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Preface
As I approach the end of my study at the Fontys University of Applied Sciences, I had been given the opportunity to play a role in the development of a sensor data analysis application for my graduation assignment. This project has been carried out at Yall Solutions which is a software development company located in The Netherlands. The project is one of many work packages in a collaboration effect between several companies and organizations to research and explore into the future of user centered intelligent street lighting systems.

The purpose of this report is to explain the processes and decisions that were made during my project. The various parts of the report reflect the design methodologies, observations and comments from my personal experience. During this internship I was able to gain invaluable knowledge of the software development life cycle including new design patterns and programming techniques.

Below is a list of the objectives of this graduation assignment:

· Practicing communication and working within a team.

· Orientation into the work field as a young software engineer.

· Applying theoretical knowledge in practical situations.

· Project management this includes preparing, realizing and guiding a software development project.

· To learn the business aspects of a company and how this affects the development process.
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Summary
Current road lighting systems are outdated and should be replaced with systems which can sense their environment and even weather changes, i.e. users that are passing with consumer electronic devices such as mobile phones. Systems such as these should then react intelligently in this way these future systems would utilize energy only when it is needed.  Of the world’s total electricity consumption 20% of this spent for lighting and with the increasing awareness of climate changes and impending shortage of energy sources we all should consider research into more efficient lighting which could in turn decrease our overall energy consumption. 
To perceive such a system we must first research into intelligent lighting technology by simulating such a system in a real world prototype and this is just what the Intelligent Street Lighting for Energy Saving & Safety 2014 project is set out to do. The project consists of a consortium of organizations and companies that would each contribute through research activities and or development of sub systems that would be finally integrated to make up the proposed system.
A system such as the one described above would initially need some kind remote analysis environment to validate and verify the new street light prototype (testbed) to find the areas in the system design that could be improved. The project to develop the sensor data analysis environment application finds itself in the research department of Yall Solutions a small software development company located in Tilburg Netherlands.

In this project we explored different charting and reporting tools to find the right controls that would make it into the implementation phase. Applied Research through various methods such as reading published and unpublished work were used to collect information on topics that were directly related to the initial development of the application. Other methods such as prototyping was important for testing, proving and making decisions on design patterns or which components were best fitted for use in the application.
During this assignment there were a few hurdles involved some due to the large scale of the project consortium resulting in longer waiting times to gain feedback and data sets. However solutions were quickly found to address the risks involved. The end result of the project is a first release of the data analysis application which can be used by researchers to presents the sensor data while finding discrepancies in the data.
This report plays the role to covey what took place during the course of the project including applied research findings, steps that were taken to achieve the end product and my personal comments and evaluations. 
Glossary

API                                                                 Application programing interface is a set of routines,           protocols and tools for building software.
CLR
The Common Language Runtime (CLR) is the virtual machine component of Microsoft's .NET framework and is responsible for managing the execution of .NET programs.
SQL
Is a programing language used for managing data in relational database management systems.

T-SQL
Expands the SQL language to include procedural programming, local variables, data processing, and mathematics making it much like a standard programming language.

IDE
An application made out of a set of software tools that assist in software development.

PIR
Passive Infrared sensor is an electronic device that measures infrared light radiating from objects in its field of view.

DBMS
A software package composed of computer programs that control creation, maintain us and the use of a database.


WPF 
A software graphical subsystem for rendering user interfaces in Windows based applications.

XAML 
Extensible application markup of language it is used to initialize values and objects.

MVVM
The Model View ViewModel is an architectural pattern used in software engineering that originated from Microsoft. It is aimed at separating the development of the User Interface from the business logic known as the model. 

(LINQ)Language Integrated Query
Pronounced “link” is a query language from Microsoft that allows a developer to query databases using an object oriented approach. Using native.net syntax this is then translated into SQL statements.

Testbed
Is a platform for experimentation of large development projects. Test beds allow for rigorous, transparent, and replicable testing of scientific theories, computational tools and new technologies.

Prototype 
is an early sample or model built to test a concept or process or to act as a thing to be replicated or learned from.
Luminaire  
is an electrical device used to create artificial light by use of an electric lamp in context of this paper a luminaire is a street lamp.

Anomaly outlier 
Refers to detecting patterns in a given data set that do not conform to an established normal behavior.
Frame rate
Frame rate also referred to as frame frequency is the rate at which an imaging device produces unique consecutive images called frames.
ISLES



 
Intelligent Street Lighting for Energy Saving and Safety.
GPS 
Global Positioning System is a space-based satellite navigation system that provides location and time information in all weather, anywhere on or near the Earth.
Consortium 
Is an association of two or more individuals, companies, organizations or governments (or any combination of these entities) with the objective of participating in a common activity or pooling their resources for achieving a common goal.
Metadata
Metadata describes other data it provides information about a certain item’s content.
MVC
Model–View–Controller (MVC) is a design pattern for computer user interfaces that divides an application into three areas of responsibility the Model or data, the View, which observes the state and generates output to the users, the Controller, which translates user input into operations on the model.

ERP 
Enterprise resource planning (ERP) systems integrate internal and external management across an entire organization.
UML
Unified Modeling Language (UML) is a standardized general-purpose modeling language in the field of object-oriented software engineering.
RF
Radio frequency (RF) is a rate of oscillation in the range of about 3 KHz to 300 GHz, which corresponds to the frequency of radio waves.
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1. Introduction
In order to change our traditional lighting systems we must first perform rigorous testing and analysis of such intelligent large scale models. Such a large prototype model would produce millions if not billions of sensory data that would have to be analyzed by researchers to find flaws within the system or moreover to find how feasible such a system would be in our real world. This paper would present an overview of the realization of such an analytical tool that would be used by researchers in the quest to provide future intelligent street lighting systems for energy saving and safety.
1.1. Motivation

This data analysis tool is one component of a much larger research project directed by Philips in which Intelligent street lighting for energy saving and safety is being developed firstly in a prototype system. This prototype is the first step into intelligent street lighting systems that is expected to save extensive amounts of energy by reacting to changes in their environment. Although an overview of the prototype will be part of this report, the actual technical application of this system is not within the primary scope of this paper. The data analysis tool will be the foremost concern; this analysis environment is an important research instrument for experiments, validation and verification of the prototype system.  
1.2 Goals
The initial goal of the project can be described as follows; to create a software tool that can be used by researchers to analyze large amounts of sensory data by assisting them to find discrepancies within the data. The proposed system should allow the user to browse and compare data sets by raising the level of abstraction and reducing the amount of information mostly by highlighting only what would be necessary for validation and verification during the periods of experimentation.
1.3 Structure of the report
The first chapter of this report gives to you an introduction by explaining the motivation of the project, the expected goals to be achieved, the structure in which the report is presented and a brief description of the topics that are not in the scope of the report. The second chapter describes the company in which the assignment took place. Chapter 3 explains the assignment along with the scope of the project and a brief overview of the testbed. Chapter 4 outlines the applied research that was done prior to development including the methods used to find the information and relevant results. Chapter 5 describes the system analysis phase of the project which addresses the functional and Non-functional requirements. Chapter 6 extends to the system design which outlines the technologies, methodologies, techniques and tools used during development of the application. 
1.4 Out of Scope

The implementation of pre-processing tools has been left outside the scope of this project as well as any technical implementations of the actual prototype (testbed).
2. About the Company

Yall Solutions is a software development company providing services since 2005; the company is located in the south of the Netherlands in the city of Tilburg. They are mostly concentrated in data integration between various software applications and they offer integration packages with CRM’s such as Microsoft Dynamics and Sales force.  The company has a total of 7 employees. Yall Solutions is a partner of Trinicom who provides a customer relationship management system for small to mid-sized businesses in the Nederland and Belgium. 

The company has worked with known companies such as Albert Hein, Thales, Brabant Water and Ikea.  Their software solutions are with no doubt mostly for business who intends to integrate or transfer data between various platforms primarily having a strong focus in CRM and ERP systems. 
3. Assignment Overview

Point One is an open association for high tech companies and knowledge institutions in the Netherlands concerned with research and development in many different fields ranging from Nano electronics, embedded systems ,mechatronics and Information technology. This project is officially registered as a part of the point one programs. 
The Intelligent Street Lighting for Energy Saving and Safety (ISLES 2014) is a research project that is currently being directed by Philips. The consortium includes the University of Eindhoven, Philips Lighting, ViNotion, NXP Semiconductors, Yall Solutions, Metatronics, CER International and Philips Research. The ISLES 2014 research program is mainly focused on the development of street lamps that would drastically reduce overall energy usage, while simultaneously increasing people’s sense of security on the streets. The Street lamps will make use of LED lighting technology and fitted with several sensors and cameras that will allow the street lamps to adjust to the changes in its surroundings. 
The University of Eindhoven has two work packages within this project and both of these are in the area of research the first study is to find out how a community would react to such changes if new lighting systems are to be implemented, it also extends to find out what would be the perception of people when it comes to their safety after being exposed to new lighting systems. This research would help to implement a system where people can easily adjust to the changes and at the same time keep their sense of security. The second work package of the University of Eindhoven primarily for the department of mathematics is to research into optimizing the communication network which would be used in the intelligent street lighting system. By finding algorithms that can find the shortest communication path between streetlamps within a network, the response of the overall system can be optimized.
Philips Lighting would be providing one of their lighting systems that already provide a radio frequency communication between lamps allowing them to pass information and to be controlled from remote locations allowing monitoring and diagnosing. This system will be extended and applied to the intelligent street lighting system research project. 
ViNotion is a company that provides solutions for the professional environment, using autonomous systems based on video content analysis technology. Their role in this project is to provide the high resolution camera solutions that would detect objects such as cars, pedestrians and other road street worthy vehicles.
CER International contributes to this project by creating the Bluetooth field commander sensors that would be used to detect any Bluetooth activities within the vicinity of the street luminaires. Bluetooth sensors are one of the several other sensors that are being used in the prototype system.
NXP Semiconductors will contribute to this project by developing the sensors and circuit boards that are to be placed unto the lamps. Creating the right sensors is important to the overall awareness of the system and how it would respond to their surroundings and environment.
Metatronics is an engineering service provider who develops electronic products their contribution is to develop the street lamps; they are in charge of fitting all the sensors into the lamp casing that will have to protect it from the harsh weather conditions and other external properties. 
Yall Solutions is a software development company their work package involves the creation of an analysis tool that would be used by the researchers and observers of the prototype system. This analysis application would be used to validate and verify the data from the street lamp sensors and to register the real-world state by logging the behavior of the street lamps involved in the testing environment. The application would be built on top of the prototype system.
3.1 Scope
It is important to know the scope of this assignment as it does not concern the actual testbed system. The assignment is concerned with the data analysis application that will be the verification and validation tool for the prototype system. The realization of this application including the protocols of its system design falls within the scope of this paper.  This data application will be used to view all the sensor data and to better understand the prototype and how it would interact with its surrounding and environment, the application is also important in finding what is called discrepancies mostly false detections and most possibly faults with hardware of the system such as a sensor which is malfunctioning by showing false detections. The software application that had been envisioned should be designed as a desktop application that can be used by researchers. 

Other expected features are:

· Data set management that allows the user to backup, restore alike datasets.

· Visual display of the high definition camera images in a timeline format.
· A 2D/3D map overview of the prototype (testbed) showing all luminaires. 

Overview of the prototype 
The sole purpose of the testbed is to validate the smart lighting prototype. This validation consists of comparing the collected sensor data with the high quality video and images. The test bed is also aimed at analyzing behavior of lighting in different scenarios under different conditions, e.g. night/day, different weather types, etc. Every other pole in the prototype setup will be equipped with a high resolution camera. The camera captures what is called the ground truth meaning that from these photos we know what object(s) were actually detected. There is also a collection of sensors equipped on each lamp post. These sensors are a composition of Bluetooth, digital infrared, analog infrared and radio frequency. The lighting will adjust to its surrounding making full energy consumption only necessary when there is activity.
The depiction below is an overview of the envisioned testbed.
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Figure 1: The overview of the prototype (testbed)
4. Research

In order to best contribute to this project, some topics that are directly related were chosen as research components. The research that follows is not scientific in nature but rather applied research. It was valuable either to gain knowledge in the areas that I lacked the correct knowledge or skills, or they were necessary to choose the correct development techniques and components to use for the implementation of the desired functionalities. The methods in which information on these topics where gathered varied from desktop research, written books, online publications and prototyping.
These three topics stated below will be briefly explained along with their respective results.
· Data Visualization.
· Visualization controls to be used in the application. 
· MVVM design pattern.
4.1 Data visualization
Background
Data visualization is defined as the set of techniques used to turn a set of data into visual insight. It aims to give the data a meaningful representation.  From reading many different pieces on this topic, we can suggest that the term data visualization is useful for referring to any visual representation of data that is:
· Algorithmically drawn but usually rendered with the help of computerized methods.

· Easy to regenerate with different data which could be the same form repurposed to represent different datasets.

· Often aesthetically barren or just not decorated.

· Relatively data-rich.
Data visualization deals with the concept of perception, to be better explained it is “how humans attach meaning to the sensory information they receive. (Australian Bureau of statistics, 2006). Moreover it could be suggested that attaching meaning refers to the ability to create and develop stories that are associated with the data or the meaning that arise on how the data is displayed. And it can be also suggested that this perception is important as the greater amount of meaning that a user can obtain, is relative to how much they will use and store this information.
The two categories of data visualization that were found are exploration and explanation they serve different purposes. Exploratory data visualization is appropriate when there is a lot of data and the observer is not sure what is in the data set. So by translating it into a visual medium this can help to quickly identify its features, including curves lines, trends, or anomalous outliers.  By contrast, explanatory data visualization is appropriate when you already know what the data has to say and this information is just being relayed to the observers. 
Exploratory data visualization best fits the type of data visualization that would be applied in the aforementioned data analysis application, seeing that this type of visualization is typically used as part of the data analysis phase, and it is important that the collected sensor data from the street lighting prototype be analyzed.
4.1.1 Method of research
Desktop research and reviewing past online publications were the primary means of gathering information on data visualization. By reading publications on the topic I was able to find insights on data visualization both regarding to designer and consumer.
4.1.2 Findings and results

Because data visualization can be such a broad topic, it was necessary to narrow the searches into important points that could be useful in creating the application. Charts had been chosen to present the detections of all sensors but were the charts sufficient enough to assist the researchers to find discrepancies in the data? One interesting approach to address this before choosing visualization tools or layouts is to start with the questions that the visualization has purpose to answer or to explore. 

Question + Visual Data + Context = Story
Many of the key parts of a story are related as part of the process of placing the visualization in a context. The context provides information that answers questions such as:

• What data are we looking at?

• In what time frame does this data exist?

• What notable events or variables influenced the data?
I found that when creating information visualization there are some key steps that can be followed they are: 

1.  Formulate the question.

2.  Gather the data.

3.  Apply a visual representation.
Formulate the Question.

The Sensor data analysis application has several questions that it must address; as the application grows we can ask more questions that would make the application more useful for its purpose which is to determine how accurate and reliable the sensor-data collected by the sensors actually are. This means finding discrepancies within the data which we refer to as false negatives and false positives.

By trying to formulate a few questions and having a look at the envisioned representation of the sensor data which now uses XY graphs charts, we can find out if our visualization would be effective and serve its purpose. We assume the application should have a default “truth sensor” meaning other sensor detections should be compared against the truth sensor; we assume by default that the camera (sensor) is the ground truth. I.e. Think of false positives (the sensor detects an object, but the object is not present on video) and false negatives (the sensor detects and object, but the object is not present on video) and false negatives (sensor detects nothing, but on video there indeed has been activity that should have been detected).  Future work to extend the functionality of the application could be to build it to detect different types of trends within the sensor data. One example is to detect which sensor detects the most “false positives” within a data set. Of course this is beyond our scope.
Here are a few questions that we think the application should address through its visualization.  
· Which sensor types have detected “false positive” while the truth sensor type account otherwise?

· Which sensor types do NOT show detections “false negative” while the truth sensor show detections?
Gather the data.
The data set is the output of the prototype system and it is mostly “raw data” that is not completely defined it is then correlated by a pre-processing application. A sample data set was provided by the University of Eindhoven; however because of technical difficulties with the sensor hardware a full complete dataset could not be delivered within the time frame of the project. To work around the incomplete data set we attempted to stage the dataset by creating our own test data based on what we received. 
Apply a visual representation.
Column Charts have been chosen to display the sensor data; these charts map an X, Y data point in a two-dimensional plane. The X axis is used to represent a date timestamp and the Y axis can represent an object count or a data value in some sensor type. Colors were used to identify the anomalies or other aspects of the dataset. By assumption we say that the observers of the sensor data would need to see in greater detail related data directly from the database, this can help in finding patterns in the data. We use a data grid to show a detail view of the data. The application also needs to display camera images that reflect same date timestamp as the X axis of the sensor charts. A timeline control capable of rendering thumbnail sized PNG format images with caching capabilities and forward / backward direction features was chosen to display the high resolution camera images. 
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Figure 2: Sample data visualization representation for the application.

4.2 Visualization controls

Finding the right visualization controls was part of the research done prior to any development. By testing various charts we could see which controls would be better suited for the application. The three main requirements in finding the right data charts are: 
· Open source and without fee.

· Sufficient performance when loading large amounts of new data points.

· Compatible with WPF and XAML allowing data binding.
· Easily Customizable.
There were very few charts to choose from that were open source and compatible with WPF and XAML, the charts that were chosen had met the requirements but had yet to be tested with real data for their overall performance, responsiveness and how easy it was to use their API which would make implementation easier along with the full feature of using data binding. Windows Presentation Foundation (WPF) data binding provides a simple and consistent way for applications to present and interact with data. Elements can be bound to data from a variety of data sources in the form of common language runtime (CLR) objects and XML. Some advantages of using data binding for the sensor data charts are: 

· Data points both the X and Y axis can then make bound to the data from the database.
· More efficient application code for better extensibility.

· Quicker prototypes can be made.

The three main charts that were tested are:
· WPF Toolkit Charting

· AmCharts

· Dynamic Data Display
WPF Charting toolkit is a set of controls created by Microsoft, being a control from Microsoft ensures that these control are compatible with the .net frameworks as well as WPF and XAML. Being of lesser quality than other propriety charting components, the chart however provides the power of using WPF styles which makes it one of the best options for customization. One important feature of these charts is that they utilize the power of data binding which allows them to be binding to properties of a view model which would be later explained in the MVVM section of this chapter. These charts did not score well in the performance area they started to render very slowly when large amounts of data point were added very quickly however being highly customizable could also be an advantage. 
AmCharts is a charting component which offers a free chart solution that has an amcharts watermark embedded into the free version. By purchasing the full version the watermark would be removed. The charts themselves deserved some consideration because they fully supported data binding and scored well in the performance test. They also provided a zoom option that was not available in the Microsoft charting controls. A problem was quickly identified as these charts did not update their data when the source changed and this result in providing one time binding.
Dynamic Data Display is an open source set of WPF charting controls also developed by a Microsoft team. Theses controls shown to be great controls in performance but there lack of being able to use the full power of data binding which made them not suitable because they give less freedom for application extensibility. There controls were tested just as the other controls and were considered as a chart control that could possibly be implemented into the application.
4.2.1 Method

Prototyping was used to find which control would make it into the implementation phase. By creating a small sample application with re-usable generic code all charts could be tested in the same environment. By using a performance profiler which is a separate application the charts were tested in areas such as performance, speed of visual rendering (frame rate), extensibility and the ease of use that each API offered. 

4.2.2 Chart test results

All chart testing were done using the same piece of sample code that simply loaded data points into the chart very quickly. These tests were done to gather the results of such counters as frame rate, memory consumption and the overall chart performance. The WPF performance suite offers a tool called performance profiler it is used to analyze the run time behavior of WPF applications; it can help WPF application developers to debug their application by making it easier to track down performance bottle necks within the application code. 
The tests were focused on capturing the frame rate which is the rate at which the application is rendering to the screen, and secondly we were interested in the memory consumption of the application when the charts were being loaded with new data points. Some other tests that are not reflected in the results below are ease of customization, ease of API usage and data binding flexibility. 
The results are shown in a line graph which presents the results of the three charts. The results show the frame rate and the memory consumption respectively. Below 30 frames per second the human eye no longer perceives motion as smooth.
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Figure 3: Graph showing the frame rate results of the charting toolkits.

The graph above shows the results after testing the three different charts of type column series. These charts were loaded with thousands of data points and the test were focused on the frame rates, these charts also gives some indication of the initial render times for each chart.
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Figure 4: Graph showing the memory usage results of the charting toolkits.

The above graph shows the memory consumption of the three different charts, from these results we can see that the memory consumption is directly related to the number of data points that is loaded into the chart. The WPF toolkit showed some poor performance results in this test, and it was difficult to find where the bottleneck could have been so the conclusion is that the WPF toolkit chart may have a memory leak which contributes to its results in this test.
Fortunately the application does not require thousands of data point to be loaded every second due to the fact that the data is not live or dynamic in any way therefore the charts would need only to present a selected interval in time which could be of maximum 5 minutes in total both before and after the selected time interval of the timeline camera image control. IT was still necessary to set some kind of bench mark results in these areas of performance. Although the WPF toolkit did not perform well in the latter tests it had scored well in customization while the other charts like AM Charts could only be customized by purchasing a licensed copy and Dynamic Data Display charts proved to be extremely difficult to be customized. 
The overall results had placed the WPF toolkit in the front position regardless of some low performance, it was most compatible, easily customizable and most easy to implement and because it was officially created by Microsoft it makes full use of data binding.
4.3 MVVM

Background

Model View ViewModel (MVVM) is an architectural pattern used in software engineering that originated from Microsoft as a specialization of the presentation model design which was introduced by Martin Fowler. It is largely based on the Model view controller pattern (MVC).
MVVM was designed to make use of data binding functionality in WPF to better facilitate the separation of the view layer development from the business logic or sometimes called code behind. The chosen charts for the application supported data binding and so it would be a good design practice to use some kind of coding design pattern to be used to bind the charts to the sensor data that was collected. This would not only prove to be a better implementation for the charts but it would also be good design practice that can promote extensibility by allowing future software developers to better understand the application code. 
Some other advantages of using MVVM architecture are:

· Flexibility and Customization – Different views can be used with the same ViewModels allowing completely different visual representations of the same functionality.
· Re-use – Because of the separation of visual and non-visual functionality, both views and the ViewModels have higher potential for re-use than is these two were mixed.

· Separation of the UI design and development – MVVM makes it possible to separate the work of the developer and the designer as clearly as possible. This allows a developer and a designer to work completely detached from each other.
· Testing- Writing automated test for a visual application becomes easier, because of the separation of the View – Viewmodel this the ViewModel to be unit tested without the view.
4.3.1 Method of research

Desktop research and prototyping were the two main methods used in collecting information about the MVVM pattern. Firstly it was important to understand why the pattern was introduced, and how it worked, this was done through content analysis mostly of online publications and sample code. By prototyping a C# .net sample application that used a simple form of MVVM; we could explore the feasibility of using the design pattern into the application.
4.3.2 Results

The sample application proved that MVVM could be incorporated into the proposed system; it also showed that there was less application code to be written because all chart controls made use of data binding to public properties located in the ViewModel. The sample application additionally showed the ease of reusability meaning that the ViewModel could be quickly connected to a different chart control in fewer steps. Using this pattern also made it easier to test the different charting controls because in such a design the chart control is the View and so the chart or View could be quickly removed and changed leaving the Model intact without having to change so much of application code. 
However there were some difficulties implementing all MVVM features such as the Relay Command interface and this questioned the feasibility of using a full MVVM design for the application. The overall results showed that MVVM could be used in the application only for the data visualization charts while other parts of the application could be done in a more traditional way. 
The figures below show the relationships and communication between the view and ViewModel.
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Figure 4: The relationships and communication of MVVM design pattern.

To show how the MVVM pattern works in the sample application, a small description of the application structure and how they relate to the parts of the Model View ViewModel architecture would be briefly observed. 
The Model
The model can also be referred to as the domain object. The model represents the actual data that is being used; in the case of our test application one example of a model is the Bluetooth detection which contains properties such as (timestamp,objectCount ,FCID,etc). The model holds the information, but not behaviors or services that manipulate the information.     
The View

The column charts in the sample application represents the View of the MVVM design, this is what the end user interacts with. It is the presentation of the data. In MVVM the view is active. As opposed to a passive view which has no knowledge of the model and is completely manipulated by a controller. The view in MVVM contains behaviors, events and data bindings that ultimately require knowledge of the underlying model and view model. The view is not responsible for maintaining its state; instead it would synchronize this with the ViewModel.
The code snippet below shows an example of our chart view, expressed as XAML.
Note* the Binding to the properties exposed in the viewModel BT_DateTimeStamp and BT_ObjectCount  respectively.

<chartingToolkit:Chart

<l:HistogramSeries

x:Name="chartBluetooth"
DataContext="{Binding}"
IsSelectionEnabled="True"
IndependentValuePath="BT_DateTimeStamp"   
DependentValuePath="BT_ObjectCount"
ItemsSource="{Binding Bluetoothdetections}"
d:LayoutOverrides="HorizontalMargin"
Margin="0,0,0,-56.98"
DataPointStyle="{StaticResource BTChartToolTipDataPointStyle}"
Visibility="Visible" MouseDoubleClick="chartBT_MouseDoubleClick"/>
</chartingToolkit:Chart>
The ViewModel
The ViewModel is important because it introduces the separation from the presentation, or better explained it keeps the View separate from the Model. The View model is often described as the controller because it can interact with the View, for example taking input and then place it on the model, and then translate properties that could be finally being returned to the view. The view models of the sample application consist of a collection of detections which is loaded into the charts.
The code snippet below shows an example of our ViewModel, expressed as C#.

        public ObservableCollection<BluetoothDetection> Bluetoothdetections

        {

            get { return this._Bluetoothdetections; }

            set
            {

                this._Bluetoothdetections = value;               

                OnPropertyChanged("Bluetoothdetections");

            }

        }

        private int _bT_ObjectCount;

        public int BT_ObjectCount

        {

            get { return _bT_ObjectCount; }

            set
            {

                _bT_ObjectCount = value;

                OnPropertyChanged("BT_ObjectCount");              

            }

        }

        private int _bluetoothdetectionID;

        public int BluetoothdetectionID

        {

            get { return _bluetoothdetectionID; }

            set
            {

                _bluetoothdetectionID = value;

                OnPropertyChanged("BluetoothdetectionID");

            }

        }

        private DateTime _bT_DateTimeStamp;

        public DateTime BT_DateTimeStamp

        {

            get { return _bT_DateTimeStamp; }

            set
            {

                _bT_DateTimeStamp = value;

                OnPropertyChanged("BT_DateTimeStamp");

            }

        }

5 System Analysis

System Analysis or sometimes called requirements analysis is usually a pre-phase in the software development life cycle; this phase helps the developers to define the scope and boundaries of the proposed systems which leads to a better understanding of the overall system it is mostly a requirement driven process. The two types of requirements we would look at are: functional requirements and non-function requirements. 
The functional design had been already mostly defined upon the start of the project. There was however minor details that were left open for further interpretation. 
5.1 Functional requirements

The functional requirements describe the core functionality of the proposed system. Below is a table with the main functional requirements each of them includes the required function of the proposed system, its importance and a brief description. For a full overview of the functional requirements please see the appendices for the document functional description of the ISLES testbed version 1.2.
	F-SR-01
	Filter data sets by date time

	Importance
	Essential

	Description
	Filtering the data set to a specific date time.

	F-SR-02
	Filter data sets by luminaire 

	Importance
	Essential

	Description
	Filtering the data set to a specific luminaire.

	F-SR-03
	Thumbnail selection 

	Importance
	Essential

	Description
	Selection of a thumbnail image from the timeline control.

	F-SR-04
	Set the ground truth 

	Importance
	Essential

	Description
	Selection of the ground truth sensor type to which all discrepancies derive from.

	F-SR-05
	Show discrepancies

	Importance
	Essential

	Description
	The system must show discrepancies to the user.

	F-SR-06
	Sensor type chart selection

	Importance
	Essential

	Description
	The system must allow sensor type charts to be selected and deselected.

	F-SR-07
	Annotate detections 

	Importance
	Essential

	Description
	The system must allow annotations to be added on detections.

	F-SR-08
	Mouse over on data points

	Importance
	Desirable

	Description
	On mouse over of a detection data point it displays its related metric information.

	F-SR-09
	Luminaire Map overview

	Importance
	Essential

	Description
	The system must show all luminaires that are defined in the testbed on a 2d/3d map.

	F-SR-10
	Detail detection details

	Importance
	Desirable

	Description
	On selection of a thumbnail the corresponding detection details is displayed.

	F-SR-11
	Choose image source and output folders

	Importance
	Essential

	Description
	The system must allow the source and output folders of camera images to be changed.

	F-SR-12
	Back and restore database

	Importance
	Essential

	Description
	The system must allow data sets to be backed up and restored for later use.







Table 1.1 Functional requirements.
5.2 Non-Functional requirements

The Non-functional requirements include constraints and qualities of the proposed system. The table below presents the non-functional requirements for the proposed system. The Non-functional requirements and their importance are briefly described in the table below. 
	NF-SR-01
	Performance

	Importance
	Essential

	Description
	The timeline should search, resize and render 60 images in approximately 3 seconds or less.

	NF-SR-02
	Efficient display of sensor data

	Importance
	Essential

	Description
	To compare the sensor data against one another, easing the finding of discrepancies.

	NF-SR-03
	Application scalability

	Importance
	Desirable

	Description
	The system should be scalable; it should be helpful for developers to add new features and functionalities.

	NF-SR-04
	Maintainability

	Importance
	Desirable

	Description
	The systems should be maintainable and well documented.

	NF-SR-05
	Usability

	Importance
	Essential

	Description
	The system should be easy to use for analysts with the required knowledge.

	NF-SR-06
	Deployment

	Importance
	Desirable 

	Description
	The systems should be easy to install and deploy before usage.


Table 1.2 Functional requirements.
5.3 Moscow

MoSCoW is a prioritization technique used in software development to reach a common understanding on the importance that is placed on each requirement. 
· M - MUST: Describes a requirement that must be satisfied in the final solution for the solution to be considered a success.

· S - SHOULD: Represents a high-priority item that should be included in the solution if it is possible. This is often a critical requirement but one which can be satisfied in other ways if strictly necessary.

· C - COULD: Describes a requirement which is considered desirable but not necessary. This will be included if time and resources permit.

· W - WON'T: Represents a requirement that stakeholders have agreed will not be implemented in a given release, but may be considered for the future.
Both the functional and Non-functional requirements were subjected to a MoSCoW analysis prior to development. This gave an idea on how I could prioritize the design and implementation of the desired functionalities. All the functionalities above that have their importance labeled as essential were given top priority. It was difficult to find functional requirements that did not have an essential importance and so the MoSCoW technique was used as a kind of pre- sorting technique for the functionalities, the rest was left for my personal judgment and other factors such as the difficulty of implementing the functionalities.
5.4 Database storage analysis
The Data analysis application relies entirely on a database for the sensor data that is to be presented to the user. That leaves an open decision that has to be made on where to install and deploy the database. The database (RDMS) can be installed locally on the computer that is running the application. This has its advantages and disadvantages that must be observed to choose the best solution. 

The other method of database usage is to store the database (RDMS) on another external server. The data analysis application would then be connected to this server via a LAN connection. This solution have its pro and cons. We review the pro and cons of both solutions in the table below:
	Database storage 
	Pros
	Cons

	Local database storage
	· No additional hardware needed.

· Administration easier, database and user software located on one machine.
	· Database access burdens the application performance.

· In case of failure the complete database is offline.

	External database storage.
	· Fail-proof

· Other application and users can use the database.
	· Higher cost, additional hardware needed.

· May be slower due to transmission over the network.


The user of the system should decide whether to install and deploy the database locally or externally, however because of the additional cost and the possibility of slower response when queries are requested to the database over a LAN connection, in the end the decision have been made to carry out development with a locally installed database.
6 System Design

This section justifies the technologies, methodologies and tools used in the development of the analysis environment.

6.1 Development Methodology
Agile development is a group of software development methods based on iterative and incremental development, where requirements and solutions evolve through collaboration between self-organizing, cross functional teams. It is the primary methodology that is being practiced at the company Yall    solutions; this type of development was used because it allows for quick changes within the development cycle. To develop a first release with the main functionalities of the data analysis application it was important to utilize all available resources, and to prioritize the components that made up the entire system. Agile development proved to be the better design methodology because it adapted well with timelines and the potential risks involved in such a project.
Apart from the development environment a remote machine was used to test the incremental releases of the application in a type of production environment .The remote machine had been installed with the minimum requirements and had lower CPU and memory capacity this was used as a benchmark for testing the overall performance and response time of the application. 

Usually in agile development some development teams allow the potential users of the system that is being developed to be reviewed allowing them to report the changes that they would like to make to the existing functionality. But seeing it was difficult to make this possible along with my advisor at the company we made a decision to create feedback papers that showed the newly implemented functionalities with intention of receiving changes or new functionality requests. Of course this is not equivalent to a user in real human interaction with an application but it could provide some help in making the application more to what the user wanted. 

The diagram below shows the stages within an agile development.
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Figure 6: The stages of agile development.

6.1.1 Debugging and Issue Tracking

An issue tracker is an application that users and developers use to maintain a database of software defects, enhancement requests, technical-support requests, development tasks, and other issues that the project members must work to resolve. To keep track of all issues and bugs during the development stages, the To-do Manager Plugin was installed into the Visual Studio IDE, this plugin keeps tracks of tasks that has to be completed with their begin date and their expected completion date. This was used to track the project progress by keeping a list of all released versions along with the new fixes and remaining issues. As part of the overall agile development practice it was an important tool for keeping a log of the processes that occurred in all iterations. 

6.1.2 Error Handling

Throughout the application code we have used error handling techniques, the advantages of using error logging is that we can more efficiently track errors to the specific part of the code were it was trapped by the underlying exception handling code. The application makes use of LOG4NET which is a logging framework for .NET applications. It captures all errors that were raised during execution. During debugging a text file is written to the disk which made tracking the errors an easier task. This LOG4Net framework is a common development practice among the developers at the company.
6.1.3 Version Control
During the development of the application new versions were controlled by making use of TortoiseSVN. All new changes were committed to the server, so that the company could track the development process, this also kept the source code centralized and allowed code to be compared, restored and corrected more easily. TortoiseSVN is an open source project hosting used to keep the code centralized.

6.1.4 Test Environment
A testing environment is a setup of software and hardware on which the testing team or developers are going to perform the testing of the newly built software product. To test the software in an environment apart from the development environment a test machine with the minimum software and hardware requirements was used to simulate a computer that the application may be used on. This test computer was used to test carry out simple test routines.  Here is a list of a few other tests that was carried out in the test environment.
· Connecting the application to a remote database.

· Testing main functionalities.

· Testing Performance and overall application response.
6.1.5 Feedback
Feedback from the users of the system that is being developed is important in that it helps the developers to better respond to change; it directly helps to better the quality of the system and indirectly helps to accommodate changes in design. Due to the size of the project it has become very difficult to get the right feedback that was needed.  And so to circumvent we shifted to sending feedback documents by means of email at every new demo release. This feedback document described the current functionalities of the system with request for comments and tips or event new functionality request. 
6.2 Technologies and Programming languages
This section briefly outlines the core technologies and programming languages used in the project and explains shortly which part of the project they were used in. 
Windows presentation foundation or WPF for short is a markup language created by Microsoft to create more dynamic user interfaces. It is a successor of windows forms. WPF works with XAML a derivative XML to define and link various UI elements.  WPF attempts to provide a consistent programming model for building applications and provides a separation between the user interface and the business logic. The user interface of this application would all be made using WPF. 

Xaml is a declarative XML based language developed by Microsoft to initialize objects and generally used to mark up application user interfaces.  Xaml is used extensively in the .net framework mostly for WPF and Silverlight.   

Structured query language or SQL is a programming language designed for managing data in a relational database. It is used to insert, query, update and delete, schema creation and modification and data access control. SQL was the primary query language used to load the controls of this application.
Language Integrated Query abbreviated LINQ is a Microsoft .net framework that adds data querying capabilities to native .net development syntax.  LINQ defines a set of methods that are built on top of underlying SQL Expressions. For example LINQ can be used to project, filter data array and enumerable classes. IT can also be used with other third party data sources. In this project LINQ was used to load some of the data controls in the application.

Dot NET Framework is a software framework that runs primarily on Microsoft Windows. It includes a large library and allows language interoperability. Programs written for the .NET Framework are executed in a software environment.  Version .net 4.0 was used as the library for this application and is one of the software requirements.
Model View ViewModel (MVVM) is architectural pattern used in software engineering; it was used specifically for the sensor charts by allowing them to use binding capabilities.
6.3 Development tools

A software development tool is a software or program that software developers use to create, debug and maintain or support other programs and applications. This section would briefly describe the tools that were used during development also a short description of its role within the project.
Visual Studio is the preferred IDE that is widely used when developing applications using the Microsoft .net platform. The IDE provides all features as with any integrated development environment such as IntelliSense, code refactoring and support for source control systems. Primarily Visual Studio was used for creating application code while a second IDE was used to mark up the user interface.
Microsoft Expression Blend which is also an integrated development environment. This tool was used to create a detail design of the user interface. It proved to be the better tool for designing user interfaces  in XAML, advantages such as being  very detailed and being more efficient to add colors and layout user interface controls that were created in WPF. 

Apache Subversion is an open source software versioning and revision control system. During the entire project apache subversion was to maintain current and historical version of files such as source application code and documentation. This allowed a centralized location for storing data pertaining to the project and for the ease of tracking version releases. 

To-do Manager is an open source plugin that works with Visual Studio development environment that is used by software developers to track project progress by keeping a database of software defects, enhancement requests, technical-support requests, and development tasks. Because this plugin works from within the development environment it was the primary means of all development issue tracking.
PHPMyAdmin is a web based software that provides an interface for the database management systems MySQL. It was primarily used to create, modify or delete the database structure which includes tables, rows or fields. It also was used to manage users and permissions to the database.
WPF performance suite is of performance profiling tools for windows presentation foundation (WPF) application it enables a developer to analyze the run-time behavior of WPF application. This tool was used both during development and for testing the different chart controls.

Microsoft Visio is a commercial diagraming application for Microsoft Windows that uses vector graphics to create its diagrams. Visio was used during the course of development to create the various UML diagrams, data flow diagrams and other illustrations that were used in documenting and reporting.  
7 System Overview

The proposed analysis application system relies on the data that is collected by a well ruggedized computer which is referred to as sensor boxes. These sensor boxes are placed on each lamp post with its sole purpose of collecting all sensory data for that lamp post. The sensory data is first collected and stored locally, at night these local sensor boxes sends all its sensor data to a central data storage server. 
From a central storage the sensor data would be packaged into datasets with corresponding date and times. The data collection and correlation is a pre-phase which processes the “raw data” into what is referred to as detections. Detections for each sensor are sifted out of the “raw data” if they have passed the detection threshold defined in the data reader. These detections are then saved to the database to be analyzed by the analysis environment.
The depiction below shows the position of the analysis application in the overall system.

[image: image8.png]sensor data
video feed
annotated video data

Broadband
Connection %,

Time Server | Data collection & correlation

FTP Server Fle Analysis Application
Sensor Measurement system
Database

Web Server 14





Figure 7: System overview highlighting the position of the analysis application.

As shown in the depiction above every other pole in the prototype setup will be equipped with a high resolution camera. The camera is used to capture the so called “Ground Truth in the video feed The Ground truth is needed to determine how accurate and reliable the sensor- data collected by the other sensors e.g. PIR, Radar are. To better understand we can think of false positives as sensor detection, but the object is not present in video or camera in contrast a false negative is when there is no sensor detection, but on video there is indeed an object or activity detected. One cause of a discrepancy as this can be “background noise” that has been falsely interpreted as an object. 
The application that must be developed must assist researchers to verify the anomalies within a given dataset by highlighting such events as false detections. However the rate of false positives and false negatives will be strongly dependent on the quality of the cameras and sensors that are used and how well they would perform under different environmental conditions.
7.1 System Architecture

The architecture of the system consists of a few components that would be explained in more detail in this section of the report. 
7.2 Data reader

Analysis of any information should begin with the collection of the data in question; in the case of the sensor data analysis application there is a pre –phase software that was also created at the company Yall solutions.  This application which is a C#.NET console application referred to as the “data reader” has the sole purpose of collecting and correlating from the large amounts of “raw sensor data”.  
The sensor types that are processed by the data reader consist of Analog PIR, Digital PIR, Radio frequency, Bluetooth and camera. Each sensor has its output file usually in CSV format; hence the application has an internal reading process for each sensor type. The data reader interprets from all this data what is referred to as detections. Data is registered as detection only if it has passed a specific threshold. These detections are then saved to the database to be further analyzed. The technical implementation of the data reader application is not within the scope of this paper.
The diagram below shows the dataflow of the data reader. 
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Figure 8: The data flow of the data reader application.

7.3 Database 
The database used in the application plays an important role in storing all the collected sensor data that has been processed by the data reader. MySQL have been chosen as the relational database management system (RDBMS) that the data analysis application would communicate with to present the underlying data to the user. The database was created to capture all the sensor data and to hold the respective relationships between all data used by the application. SQL was used to retrieve the sensor data to load the visualization charts, at the same time a LINQ framework was also added to the application to allow the use of LINQ calls to the database; however later on in the project it was found that the LINQ framework did not support all functionalities such as full aggregated functions. The LINQ framework remains a part of the application with the thought of future extension. 
A full diagram of the database model can be found in the appendices at the end of this report. 
The tables in the database are as follows:  

· testbed 
· sensor 

· sensortype

· pir_analog_raw
· pir_analog_detection
· pir_digital_raw
· pir_digital_detection
· bluetooth_raw
· bluetooth_detection
· camera_detection 
· rf_detection 
· luminaire 
· camera_luminaire_mapping
· sensorbox.
7.3.1 Application Data Model

Like any software application the data model layer encapsulates the data objects and the business logic of the application. The Data model was created to utilize and follows the MVVM design pattern. This model is a makeup of the detection objects that forms the ViewModel to which the chart sensors are bonded. All classes in the data model inherit both from the Base Sensor detection class and the INotify Property Changed class. The Base sensor detection class adds two properties to all other sensor detection classes and these are IsDiscrepancy and columnColor. The Inotify Property Change interface is used to notify clients, typically binding clients that a property value has been changed and so the client will reflect those changes. All detection classes will make use of the database to retrieve their collection of objects. Other classes that work along with the GUI have been left out for the sake of brevity we will only discuss the classes that are significant for the data presented to the user.

BaseSensordetection Class is an abstract class that all detection classes inherit from, it adds the two properties IsDiscrepancy and columnColor.

RFdetection Class represents a radio frequency detection it consist of the RF date timestamp, RF detection ID and a RF detection Value.

AnalogPIRDetection Class represents an Analog passive Infrared detection it consist of the Analog date timestamp, Analog detection ID and an Analog detection Value.

DigitalPIRDetection Class represents a digital passive Infrared detection it consist of the digital date timestamp, digital detection ID and a digital detection Value.

BluetoothDetection Class represents a Bluetooth detection it consist of the Bluetooth date timestamp, Bluetooth detection ID and Bluetooth detection Object Count.

CamDetection Class represents a camera detection it consist of the camera detection date timestamp, camera detection ID and camera detection Object Count.

Interval Class represents a filtered interval of a dataset it consist of a Start Date, End Date, fetch directory path, Interval Number and Luminaire. This class is used to keep track of all the most recent intervals that have been filtered. 
Annotation Class represents an annotation it consist of an annotation ID, Remark, sensor and a Date timestamp. This class is used to allow remarks to be added to the sensor detections.
DetectionViewModel Class that would handle the request of the data from the database for the sensor charts it consists of a copy of the detection model and a collection of detections for each sensor type.

DetectionDetailViewModel Class that would handle the request of the data from the database for the detection data grids it consists of a Data table object and methods that loads the data table.
The detection classes of the Data analysis application were designed with the following consideration: 

· They can be reusable if the sensor charts are to be replaced.

· Use of class inheritance. 

· Use of Data binding and the INotify property changed event. 
· Use of MVVM design pattern.
· Ability to change the view or presentation layer without making changes to the Model.
And the model layer is realized as the class diagram in the figure below.
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Figure 9: Sensor Data application data model.

7.4 ISLES Analysis application (data tab)
The ISLES Data Analysis application which is the primary development focus of this assignment, it is a .NET desktop application developed using the C# programming language. The application uses one of Microsoft’s core technologies called WPF and a markup language called XAML for its user interface design. Using WPF has its advantages such as the separation of the user interface markup code from the application code and the power of binding controls to exposed properties. The application requires that a MYSQL database server be deployed and running with the correct database connection settings applied. If a connection to the database is successful and the data reader has completed its correlation process, the user can then locate the related camera images and proceed to applying a luminaire and date time filter.  Styling of the controls was done using Microsoft Expression Blend while events and application code was added using Visual Studio.
The application was designed to find discrepancies within the sensor data, a discrepancy is a false detection or it may even be no detection in some cases. The user has the ability to choose which sensor would be the truth sensor to which the other sensor discrepancies are derived. Detections appear in green whereas discrepancies are shown in the color red.
The right side of the application has a dock panel control that allows the detection detail data grids to be docked and undocked.
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Figure 10: Sensor Data Analysis application user interface.

8 Implementation

The implementation had been phased out into sub components, after choosing the components that would be used they were placed in priority in the order they were to be built. Firstly the full mock-up of the user interface was made showing the different controls, from this mockup the most important functionalities were chosen to be built first. All programing languages had already been defined at this point in the project. During the system analysis phase, the research by prototyping showed through test results that the WPF charting toolkit controls were the best to be built into the application for the data visualization of the sensor.
The functionalities of higher priority were implemented first and so controls that were attached to these functionalities were embedded using mostly Microsoft expression blend to style them and Visual Studio to create the event handling application code. This process was followed throughout the implementation phase completing the main functionalities then lower functionalities thereafter.
The implementation process followed an agile development process, in which functionality was quickly implemented and tested. First a rudimentary system was created within the first few weeks that resized and loaded the camera images into the timeline control, in parallel time the MVVM design for the chart controls was being created and tested making a connection to the My SQL database and loading the charts with data. In incremental steps functionality was increased during each week of development. A brief description of the implementation process of the most significant sub component are explained in the following sections these are user interface, timeline control, database management and the map control.
8.1 User Interface
At the beginning of the project the company had already made a sketch version of what they envisioned the user interface to look like, My first step was to create a mockup of the user interface with XAML constraints in mind this would help in finding exactly which type of layout the application should have, this made it easier during development by having less changes to the layout of the application as development progressed. The layout panels were chosen along with which controls would be embedded into them. One example of such a layout was the grid panel control that contained all the sensor charts, this grid played the role of keeping all sensor charts in a data binding relationship with the sensor detection ViewModel.

WPF works in a hierarchal manner meaning that if a parent control has been given a data context all child controls would in turn inherit the same data context giving them full binding capabilities to exposed properties. This meant that instead of having to make several data binding’s to each sensor chart, we have only to create one binding to the parent sensor grid then all child elements in this case our sensor data charts within the grid would inherit the binding source of their parent. 

The graphics of the application is a makeup of third-party graphics and some were designed using image editing software. Most of the user interface layout and design and template styles were created in Microsoft expression blend. Because the application is an analysis tool not much effort was placed into the aesthetics of the interface the only concern was that all controls had a uniform color scheme.
The Dock panel of the application holds the data grids that presents a more detail few of the detections. It also has an annotation list control for users to make remarks while observing the data. Annotations can be edited, saved and deleted from the database.

8.1.1 GUI Layout 

A first design proposal was drawn in order to set the layout plan for the WPF, XAML interface and to see how we could use MVVM design pattern. The importance of creating a layout design plan prevents having to make drastic changes to the XAML code as this becomes a very tedious task when controls and events are already added. Because we can bind controls to different Viewmodels we could bind our SensorGrid control to the collection of detections in the detection ViewModel. The same can be done for the Dock panel which would be bound to its own Viewmodel. 
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Figure 11: First Mockup of the GUI layout.

8.2 Timeline Control

The timeline which is based on an open source WPF control is used to display the thumbnail images from the high resolution cameras. The time line was fully customized to serve this purpose allowing them it store images with a related date time stamp for each image. The application was created to first resize all images from their original size of 704 * 288 pixels in jpeg format; they are then made to a smaller size of 250 * 102 pixels in PNG format this allows them to be loaded much more quickly because of their smaller size and format. Each image represents one second in time, during several performance tests it was found that the application resizes and renders 60 thumbnail images into the timeline in approximately 3 seconds. 
The source code of this open source control was obtained and by using Microsoft Expression blend as our XAML editor, the timeline control style was customized to present and handle the thumbnail images. The timeline event manager is a C# .net class which was introduced to handles all thumbnail images that are loaded into the timeline control. Firstly this class locates the images that are within the selected time interval then it calls the resize function and finally it tags each image with a date time stamp then adds it to the timeline control for visual rendering. 

The timeline control uses a standard C#.NET back ground worker, which is simply another thread other than the Main thread that handles the state of the user interface. This is done because the resizing and rendering process of the camera images are very CPU intensive. During this background process the user is presented with a standard waiting mouse cursor which remains until the background processes are completed.
8.2.1 Caching Mechanisms explored
At the start of the assignment it was known that there was a need for some kind of caching system that would keep all the thumbnail images in active memory to enhance the overall user experience of the application and it was initially supposed to be part of the applied research. However during implementation it was found that the open source control that was being used had already a simple cache mechanism.  But with the intent to explore a caching mechanism a new functionality broke to the surface.  

The application was at first designed to resize then render the images, when the user proceeded to filter a new set of images the first image set was cleared from the disk. This however was a waste of resources and an area where the design could be improved. A decision was made to keep all the previous image sets on disk and to introduce a recent interval set feature. There are many advantages of this approach two of these are; the application does not have to perform the resizing of the recent image sets and this means it will only have to render the images which can be done very quickly. The other is that the images are stored on disk and not in virtual memory therefore it reduces the memory usage of the application.
Although this approach is not a solution to a memory caching mechanism that would flag every image that has previously been resized and place it in virtual memory so that these images would never have to be resized again, the recent interval feature is useful for the users of the application allowing them to return to their most recent filtered image set. 
8.3 Map overview
The map overview gives a user the ability to see the exact coordinate location of each luminaire within real world test-bed on a 2d, 3d map. A luminaire can then be pre-selected by clicking on it from the map. Having this map view can have its advantages by allowing researchers to see the road layout or any other land marks which can help in making decisions for re-locating equipment that is being used in the testbed. The map control is based on the Bing map API allowing all open features of the map to be used. The map control was embedded into the application and all luminaires were added with their respective GPS coordinates. 
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Figure 12: Sensor Data application Map Overview.
By making use of the Bing Maps API, the implementation of the map overview was less tedious; the Bing Map DLL files were added to the application and the Map control style was customized in Expression Blend and the events were added to the map using Visual Studio.

Along with my company tutor we made a request to the municipal of Eindhoven to receive the exact coordinates of the street lamps that would be in the living lab testbed. The coordinates were later obtained in an old coordinates system called by the Dutch name Rijksdriehoekscoordinaten. To enter the coordinates they were first converted into standard GPS coordinates which is a requirement of the Bing Map API. The coordinates that represents a single street luminaire were then entered into the Map on the available pushpin control of the BingMap. Each pushpin represents a street luminaire and so this shows to the user the exact location of every luminaire that has been registered to be in the testbed.
8.4 Configuration tab
The configuration was created for the user to manage such things as the database, data set Meta data and camera images. It gives the application some flexibility so that it could be deployed on different environments.
8.4.1 Database management

The data management is a set of functionalities that allows the user to backup and restore database sets, update Meta data of the data sets and configure the database connection strings. These database features are nothing other than a wrapper over the My SQL database functions respectively the backup and restore calls.  The feature to add Meta data was created so that the user has the ability to specify a name and description for each data set making it easier to manage several datasets.

8.4.2 Camera Image management

The camera image management which is also part of the configuration tab of the application was created to allow the user to choose the source directory folder of the high quality camera images before they are resized. The Output directory folder can also be selected here these changes are then saved to the application settings.
Conclusion and recommendation 
Throughout the entire assignment I was able to expand my knowledge of software engineering and design, along with learning additional techniques in areas such as data visualization, data collection, and simple data correlation. Because the project was so flexible as to what technologies or design techniques it gave me the chance to explore my capacity to find solutions either through research or practical approach.
One recommendation for the company is to continue finding solutions to optimize the searching, resizing and rendering processes of the application; Optimization in these areas could drastically increase performance. I have begun to explore an alternative solution for the resizing process that would make use of multithreading that could cut the time it takes to render the images to screen. The basic idea is that for every (N) number of images a thread would be introduced to resize those (N) number images, i.e. if we have 60 images are rendered to the screen in about 3 seconds we can introduce 4 new virtual threads meaning that one thread would be used to resize 15 images. There is supposed to be a small performance gain with such a solution.
EVALUATION 
This assignment had been quite an experience not only considering the type of application being developed but because the project is just a small work package of a much larger research that consists of so many different parties, this caused a few setbacks, but on the other hand in such a project there is a lot of freedom in such choices as the technologies, tools and the overall design of the system. 
During my working days at Yall Solutions I felt already at home with the other employees and so starting up discussions on any part of the software design was quite easy. My company tutor and other developers were always keen to provide tips and advice when design or implementation issues arose.
This experience has also made me aware of the risks that are involved in software design especially in projects where not all of the development takes place under one project team in the same building. Being a research project with a multidisciplinary project team that was made up of so many different companies this raised the level of difficulty in areas such as communication and feedback.  However other ways were found to work around these setbacks, this kind of experience is invaluable for any developer to learn how to adopt their strategies very quickly whenever there are foreseen risks involved. 
The development practices at Yall Solutions have opened my eyes to some details that I may have over looked in my past work. From areas such as coding guidelines and development practices, I was quick to adopt some of the most significant design practises that they currently use to promote quality of their products. Some examples are their guidelines to documenting application code and the use of logging frameworks to make the process of finding issues much easier. This learnt knowledge I do intend to apply in future projects so that I can contribute better towards the end product.

Extensibility was indeed an important system design principle for this particular project, with the researchers exploring future Intelligent Street Lighting systems, the development of the sensor data analysis environment had to always follow the idea that there could be future growth and that the application could fall in the hands of new developers.  Having that awareness allowed me to understand as a developer how I can reduce the level of effort required by future developers to add new functionality or to modify the existing functionality. This awareness lead into the research of development practices such as the MVVM design pattern, which was in the end incorporated into the application design.
Although the company is still awaiting a complete data set, I was able to successfully develop a demo release of the data analysis application with the main functionality implemented. I did this by making use of the incomplete dataset to stage a “fake” dataset so that the development could continue.

More over through this experience I‘ve gained a vast amount of knowledge in areas of applied research and software engineering, and I do expect that this experience would remain with me throughout my future career as a software engineer.  
Future Work
Upon official completion of my assignment, I have been given the opportunity from the company Yall Solutions to continue with development work on the Sensor Data Analysis application. Throughout the upcoming months I would proceed to extend the functionality of the current application in order for it to be used in during the months of observation with the living test lab which is to be installed in the city of Eindhoven around the vicinity of Achtse Barrier.
In the wait of a complete data set I can address the issues that arose during the implementation phase and revise the overall design of the application. The application has not been given to the potential users so that they can have an actual experience with the system. Therefore in the continuation efforts I will seek to receive feedback from prototype experience back into the application design. Some other planned tasks are:
· Implement a view of the lighting scenarios used in the prototype setup.
· Implement an image correlation feature that allows the user to define detection areas.

· Improve the image resizing time by introducing a multithreading solution (Optimization). 

· Explore memory caching mechanism for the timeline camera images.
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