	


	


Development of

European Telecommunications Standards Institute (ETSI) 
Machine-to-Machine (M2M) communication

Author

Ewi Eric Kedze

Fontys University of Applied Sciences

ICT/Software engineering 
Partners           [image: image1.jpg]ERICSSON



                                
            [image: image2.jpg]QFontys

Hogescholen



       




Ericsson Telecommunicatie B.V
Fontys University of Applied Sciences



(ETM), Rijen



Eindhoven
Date

June 2012
Version
1.9

Title page
	Student data
	

	Student name
	Eric Kedze Ewi

	Student number
	2135841

	Graduation period
	September 2008 to July 2012


	Company data
	

	Company’s name
	Ericsson Telecommunicatie B.V.

	Department
	Strategy & Innovation 

	Location
	Rijen 


	Company tutor data
	

	Tutor’s name
	Jan Van Der Meer

	Department
	Strategy & Innovation 

	Position
	Manager


	University tutor data
	

	Name 
	Peter Boots

	Department
	ICT

	Institution 
	Fontys University of applied sciences


	Final report data
	

	Title of report
	ETSI M2M communication 

	Date finished
	7th June 2012

	Final version
	1.9


[image: image24.png]



                                                       Approved and signed by:

     Company tutor:




     
      University tutor:
Date:







     Date:





Signature company tutor:



 
 Signature university tutor:


Preface 
This Bachelor’s thesis is a result of my work in the project ETSI M2M communication, written for the ICT (Software engineering) program.  Having studied for four years in ICT and a minor in mechatronics, and with previous knowledge in computer networking (CCNA) and experiences in school projects, I was more than excited and motivated to meet any challenge out there. ETSI being world class ICT standardization, I did not find any other doubt about the challenges associated with the ETSI M2M communication project. More so, having the opportunity to work in the world’s leading telecom operator in Ericsson. In addition working in a telecom institution has always been one of my greatest wishes and dreams. Immediately, I saw this project as an ideal opportunity to showcase my talents and abilities as a software engineer.

Most of the information of the project assignment has been standardized by ETSI (world class Institute for Standardization of ICT and telecom programs) into three stages. Stage one document provides information about the system requirement; stage two documents provide information about the system architect and design; and stage three documents provide detailed information of the implementation.

Some resources came from Barbara Pareglio, a system engineer at Ericsson telecommunicatie Rijen. She is also one of the active researchers in the ETSI M2M communication in Ericsson.
Thanks 

Ericsson: The head of development Rijen Herman van der Zwaan; I want to thank my company tutor Jan van der Meer for his fatherly love he has showered on me; Erik van der Velden for his constant support and advice throughout the project; Barbara Pareglio for her support; special thanks to all my colleagues with whom we shared together and Ericsson as a whole for such an unbelievable experience.
Fontys: I want to thank my university tutor Peter Boots for his great assistant and support throughout my project; head of department Ella van der Sanden; my mentor Mr. Geert Dirks for his support; Mr. Peter Lambooij for his encouragement; Coordinator of mechatronics minor Mr. Pepping for his support during my difficult time; Mr. Schellekens Casper for his support in my first internship; my mates, and the entire Fontys for the amazing opportunity.
Family: My sponsors Ewi Martin Abang and Dr. Fung Ivor-Richard for making my dream come true. In the effect they taught me how to catch fishes instead of giving them. By so doing they built a solid foundation for me and the younger ones coming up. I will forever be grateful. 
May God bless you all, He plant this all even when I was not yet conceived all for His own glory.
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Summary
Imagine that you were able to control your devices at home anywhere anytime, imagine companies having very huge complicated machines with heavy duties and many of these machines and systems were being controlled by just one device as simple as a cell phone, and imagine home meters were smart enough for a user to verify consumption per device, how much benefits, cost-effective, homier, and comfort this can bring to simplify usability?

An M2M (machine-to-machine) technology’s promises surpass these imaginations. It goes beyond comfort and luxury, and provides another era of the next generation. It provides easy management solutions for home automation, e-health, intelligence transport systems, supply chain automation, electronic monitoring, production line management, and so much more. 

At the moment very few and limited solutions exist to this technology but provide vertical solution (tied coupled or vendor specific) like Nuon and Essent solutions. Ericsson wants a more flexible (horizontal) or loose coupling solution and ETSI M2M communication standardization provides these possibilities.
Ericsson has anticipated the future growth of the M2M communication and concluded that “in the future more and more devices will be able to connect to and communicate to, and that similar technologies are been developed in cars and anything mobile with the aim to increase capabilities to manage and control them, and also to simplify usability”. This project is based on further demonstrating these capabilities in home automation area.

At the beginning of project, an NSCL (Service Capability Layer) and NA (Network Application) ETSI based software exist with very basic functionality. Very basic function testing has been carried out. The following are missing or need to be improved; database system, scalability, parallel processing, a good design system, and also to create some resources like groups, accessRights, etc… In Sweden a home gateway is been developed and it is non-ETSI based and need to communicate to the GSCL (Gateway Service Capability Layer) which is ETSI based.
At start of the project I had little or no knowledge about the programming language (java eclipse platform), about REST which is the architectural style of choice for ETSI M2M, and almost all other technologies necessary for the project, thus enormous research was required to research on the technologies and also to dig into the assignment (the three stages of ETSI M2M communication). To achieve this, I preferred the agile methodology but in a slight different approach; first I follow a traditional method of development (Research, initiative, project definition, project design, and the implementation) to gain overview knowledge of the project. After, I identify and break down the product into sub-products called increments (increment 1, 2, 3, and 4). This helped me focus on a specific task but now with the knowledge of the next increment. It also gave me an added advantage because some solutions for one increment that has an effect on the next increment are avoided.
The resulting final product is a distributed web applications. By the time of defense the results are; improved NSCL that communicate to a GSCL application. To conclude the agile methodology as described above made my project more transparent to everyone involved, flexible as it was easier for me to make changes to the system during the development time.
Glossary

API means application programming interface 
CoAP (Constraint Application Protocol). Unlike HTTP, CoAP deals with these interchanges asynchronously over a datagram-oriented transport such as UDP

Derby - previously distributed as IBM Cloudscape) is a relational database management system (RDBMS) developed by the Apache Software Foundation that can be embedded in Java programs and used for online transaction processing.
DSCL: Device Service Capabilities Layer refers to M2M Service Capabilities in the M2M Device

dIa Reference Point of communication between device and GSCL or DSCL
EclipseLink – extensible framework for java JPA 
ETSI (European Telecommunications Standards Institute) produces globally-applicable standards for Information and Communications Technologies (ICT), including fixed, mobile, radio, converged, aeronautical, broadcast and internet technologies and is officially recognized by the European Union as a European Standards Organization
GSCL- Gateway Service Capabilities Layer refers to M2M Service Capabilities in the M2M Gateway 

GSM- Global System for Mobile Communications, originally Groupe Spécial Mobile), is a standard set developed by the European
Home gateway (OSGI) – Ericsson’s multipurpose platform for support of embedded communication, device management, remote, etc…

HTTP – Hyper text transfer protocol
JDBC is an API for the Java programming language that defines how a client may access a database. It provides methods for querying, etc…

JPA (Java persistence API) - is a Java programming language framework managing relational data in applications using Java Platform, Standard Edition and Java Platform, Enterprise Edition.
LTE - (Long Term Evolution), marketed as 4G LTE, is a standard for wireless communication of high-speed data for mobile phones and data terminals
mIa – Standard ETSI specification communication between a network application and NSCL
mId Reference Point allows an M2M Service Capabilities residing in an M2M device or in an M2M Gateway to communicate with the M2M Service Capabilities in the Network Domain 
NSCL: Network Service Capabilities Layer refers to M2M Service Capabilities in the Network Domain

NMT - NMT (Nordisk MobilTelefoni or Nordiska MobilTelefoni-gruppen, Nordic Mobile Telephony in English) is the first fully automatic cellular phone system.
ORM (Object Relational mapping)- is a programming technique for converting data between incompatible type systems in object-oriented programming languages.
RESTFUL (Representation state transfer) – An architectural style which is based on web standards and the http protocols, and maintain its state
SCL: Service Capabilities Later refers to any of the following: NSCL, GSCL, and DSCL means it has security layers, and can store some information.
Resources – an addressable URI or URL
URI- uniform resource identifier
WCDMA (Wideband Code Division Multiple Access) - is an air interface standard found in 3G mobile telecommunications networks
CoAP (Constraint Application Protocol) Unlike HTTP, CoAP deals with these interchanges asynchronously over a datagram-oriented transport such as UDP
Chapter 1: Introduction
1.1. Introduction 
This chapter gives the overview of the whole document and tries to give you some brief information what you will find in the chapters. This document is meant to provide information for my graduation project as described by the Fontys - ICT standard. The main purpose of this project is to develop a generic, horizontal, or loose coupling solution of machine-to-Machine (M2M) communication. This generic solution has been standardized by ETSI (European Telecommunications Standards Institute) called ETSI M2M communication. The ETSI M2M specifies 3 stage documents; stage one requirement, stages two architecture, stages three implementations. This report is based on the processes of the realization of this ETSI M2M communication. 
In the beginning of the project, an NSCL (Service Capability layer) has been developed and very basic function testing has been carryout. The problems associated with this application are; it needs a database system, need to be scalable, the design need to be improved, create more resources, and support of parallel processing. In Sweden, a home gateway is been developed and they are not considering ETSI and NSCL is ETSI based. 
The aim of this project was to improve the NSCL, create a GSCL (Service capability layers) and then interface it to the home gateway of Sweden, provide dIa (reference point offers generic and extendable mechanism for Device application and GSCL) java API, and develop GA (gateway application) and NA (network application) in the area of home automation. The resulting end product is a distributed web application. 
1.2. Company overview

Ericsson Telecommunicatie (ETM) in Rijen is a part of the Swedish Ericsson Group, one of the world's leading suppliers in telecommunications. It is situated in Rijen in a street called Ericssonstraat. Rijen is a small city found in between Breda and Tilburg in Netherlands. 
Ericsson is making the Networked Society a reality, where anything that can benefit from being connected is connected. To realize this vision, Ericsson provides industry-leading network equipment and software, as well as services for network and business operations. Ericsson portfolio also includes products for the enterprise, cable, mobile platform and power module markets.
1.3. Project overview
Ericsson has a vision that 50 billion devices will be connected by the year 2020. And with the promises that M2M communication provides, give no doubt of the successes, and the fact that mobile operators are already implementing this technology further cast the doubt of it impotent. Imagine two or more related devices being able to communicate to each other and exchange information means that enormous time can be saved and this in particular could proof a very practical tool to automate lean production, and six-sigma in a production environment. 
The main purpose of this project is to provide a backend implementation to further extend the capability of more and more devices of being able to connect and communicate to in the home automation area.
1.3.1. Project methodology
The methodology used in this project is Agile or increment application development. It has the following phases;
· Research phase – In this phase all unknown things to me are researched. The research methods were; Meetings, written documents, Google search and Ericsson internal database.  More is found in chapter 4.
· Initiative phase – In this phase I used it to investigate detailed information about the assignment, make interviews, questionnaires, meetings, and also to setup a good communication network for the rest of the phases. More of this is provided in chapter 5
· Definition phase – In the initiative phase an overview of the project assignment is assumed and requirements were developed based on this understanding. More is provided in chapter 5
· Design phase – During the design more detailed information of the project is believed to have been established and a design for the software is established based on this understanding, and it’s ready for implementation. This phase is repeated for each increment. More is provided in chapter 5
· Realization phase – In this phase the system is been implemented, designed and tested and it’s also repeated for each phase. More in chapter 5
· Transfer phase – In this phase the software is delivered and all the necessary documents, plus demonstration.
1.3.2. Tools used
              Documentation
· Visual paradigm – used it for my database design (figure 1 in design document)

· StarUML – for designing deployment, model-view-diagram, and class diagrams.

· Microsoft visio – network planning diagram and Gantt chart in project plan document

· Balsamiq mockup- for designing the user interface mockup in requirement document [35]
       Platform

· Eclipse JDK1.7.03 on top of eclipse EE (java runtime environment)

· JERSEY platform on Eclipse EE (RESTFUL resources defined on Jax-RS)

· Ericsson home gateway (provides OSGI API)

       Plugin 

· jaxb2-xjc - for XML schema  (converts XSD files to java classes)

· maven integration eclipse (structure of dependencies, debugging)

· db-derby-10.8.2.2-bin.zip (for the derby connection profile to the database)

· EclipseLink 2.3.1-indigo (extensible framework for java JPA derby database)

1.3.3. Chapters overview
Chapter 2 provides the detailed information about Ericsson, their vision, value, brief history, products, and customers. 
Chapter 3 describes the project assignment in detailed, project goals, current situation, all the terminology in ETSI M2M communication, the concrete occasion, project justification, project goals and objectives. 
Chapter 4 discusses the aspect of research. It deals with the subjects; REST, JPA, and the ETSI M2M communication. It gives information on how the research was conducted, details information of the existing technology, and definition of some related terms. 
Chapter 5 deals with the agile methodology, how the assignment was tackled, detailed information of the product development.

Chapter 6 gives information about Increment I and provides detailed NSCL (Network Service Capability Layer) improvement, problems and how they were tackled. 
Chapter 7 describes the implementation of creating a GSCL (Gateway Service Capability Layer), communication to the NSCL, Problems and solutions. It also start looking at the creation of dIa java based API.
Chapter 8 actually focuses on the implementation of home automation by implementing the GA, and the NA
Chapter 9 provides a detailed mechanisms of progress communication and scheduling.

Chapter 10 provides the conclusion and recommendation. 
Chapter 11 and 12 gives the results, some factors that hindered the project, about the things I have been able to learn from the project, and also the lesson learned from the entire project.
Chapter 2: About the Company
2.1. Introduction

This chapter is aimed at providing the detailed information about Ericsson, their vision, value, brief history, products, and customers.
2.2. History 
2.2.1. Ericsson
It all started in 1876 as a repair workshop for telegraph instruments in downtown Stockholm by a 30 year old mechanic Lars Magnus Ericsson and his former colleague Carl Johan Andersson proved to be the foundation of one of the world’s leading telecommunication companies in the world today. 
Ericsson, have always been a leader in driving technology forward, switching from telegraph to telephone all the way to the roll out of 4G. Ericsson has helped form the industry's standards, from NMT and GSM to LTE. 
Ericsson has one of the richest telecom heritages and they were one of the first companies to establish operations overseas. Even when the company was in its infancy, the founder decided to open a production facility in St. Petersburg, Russia. 
And today Ericsson continue to expand and innovate to make telecom services affordable and available to all, just as Lars Magnus Ericsson set out to do in 1878 when he sold his first phones.
2.2.2. History ETM
ETM which is referred to as the Ericsson telecommunicatie B.V in the Netherlands, started far back in 1892 as Ericsson’s sales in the Netherlands through the company Nederlansche Bell Telephoon Maatschappij, which operated the telephone network in major Dutch cities.
During the first decades of the 1900s, the Netherlands was one of Ericsson's largest export markets, even without the colonies (Dutch East Indies, now Indonesia). In the city of Rotterdam, Ericsson received an early order for advanced manual switches, and it was here that Ericsson's revolutionary 500-switch system was first taken into operation in 1923. Because of the growth Ericsson began manufacturing in the Netherland. In 1920, the company became the majority owner in a manufacturing company that had been established in 1907, the company changed its name to N. V. Nederlansche Ericsson Telefoonfabrieken, and in 1931 when Ericsson acquired all shares renamed it Ericsson Telefoon Maatschappij (ETM).
It was also in the Netherlands that Ericsson in the early 1980s received its first order for a complete system package for a mobile telephone network. The package included the MTX mobile switching centre, base stations and cell planning services.

2.3. What Ericsson does?
Ericsson mission is to empower people, business and society.  The vision is to be the Prime Driver in an all-communicating world. Respect, professionalism and perseverance are the values that are the foundation of the Ericsson culture, guiding them in their daily work - how they relate to people and how they do business. Ericsson is making the Networked Society a reality, where anything that can benefit from being connected is connected. To realize this vision, Ericsson provides industry-leading network equipment and software, as well as services for network and business operations. Ericsson’s portfolio also includes products for the enterprise, cable, mobile platform and power module markets [3]. 
2.4. Ericsson’s products and services 

2.4.1. Networks

Networks accounts for 55% net sales. It includes;

· Mobile broadband - Ericsson is the world’s biggest supplier of mobile networks, chosen by around half of the world’s operators with commercial mobile broadband networks. Ericsson is the leader in the development and deployment of LTE systems around the world. Ericsson is still continuing innovative research in GSM (Global System for Mobile) which provides voice and data services for billions of people; WCDMA, which brought mass mobile broadband to the world; and CDMA, which now provides cost-effective mobile-data connections. And Ericsson’s mobile broadband modules are connecting a growing range of devices, systems and even vehicles to the internet [3].
· Besides mobile networks, Ericsson is a strong player in core networks, microwave transport, Internet Protocol (IP) networks and fixed-access solutions for copper and fiber. In addition, Ericsson keeps these networks running at optimal efficiency with their portfolio of operations support systems (OSS). [3]
2.4.2. Multimedia 
Multimedia operations focus on software-based solutions for real-time and on-demand TV, consumer and business applications, and business support systems (BSS) for telecom operators.
Ericsson TV solutions and services enable media companies and operators – cable, satellite, telecom and terrestrial – to deliver TV content efficiently and reliably.
Business support systems help operators take care of their customers, creating the best possible user experience. Ericsson’s revenue management solutions enable accurate billing and charging for more than 1.2 billion subscribers around the world, while our provisioning solutions get services to a billion users [3].
Ericsson supports operators’ efforts to expand their revenues by providing end users with new ways of interacting and collaborating through consumer and business applications. Ericsson’s service offering includes solutions for messaging, social networking, location-based services, advertising, internet commerce and enterprise [3].
2.4.3.   Services 

50,000 professionals in 180 countries, including more than 20,000 employees outsourced to Ericsson in managed services contracts. Most of the customers are operators, Ericsson also work with other adjacent industries such as TV and media, public safety and utilities.
With Ericsson’s people, processes and partnerships, they help customers expand their businesses and keep pace with the latest industry developments. Operators can maximize network quality and performance, and focus on their customers, by having Ericsson integrate equipment from multiple vendors, handle multi-technology change programs, design and integrate new solutions, and manage their operations.

Ericsson is the 8th world’s top IT services providers and service business accounts for 40% net sales. [3]
2.5.    Ericsson’s customers in Benelux        
Some of Ericsson’s main customers in the Belgium, Netherlands, and Luxemburg areas include; 
· KPN – consumes mobile and fixed networks

· Vodafone – consumes mobile networks

· Ziggo – consumes mostly cable
· Mobistar – mobile networks 
2.6. Organization 
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Figure 1: ETM development organigram 
The figure 1 shows the ETM (Ericsson Telecommunicatie B.V) organigram of the C&BA (consumers and business applications) development headed by Herman van der Zwaan. ETM mostly operate as a business unit for marketing and sales. The research and development department is not directly linked to the business unit. It is related to the main business unit in Sweden. The project is part of the innovation department managed by Jan van der Meer (a group of five), as depicted in the figure. ETM Rijen has a total number of about 800employees.
Chapter 3: Assignment Overview
3.1. Introduction
This chapter describes the project assignment in detailed, project goals, current situation, the concrete occasion, project justification, risks and the associated problems
3.2. About M2M communication

M2M (Machine-to-Machine communication) refers to technology that enables the wireless and wired systems to communicate with other devices of the same ability. M2M services intend to automate decision and communication processes. Essentially, it is the exchange of data between a remote machine and a back-end IT infrastructure
Figure 2: example machines or devices in M2M communication
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An M2M communication uses a device such as a sensor or meter to capture an event (detection of objects like human, temperature, inventory level, etc. ) which is relayed through a network (wireless, wired, or hybrid) to an application such as software, that translates the captured data to a meaningful information.
The origin of M2M communications is cloudy because of the many different possibilities of its inception. It began around the year 2000, possibly earlier, when cellular technology started to interact directly to other computer systems [24]. Nowaydays, the term M2M communication is not only used to refer to point-to-point communication of machines, but also referred to two or more machine communicating to each other in a network. The figure 2 is an example of machines or devices in the context of M2M.
3.2.1. Vertical solutions (Stove pipes) for M2M communication

The figure shows a vertical silo solutions for each single M2M application with a tight end-to-end integration.
Problems include;

· Complexity in solution realization
· Lack of cross-industry standards
· Add also long life-time of deployments 
· Costly solutions 
Figure 3: vertical solution (by Barbara P.)
3.2.2. Horizontal solutions (generic solution) for M2M communication

The figure 4 shows a more generic and shared solution. The advantage over the vertical solution include;

· flexible and cost efficient connectivity through sensors sharing and data provisioning of different kinds of networks and use of different network protocols.
· It provides remote device management like device diagnostic, and software upgades
· It Hides underlying heterogeneity and complexity due to diversity in different devices and embraces low power networks.
Figure 4: horizontal solution (by Barbara P. )
3.3. ETSI M2M Communication standardization
ETSI (European Telecommunications Standards Institute) produces globally-applicable standards for Information and Communications Technologies (ICT). ETSI is recognized as an official European Standards Organization by the European Union, enabling valuable access to European markets. ETSI membership is composed of manufacturers and network operators –all the “big names” and many smaller companies too – plus national administrations, ministries, regulators, universities, research groups, consultancies and user organizations. 

The ETSI M2M communication is a horizontal solution for the M2M networks standardized by ETSI.
It comprises of three stage documents. Stage one document describes the requirement [38]; stage two documents [37] describe the architecture of the m2m communication, and stage three documents [36] describes the implementation.

Beside these documents several workshops and newsletters continue to be released for the improvement of this standard technology.
3.4. Why and Benefits of ETSI M2M communication 
 Why ETSI M2M?
· Provide an M2M architecture with a generic set of capabilities for M2M services

· Provide a framework for developing services independently of the underlying network

· Facilitate deployment of vertical applications

· Facilitate innovation across industries by exposing data and  information and providing services [53]. 
The benefits include:
· Offers RESTful (REpresentational State Transfer) architecture which is easy understandable, implementable and it is highly interoperable

· Offers device management, based on 2 highly deployed protocols.

· Very flexible structure, it permits to transport any information

· Offers the possibility to encrypt data end-to-end (the service layer will not be capable to read and use the content)

· Offers several bootstrap mechanism for configuring the device/gateway

· Offer security mechanism [53]
Features:

· Identification of the M2M Application and the M2M Devices

· Asynchronous and synchronous communication

· Store and forward mechanism based on policies for optimising the communication

· Location information

· Mutual authentication between Network Service Capability Layer and Device/Gateway Service Capability Layer that are connected

· Secure channel for transporting data over mId reference point, etc.. [53]
3.5. Components of ETSI M2M communication network
[image: image4.jpg]



Figure 5: ETSI M2M communication component 
The figure 5 depicts the communication structure for ETSI M2M communication.
The ETSI M2M communication specifications comprises of 6 main components; the SCL (service capability layers), the primitives (mId, mIa, and dIa), the M2M D (Device), the M2M G (gateway), and the M2M N (network), and M2M application. ETSI M2M has adopted a RESTful architecture style, and this information is represented by resources which are structured as a tree.

3.5.1.   SCL (Service Capability Layers)

An SCL means that the layer is able to; provide security, store, provide provisions, and management, and may also represent a layer that is server capable. ETSI M2M standardizes the resource structure that resizes on an M2M service capability layer (SCL). Each SCL contains a resource structure where the information is kept. SCL exchanges information by means of these resources over the defined reference points, and also the procedure for handling these resources is standardized. This resources includes; Access rights, subscriptions, SCL, applications, groups, containers, notification channels, Discovery, object management, attached devices, and other information that are required for information exchanged. There are three main SCLs; NSCL (SCL in the network domain), DSCL (SCL in the device domain), and GSCL (SCL in the gateway domain).
NSCL (Network Service capability layer)

NSCL is server capable in the network domain of the ETSI M2M and can be referred to as the data warehouse in the ETSI M2M communication, it provides clocking, and serves as the provider’s main data communication equipment (DCE). 
GSCL (gateway application layer)
GSCL serves as a point of contact for ETSI and non-ETSI devices to the NSCL. It provides logical addressing, best path selection to devices, end-to-end connectivity between M2M device to device communication and M2M device to ETSI M2M communication, and provides device management solution in the M2M device domain. It serves as the provider’s data terminal equipment (DTE) in the customer’s premises.

DSCL (Device Service Capability Layer)
DSCL provides ETSI M2M device service capability in the device domain, and provide device management solution in the ETSI M2M communication. Device Service Capabilities Layer refers to M2M Service Capabilities in the M2M Device.
3.5.2.   N (Network)

There are two main type of network domains; Network in the M2M device and gateway domain and Network in the ETSI M2M network domain. The network in the ETSI network domain are normally global standards or wide area networks (WAN) like; wireless, mobile, fixed, etc. The Networks in the M2M device and gateway domain can be either proprietary like zigbee, Wifi, LAN, Z-Wave, RFID, etc. 

An NA (network application) residing in the network domain provides ETSI network support and communicates to the NSCL to provide an extensible device to network communication and support of user interaction and other out- of-scope M2M device management mechanisms in the ETSI network domain. 

3.5.3.    G (gateway)

Provides M2M Service Capabilities (GSCL) that communicates to the NSCL using the mId reference point and to DA or GA using the dIa reference point. It’s typically a router that ETSI M2M supports.
A GA (gateway application) is an application residing inside the gateway that provides an extensible and out-of-scope mechanism for M2M device. It implements service capabilities.
3.5.4.   D, D’, and d (device)
D is any onboard or mechatronic system that is ETSI compliance. It provides M2M Service Capability (DSCL) that communicates to an NSCL using the mId reference point and to DA using the dIa reference point.
D’ is any onboard or mechatronic system that is ETSI compliant. It hosts DA that communicates to a GSCL using the dIa reference point. D' does not implement ETSI M2M Service Capabilities
d is a non-ETSI compliant M2M device that connects to the SCL using the xIP (NIP, DIP, and GIP). XIP means Internetworking Proxy, where X can be G, N, or D.
D’A is a device application that resides in an M2M device to give connectivity to the GSCL. D’A doesn’t implement service capability

DA is a device application resides in an M2M device and implements service capabilities.
3.5.5.   Primitives (mId, dIa, mIa)

The primitives offer generic and extensible mechanisms for applications interactions with the SCL. These interfaces operate on the data structure defined as resources, and the definition of these data structure is an integral part of the definition of the interfaces themselves.

These primitives function include;

· The API definition for the service capabilities communication

· The information model of the API

· The interaction with the existing protocols, including the identification of key underlying protocols

mId primitive specifies a reference point of communication between the NSCL and the DSCL or GSCL

mIa primitive specifies a reference point of communication between the NSCL and the NA.

dIa primitive specifies a reference point of communication between an M2M device and a GSCL or DSCL

An example use case
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Figure 6: ETSI M2M communication for simple energy efficiency
The figure 6 depicts a simple use case of the ETSI M2M communication for energy efficiency. When the movement sensor detects that nobody is at home the information is communicated to the GSCL over the home network. The GA (gateway application) of the GSCL checks if the light switch is on or off.  If the light switch is on, the GSCL updates the container of the switch (container stores device information and how to reach the device).The content is announced to the NSCL via the network and a copy of the URI is sent to the NSCL. The NSCL is notified via a notification channel. The NSCL then runs update the content of the light switch. The NSCL sends the information to the NA (network application) that is subscribed to this container. The NA then decide whether to switch off the light switch and this response is sent back to GA and the GA makes computation based on this response and decides either to send updates to the device or not. 

With this type of system there are two important concepts and benefits, firstly the light can be switched off anywhere anytime by the user secondly, the system can be extended and the sensors and other useful data can be shared.
3.6. Project justification

· M2M will extends Ericsson's portfolio towards telecom operators as well as facilitates Ericsson's market entry into the verticals through M2M
· M2M will improve our lives enormously from  speeding up traffic, reducing fuel consumption, saving lives, improving access to healthcare, down to making everyday life more convenient and interesting. 

· Ericsson has a vision on M2M communication that in the year 2020 about 50 billion of devices will be connected and as a leader in the telecom, means it is a potential investment in the future.
· “Ericsson is making the Networked Society a reality, where anything that can benefit from being connected is connected” are one of Ericsson norms and values, which makes M2M communcation a mandatory technology to develop upon if they want to contue in leading the network society.

3.7. Actual situation 

· An NSCL (Network Service Capability layers) application server exist which has some basic functionality. Only some basic testing has been carried out. 

The application needs the following improvements;

· Create a database

· Make it more scalable

· Improve design of the application

· Parallel processing, etc…

Constraints;

· It is ETSI based application

· It is built using RESTFUL Jersey, HTTP

· In Sweden an extension of this application is being built which is the home gateway and it is OSGI gateway that is used to translate OSGI standards based applications. 

       
Constraints are;

· This application is not ETSI based

· OSGI runs on Linux

· It is based on CoAP (Constraint Application Protocol). Unlike HTTP, CoAP deals with these interchanges asynchronously over a datagram-oriented transport such as UDP
· There is a CoAP-HTTP gateway, but it only works in one direction. They are looking into extending the gateway or using an open source alternative

· The three stages of ETSI M2M communication networks documents(requirement, architecture, and implementation), and a link to home gateway has also been provided
3.8. Project goals and objectives
Highest priority items

· create and port GSCL on the gateway (OSGI)

· Provide a java based dIa API

· Improve the NSCL software (database, etc.)

Low priority items

· Accessrights in ETSI and accessRights in fireware may need to be reconciled

· It would be nice to support CoAP in the same jersey framework (using the same SCL software, basically annotated classes)

· Find out a possibility to automatically discover connected devices using the CoAP resource directory

· There is a CoAP-HTTP gateway, but it only works in one direction. They are looking into extending the gateway or using an open source alternative
· Provide use cases to Sweden
3.9. Benefits at home (home automation) 
· Climate control – Management of Heating, ventilations and air conditioners equipment maintains desired temperature, improve air quality, and humidity at home.

· Light Control – management of lighting anytime anywhere provides a cost-effective, and a better automation of light with pre-defined rules.

· Audio/video – management provides an easy way of manipulating multi-zone audio video components.

· Security – Controlling illustrious sensors (movement detection, door/windows, security cameras) and broadcasting of notifications by email, SMS, etc… provides a better security control.

· Leak detection – use of gas/fire/water sensors can provide a better management alert in case of problem.

· Smart metering – provides a cost-effective way of managing bills by tracking usage of gas, water and electricity to be viewed by users that can enable them do better estimations, or control usage. 

· New Sources of revenues – The introduction of this, can lead to a source of revenue, added value in human life and other source of businesses.
Although present solutions are possible to provide many or all of these benefits, the most important benefit of ETSI M2M communication is low cost, and flexibility of technologies. With the introduction of a generic solution of M2M like ETSI M2M communication means that sensors and other necessary data can be shared among all applicable applications, while in the current solutions each benefit is an independent application as such sensor sharing and data is not possible.  The other importance of this ETSI M2M communication is that all these applications can be controlled anywhere anytime as long as the M2M communication network is maintained.
chapter 4: Research
4.1.    Introduction 
This chapter discusses the aspect of my research. It answers questions like the methods of the research, what I researched (keywords), how it was carried out, and some detailed explanation about it. 

The method of research was mainly Google, Ericsson internal database, written documents (ETSI M2M Requirement [38], architecture [37], and implementation [36] specifications), meetings, and books.

4.2. Keywords
The following are some of the terms that were researched. Not all the terms will be explained, but are provided here with link so as to have easy source when in need.
REST [4][5][14][34], java, eclipse, OSGI, JPA [2][8][9][10][18][21] [40],ORM[11], maven [30] [31], ETSI M2M communication [25][24], SOAP, CoAP[41], XSD[32], JSON[33], Jersey[34], EclipseLink [1][2], http[27], model-view-controllers[29], Derby [7][20][23], Home gateway,  custom Jaxb binding [17], CoAP [41]
About 95% of my project was research as almost everything in project was new to me.
     4.3. REST
Research methods were through written documents, Google, and meetings. Useful links are provided in the keywords section. I learned about REST in my second meeting with when I was digging into the assignment to develop the project plan, and I was told REST is actually the architectural style that is specified in ETSI M2M communication. As from there onward, I paid special attention to it. In the project plan, things I wanted to know about REST were; what is REST, what are the alternative of REST, pros and cons of REST. To get to know this I ask questions during meetings and the answers enabled me to get more and more information about. During this process I also use Google search to get more details about it. This information helped me in writing the project statement specially the project risks. Again in the design document, I was more interested on how to use it in a program. During meetings examples were discussed, and also I did some Google search using the following terms; REST tutorials, REST examples, and RESTful web services. The information here helped me realized the figure 12 and figure 12. Now I had a lot of information about REST. In the implementation phase, I used the already program NSCL program to understand how it’s used. An addition of other Google search results from; “java Jersey”, etc. help me achieve this.
REST (Representational state transfer) – is an architectural style which is based on web standards and the HTTP protocol. In REST the concept is that you model everything as a resource. That is the basic of every unit of modeling.  A resource is any addressable URI (uniform resource identifier) e.g. a webpage is a resource, a script that you execute in php is a resource. Resources are addressable using the HTTP primitives; get, put, delete, and post. REST has emerged in the last few years alone as a predominant Web service design model. REST has had such a large impact on the Web that it has displaced SOAP- and WSDL (web service description language)-based interface design because it's a considerably simpler style to use. Key evidence of this shift in interface design is the adoption of REST by Web 2.0 service providers like Yahoo, Google, and Facebook—who have passed on SOAP and WSDL-based interfaces in favor of an easier-to-use, resource-oriented model to expose their services. 
There are two main types of REST; RESTLess and RESTFul. RESTLess Loads very fast on Google AppEngine because it doesn’t scan the “classpath”. RESTLess use the servlet API for response. RESTLess is also very easy to learn. RESTLess is more dynamic [51]. The ETSI M2M communication standardization is based on RESTful web services [47]. The main reason that ETSI prefers RESTful is because of it wide adoption, popularity and simplicity. 
In REST architecture you typically have a REST server that provides access to the resources and the REST client that accesses and modifies REST resources. REST allows that resources have different representations like Text, XML, JSON (JavaScript object notations), etc. REST uses CRUD (Create, Read, Update, and Delete) to map to the HTTP primitives (post, Get, Put, Delete), respectively. In eclipse EE REST is defined via jax-rs, the Java API for RESTful Web Services (RESTFUL can either be stateless or stateful) and uses annotation to define the relevance classes [34].
The good thing about REST is that it’s simple to implement. In REST you need just an HTTP client library to access REST web services, unlike SOAP (Simple Object Access Protocol) which requires additional information and it is an alternative for REST. REST is lightweight, while SOAP doesn’t due to the Envelop. 
Creating RESTful web service
There are 5 main steps to creating RESTful web services in java eclipse EE
· Create a project 
- in the project create a server, java class (es) you want to create web services on. This class (es) must be easily convertible to XMl (extensible markup language) this is done by implementing the java binding annotation XMLRootElementt. This is because JAX-RS which defines RESTful services in java eclipse EE supports an automatic mapping from jaxb (java binding) annotated class to XML and JSON (JavaScript Object notation) [34].
· Create an HTML form – the html form will allow posting new data to the service.
· Create REST service – to create a REST service includes; set the path for this resource if it’s not a sub-resource before declaring the resource class; allow the class to insert contextual objects into the class by using the annotation context, eg like request, response; create all sub-resources and the resource [34]
· Create a client – by using the Http client library, and the jax-rs creates client application [34]
· Run - Run first the server, and then run the client application. Do a post on the form to create a result.
4.4.   JPA 
Research method was through Google and meetings and useful links are provided in the keywords section. During one of the meetings in the design phase, we discussed the used of database and we agreed on using the JPA support database system with derby as database, and JDBC connection drivers. I used the following search terms like JPA tutorial, JPA example, Eclipselink JPA, JPA derby, JPA JDBC, etc. to capture information about programming JPA support database. During the search I paid much attention on examples how the database can be programmed. After I used trial and error method to program it, when encountered any problem, firstly I tried to solve it by researching more about it. If I cannot solve it, I would note down the error message, what happened before the error occurred. I can now create a meeting based on these details.
JPA (Java Persistence API) is a java programming language framework that manages relational data in applications using java platform. It is actually a simpler programming model for entity persistence. It is present in the EJB 3.0 (Enterprise JavaBeans technology) an integral part of the Java eclipse EE 5 platform or higher. JPA deals with the way relational data are mapped to java objects, the way that this objects are stored in a relational database so that they can be access at later time, and the continues existence of the object even if the application that uses it ends. To further enhance simplification the java persistence API standardizes ORM (Object relational mapping). ORM is a programming technique for converting data between incompatible type systems in object-oriented programming.
Java persistence API is based on ideas from leading persistence (database) frameworks and APIs such as Hibernate, oracle, Derby, java data object (JDO), etc. [49].  In my case I used Derby.  An extensible support for JPA is provided by EclipseLink [50]. The EclipseLink JPA provides developers with a standards based Object-Relational persistence solution with additional support for many advanced features. EclipseLink JPA provides advanced support for leading relational databases and Java containers [2]. The JDBC (Java DataBase Connectivity) combines with JPA to provide extensible connection and object data queries for both embeddable and client derby database system. JDBC is Java application programming interface that allows the Java programmers to access database management system from Java code [52]. 
Create and connect to a database

 To create and connect to the derby database the following steps are involved;
· Create java classes to represent your tables or entities and add the JPA annotation “Entity” to convert class to persistence object (table).
· Create primary keys and Relationships between entities by using the JPA annotations like; Id, or embeddedId for embedded database, and relationships as; OneToMany, ManyToMany, OneToOne, etc.

· Create a JPA persistence manager factory to create the database using the JDBC connection profile.

· Run the application to create the database

· Create a connection to the database using the JDBC embeddedDriver

· Create object or native queries using the JDBC connection 

4.5.   ETSI M2M communication
The method of information gathering in this section was by written documents, meetings, Ericsson internal database, and Google search. This was one of the most stressful researches in the project; imagine just one document having over 258 and above pages and had to go through three of them, and with a lot of details inside? But guess what? I got it right with my methodology. The thing is that at first I focused only on the assignment description which was discussed in the meetings. These assignments lacked a lot of information and this limited my vision about the project. The agile methodology which is described in chapter 5 kept me at bay because of it flexibility to add or remove or change anywhere into the project. It actually allowed me to have a good focused by following the stages in which the document. After the project plan, I started with requirement gathering of the system. This allowed me to work hand in hand with the stage one document of ETSI, so as to stage two for the design document, and also stage three with my implementation document. At this time the project became more transparent to me and I could easily figure things out. 
Constant meetings helped ensured that I was in line with the requirements of the project.  My understanding during meeting helped me judge if I were in line or not, if I did not I focused researching on the areas I didn’t understand well. To further create a more understanding, I created a sample scenario which I use to describe a typical use case based on my understanding during the requirement gathering and this was communicated to the team, the feedback I received gave me a better understanding about ETSI M2M. Also, in the design phase detailed information about GSCL, NSCL, D’A, DA, and GA were developed when I was trying to figure out how they function.
The details of this research is found in chapter 3: Assignment overview section 3.5
chapter 5: Getting started
5.1. Introduction

This chapter deals with the agile methodology; all the project phasing described in project plan; it also gives the purpose of all the phases and the resulted documents; and also project monitoring.
5.2.  Agile methodology 

Agile software development is a group of software development methods based on iterative and increment development, where requirements and solutions evolve through collaboration between self-organizing, cross-functional teams. It promotes adaptive planning, evolutionary development and delivery, a time-boxed iterative approach, and encourages rapid and flexible response to change. It is a conceptual framework that promotes foreseen interactions throughout the development cycle[40]
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Figure 7: Agile methodology as applied in project
The figure 7 depicts the agile methodology I used during the project. The phase research is described in chapter 4. 
5.2.1. Initiative phase

In the Initiative phase, first I established a communication plan, this help answer the whos and hows to meet in case of problems; constant meetings, questionaires, and discussion on the assignment was done. While at the same time also dig into the assignment documents. The documents produced during this phase is the Project plan and communication plan. 

        
Project plan

The reason for project plan was to ensure a sound project basis before the Project Board is asked to commit itself to the project. To serve as an underlying document on the basis of which the Project Board and the Project Manager can monitor and review progress and changes. It also enables them, during the project, to assess any questions regarding the project’s validity. I divided the project plan into three sections; Project Statement, Project Phasing, and Management Plan.
Project Statement mainly explained what and why of the project. It described the current situation and justification of the project. 

Project Phasing gives information about the processes of the project and how I planned to fulfill the project through those processes.

Lastly, Management Plan is discussed briefly, stating details such as money, skills, and time needed to fulfill the project.

5.2.2. Definition phase
              Project Requirement
After ensuring that a sound project basis has been made, the project requirement gives information on the functionality of the system. It is basically the document where I made promises to the system to be delivered. To further ensure a sound understanding, a sample scenario of the concrete occasion of the application’s use case was written. I made a context diagram of the expected system based on this understanding as shown;
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Figure 8: context diagram for NSCL
M2M SP means M2M service provider. D/GSCL means DSCL and GSCL

After an assumed understanding now I’ve got enough information for me to decide on the system functionality. It’s now time for me to make promises of the expected system.

The promised are based on the functionality and the system specifications (non-functional requirements). Thereafter, from the intuition I have about how user perceives information, I made the first user interface. Here is a sample;
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Figure 9: sample mockup before heuristic evaluation
The figure 9 has the following defects found after heuristic evaluation;

1. It should be a web right?
2. Hard to understand how start, Join and Stop will be operated
3. It’s not clear how the field select network and select device will be used

The figure below is made after the heuristic evaluation (usability test) is carried out.
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Figure 10: sample mockup after heuristic evaluation

All of this creates a mutual understanding of the expected application.
5.2.3. System design

After the promises have been made it’s now time to proof or meet up to the promises. I remember my teacher telling us during the GDS course that you don’t make promises you cannot fulfill, that any promise you made during the requirement you have to meet up with it “you better not be a promise breaker(”.  To meet these promises I used the following subjects; Database model, class diagram, model view diagram, deployment diagram, and sequence diagram to give me a vision, and also to visualize some dependencies from an observer point. 

In this chapter I will not go into detail about database model, class diagram, and sequence diagram because they are too detailed, however I may mention their purposes.  Now let’s take a look at the deployment diagram below:
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Figure 11: deployment diagram for M2M communication in energy efficiency at home
The figure above depicts the physical view of the deployment of M2M communication in Energy efficiency at home.  The home gateway is the Ericsson proprietary M2M device communication system. The GSCL provides support for Ericsson M2M in the ETSI M2M network domain. The temperature sensor is used to control the heating, the light switch is used to control lighting in the house, the security camera is used to take pictures automatically, and the movement sensor is used to detect whether someone is at home or not. When someone is not at home it informs the light switch to switch off any light that is on. It also communicates to the security camera and the heater in a similar manner.  All this communication is managed by gateway applications in the GSCL. All this information is communicated to the NSCL over the Network to the Smart phone of NA to the browser. The following figure is a zoom into the diagram above in the direction of the NSCL. To see how this components communicate to each other see the diagram below:
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Figure 12: zoomed inside the deployment diagram in the direction of NSCL.
Figure 12 shows how the technology communicates together and how there are structured inside the NSCL. It shows that REST resources are been exposed to the web via an “atmosphereSpade server”. In this diagram you can easily envision the constraints of the design, for example the database access is a major point of failure for multiple connections (readers and writers problems). Also the Network access between the GSCL and the NSCL is also a major area to address.  More of this can be found in the design document.
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Figure 13: model - view – controllers’ diagram of GSCL
The figure above depicts Model view controllers that give an architectural pattern of communication and roles between the NSCL, NA and the User. The view which represents the user interface, the controllers which defines the user inputs and system responses; and the model which represents the business logic (ETSI M2M specifications), thus facilitates testing and maintenance of each role. The webpage describes the markup language used to display information to the user. This piece of information gave me knowledge on how the project can be broken down into small independent program as described by the product breakdown below.
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Figure 14: product breakdown into increments
Figure above depicts product breakdown into small manageable, products called sub-products or increments to ease development. 
The next 3 chapters continue from this product breakdown which is actually the “fuel” into the motor of the agile methodology as depicted in figure 7.
NOTE: The final product is a distributed system based on the M2M communication networks specified by ETSI of the NSCL and the GSCL. 

Also, increment 3 has been skipped because the detail about this increment has not been communicated.
chapter 6: increment I
6.1. Introduction
This chapter provides detailed information of the NSCL improvement. The NA has been moved to increment IV. 
This first increment deals with aspect of NSCL improvement which includes the following;

a. Database system
b. Resolves previous problems with NSCL

c. Create Group, Groups and GroupAnnc resources
d. Scalability and parallel processing

e. Redesign NSCL

6.2. Activities

The activities included the following;
a. Meetings with Coach – constant meetings help keep the project on track this was particularly important for problem solving and quality control of the project
b. Meetings with Client – constant meeting with client meant he knew the current status of project and other environmental conditions that affected the project.
c. Research – Researching on problems encountered generated a better understand of the project and crucial for solving problems.
d. System design and test plan report – Make sure that the promises made during requirement is kept intact also gave the room to assess the functionality of the system and update requirement where appropriate.
e. Implementation – writing code, testing, and debugging. Also some system changes were resulted during coding and this meant also updating the other parts of the project development life-cycle.
f. Studying and implementing ETSI M2M stages 2 and 3 documents – This ensured that the application is in line with ETSI M2M specifications
g. Progress reporting – provided project transparency to everyone directly or indirectly involved including the university tutor. More is discussed in chapter 9.
6.3. Design

Systems design is the process of defining the architecture, components, modules, interfaces, and data for a system to satisfy specified requirements.
Database system
To achieve this, a database model was designed based on JPA with Derby and an extensible java framework called EclipseLink. More can be found in Appendix about design document. Eclipselink was used as an extensible framework for JPA API. 
Why JPA, Derby, and EclipseLink?

Derby – small footprint, relatively scalable, embeddable, support java, and sql standards 

EclipseLink – doesn’t intrude in object model, flexibility, store mapping information in XML (extensible markup language) descriptor.

JPA (Java Persistence API) - JPA, is a Java programming language framework managing relational data in applications using Java Platform
· JPA requires just smaller number of classes and interfaces 

· It gets rid of lengthy deployment descriptors through annotations 

· JPA addresses most typical specifications through annotation defaults
· JPA supports easier, cleaner, and standardized object-relational mapping.

· It adds support for polymorphism, and inheritance.

· Also, dynamic queries and named queries is added to the JPA
Technologies used 

A class diagram was developed to help show relationships between classes. Model-view controller was also made to help set roles, debugging, and easy management.
Figure 12 helped locate design defects by providing more detailed information about the architecture and framework of objects and communication of protocols in the NSCL.
6.4. Problems and solutions
Problems encountered

a. Inadequate knowledge of Eclipse platform 
b. All class and attributes of JPA tables must be  serializable

c. Attributes of superclass doesn’t appears in inherited JPA tables 
d. System creates table constraints with the same names, causing some constraint to be ignored.

e. Addressing Scalability and parallel processing
Solution a
The solution of problem “a” used was explored (trial and error method), this had an effect on the project as a considerate time was spent on.

Solution b and c

Requirement of JPA: If any entity instance is passed by value, the class must implement serializable interface [46].
Figure 15: procedure for entity creation
The figure depicts how an XSD file is used to create a java class, and how this java class is used to create an entity. This is particularly useful when we want to influence the resulting entity as the case is with problem b and c. Here is what I did, first there is a plugin that converts XSD file to java class, but this classes produced by this default binding doesn’t implement serializable interface, that’s why I have exception. What I did now is that I added a default plugin, plus an .xjc files (to customize the output) and now with the code for the generated classes to implement serializable interface. This is just what we need and it solved the problem. Now problem c occurs because for any table or entity that inherits from a java class that class must be marked as super class. That is why I didn’t have the attributes of the super class I inherited from the generated java binding file. To achieve this I used the ORM (object relational mapping) file from the JPA and then mapped the classes from which my tables inherited from as super classes. This solved the problems.
Solution d
This problem occurs because the system creates constraint names by permutation of the table names, so when this table names are very closed or similar to each other, the constraint name created are the same. To solve this problem partially, I have assigned different names to the tables and create a table aliases based on this. This solves the problem partially and currently the number of warning has reduced to two. Still have to figure out why I still have this problem.  
Solution addressing Scalability and parallel processing

To improve scalability and concurrency the database Derby database which is relatively scalable is chosen, I used indexes, and prepared statements, writing efficient queries where appropriate, and also applied Multithreading and latching mechanisms for performance.  Implement singleton objects in the server.
chapter 7: Increment II
7.1.   Introduction

This chapter continues with the agile methodology of the second increment. It deals with the creation of GSCL, and connecting it to the NSCL. The following are the aspects that are covered;
· Creating a GSCL

· Connecting GSCL to NSCL

· Creating java dIa APIs of GSCL.

· And includes a low priority of interfacing the GSCL to home gateway. It is low priority because the context of this possibility has not been properly communicated.

7.2.   Activities 

· Meetings with coach – the same as in Increment I
· Meetings with client – The same as in Increment I

· Research – the same as in Increment I

· System design and test plan report – The same as in Increment I

· Implementation – the same as in increment I

· Studying and implementing ETSI M2M stages 2 and 3 documents – the same as in Increment I
· Progress reporting – the same as in Increment I

7.3.   GSCL design
After several meetings of discussing about the GSCL functionality, most of the challenges associated with it were already known. The problem of mapping HTTP – CoAP – HTTP, another area was the GSCL and the home gateway communication. How will GSCL be ported into the home gateway? How would the GA communicate to the GSCL, and how to address the long pulling mechanism? CoAP is best used to provide devices with internet access, and a disadvantage of CoAP is that it’s not supported in browsers. This led to the option of using the two incompatible protocols. Figure 16 shows how these issues were addressed.
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Figure 16: deployment with detailed structure of objects in GSCL
The figure 16 depicts the communication of CoAP (Constraint Application Protocol)-HTTP (Hyper Text Transfer Protocol) and HTTP-CoAP inside the GSCL. CoAP is an Application layer protocol that is intended for use in resource-constrained internet devices. The CoAP mapping class translates HTTP resources to CoAP and vice-versa. The D’A represents a device application behind a gateway. The GSCL client and NSCL client represent an M2M communication mechanism with the dIa and mId respectively called long polling. Long polling is a mechanism whereby a client request for information from the server, if this information is not available, instead of the server to send an empty response, the server holds the request and waits for some information to be available, once the information becomes available (or after a suitable timeout), a complete response is sent to the client. This effectively reduces client data network traffic. The GA represents a superclass where all other GAs inherits from. The mapping between HTTP and CoAP and vice-versa provides support for home gateway and GSCL. The communication between D’A and CoAP mapping is the translated dIa in the CoAP world. The database and other communications are similar to that described in Increment I, except that the database of GSCL is converted in derby embedded database. 
7.4.   Problems and solutions

Problems
A. CoAP – HTTP and HTTP – CoAP translation

B. Problem of converting remote resources to dIa java classes
Solutions

Problem A, much detail about the home gateway has not yet been provided. So, no solution has been found yet. It is just a suggested problem in the future.
Problem B, when you request for a remote object what you get is a resource. These resources are URI which makes it very difficult to convert to java classes. The solution to this problem is not yet available.

chapter 8: increment IV
8.1. Introduction 
This chapter continues with the agile methodology of the second increment. It deals with the following;

a. Continue port GSCL to home gateway

b. Create GA and D’A,  NA 

NOTE: This chapter will be finished by the end of July, since it is now as my company has extended my contract until end of July.
Chapter 9: progress reporting

9.1. Introduction 

This chapter discusses how my progress throughout the project was communicated.

9.2. Standup meetings

Standup meeting is a meeting held every Monday with all members of the department to share, communicate results, problems, and current activities. It is called standup because every member has to standup and say what he has done for the past week very brief. It’s efficient and interesting to share ideas, know what your colleagues are doing, and this can also open chances for someone who is interested in learning what other colleagues are doing that interest him.
9.3. Progress report 

This is a written report that I used to map my progress to the earlier created planning in the project plan of the network planning and gantt chart and also to the product breakdown of figure 14. This report is sent to the company and university tutors. The Idea in my mind was that there would try to compare the difference and can determined if the project is going too slow or on schedule. Below is an example of the progress report that was communicated;

Sample previous progress report

This section is aimed at providing information about a sample of the progress.
Progress 

Figure 16 below shows my progress while figure 17 shows the position I am and the date. Green color depicts that activity have been approved or done; Red color depicts that activity is behind schedule; blue represent activity is started and still in progress

[image: image15.jpg]R
Gign
Tlo]o

Network planning diagram

Critical path: (origin->B->J->K)

ERRHES

Legend:

Eary
[Earty start| Duration | E2%
Task Name
Lato Start | Slack [Late Fins





Figure 17: progress mapping with network planning diagram
Color legend:

        Blue: activity is started and is on schedule           Red: activity is behind schedule

        Green: activity has been approved or done

        Yellow: Activity has been partially completed should be improved
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Figure 18:  where I am in Gantt chart
9.4. Meetings with company tutor
For things that are complicated to write down I prefer to communicate the progress through meetings where we discuss and most of the time has something to do with tips and feedback or advice on what to do. I also had similar meetings like this with the university tutor. 
[image: image17.jpg]ETSI M2M Communication system's timeline

18/04/2012 - 4/05/2012

'_————___—

-I—create Groups resources in NSCL

= create GroupAnnc resource in NSCL

4

create database in NSCL

Key:

activity is on time

5/05/2012 - 5/06/2012

— Create ETSI java API
F Create Server and expose java API
f— Optimise NSCL

= activity is behind schedule

6/06/2012 - 6/07/2012

[ Modify NSCL to Create GSCL

create connection to NSCL

[r—

(e write Technical report





       Figure 19: second planning
The figure above depicts the second planning made after detection that the original planning was out of reach. 
CHAPTER 10: CONCLUSION & RECOMMENDATIONS
M2M communication refers to the technology that enables the wireless and wired network systems to communicate with other devices of the same ability with little or no user interactions.
The ETSI M2M communication provides a generic or horizontal or vendor free solutions for the M2M communication networks. In ETSI M2M communication the GSCL provides non-ETSI and ETSI interoperability for M2M device communication via dIa reference point. The NSCL serves as data communication equipment at the provider’s side, and also as a warehouse for the ETSI M2M communication networks.

This project provided a backend implementation to further extend the capabilities of connecting and communicating to devices in the area of home automation. At start of the project an NSCL with very basic functions testing existed. The project goals were to improve this NSCL, create a GSCL and provide java based dIa API.
The final result at the time of defense is an improved NSCL that communicates to a GSCL.

The agile methodology I used made my project more transparent as it was easy for me to pinpoint and communicate progress easily; Flexible as it was easy for me to revise, remove or add changes; point of focus as it gave me an opportunity to take a small and independent task and work on more effectively. The concept applied throughout this project is from the research work carried out during this project, and the four year studies of the Bachelor degree program of ICT and minor mechatronics; the software development life cycle, the programming concept, perspectives of analyzing concepts, and the general understanding of things in ICT world.
To conclude, while the overrated M2M communication benefits and potentials are yet to be seen and experienced, it remains a doubt to me that the future is near as anticipated because of the difficulties of penetration. For industries to deploy M2M communication within their systems at least their systems need to be upgraded or changed or change to provide support for the ETSI M2M communication which can put their business day to day transactions into serious jeopardy. Software piracy and hackers can also hamper the market if the business becomes too software focused. 
Lastly my recommendation is that for the M2M technology to penetrate into the market there must provide a motivation that is higher than the risks of industries falling out of business in case of delay and failure. The operators must also provide a backup plan and a proof that industries undergoing transition will not have failure or that their business day to day operations will not be affected. 
CHAPTER 11: RESULTS

11.1 Introduction

This chapter gives information about the the project final results, my personal achievement, and all the factors that affected the results.
11.2 Project and personal results
At the time of defense the following results are avalaible;

11.2.1. Project results

Increment I: Improved NSCL
· Database system
· Scalability and parallel processing

· Group, Groups, GroupAnnc resources

Increment II: Create GSCL
· Created GSCL

· Communicate to NSCL

Some results like the database has been tested and the group, groups resources at the moment. A more detailed information about the final results will be available and demonstrated during the defense, it’s worth noting that the project is actually on tract and I’m very positive about the results as it’s inline with the test plan.
11.2.2.  Personal results (achievements)
If there is anything at all I have to be proud of is my personal achievement. I remember at the beginning when this project was first introducced to me I almost said it was a mission impossible to achieve. The following are some of my achievement;
· Learned how to program in java using eclipse platform 

· Learned how to create RESTFUL resources using the Jersey framework

· Learned how to program a well annotated java based database using JPA, EclipseLink, Derby, JDBC
· I have learned how to program a standardized application (ETSI M2M communication standardization)
· Know ETSI M2M communication

· Know about vertical and horizontal solutions

· Leaned how to create, and use XSD(XML Schema Definition) files and convert them to Java classes
· Learned how to create a server in java eclipse

· Learned how to create a distibuted web application using REST

· Learned how to use maven to structure and debug an eclipse java application
· Learned about CoAP,  OSGI, etc 
11.3. Factors that affected results
1. Document complexity – This is the main factor that affected the project. It wasn’t easy studying the three ETSI M2M stages. Imagine each document with at least 258 pages meant that a lot of effort was required to read and understand all this documents. This often led to confusion on what was necessary to study and what was not, since I didn’t have much experience about the M2M communication. The other factor was that I didn’t understand the structure of this three stage documents, and because of that I made decisions about the system too early sometimes after just studying the stage one and stage two. One main mistake I made was not to start with the requirement document of ETSI, and this proved crucial to my final results.
2. Project assignment – It took a longer time to have a cleared assignment which created delay. In brief the main purpose of this assignment was to extend the capability of M2M communication in the home automation area, but to have a detailed understanding of this you need to go through all the three stages of ETSI M2M documentation which is very broad thus making it very possible for you to study out-of-scope stuffs.  This happened to me so many times in the project.
3. Inadequate knowledge – It’s true that before the start of this project I had inadequate basic knowledge for the project. This really affected my understanding at the start and more so, a project with lots of abbreviations and technology standards required a lot of effort and time to grasp the concepts.
4. NSCL software – understanding the NSCL application was also another challenge as it doesn’t completely comply with the standards described by ETSI. Reusability of functions was very complicated and difficult. 
5. Differences between my agile and company’s agile methodology – According to the way I understood during progress meetings, my company’s idea of agile was that I start directly with the available NSCL application, study it and improve or look for the parts that were required to be added and add them. This of course would have given me a faster and good understanding in the programming view point. This approach is quite different from my agile which is more document based, and this has affected the expected results.  
However the good thing is that my company has extended my contract which will enable me finish the application.
chapter 12: EVALUATION 
I had one of the best opportunities in life to work with one of the best people and company. All of them gave me the best I could ever ask of. Working in Ericsson, we are talking about the finest telecommunication industry in the world, is something I will never forget. Having an opportunity to use first class standard documents from ETSI is another experience of its own. This has given me a definition moment in my career. I’m so happy with the services and the way I was treated. Ericsson is an amazing family with very experienced workers I have ever worked with. My wish was that I give the best I can for my results.
After a recap of my journey from the start of project until now, I believe that everything being equal (the factors described in the chapter results), I would have produced a very efficient and quality product. But one thing is for sure that I have learned a lot from this project and I strongly believe that in the future if such a project or similar one comes my way I will be able to tackle it in a more professional and mature way. Also throughout the project I have been able to realized some of my strengths and weaknesses which I think will be good for me to really consider.
Weakness

I realized that sometimes I’m easily carried away by my emotions and this affects my communication very much and it’s an area where I would really want to consider improvement. This is partly due to the fact that I’m a stammered. I also realized that my communication is more efficient when I’m given enough time to think about it. Another thing is that I am too pessimistic in planning; I need to also consider some unforeseen problems that may affect the planning and allocate enough time for this.
Strength
I realized in my work that I can be very good in the future if I develop my career as a system architect. I have this very broad imagination of things, flexibility, and also because I like to make sketches of my ideas before considering them. I am very confident with my ideas which I think is good.
REFERENCES
[1].      Database framework: http://wiki.eclipse.org/EclipseLink/Examples/JPA/CustomLogger (4/2012)
[2].      JPA: http://wiki.eclipse.org/EclipseLink/Examples/JPA/MappingSelectionCriteria (4/2012)
[3].      Company info: http://www.ericsson.com/careers/whatwedo (4/2012)
[4].      REST tutorials: http://rest.elkstein.org/2008/02/rest-as-lightweight-web-services.html (4/2012)
[5].      Rest good/criticisms: http://broadcast.oreilly.com/2011/06/the-good-the-bad-the-ugly-of-rest-apis.html (4/2012)
[6].      Java tutorials: http://docs.oracle.com/javase/tutorial/ (4/2012)
[7].      Derby install: http://db.apache.org/derby/papers/DerbyTut/install_software.html (4/2012)
[8].      JPA:   http://www.vogella.com/articles/JavaPersistenceAPI/article.html (4/2012)
[9].      JPA query: http://code.google.com/p/simplejpa/wiki/JPAQuery (4/2012)
[10].    JPA Generate id: http://www.objectdb.com/java/jpa/entity/generated (4/2012)
[11]. ORM:  http://geekexplains.blogspot.com/2008/10/orm-object-relational-mapping.html (4/2012)
[12]. configuring proxy (maven): http://maven.apache.org/guides/mini/guide-proxies.html (4/2012)
[13]. OSGI: http://www.knopflerfish.org/osgi_service_tutorial.html (4/ 2012)     
[14]. REST Overview:  http://www.javalobby.org/java/forums/t83778.html (4/2012)
[15]. Threading in java: http://docs.oracle.com/javase/tutorial/essential/concurrency/pools.html   (4/2012)
[16]. Derby connection:  http://connectedweb.wordpress.com/2010/11/05/jpa-eclipse-tutorial-using-eclipselink/(4/2012)
[17]. JPA Jaxb binding: http://blog.frankel.ch/tag/maven-plugin (4/2012)
[18]. JPA problem with table field solved: http://stackoverflow.com/questions/2883033/is-it-possible-to-add-jpa-annotation-to-superclass-instance-variables (5/2012)

[19].   Eclipselink advantages: http://wiki.eclipse.org/Introduction_to_EclipseLink_Application_Development_(ELUG)#Advantages_of_the_EclipseLink_Metadata_Architecture (7/2012)

[20]. what is derby: http://db.apache.org/derby/ (7/2012)

[21]. what is JPA: http://www.roseindia.net/ejb/JavaPersistenceAPI.shtml (7/2012)

[22]. what is eclipselink:  http://en.wikipedia.org/wiki/EclipseLink (7/2012)

[23].   Scalability in Derby: http://daim.idi.ntnu.no/masteroppgaver/IME/IDI/2007/3394/masteroppgave.pdf (7/2012)
[24]. About M2M communication: http://www.scribd.com/doc/57334888/Machine-to-machine-M2M-communication-services-High-impact-Technology-What-You-Need-to-Know-Definitions-Adoptions-Impact-Benefits-Maturity-V  (5/2012)

[25]. ETSI M2M workshop: http://www.etsi.org/WebSite/NewsandEvents/2012_M2MWS_LAUNCH.aspx (5/2012)

[26]. ETSI M2M Standards: http://www.etsi.org/website/technologies/m2m.aspx (5/2012)
[27]. http headers: http://publib.boulder.ibm.com/infocenter/ieduasst/v1r1m0/index.jsp?topic=/com.ibm.iea.wpi_v6/wpswid/6.2/MediationPrimitives/WBPMv62_HTTPHeaderSetterPrimitive/player.html (5/2012)

[28]. http tutorial: http://www.tutorialspoint.com/http/what_is_http.htm (5/2012)

[29]. Model-view-controllers: http://en.wikipedia.org/wiki/Model%E2%80%93view%E2%80%93controller (5/2012)

[30].   Maven: http://maven.apache.org/guides/getting-started/maven-in-five-minutes.html (5/2012)

[31].   Maven dependencies: http://maven.apache.org/plugins/maven-dependency-plugin/ (5/2012)

[32].   XSD: http://www.w3schools.com/schema/schema_example.asp (5/2012)

[33].   JSON: http://www.w3schools.com/json/json_intro.asp (5/2012)

[34].    JERSEY: http://www.vogella.com/articles/REST/article.html (2/2012)

[35].    Mockup tool: http://www.balsamiq.com/ (3/2012)

[36]. Stage three ETSI M2M Ref:  ETSI TS 102 921 V1.1.1 (2012-02)
[37]. 
Stage two ETSI M2M Ref: ETSI TS 102 690 V1.1.1 (2011-10)
[38].     Stage one ETSI M2M Ref: ETSI TS 102 689 V1.1.2 (2011-05)
 [39].     Custom jaxb binding: http://docs.oracle.com/cd/E24329_01/web.1211/e24964/data_types.htm#i217345 (5/2012)
[40]. Queries JPA: http://www.ibm.com/developerworks/java/library/j-typesafejpa/ (5/2012)
[41]. CoAP datadraft: https://datatracker.ietf.org/doc/draft-ietf-core-coap/?include_text=1 
[42].    Agile Methodology: http://en.wikipedia.org/wiki/Agile_software_development (5/2012)

[43].   CoAP: https://datatracker.ietf.org/doc/draft-ietf-core-coap/?include_text=1 (5/2012)
[44].   dynamic, typesafe queries in JPA 2.0: http://www.ibm.com/developerworks/java/library/j-typesafejpa/ (5/2012)

[45].   ETSI: http://www.etsi.org/website/standards/standard.aspx (5/2012)

[46].   JPA properties: http://www.roseindia.net/ejb/JavaPersistenceAPI.shtml (5/2012)
[47].    RESTFUL web services: http://www.ibm.com/developerworks/webservices/library/ws-restful/ (5/2012)
[48].    Multithreading in Java: http://java.sun.com/developer/technicalArticles/J2SE/concurrency/ (5/2012)
[49].    JPA features: http://www.oracle.com/technetwork/articles/javaee/jpa-137156.html (5/2012)
[50].    EclipseLink: http://wiki.eclipse.org/EclipseLink/Examples/JPA/JSF_Tutorial#Tutorial:_Build_a_Web_Application_.28JSF.29_Using_JPA (5/2012)

[51].    RESTLESS web services: http://code.google.com/p/xydra/source/browse/wiki/RestLess.wiki?r=4222 (5/2012)

[52].   JDBC connection: http://db.apache.org/derby/papers/DerbyTut/embedded_intro.html (5/2012)

[53].    ETSI M2M communication: http://docbox.etsi.org/M2M/Open/Information/M2M_presentation.pdf (5/2012)

[54].    ETSI SCL relationships: http://docbox.etsi.org/workshop/2011/201110_m2mworkshop/05_m2mservices/vodafone_som.pdf (5/2012)

APPENDICES

APPENDIX A: PROJECT PLAN

Introduction

The goal of this document is:

-
To define the project, 

-
To serve as its management basis and 

-
To enable the assessment of the project’s success.

The two main reasons for the use of this document are:

−
To ensure a sound project basis before the Project Board is asked to commit itself to the project;

−
To serve as an underlying document on the basis of which the Project Board and the Project Manager can monitor and review progress and changes. It also enables them, during the project, to assess any questions regarding the project’s validity. For that purpose, this document is divided into three sections: Project Statement, Project Phasing, and Management Plan.

Project Statement mainly explains what and why of the project. It describes the current situation and justification of the project, and the end products that have to be delivered at the end of the project.

Project Phasing gives information about the processes of the project and how the team members plan to fulfill the project through those processes.

Lastly, Management Plan is discussed briefly, stating details such as money, skills, and time needed to fulfill the project.

1. Project Statement

 Project overview

In the future, there will be more devices being connected or communicated to. Anything that has any form of computing onboard will be able to connect to, and communicate with other devices or applications. You will be able to monitor and control the functions remotely. Similar controls are also being developed for cars and anything mobile. The aim of the communication is to enhance usability and increase to overall capabilities.

ETSI (European Telecommunications Standards Institute) produces globally-applicable standards for Information and Communications Technologies (ICT). M2M communication is standardized by ETSI.

Machine‑to‑Machine (M2M) communications is the communication between two or more entities that do not necessarily need any direct human intervention. M2M services intend to automate decision and communication processes. Essentially, it is the exchange of data between a remote machine and a back-end IT infrastructure.

NSCL (Network Service Capability Layer) is a network server application that provides remote control and management between connected devices via a GSCL application in an M2M network.

GSCL (Gateway Service Capability Layer) is a device (client) or service provider application that registers to NSCL to provide both local and remote management of M2M devices to the server in the M2M network. It serves as a point of entry or exit in an M2M network.

OSGI (Open Services Gateway Initiative) provides the Ericsson’s module system and service platform for the Java programming language that implements a complete and dynamic component model.
Project Justification

The basic idea about M2M communication is to manage, automate and control devices from just one centralized system within an M2M network. These include all homes onboard ETSI M2M support devices; enterprise infrastructure ETSI M2M support devices, and so much more. The benefits include;
· Operational – improving the level of automation and consequently the efficiency and control of resources reduces operational expenses

· Quality – advance service quality by minimization of failures, shorter response times and an improved security level

· Decision-making – gathering data from remote assets near in time enables smarter and better informed decision-making

· Environmental –monitoring and control all over the business processes anytime and anywhere internet access is available

· Financial – new service-based offerings can provide new sources of revenue
Establishing a communication with the home gateway of Sweden further enhance and extends the capability of M2M communication. This is the base line of my project to create an interface between ETSI and the home gateway.

Current Situation

· An NSCL (Network Service Capability layers) application server exist which has some basic functionality. Only some basic testing has been carried out. 

The application needs the following improvements;

1. Create a database

2. Make it more scalable

3. Improve design of the application

4. Parallel processing, etc…

Constraints;

5. It is ETSI based application

6. It is built using RESTFUL Jersey, HTTP

· A DSCL (Device Service Capability layers) which is an application used to register a device in an M2M network, DA(Device Application), NA (Network Application) exist and NSCL is been used to communicate between device to device, and device to application.

Constraints are;

· Very basic function testing has been made.

· It is ETSI based 

· It’s based on RESTFUL Jersey using HTTP

· In Sweden an extension of this application is being built which is the home gateway and it is OSGI gateway that is used to translate OSGI standards based applications. 

Constraints are;

1. This application is not ETSI based

2. OSGI runs on Linux

3. It is based on CoAP (Constraint Application Protocol). Unlike HTTP, CoAP deals with these interchanges asynchronously over a datagram-oriented transport such as UDP
The assignment is to build GSCL (Gateway Service Capability Layer), establish a communication between the NSCL and the home gateway of the Swedish work and possible improvement of the NSCL application.

 Project Deliverables

Deliverables;

	For client(company tutor)
	For tutor(university tutor)

	· Project Plan 
	· Project Plan

	· User Requirements Document 
	· User Requirements Document

	· Design Document
	· Graduation thesis 

	· Working application
	· presentation

	· Technical document
	

	· Graduation thesis
	


Non-deliverables:

	For client
	For tutor

	
	

	· Training

· Presentation
	· Technical report

· Source code

 


     Project Constraints

· The development of this application is done using java platform 

· The NSCL application is based on HTTP RESTFUL messages which is a representation state transfer and the application OSGI (Home gateway) is based on CoAP (Constrained Application Protocol). 
· All application communications are based on pre-defined protocols standards

· Development is based on Agile or iterative application development method

   Project Risks

	Description
	Probability* (1-5)
	Severity of Impact
	Prevention
	Response Action

	REST interface is very limited and hard to build

High impact 
	3
	High 
	Focus on basic user requirement  carry out a basic usability testing
	Negotiate with client

	Only the basic functions testing has been made in the NSCL application

High impact
	3
	high
	Try as much as possible to do some basic testing on the functions to build upon
	Negotiate with the client

	Complicated REST application function may have side effect on performance due to high payload in xml 

High impact
	3
	High 
	Simplify functions as much as possible
	Discuss with client

	Poor capture of full user requirements

High impact
	3
	Failure to meet minimum requirements
	Focus on User Requirements capture at start of project
	Negotiate with user

	Significant changes in user requirements

High impact
	1
	Time-quality-cost
	Ensure that the user requirements are fully investigated and agreed


	Discuss impact of change on schedules of design with the user

	Poor intra-project communications

High impact
	3
	Disjointed work, lack of cohesion
	Monitor project activities
	Project Leader needs to reconnect the team


*On scale 1 (lowest) to 5 (highest)

Project goals 

GSCL will be able to replicate, or create a connection to the NSCL (server) and to the home gateway of Sweden. GSCL will be able to register to the network and communicate with the NSCL (server) to manage and control device applications that are connected locally (from the server) and remotely (to connected devices)

Creates a database for the NSCL application, and make the NSCL more scalable and support parallel processing.

Personal goals

My goal to help me succeed in this project includes;
· Learning while providing work results

· Total commitments to the project

· Study about the company

· Communicate progress, and make project more transparent within the team 

· Deliver all necessary documents on time

· Be responsible for the final product

· Share my thoughts with co-workers, and consider their feedbacks

· Research about ETSI M2M Network, and Ericsson home gateway

2. Project Phasing

Plan description

In this project an agile or iterative or increment application development is best suited and the timing is based on time boxing. The promised delivery time is fixed in stone and won’t be changed. Time boxing always involves making priorities. First handle important things and leave the less important things for later or drop them.

      We use the MuSCoW rules to prioritize the required functions of the product:

· Must haves: have to be implemented at all costs

· Should haves: expected, but it is acceptable if not implemented

· Could haves: not expected, only when there is time left

· Won’t haves: will certainly not be made
    There are a total of 6 phases in this project

	Phase
	Activities
	Deliverable

	Research


	· ETSI M2M communications

· HTTP and CoAP

· REST, Jersey

· OSGI, XSD, JSON,  Java Eclipse, Maven
	Summary report

	Initiative
	· Project definition

· Pilot project 

· Meeting with client (questionnaires )

· project plan, communication plan draft
· Tutor visit company

· Update project plan

· Discuss progress with client
	 Project plan, Draft Requirements Document

	Definition
	· Meeting with client to discuss requirement
· working requirement document
· drafting design document
· meeting with clients 

· discuss progress with client

· writing reports 1
	Final Requirement document 

Drafted design document

	Design

(Repeat)
	· updating design document

· sketching interface (GUI)

· Make test plan 

· Meet client for heuristic evaluation

· Updating test plan document

· Discuss progress with client

· Writing reports 2
	Design documents + 

test plan

	Phase
	Actitivies
	Deliverables

	Realization

(Repeat)
	· Implementation, design, and testing

· Meeting with client (discuss functions)

· optimise function

· Make final report

· Writing reports 3
	Commented Codes

	Transfer
	· Invite tutor to company 

· Deliver software and document 


	Report of application


Product breakdown
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      Figure 1: project breakdown

Planning of Activities

The following table is a summary of the activities above. We have just considered the tangible activities that are very critical to time. Activities like invite tutor, is not realistic to have it included in the plan.

	        Activity ID
	Activity Description
	Duration /weeks

	A
	Project definition


	1

	B
	Research phase
	8

	C
	Drafting project plan, communication plan
	2

	D
	Update project plan
	1

	E
	Working on requirement document
	2

	F
	Discuss progress
	1

	G
	Writing report
	4

	H
	Working on design document
	2

	I
	Meet client (heuristic evaluation)
	1

	J
	Implement design, coding, and testing
	12

	K
	deliver report + presentation
	2


Network Planning Diagram

	Activity ID 
	Predecessor 

	A
	----

	B
	----

	C
	----

	D
	A, C

	E
	D

	F
	---

	G
	---

	H
	E

	I
	H

	J
	B, E

	K
	F, G, I, J


The critical path is the path for which the slack time is zero. This means that at this part any delay will result in late delivery of deliverables. Critical path is: (Origin- B-J-K). See network planning below
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Figure 2 network planning

Gantt chart
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Figure 3 Gantt chart

2. Management Plan

Money
The project’s cost throughout the duration of the project:

· The cost of purchasing the development tools and cost of installing the hardware necessary for running the system.

· Cost is calculated in number of hours which is 100 working days

· The cost to provide sufficient training for client’s staff.

Skills
Skills needed for this project are:

· Good writing and communication skill

· Programming skill – knowledge in java eclipse, DTD, XSD, general protocols, advanced knowledge in REST, CoAP, XML, etc…

· Knowledge in ETSI M2M (machine –to-machine communication), ETSI M2M protocols, NSCL application, OSGI application, etc…

· Java RESTFUL Jersey remoting 

· Operating systems: Windows and linux, etc…
Quality
To ensure that the project meets the user expectations, a test plan shall be made that describes the task, the results, and the set up of every use case and will be agreed upon by client before implementation. This helps eradicates poor understanding of functions and requirements early in the project. 

Version control will be done using SVN this helps eliminates version confusion.

A sample scenario in the requirement document shall be described to give the client and developer a common understanding of the project and expectations about what the application should do, and to give a concrete situation of the application.

Functions testing shall be made repeatedly to minimize system bugs.

Information*
	
	Formal Client
	Tutor
	Project Leader

	Requirements Document
	R, A, Di, Gf
	Di, R, Gf, A
	Wo, Di, Gf, Ar, S

	Project Plan
	R, A, Di, Gf
	R, Di, Gf, A
	Wo, Di, Gf, Ar

	Test Plan
	R, A, Di, Gf
	R, Di, Gf, A
	Wo, Di, Gf, Ar

	Design Document
	R, A, Di, Gf
	R, Di, Gf, A
	Wo, Di, Gf, Ar

	Report 
	R, A, Di, Gf
	R, Di, Gf, A
	Wo, Di, Gf, S, 

	Technical report
	R, Gf, A
	R, Di, Gf, A
	Wo, Di, Gf, Ar, S

	Agenda
	R, Gf, A
	R, A
	R, Wo, Ar, S

	Minutes
	R, Gf, A
	
	R, Ar, Wo, S

	Contact Information
	R, A, Di, Gf
	R, A, Gf
	R, Ar, Gf, S, Wo


* Legend

Wo       Work on


Ar
Archive

R
Receive

Di
Discuss


Gf
Give feedback

A
Approve


S
Send

Time
Start date:  February 6, 2012

End date:  June 30th, 2012

Working time: 9:00 am from Monday to Friday

Closing time: 5: 30 pm from Monday to Friday
Note: Can also work from home.

Organization
3.6.1.        Formal Client (company tutor)

Name
:  Jan Van Der Meer

Email
:
jan.van.der.meer@ericsson.com

Responsibilities: Describes assignment and the requirements of the program clearly to the trainee, and check work progress.

3.6.2.        Project Leader
Name
:
Eric Kedze Ewi

Contact
:
ericke01@yahoo.com

Responsibility: Assures quality of work, and is responsible for the final results for the project.

3.6.3.         Tutor (University tutor)

Name
:
Mr. Peter Boots

Contact
:
p.boots@fontys.nl
Responsibility: Helps assuring the quality of documents produced by the trainee

 3.6.4.         Project support

                                       Name 1: Erik Van Der Velden

          Contact1: Erik.van.der.velden@ericsson.com

          Name2:  Barbara Pareglio
          Contact2: Barbara.pareglio@ericsson.com
          Responsibility: Helps the trainee in such a way that the final result is 

                                   Optimal

APPENDIX B:  Business case
Introduction

This document contains the considerations to start the current project. It forms the justification of the project and because of that, it will be judged by the Project Board. It describes the expected benefits and the project risks.
About project

This project is based on creating a GSCL (ETSI M2M standard gateway application) on top of the home gateway of Sweden, and then creates a connection to the NSCL (ETSI M2M standard Network Server application). In other word, it is taking ETSI based M2M communication and providing support to Ericsson home gateway (OSGI). Below is some of the figure that gives you some clarity on what this is all about;
This assignment is focused more on the backend to automate, manage, and control home equipment in a more comfort, cost-effective way, and to enhance usability at home.  For example, in energy efficiency at home occupancy sensors can be used in order to get the information about whether there is somebody or nobody in a room. In case nobody is in anymore, the lights will automatically be switched off.  
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Figure 1: sample infrastructure of M2M communication with the gateway.

Reasons

Ericsson has anticipated that, in the future anything that has onboard system will be able to connect to, and communicate to, and that similar technology is being developed in cars and anything mobile. The aim of this communication is to enhance usability and to overall capabilities of management and control. 

The aim of this project is to demonstrate this capability to connect and communicate to home equipment. The following figure gives an overall view of all use cases in the M2M communication;


Figure 2: M2M use cases

Benefits of M2M Communication at home

Climate control – Management of Heating, ventilations and air conditioners equipment maintains desired temperature, improve air quality, and humidity at home.

Light Control – management of lighting anytime anywhere provides a cost-effective, and a better automation of light with pre-defined rules.

Audio/video – management provides an easy way of manipulating multi-zone audio video components.

Security – Controlling illustrious sensors (movement detection, door/windows, security cameras) and broadcasting of notifications by email, SMS, etc… provides a better security control.

Leak detection – use of gas/fire/water sensors can provide a better management alert in case of problem.
Smart metering – provides a cost-effective way of managing bills by tracking usage of gas, water and electricity to be viewed by users that can enable them do better estimations, or control usage. 

New Sources of revenues – The introduction of this, can lead to a source of revenue, added value in human life and other source of businesses.
Alternatives considered
Some current solutions for M2M communication which were considered are Nuon and Essent. They both provide proprietary solutions (vertical solutions) for M2M communication which are vendor tied.

Ericsson wants a more open and horizontal solution of M2M communication which is not tiedly coupled to any vendor and ETSI provides this possibility of M2M (machine to machine) communication. ETSI provide a more open, and standardized solution of M2M communication, which means that access and sensor handling cost can be shared between other users.

Benefits to the company

1. The m2m communication technology will bring increase revenue

2. The introduction of the system will add or bring business opportunity to the company

3. The introduction of the system will capture more customers and will also create a new market for Ericsson.

4. The introduction of this system will add more value to human life and also to Ericsson as a company

Risks

1. ETSI M2M communication standards may not become the open standard in the future as predicted.

2. The future growth of the m2m communication may not become as dominant as anticipated 
3. Software piracy and hacking can hamper the market if the business becomes too software focused.

4. There are too many competitors, which leave a question mark on who will survive in the market.

5. The technology may not bring any core business potentials as there may be walk around to get full or partial results with the present technologies.

6. They’re very few or no devices that can support the technology at the moment, thus leaving a serious doubt on the future capabilities of the technology

7. Any company that which to use the technology may be required to purchase new devices for the business or update the current ones which can put the company into serious business threats in the course.

8. The technology lacks a clear business benefits motivations, thus the future is far from near as anticipated.

APPENDIX C: Communication document
Introduction

This Communication Plan mentions all stakeholders with a (positive or negative) interest in this project and the way in which they will be involved plus the means of communication that will be used. It is meant to give detailed information of the parties in the project management of the project plan. How each will be involved in the project, and their means of communication.

Interested parties in the project

	Who
	On behalf of
	Interest
	Means of Communication (*)

	person
	group, department
	Which interest in project?
	How is this person to be involved in the project?

	Jan van der Meer (Jan)
	Client 
	Progress and assignment details
	Advice, inform, accept

	Peter Boots
	Tutor university
	Support 
	Advice, inform, accept

	Erik van der Velden
	ETSI M2M standardization and technology expert
	Project support + detailed assignment
	Advice, accept, inform

	Barbara Pareglio
	ETSI M2M and coordination
	Detail assignment
	Advice, inform

	Ewi Eric Kedze
	Project leader
	Entire projects
	Consult, inform, decide, accept, execute, press of


(*) for example: consult, advice, inform, decide, accept, execute, and press for

Means of Communication

	From
	To
	Information
	Medium
	Frequency of data

	Person or group
	Person or group
	Kind of information
	Email, phone, memo, report
	

	Ewi Eric
	Jan van Der Meer
	Progress + assignment
	Email, phone, report
	Monthly, weekly

	Peter Boots
	Ewi Eric 
	Documentation
	Email, report, phone
	Not specified

	Erik Van Der Velden
	Ewi Eric
	Project support 
	Email, phone, report
	Not specified

	Barbara 
	Ewi Eric
	Project support
	Email, phone, report
	Not specified

	Ewi Eric 
	Peter Boots +

Jan Van Der Meer
	progress
	Email 
	Every 2 weeks




Contact information
	Nam
	Email
	Telephone

	Jan van der Meer
	Jan.van.der.meer@ericsson.com
	+31 653 446 972

	Peter Boots
	p.boots@fontys.nl
	+31 885 071 412

	Erik van der Velden
	Erik.van.der.velden@ericsson.com
	+31 611 343 074

	Barbara Pareglio
	Barbara.pareglio@ericsson.com
	+31 611 629 114

	Ewi Eric Kedze
	Eric.kedze.ewi@ericsson.com
	+31 630 528 962


Documents and version control 

	Document 
	Number of versions


	Hand in date

	Technical report
	3
	29th June 2012

	
	3
	7th June 2012

	Graduation thesis
	2
	15th May 2012

	
	1
	20th April 2012

	Design document
	3
	15th April 2012

	Requirement document
	3
	7th April 2012 

	Project plan 
	3
	10th March 2012
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