Khalid Mahmood 

PAGE 139 – 145 

 

Paper 20: Design of Wearable Patch Antenna for Wireless Body Area Networks 

Authors: Saqib Hussain, Saima Hafeez, Sajjad Ali Memon, Nasrullah Pirzada 

PAGE 146 – 151 

 

Paper 21: Product Feature Ranking and Popularity Model based on Sentiment Comments 

Authors: Siti Rohaidah Ahmad, Azuraliza Abu Bakar, Mohd Ridzwan Yaakub, Nurhafizah Moziyana Mohd Yusop, 

Muslihah Wook, Arniyati Ahmadr 

PAGE 152 – 157 

 

Paper 22: Interest Reduction and PIT Minimization in Content Centric Networks 

Authors: Aadil Zia Khan 

PAGE 158 – 163 

 

Paper 23: Image Retrieval System based on Color Global and Local Features Combined with GLCM for Texture Features 

Authors: Jehad Q. Alnihoud 

PAGE 164 – 171 

 

Paper 24: Assessing Trends of Existing Research Contribution Towards Internet-of-Things 

Authors: Bhagyashree Ambore, Suresh L 

PAGE 172 – 184 

 

 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(xi) 

www.ijacsa.thesai.org 

Paper 25: Text Clustering using Ensemble Clustering Technique 

Authors: Muhammad Mateen, Junhao Wen, Mehdi Hassan, Sun Song 

PAGE 185 – 190 

 

Paper 26: Profile-Based Semantic Method using Heuristics for Web Search Personalization 

Authors: Hikmat A. M. Abdeljaber 

PAGE 191 – 198 

 

Paper 27: Deep Learning Algorithm for Cyberbullying Detection 

Authors: Monirah Abdullah Al-Ajlan, Mourad Ykhlef 

PAGE 199 – 205 

 

Paper 28: NADA: New Arabic Dataset for Text Classification 

Authors: Nada Alalyani, Souad Larabi Marie-Sainte 

PAGE 206 – 212 

 

Paper 29: An IoT based Warehouse Intrusion Detection (E-Perimeter) and Grain Tracking Model for Food Reserve Agency 

Authors: Sipiwe Chihana, Jackson Phiri, Douglas Kunda 

PAGE 213 – 223 

 

Paper 30: Communication System Design of Remote Areas using Openbts 

Authors: Winarno Sugeng, Theta Dinnarwaty Putri 

PAGE 224 – 229 

 

Paper 31: Self-organized Population Segmentation for Geosocial Network Neighborhood 

Authors: Low Shen Loong, Syarulnaziah Anawar, Zakiah Ayop, Mohd Rizuan Baharon, Erman Hamid 

PAGE 230 – 235 

 

Paper 32: A Serious Game for Healthcare Industry: Information Security Awareness Training Program for Hospital 

Universiti Kebangsaan Malaysia 

Authors: Arash Ghazvini, Zarina Shukur 

PAGE 236 – 245 

 

Paper 33: Hashtag Generator and Content Authenticator 

Authors: Kavinga Yapa Abeywardana, Ginige A.R., Herath N., Somarathne H.P., Thennakoon T.M.N.S. 

PAGE 246 – 252 

 

Paper 34: EEG Signals based Brain Source Localization Approaches 

Authors: Anwar Ali Gaho, Sayed Hyder Abbas Musavi, Munsif Ali Jatoi, Muhammad Shafiq 

PAGE 253 – 261 

 

Paper 35: An Efficient Protocol using Fuzzy Logic and Grids with Two-Dimensional Techniques for Saving Energy in WSN 

Authors: Emad M Ibbini, Kweh Yeah Lun, Mohamed Othman, Zurina Mohd Hanapi 

PAGE 262 – 269 

 

Paper 36: Design of Linear Phase High Pass FIR Filter using Weight Improved Particle Swarm Optimization 

Authors: Adel Jalal Yousif, Ghazwan Jabbar Ahmed, Ali Subhi Abbood 

PAGE 270 – 275 

 

 

 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(xii) 

www.ijacsa.thesai.org 

Paper 37: The Designing of Adaptive Self-Assessment Activities in Second Language Learning using Massive Open 

Online Courses (MOOCs) 

Authors: Hasmaini Hashim, Sazilah Salam, Siti Nurul Mahfuzah Mohamad, Nur Syafiatun Safwana Sazali 

PAGE 276 – 282 

 

Paper 38: Consequences of Customer Engagement in Social Networking Sites : Employing Fuzzy Delphi Technique for 

Validation 

Authors: Noraniza Md Jani, Mohd Hafiz Zakaria, Zulisman Maksom, Md. Shariff M. Haniff, Ramlan Mustapha 

PAGE 283 – 293 

 

Paper 39: Validating Antecedents of Customer Engagement in Social Networking Sites using Fuzzy Delphi Analysis 

Authors: Noraniza Md Jani, Mohd Hafiz Zakaria, Zulisman Maksom, Md. Shariff M. Haniff, Ramlan Mustapha 

PAGE 294 – 304 

 

Paper 40: Effect of Fusion of Statistical and Texture Features on HSI based Leaf Images with Both Dorsal and Ventral Sides 

Authors: Poonam Saini, Arun Kumar 

PAGE 305 – 312 

 

Paper 41: Design of an Error Output Feedback Digital Delta Sigma Modulator with In–Stage Dithering for Spur–Free Output 

Spectrum 

Authors: Sohail Imran Saeed, Khalid Mahmood, Mehr e Munir 

PAGE 313 – 318 

 

Paper 42: Applied Artificial Intelligence in 3D-game (HYSTERIA) using UNREAL ENGINE4 

Authors: Muhammad Muzammul, Muhammad Awais, Muhammad Umer ghani, Muhammad Imran Manzoor, 

Muhammad Kashif, Muhammad Yahya Saeed 

PAGE 319 – 325 

 

Paper 43: Comprehensive Classification Model for Diagnosing Multiple Disease Condition from Chest X-Ray 

Authors: Savitha S K, N.C. Naveen 

PAGE 326 – 337 

 

Paper 44: Analysis of End-to-End Packet Delay for Internet of Things in Wireless Communications 

Authors: Imane Maslouhi, El Miloud Ar –reyouchi, Kamal Ghoumid, Kaoutar Baibai 

PAGE 338 – 343 

 

Paper 45: The Generation of a Stable Walking Trajectory of a Biped Robot based on the COG based-Gait Pattern and 

ZMP Constraint 

Authors: Arbia Ayari, Jilani Knani 

PAGE 344 – 351 

 

Paper 46: Enhancing the Secured Software Framework using Vulnerability Patterns and Flow Diagrams 

Authors: Nor Hafeizah Hassan, Nazrulazhar Bahaman, Burairah Hussin, Shahrin Sahib 

PAGE 352 – 364 

 

Paper 47: Intrusion Detection System with Correlation Engine and Vulnerability Assessment 

Authors: D.W.Y.O.Waidyarathna, W.V.A.C.Nayantha, W.M.T.C.Wijesinghe, Kavinga Yapa Abeywardena 

PAGE 365 – 370 

 

Paper 48: An Expert Comparison of Accreditation Support Tools for the Undergraduate Computing Programs 

Authors: Abdallah Namoun, Ahmad Taleb, Mohamed Benaida 

PAGE 371 – 384 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(xiii) 

www.ijacsa.thesai.org 

 

Paper 49: Development of a Novel Approach to Search Resources in IoT 

Authors: Nisar Hussain, Tayyaba Anees, Muhammad Rehan Faheem, Momina Shaheen, Muhammad Imran 

Manzoor, Aimen Anum 

PAGE 385 – 398 

 

Paper 50: Automatic Pavement Cracks Detection using Image Processing Techniques and Neural Network 

Authors: Nawras Shatnawi 

PAGE 399 – 402 

 

Paper 51: Study of Routing Protocols on CBR and VBR Applications in VANET Scenario 

Authors: Pooja Sharma 

PAGE 403 – 408 

 

Paper 52: A Survey on Smartphone-Based Accident Reporting and Guidance Systems 

Authors: Alexandra Fanca, Adela Puscasiu, Honoriu Valean, Silviu Folea 

PAGE 409 – 414 

 

Paper 53: Printed Arabic Script Recognition: A Survey 

Authors: Mansoor Alghamdi, William Teahan 

PAGE 415 – 428 

 

Paper 54: Intelligent Irrigation Management System 

Authors: Wafa Difallah, Khelifa Benahmed, Fateh Bounnama, Belkacem Draoui, Ahmed Saaidi 

PAGE 429 – 433 

 

Paper 55: Securing and Monitoring of Bandwidth Usage in Multi-Agents Denial of Service Environment 

Authors: Ogunleye G.O., Fashoto S.G, Mbunge Elliot, Arekete S.A, Ojewumi T.O. 

PAGE 434 – 445 

 

Paper 56: Internet of Things and Healthcare Analytics for Better Healthcare Solution: Applications and Challenges 

Authors: Zuraida Abal Abas, Zaheera Zainal Abidin, Ahmad Fadzli Nizam Abdul Rahman, Hidayah Rahmalan, 

Gede Pramudya, Mohd Hakim Abdul Hamid 

PAGE 446 – 450 

 

Paper 57: Implementation of Forward Chaining and Certainty Factor Method on Android-Based Expert System of Tomato 

Diseases Identification 

Authors: Kurnia Muludi, Radix Suharjo, Admi Syarif, Fitria Ramadhani 

PAGE 451 – 456 

 

Paper 58: Applying Floyd’s Inductive Assertions Method for Verification of Generalized Net Models Without Temporal 

Components 

Authors: Magdalina Todorova, Nora Angelova 

PAGE 457 – 465 

 

Paper 59: Location-aware Event Attendance System using QR Code and GPS Technology 

Authors: Zakiah Ayop, Chan Yee Lin, Syarulnaziah Anawar, Erman Hamid, Muhammad Syahrul Azhar 

PAGE 466 – 473 

 

Paper 60: An Enhanced Malay Named Entity Recognition using Combination Approach for Crime Textual Data Analysis 

Authors: Siti Azirah Asmai, Muhammad Sharilazlan Salleh, Halizah Basiron, Sabrina Ahmad 

PAGE 474 – 483 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(xiv) 

www.ijacsa.thesai.org 

 

Paper 61: Towards A Framework for Multilayer Computing of Survivability 

Authors: Abolghasem Sadeghi, Mohammad Reza Valavi, Morteza Barari 

PAGE 484 – 493 

 

Paper 62: Developing A Model to Predict the Occurrence of the Cardio-Cerebrovascular Disease for the Korean Elderly 

using the Random Forests Algorithm 

Authors: Haewon Byeon 

PAGE 494 – 499 

 

Paper 63: Proposal for a Feature Automation Solution for an IMS-KMS-IoT Platform based on SDN 

Authors: Samba DIOUF, Kéba GUEYE, Samuel OUYA, Gervais MENDY 

PAGE 500 – 505 

 

Paper 64: A Novel Approach for Background Subtraction using Generalized Rayleigh Distribution 

Authors: Pavan Kumar Tadiparthi, Srinivas Yarramalle, Nagesh Vadaparthi 

PAGE 506 – 518 

 

Paper 65: A Survey on using Neural Network based Algorithms for Hand Written Digit Recognition 

Authors: Muhammad Ramzan, Hikmat Ullah Khan, Shahid Mehmood Awan, Waseem Akhtar, Mahwish Ilyas, 

Ahsan Mahmood, Ammara Zamir 

PAGE 519 – 528 

 

Paper 66: Comparative Analysis of Support Vector Machine, Maximum Likelihood and Neural Network Classification on 

Multispectral Remote Sensing Data 

Authors: Asmala Ahmad, Ummi Kalsom Mohd Hashim, Othman Mohd, Mohd Mawardy Abdullah, Hamzah 

Sakidin, Abd Wahid Rasib, Suliadi Firdaus Sufahani 

PAGE 529 – 537 

 

Paper 67: Mobile Data Collector Routing Protocol Scheme for Scalable Dense Wireless Sensor Network to Optimize 

Node’s Life 

Authors: Farhan A. Siddiqui, Jibran R. Khan, Muhammad Saeed, M. Arshad, Dr. Nasir Touheed 

PAGE 538 – 542 

 

Paper 68: IMouse: Eyes Gesture Control System 

Authors: Syed Muhammad Tahir Saleem, Sammat Fareed, Farzana Bibi, Arsalan Khan, Shahzad Gohar, Hafiz 

Hamza Ashraf 

PAGE 543 – 554 

 

Paper 69: Calculation of Pressure Loss Coefficients in Combining Flows of a Solar Collector using Artificial Neural 

Networks 

Authors: Shahzad Yousaf, Imran Shafi, Jamil Ahmad 

PAGE 555 – 559 

 

Paper 70: Interface of an Automatic Recognition System for Dysarthric Speech 

Authors: Brahim-Fares Zaidi, Malika Boudraa, Sid-Ahmed Selouani, Djamel Addou 

PAGE 560 – 564 

 

Paper 71: Personalized E-Learning Recommender System using Multimedia Data 

Authors: Hayder Murad, Linda Yang 

PAGE 565 – 567 

 

 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

(xv) 

www.ijacsa.thesai.org 

Paper 72: Level of Confidence in Software Effort Estimation by an Intelligent Fuzzy – Neuro - Genetic Approach 

Authors: Poonam Rijwani, Sonal Jain 

PAGE 568 – 576 

 

Paper 73: A Controlled Environment Model for Dealing with Smart Phone Addiction 

Authors: Irfan Uddin, Adeel Baig, Abid Ali Minhas 

PAGE 577 – 583 

 

Paper 74: On the Distinction of Subjectivity and Objectivity of Emotions in Texts 

Authors: Manh Hung Nguyen 

PAGE 584 – 589 

 

Paper 75: First Out First Served Algorithm for Mobile Wireless Sensor Networks 

Authors: Anouar Bouirden, Maryam El Azhari, Ahmed Toumanari, Ahmed Aharoune 

PAGE 590 – 598 

 

Paper 76: Developing Disease Classification System based on Keyword Extraction and Supervised Learning 

Authors: Muhammad Suffian, Muhammad Yaseen Khan, and Shuakat Wasi 

PAGE 599 – 605 

 

Paper 77: Deep Learning based Object Distance Measurement Method for Binocular Stereo Vision Blind Area 

Authors: Jiaxu Zhang, Shaolin Hu, Haoqiang Shi 

PAGE 606 – 613 

 

Paper 78: Light but Effective Encryption Technique based on Dynamic Substitution and Effective Masking 

Authors: Muhammed Jassem Al-Muhammed 

PAGE 614 – 628 

 

Paper 79: Duplicates Detection Within Incomplete Data Sets Using Blocking and Dynamic Sorting Key Methods 

Authors: Abdulrazzak Ali, Nurul A. Emran, Siti A. Asmai, Awsan Thabet 

PAGE 629 – 636 

 

Paper 80: An Agent Cellular Residential Mobility Model : From Functional and Conceptual View 

Authors: Elarbi Elalaouy, Khadija Rhoulami, Moulay Driss Rahmani 

PAGE 637 – 645 

 

Paper 81: Urdu Sentiment Analysis 

Authors: Khairullah Khan; Wahab Khan; Atta Ur Rahman; Aurangzeb Khan; Asfandyar Khan; Ashraf Ullah Khan; 

Bibi Saqia 

PAGE 646 – 651 

 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 9, No. 9, 2018 

451 | P a g e  

www.ijacsa.thesai.org 

Implementation of Forward Chaining and Certainty 

Factor Method on Android-Based Expert System of 

Tomato Diseases Identification

Kurnia Muludi
1
 

Department of Computer Science 

Lampung University 

Lampung, Indonesia  

Radix Suharjo
2
 

Department of Plant Protection 

Lampung University 

Lampung, Indonesia 

Admi Syarif
3
, Fitria Ramadhani

4
 

Department of Computer Science 

Lampung University 

Lampung, Indonesia

 

 
Abstract—Plant disease is one of the reasons that cause the 

destruction of plant. It affects plant productivity and quality. 

Most of the farmers made mistake in cope with this problem 

because of the lack of knowledge. Expert system is a solution that 

has been widely used for identifying disease. This paper presents 

an Android-based expert system to help identifying tomato 

diseases. Data used in this expert system consist of 16 data of 

tomato diseases,  53 data of symptoms, and 20 variety of rules. 

This paper implements forward chaining and certainty factor 

method. Forward chaining is used as a reasoning method to get 

the result of disease identification. Certainty factor is used as a 

calculation method to obtain accuracy degree of identification 

results. Testing has been done through two stages, internal and 

external. The result from internal testing shows that tomato 

expert system works properly and fit perfectly in various android 

devices. External testing is done by giving questionnaire to 44 

respondents. The result of questionnaires shows that tomato 

expert system is categorized as “good” by them. 

Keywords—Expert system; forward chaining; certainty factor; 

tomato diseases; android 

I. INTRODUCTION 

Tomato is a commodity plant that is being cultivated by 
many farmers in Indonesia due to its benefit. Tomato can be 
categorized as vegetable and fruit. Tomato is also used as food 
ingredient and medicine [1]. Based on statistical data of 
vegetable productivity in Indonesia in 2016, tomato becomes 
big seven along with onion, garlic, and chili with 883.233 tona. 
Tomato becomes one of horticulture commodities that has 
high economic value yet still needs more concern, especially 
in production and quality enhancement [2]. This matter is 
showed by statistical data of tomato in Lampung province 
between 2014 until 2016 in Table Ia. Crop areas increase twice 
in 2016 yet is not followed by production result. So, the 
productivity decreases treble with only 4,54 Ton/Ha. 

Plant disease is one of the most important reasons that lead 
to the destruction of plants and crops [3]. Detecting diseases at 
early stage enable people to overcome and treat them 
appropriately. This process requires an expert but the number 
of experts are still far from ideal condition. Moreover, it needs 
high cost to do consultation. Therefore, expert system helps a 
great deal in identifying diseases and describing methods of 
treatment to be carried out. 

TABLE I. TABLE OF TOMATO STATISTICAL DATA IN LAMPUNG 

PROVINCE BETWEEN 2012 - 2016 

Year Crop area (Ha) Production (Ton) Productivity (Ton/Ha) 

2014 2.366 23.776 10,05 

2015 2.143 24.490 11,43 

2016 5.211 23.638 4,54 

This paper develops an expert system for identifying 
tomato diseases implementing forward chaining and certainty  
factor method. These methods are used to get identification 
results with accuracy degree. This expert system is designed to 
be android based, so that it can be used by many people 
anywhere and anytime. 

II. LITERATURE REVIEW 

A. Artificial Intelligence 

Artificial Intelligence (AI) is the area of computer science 
that focus on creating expert machines that can engage on 
behaviors that humans consider intelligent [4]. It has many 
areas in computer science. There are 12 fields in AI, such as 
Natural Language Processing (NLP), Speech (voice) 
Understanding, Robotics and Sensory Systems, and Expert 
Systems [5]. 

B. Expert System 

Expert system is a field in artificial intelligence intended to 
serve as consultant for decision making. It uses a collection of 
facts, rules of thumb, and other knowledge about a limited 
domain to help making inferences in the domain. It is called 
expert systems because it addresses problems normally 
thought to require human specialists for solution [6]. Expert 
systems can be viewed as having two environments: the 
development environment and the consultation environment. 
The development environment is used by an expert system 
builder to build the components and put knowledge into the 
knowledge base. The consultation environment is used by a 
non-expert to obtain expert knowledge and advice. The 
structure of expert system is showed in Fig 1 [5]. 
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Fig. 1. The Structure of Expert System. 

C. Inference Engine 

Expert knowledge often can not be represented in single 
rule. Instead, rules may be chained together dynamically to 
cover numerous conditions. The process of chaining multiple 
rules together is called inference. The component conducting 
inference in an expert system is called the inference engine. 
Inference engine provides a methodology for reasoning about 
information in the knowledge base and on the blackboard, and 
for formulating conclusions. This component provides 
directions about how to use the system's knowledge by 
developing the agenda that organizes and controls the steps 
taken to solve problems whenever consultation takes place. 
Therefore, inference engine is controller structure or rule 
interpreter, also is known as brain in expert system. There are 
two popular approaches for inferencing, such as forward 
chaining and backward chaining [5]. 

Forward-chaining is a bottom-up computational model. 
Forward chaining works with a set of known facts and applies 
rules to generate new facts whose premises match the known 
facts, and continues until it reaches a predetermined goal, or 
until no further facts can be derived whose premises match the 
known facts. Backward chaining is a reasoning model in 
expert system that using a goal-driven search. It is a top-down 
computational design and starts with a goal or hypothesis and 
then looks for rules to support the hypothesis. It attempts 
matching the variables that lead to valid facts in the data and 
indicates that the inference moves backward from the intended 
goal to determine facts that would satisfy that goal [7]. 

Forward chaining is appropriate for problems in which 
most of the data is given in the initial problem statement as 
how this model works. Forward chaining works forward to 
find conclusion from facts, starts with the initial facts. 
Meanwhile, backward chaining starts with hypothesis or goal 
to know whether the hypothesis accepted or rejected. 
Backward chaining is appropriate for problem in which goal 
or hypothesis is given in the problem statement [7]. In 
Conclusion, forward chaining is used as a reasoning because 
the system is identifying diseases based on symptoms or facts. 

D. Certainty factor 

To develop an expert system calculation method is needed 
to get accuracy degree of the identification results. There are 
some calculation methods used in expert system, such as 
heuristic method, classical probability, bayes theorem, and 
certainty factor. 

Heuristic is a method introduced by George Polya in 1945. 
He defines heuristic as rules for choosing branches in a state 
space that are most likely to lead to an acceptable problem 
solution. This method has weakness because it often works 
based on experience or intuition, so the result maybe 
inaccurate. Also, it uses limited information and seldom able 
to predict the exact behavior of the state space farther along in 
the search [8]. 

Theory of classical probability was proposed by Pascal and 
Fermat in 1654. Classical probability considers ideal system 
that do not become worn out like dice, card, and coin. 
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Classical probability only considers probability that will be 
searched, as showed by the following formula: 

P = W / N  

Where W is the number of wins and N is the number of 
equally possible events [9]. 

Bayes theorem relates cause and effect in such a way that 
by understanding the effect people can learn the probability of 
its cause. This theory was proposed by Thomas Bayes in 1763 
in his paper Essay towards Solving a Problem in the Doctrine 
of' Chances [8]. Bayes theorem and classical probability 
requires the application of mathematical probability in 
uncertainty management. Bayes theorem is better than 
classical probability because it has prior value. Unfortunately, 
to obtain past data is becoming problem for expert. As a 
result, if prior data is lacking then it will affect the conclusion, 
even can give wrong conclusion [10]. 

One of the most known expert systems attempts to develop 
representations of uncertainty as an extension of deterministic 
rule-based expert systems is MYCIN. MYCIN was designed 
to assist physicians in the diagnosis and treatment of bacterial 
infections. Shorliffe Buchanan in 1975 introduced certainty 
factor (CF) method through MYCIN. When a CF-based 
system recommends a decision (for example, when MYCIN 
suggests treatment for a suspected infection), it makes use of 
the CFs assigned to the competing diseases to assess the 
amount of evidence for each [11]. Here is the formula of CF 
[12]: 

CF(H,E) = MB(H,E) – MD(H,E)  (2) 

Description : 

CF(H,E) : Certainty factor from hypothesis H which is 
affected by symptom (evidence) E 

MB(H,E) : Measurement of increased belief on hypothesis 
H affected by symptom E 

MD(H,E) : Measurement of increased disbelief on 
hypothesis H affected by symptom E 

1) Parallel CF: Parallel CF is a CF obtained by some 

premises from rule. The value of parallel CF is affected by CF 

User for each premise and operator used in the premise. Here 

is the formulas for parallel CF [12]: 

CF (x AND y) = min (CF (x), CF (y)) 

CF (x OR y) = max (CF (x), CF (y)) 

CF (NOT x) = ¬CF(x)  

2) Sequential CF: Sequential CF is obtained from 

calculation result of parallel CF of all premises in a rule with 

CF from expert. Sequential CF is defined as follows [12]: 

CF (x,y) = CF(x) × CF(y)  

Description : 

CF (x,y) : Sequential CF 

CF(x) : Parallel CF from all premises in a rule 

CF(y) : CF from expert 

3) Combined CF: Combined CF is final CF from 

conclusion candidate. This CF is affected by all parallel CF 

from a rule that will produce conclusion. Combined CF is 

used when a conclusion obtained from several rules at once. 

Here is the formula for Combine CF [12]: 

CF(x,y) =  CF(x)+CF(y)-(CF(x)×CF(y)), where CF(x)>0         

and CF(y)>0   (7) 

 

 CF(x)+CF(y)/(1-(min(|CF|,|CF(y)|))), where 

one of    (CF(x),CF(y))<0            (8) 

                        

 CF(x)+CF(y)×(1+CF(x))), where CF(x)<0 and 

CF(y)<0 (9) 

E. Expert Systems in Agriculture 

Expert system has been implemented in many areas, such 
as medical, finance, automotive, and agriculture. During this 
five years, many expert systems in agriculture were 
developed, like tobacco expert system, sugarcane expert 
system, and red chili peppers expert system. CaneDES  is a 
web-based expert system  for disorder diagnosis in sugarcane. 
This expert system diagnoses disorders in sugarcane which is 
caused by biotic and abiotic and implements a new classified 
knowledge representation technique [13]. Another expert 
system that has been developed is an expert system for 
tobacco disease management that is applied in web. This 
tobacco expert system uses two methods for disease diagnosis, 
such as rule based inference and ontology [14]. Expert system 
for diagnosing diseases of red chili uses forward chaining and 
certainty factor method. Based on testing results, this expert 
system can diagnose red chili plant disease with high accuracy 
[15]. 

F. Android 

Nowadays web-based  systems which can be accessed on 
the PC or laptop is slowly getting unpopular. People move to 
palm tools gadget like smartphone which makes activity more 
comfortable and efficient. So that, every business is 
developing applications for the mobile devices. One of the 
most popular operating systems used in mobile device is 
android [16]. Android is a software stack for mobile device 
that includes an operating system, middle-ware and key 
applications. Android is mainly based on Linux operating 
system which uses java-like languages for running 
applications [17]. The platform was officially announced in 
October 2008 [18]. 

G. Diseases of Tomato 

In this research, tomato diseases are divided into two 
categories, biotic and abiotic. Biotic disease is caused by 
organism such as fungus, virus, and bacteria. While, abiotic 
disease is caused by environmental factors like pesticide, less 
of calcium, and sunshine intensity. There are 12 diseases in 
biotic category, such as Late Blight (Phythopthora infestans), 
early blight (Alternaria solani), leaf mold (Fulvia fulva), 
Fusarium wilt (Fusarium oxysporum f.sp. lycopersici), 
Bacteria wilt (Ralstonia solanacearum), Tobacco Mosaic 
(Tobacco Mosaic Virus/TMV), Cucumber Mosaic (Cucumber 
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Mosaic Virus/CMV), crinkle (Tobacco Crinkle Virus), 
Tomato Yellow Leaf Curl (Tomato Yellow Leaf Curl 
Virus/TYCLV), gray mold (Cercospora sp.), powdery 
mildews (Oidium sp.) [19]. There are 4 diseases in abiotic 
category, such as pesticide poisoning, lack of calcium, high 
intensity of sunshine, and low intensity of sunshine [20]. 

III. SYSTEM DESIGN 

A. Use Case Diagram 

Use case diagram describes interaction between user and 
system, like what action user can do in this system. This 
diagram shows that tomato expert system has 5 functions as 
shown in Fig 2, such as do diagnose, see disease’s detail 
information, access help menu, access about menu, and access 
instruction menu. 

 

Fig. 2. Use Case Diagram of Tomato Expert System. 

B. Calculation of Certainty Factor Method 

Calculation  method implemented in this expert system  is 
certainty factor. In developing expert system, rule-based is 
made into two types operator, OR and AND. Operator AND is 
used for main symptoms. Meanwhile, symptoms using 
operator OR is displayed in list form. For example, user done 
a consultation on the tomato leaf with the following 
symptoms. 

 There’s spot with diameter 0,5 cm (G22) 

 There’s gray-brownish ring on the spot (G23) 

 There’s brown-reddish mold on the spot (G24) 

Expert gives CF value 0.79  for  the selected symptoms. 
The rule: “IF  (There’s spot with diameter 0,5 cm (G22) OR 
There’s gray-brownish ring on the spot (G23)) AND There’s 
brown-reddish mold on the spot (G24) THEN Corynespora 
Spot Leaf (B12)”. 

Then the calculation is: 

Parallel CF = CF (G24) AND CF (G22 OR G23) 

 = min (G24, max (G22, G23)) 

 = min (0.83, max (0.79, 0.81)) 

 = min (0,83, 0.81) 

 = 0.81 

Sequential CF = CF from Expert × Parallel CF 

         = 0.79 × 0.81 = 0.6399 

Percentage of accuracy  =  63,99 % 

Based on the calculation result, the conclusion for 
following symptoms chosen by user is Corynespora Spot Leaf 
with the accuracy  63,99%. 

IV. TESTING AND RESULTS 

The system was developed by using Android Studio, 
XAMPP on TOSHIBA Satellite L840 and android smartphone 
OPPO F1s A1601. Two stages of testing, internal and 
external, is done to see the effectiveness of the system. 
Internal testing  is done by testing system’s compatibilty and 
accuracy degree of identification results. To see whether the 
system is compatible or not, the system is installed in several 
android devices with different version and screen size. As a 
result, the system is compatible with Android 4.4 (Kitkat), 5.0 
(Lollipop), 6.0 (Marsmallow), and 7.0 (Nougat) version and 
with android 4,5 inch, 5 inch, and 5,5 inch. The system’s 
function works properly and the interface fits perfectly as 
shown in Fig 3. 

 
Fig. 3. Interface of Tomato Expert System. 
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Fig. 4. Facts of Symptom. 

This paper provides some facts and compares 
identification results between the system and expert. It use 33 
facts divided into 4 symptom locations, such as leaf, stem, 
fruit, and crop as shown in Fig 4. 

Testing result shows that system gives the accurate 
identification results. Also, there’s degree of accuracy from 
implementation of certainty factor method. Comparison of 
identification results is showed in Table II. 

TABLE II. TABLE OF COMPARISON IDENTIFICATION RESULTS BETWEEN 

TOMATO EXPERT SYSTEM AND EXPERT 

Facts 

Diagnosis 

System Calculation Expert Judgement 

G02, G21, G03 Late Blight : 66,4% Late Blight 

G02, G01 Powdery Mildews : 61,62% Powdery Mildews 

G25, G27, G36 
Pesticide Poisoning  : 
62,37% 

Pesticide Poisoning 

G10, G11, G12 Tobacco Mosaic : 63,99% Tobacco Mosaic 

G28, G29 Early Blight : 65,6% Early Blight 

G42, G43, G44 Early Blight : 66,42% Early Blight 

G45, G46 Cucumber Mosaic : 57,75% Cucumber Mosaic 

G51, G48, G49, 

G50 

High intensity of sunshine : 

65,57% 

High intensity of 

sunshine 

G34, G31, G32 Bacteria Wilt : 71,4% Bacteria Wilt 

G33, G16, G12, 

G18, G19, G46 
Yellow Leaf Curl : 65,57% Yellow Leaf Curl 

External testing is done by giving questionnaire to several 
respondents. The respondent is divided into 3 groups. Group 1 
is experts consist of 4 lecturers from Department of Plant 
Protection Lampung University. Group 2 is people who are 
related with this domain consist of 10 farmers and 20 students 
of Agriculture Faculty of University of Lampung. Group 3 is 
common people who do not understand about tomato diseases 
consist of 10 students of Computer Science of University of 
Lampung. 

The respondents were asked to access the system directly 
and give their assessment by completing the questionnaire. 
Each statement has 5 answer points with different value, such 
as Completely Disagree (CD) = 1, Disagree (D) = 2, Slightly 
Agree (SA) = 3, Agree (A) = 4, and Completely Agree (GA) = 
5. Then, those questionnaires being generated into percentage 
with this following formula [21]: 

P= (((a×A)/(nxN)×100%)                                                   (10) 

  = Percentage of statement 

  = Number of respondents choosing this point 

A= Value of statement 

  = Number of all respondents 

  = Highest value of statement 

Next step is deciding interval for each category using this 
following formula [21]: 

 I= 100% / k    (11) 

Description : 

  = Interval 

  = Number of categories 
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TABLE III. TABLE OF INTERVAL CATEGORY 

Percentage Description 

0%  ≥ P ≤ 20% Not Good 

20% ˃   ≤ 40% Less Good 

40% ˃   ≤ 60% Good Enough 

60% ˃   ≤ 80% Good 

80% ˃   ≤ 100% Very Good 

This research uses 5 categories, so interval for each 
category is 20%. The description for each category is showed 
in Table III. 

Based on the questionnaires result, it shows that this expert 
system provides useful information for people especially 
tomato farmers with 87,33%. It helps in identifying diseases 
well with 79,44%. System works properly and appropriate 
with 84%. System is easy to understand and to use with 
82,77%. Data in the system is complete and clear with 74,44. 
It makes people understand about expert system with 79,11%. 
System provides right solution with 76,11%. Graphic for 
external testing result is showed in Fig 5. 

 

Fig. 5. Graphic of External Testing Result. 

V. CONCLUSIONS 

An Android-based tomato expert system implements 
forward chaining and certainty factor method to identifying 
tomato diseases has been established. The system which has 
been installed on various android devices shows the accurate 
identification result as it is expert. Moreover, all functions 
work properly and the interface fits perfectly. The result from 
44 respondents shows that this tomato expert system is 
categorized as “good”. 
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