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ABSTRACT/SYNPOSIS

This project focuses on the utilisation of wireless sensor networks in an educational application. Through physical and simulation models, a proof of concept will be attempted against criteria as set-out in the previous proposal. Whilst the primary goal is to demonstrate the operation of sensor network and how it can work with the internet of things (IoT). There will be secondary objectives that will be identified as the project moves forward. Part of this report will focus on the necessary knowledge required to understand this project looks to prove. The fundamental research will identify the sensor technology and protocols that they operate under. It will also show related works that have helped guide the project and using these as guidance to develop the hypothesis.  Following on from the literature review a physical design will be discussed based on the sensor technology discussed in chapter two. This design will also be replicated through into the simulation utilising Cisco Packet Tracer software which allows for (IoT). Both the physical and simulation models will be discussed prior to the review of the findings set against the objectives as laid out in chapter one. Upon the completion of the tests the author will conclude and reflect on how this report has been compiled and what has been positive and negative throughout the process. It will identify further research and improvements based on personal experience as to how this project has been completed.
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[bookmark: _Toc121041576][bookmark: _Toc202288056][bookmark: _Toc266447524][bookmark: _Toc480884950][bookmark: _Toc480949928] Introduction

This project focuses on the use of Wireless Sensor Networks (WSN) [1]–[4]. Specifically, within an educational based environment. This form of technology is becoming recognised by many industries. Currently, the healthcare sector is benefitting from such technology, as the many studies into body sensors demonstrate [5]-[6]. Sensor networks contain ‘nodes’ [7] operating on low computing power and energy. These nodes can be tiny in size compared to a larger visible device. Regrettably, a negative with WSNs is their susceptibility to both physical and network connection intrusions. Consideration therefore should be given to the application of the WSN and to the integrity of the data being collected [8]. Ultimately, this technology is the future; this modernisation will affect all areas of life. Smart cities [9]–[11] are the catalyst for the future of this technology utilised in areas such as waste management, utilities, traffic control, parking allocation, retail marketing, emergency services, and security. As seen in figure 1.1 below smart city growth will be exponential from 2013 to 2025 [12].
[image: Smart_City_JPEG]
[bookmark: _Toc480884208][bookmark: _Toc480884902][bookmark: _Toc480950017]Figure 1.1 – Smart Cities Worldwide [12]
Some of the technologies already deployed across industry sectors include radio frequency identification (RFID) [13], motion detectors [14], and temperature, humidity, light and weather sensors [9]. Individually these technologies are being deployed in bespoke environments along with building management software [15]. Following the natural evolution of this technology progression into the educational sector is inevitable. An experiment based on the use of this technology is detailed within this report. This technology, along with future advancements, will be reviewed to gain a better understanding of the potential usage. 

As University of Wales Trinity St. David (UWTSD) currently utilises a small part of this technology, it makes for an ideal case study. UWTSD deploys RFID tags within the identification (ID) cards, on external access doors, printers, and the library service. A small number of classes have trialled RFID readers to monitor attendance. Motion detection is installed in public access areas for automated lighting systems. A secondary aim for the project will be to assist in the reduction of the university’s carbon footprint on the local environment [16].

[bookmark: _Toc202288058][bookmark: _Ref202288793][bookmark: _Toc266447525][bookmark: _Toc480884951][bookmark: _Toc480949929] Aim

This project will demonstrate the operation of a wireless sensor network utilised in a classroom environment.

[bookmark: _Toc266447526][bookmark: _Toc480884952][bookmark: _Toc480949930] Objectives

· Review current technologies
· Compare previous studies
· Development of a working simulation of a wireless sensor network utilising the working classroom model
· Compare results of simulation vs physical model
· Identify future research 

[bookmark: _Toc202288059][bookmark: _Toc266447527][bookmark: _Toc480884953][bookmark: _Toc480949931] Structure Of The Project

The following report is separated into three sections.  Firstly, an outline of the project, its background and methodology is provided. A review of literature and previous studies will be essential to the expansion of this project. Secondly, a simulation of the required WSN and a physical model will be developed. Both the simulation and physical models will form the basis for testing and proof of concept. The final phase, will draw conclusions from the results and evaluation of phase two. Identifying the findings, future research, and a summary of the project.

Chapter one provides a synopsis of the report.  It specifies the aims and highlights the objectives required to achieve success to the project. 

Chapter two focusses on the research, literature, and previous case studies relating to WSN technologies. Background knowledge is vital to the understanding and development of this project.

Chapter three concentrates on the methodology employed. It provides a comprehensive breakdown of the processes and philosophy behind the report. Data collection and the procedures required to manage the data collected.

Chapter four will highlight the current problem and the proposed design solution. Information on the simulation software to be deployed. A summary of the implementation can be found at the end of this chapter.

Chapter five shows the test and evaluation of both the physical and simulated models. A review of the current design will be discussed including: lessons learnt, issues with design, what worked well and areas for improvement.

[bookmark: _Toc266447540][bookmark: _Toc121041584][bookmark: _Toc202288061][bookmark: _Toc266447528]Chapter six will summarise the previous chapters together. Utilising this summary, a conclusion will be drawn showing what has been developed. This conclusion will also show what research has been completed highlighting any significant results for future development.

Chapter seven reflection, this section will discuss what has been achieved against the aims and objectives set out in chapter one. It will also focus on what the author felt went well or could have been improved on.

Chapter eight will comprise a comprehensive list of references used throughout the report. 
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[bookmark: _Toc480884956][bookmark: _Toc480949934] Introduction

This section is broken into two distinct areas, firstly, a review of the current technologies used in WSNs. This review will focus on the protocols used, types of sensor available and the applications currently being utilised. Secondly, it will focus on the associated literature that helped guide and provide a comparison for the experiments. During the process the author utilised the “IEEE Xplore digital library” [17] to access peer reviewed journals, white papers and conference proceedings. Additional research has been collated using google scholar and various industry standard websites. The methods employed during the production of the research and literature review contained in the report are discussed in chapter three.
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Traditionally a WSN design focuses on the network utilising a management tool contained within an existing corporate structure. Dependent on the application a sensor network will operate a communication protocol as seen in figure 2.1 below. As this technology can be deployed in varying environments it is considered good practice to establish the correct technology to be implemented. These protocols offer different features for connectivity and communication [18].
[image: ]
[bookmark: _Toc480950018][bookmark: _Toc480883941][bookmark: _Toc480884903]Figure 2.1 – Bandwidth for technologies in WSN [18] 
Figure 2.1 clearly identifies a vast difference within the bandwidth provided by each technology. Although Wi-Fi offers the larger bandwidth the draw back to this is the high-power consumption. As a majority of WSNs don’t require high end transmission connections this technology is not a preferred solution [18]. 
[image: ]
[bookmark: _Toc480950019]Figure 2.2 – Power supply for WSN technology [18]
With regards to the consumption levels, Wi-Fi has the greatest power usage. In part this almost rules out the use of this technology when considering a WSN. The more commonly utilised technology within WSN is RFID, Bluetooth and ZigBee. RFID technology uses mains power for the RFID reader but the card or NFC does not require power directly. However, batteries are required in Bluetooth and ZigBee technologies. Figure 2.2 illustrates the essential power supply for their process  and the types of batteries used in WSN [18].  A coin cell battery is commonly utilised within small devices such as watches, hearing aids, it can also be found in PC attached to mother board for the computer clock. Delivering small amounts of volts the coin cell batteries can be alkaline, zinc-air, lithium and silver in production [19]. The AAA battery is highly recognisable by many as the power supply to the TV remote control. The life span of this form of battery is very high, some are known to last for a number of years. The best form of this battery is the lithium as it far outlasts the more commonly known alkaline battery [20]. Li-Ion batteries come in differing sizes and types to suit the application it has been designed for. Some of the applications that utilise this form of battery are: tablets, iPods, laptops, notebooks and smart phones. A key feature of this battery is its portability hence its deployment in newer technologies such as wearables [21]. In closing this section regarding power consumption it should be noted that Wi-Fi technology is being researched and developed continually with a possibility of an improvement in energy consumption [18].
[bookmark: _Toc480884965][bookmark: _Toc480949940]Technology and Protocols

The power and bandwidth together are not the overall deciding factor it is important to have an in-depth view of the technology and what its key characteristics are, this can be seen in table below [18].
[bookmark: _Toc480950073]Table 1 – Characteristics of WSN technologies
[image: ]
Source: Second International Scientific-Practical Conference (2015) [18]
Bluetooth 
Institute of Electrical and Electronics Engineers (IEEE) [22], [23] identifies this technology as the 802.15.1 standard. Developed as a substitute to the cables in wireless personal area network (WPAN) [24], however, a limitation to Bluetooth technology is the lack of range or distance. Furthermore, the key features outweigh this disadvantage, with relatively low cost, power consumption and its robustness it is still deployed in many personal devices. Bluetooth can adapt its transceiver to prevent fading and interference as it uses a “frequency hop spread spectrum”[25] [26]. To reduce transceiver complexity a modulation technique is employed, this technology is defined as “Gaussian shaped, binary frequency shift keying” (GFSK) [26]. Utilising a full duplex transmission in conjunction with the time-division duplex (TDD) scheme Bluetooth provides seamless connectivity [25]. 




ZigBee
Much like the Bluetooth standard IEEE identifies ZigBee technology as 802.15.4. This type of WSN protocol utilises very little power and often operates in a smaller area of approximately 10m. Traditionally networks operate under a mesh topology as seen in figure 2.3 as this extends the range out to a maximum of 100m [27].
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[bookmark: _Toc480950020]Figure 2.3 – ZigBee topologies [28]
[bookmark: _Hlk480934627]The mesh topology allows the end devices to communicate through each other until they reach the main node, identified above as ZigBee coordinator. Although the mesh topology is the more commonly deployed the alternatives offer different solutions. The star offers end devices direct connection with the coordinator, this design would be used in short range smaller WSNs. The cluster topology offers the ability to link star topologies together with a central coordinator linked by a single ZigBee router. This design would be utilised in a building with multiple rooms and floors [28]. A feature of the ZigBee protocol is its ability to operate in differing environments and working with devices utilising batteries with very little power consumption. As seen in figure 2.3 there are 3 main components in a ZigBee network they are the coordinator, router and the device. These are also known as a full-function device (FFD) and reduced-function device (RFD) [27]. The FFD can operate as an end device, coordinator or alternatively it will be used as a “personal area network” (PAN) coordinator [29]. However, the RFD sole purpose is to operate a basic application for example; switch or small sensor. This is due in part to the small amounts of data being transmitted. In any of the topologies an RFD will only communicate with one FFD at a time. This cannot be said for the FFD as it will associate with RFDs and any FFDs contained within its network structure [29].


Wi-Fi
When considering the vast amounts of power consumption that is used in wireless fidelity (Wi-Fi) technologies it is not surprising to see that its deployment in a WSN is limited and costly. IEEE standards for Wi-Fi are covered in 802.11, however they are separated into differing standards as seen in table 2 below.
[bookmark: _Toc480950074]Table 2 – IEEE 802.11 standards
[image: ]
Source: IEEE Standards association [30]
The 802.11 standards all connect to the internet via a “wireless local area network” [31] (WLAN). This access to internet is provided through an access point (AP) and its connection will be dependent on the technology used. However most mobile devices will access APs through the frequency bands of 2.4 and 5 gigahertz (GHz). WLANs are defined in the IEEE 802.11 architecture [31] as comprising of a number of stations that interact to allow wireless connectivity. Stations form a local area network (LAN) known as a basic service set (BSS) to remain in communication with stations contained within it is important that the stations remain in the same BSS. However, an alternative solution to this is the extended service set (ESS). This solution requires a number of BSSs linked together with APs which in turn are connected to a distribution system [27], [31]. The 802.11 architecture model can be seen in figure 2.4 below
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[bookmark: _Toc480884904][bookmark: _Toc480950021]Figure 2.4 – BSS, IBSS and ESS example 802.11 architecture [27]
[bookmark: _Toc480884966][bookmark: _Toc480949941]Security

A major concern within any network either wired or wireless is how to protect and ensure data integrity. The 802.11 structure contains two classes of security processes known as robust security network association (RSNA) and pre-RSNA [31]. These processes contain algorithms that enable the required security level for the 802.11 protocol. Pre-RSNA technology cannot be utilised within sensor networks as it is vulnerable to attack. The exception to this is Open System authentication which is a null authentication algorithm [31]. This algorithm is the default verification protocol for pre-RSNA devices. Table 3 identifies what algorithms are utilised in both RSNA and pre-RSNA security.
[bookmark: _Toc480950075]Table 3 – RSNA and pre-RSNA security algorithms
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Source: IEEE Standard for Information technology [31]
TKIP
Temporal Key Integrity Protocol (TKIP) is known as one of the first newly developed link layer encryption protocols. Its overall aim was to advance the security of wired equivalent privacy (WEP). During its development most of the WEP architecture was retained, however it was bolstered by tackling WEPs vulnerabilities [32]. TKIP utilises master keys, this was not true with WEP as it only deployed a single master key. TKIP can also manage these keys to enable secure refreshing of new keys [33]. Whilst TKIP stills deploys the RC4-based frame encryption used in WEP, it obtains an exclusive RC4 key for each frame to alleviate attacks. This process is sometimes identified as key mixing [32]. A defence against the reply attack is the sequence counter, any frames flagged as being out-of-order are identified as each frame is numbered in sequence. Thus, preventing any potential intercepted data to be transmitted at a later date. WEPs hash has been replaced by TKIPs algorithm known as “Michael” [34] in using a stronger cryptographic integrity check it is easier to identify counterfeit frames. However, TKIP is still vulnerable to an active attack as it was developed to be used on hardware already in use. Countermeasures were also designed within TKIP to reduce to implications from such an attack [32]. MIC failures should be recorded and flagged for review by a network / systems administrator, this could be a warning of an active attack. These failures must be kept to no more than two in a sixty second period. If more than two are detected in a sixty second period the STAs and APs need to be disabled for a predetermined period [32]. The figure 2.5 below show the encapsulation for TKIP.
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[bookmark: _Toc480884905][bookmark: _Toc480950022]Figure 2.5 – TKIP Encapsulation [32]
CCMP (CBC-MAC)
Much like TKIP Counter Mode with CBC-MAC (CCMP) was developed to replace the older WEP protocol. However, as this newly designed cryptographic tool was going to not be backwards compatible it took longer to develop. Primarily CCMP was designed with Advanced Encryption Standard (AES) in mind. It is known that the AES uses both 128-bit keys and 128-bit blocks, thus making it far stronger in security than the 802.11 RC4 standard [32]. As detailed in RFC 3610 (2003) CCMP is derived from the utilisation of the block cipher contained within the Counter Mode with CBC-MAC (CCM). CCM offers encryption for confidentiality and forms a cryptographically secure integrity check value, this is made possible due to its combined operation [35]. The CCMP process offers a provision for encryption and integrity protection simultaneously, as shown in figure 2.6. CCMP utilises the frame, however in addition it will use a “temporal key” which will be attached to both encryption and authentication of the frame. A “key identifier” is required as “multiple keys” are deployed for use. At this point one key will be attached to a frame. To identify transmission a unique “packet number” is issued, this number will increase upon each frames transmission. However, should the frame require to be resent this number will not increase [32].
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[bookmark: _Toc480884906][bookmark: _Toc480950023]Figure 2.6 – CCMP frame processing (encryption) [32]
When comparing the encapsulation against TKIP it appears as though CCMP is simpler. Subsequent to the MAC header is where the CCMP header is placed, this header retains the “packet number” and “key ID”. Like TKIP the following frames containing the “data” and “MIC” are encrypted. The frame check sequence (FCS) follows to allow upper layer data to be transmitted [32]. as seen in figure 2.7
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[bookmark: _Toc480884907][bookmark: _Toc480950024]Figure 2.7 – CCMP encapsulation [32]
RSN operations
Although TKIP and CCMP are defined within the 802.11 procedures there is another standard called Robust Security Networks (RSNs). Contained within an RSN are keys and this standard identifies as to how they are derived and used. Both TKIP and CCMP utilise keys for frame protection they are known as “pairwise keys” and “group keys” [32]. These keys are vital to the successful protection of frames contained in an RSN. The pairwise keys offer security between the station and access point (AP). Communication between the AP and clients is secured by the use of group keys even when broadcast or multicast traffic is used. With both TKIP and CCMP using one “master key” and breaking it down as required to offer frame security. Utilising a master key, encryption can be refreshed on stations without the need to start the authentication process again. With the master key becoming the priority it is vital that it is secure as it is used to create all other keys for TKIP and CCMP as seen in figure 2.8 the aim of the key structure is to secure the transmission of temporal keys [31]. At the top of the structure is the Pairwise Master Key (PMK), this key is 256-bits in length. A PMK can be obtained from either the WPA-PSK or an authentication server [32].
[image: ]
[bookmark: _Toc480884908][bookmark: _Toc480950025]Figure 2.8 – Pairwise key structure [32]
As previously mentioned in this chapter a temporal key is obtained from the expansion of the PMK, this is defined as “pseudorandom function” (PRF) [36], [37]. Additional randomisation of the data uses the MAC addresses obtained from the client and AP in addition to this two completely random nonce values are contained within the four-way key exchange handshake. TKIP and CCMP both employ the PRF method to expand the PMKs 256-bits into a “pairwise transient key” (PTK) [36], [37]. Both TKIP and CCMP utilise the 128-bits to secure the temporal keys during the transmission of data. As seen in figure 2.2.3.4 both TKIP and CCMP deploy the Extensible Authentication Protocol over LAN (EAPoL) [31] these protect the transmission of keying information. Each block has an allocation of 128-bits and are identified as “key confirmation key” (KCK) and “key encryption key” (KEK) [32]. Another master key that is utilised is the “group master key” (GMK). This GMK operates at the link layer as a security protocol, it is deployed in broadcast and multicast transmissions [36]. As PMKs have to be different for each and every station within the network, it is not possible to utilise a single key for multiple destinations. The GMK is maintained by the authenticator for use with the temporal keys. As before in the pairwise key structure the GMK hierarchy is expanded using the PRF as seen in figure 2.9 unlike the previous structure it does not contain KCK or KEK [32].
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[bookmark: _Toc480884909][bookmark: _Toc480950026]Figure 2.9 – Group master key (GMK) structure [32]
As mentioned previously in the chapter the four-way handshake is used in pairwise or unicast communications. In this handshake both the client and AP use a pairwise master key. During the handshake, it is established that the temporal key can be obtained to allow encrypted communication to take place [32] at each stage of the process messages are acknowledged as seen in figure 2.10
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[bookmark: _Toc480884910][bookmark: _Toc480950027]Figure 2.10 – Four-way key handshake [32]
[bookmark: _Toc480884967][bookmark: _Toc480949942]Wireless Sensors

As there are a number of sensor suppliers within the market place this section will mainly focus on what sensors are required in the completion of this project. For this project a number of manufacturers were considered, however after looking at the solutions provided by Measurement Systems Ltd (MSL) [38] it was decided to acquire the following wireless sensors and software. The data sheets for each sensor can be found in the appendix.
· Temperature
· Humidity
· Motion detection
· Light meter
· Light detection
· Ethernet gateway (POE)
· iMonnit Premiere software
Temperature sensor
This sensor can be utilised in many differing locations but its primary role is to monitor the ambient temperature. These sensors are more commonly deployed within data centres, server rooms, clean room and environmental monitoring. The traditional output for this sensor is degrees Fahrenheit. The Monnit temperature sensor as seen in figure 2.11 works in conjunction with the ethernet gateway. It operates using a coin cell battery as discussed earlier in this chapter giving it a long life span [39].
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[bookmark: _Toc480884911][bookmark: _Toc480950028]Figure 2.11 – Temperature sensor [39]
Humidity sensor
Much like the temperature sensor the humidity sensor can operate in environmental monitoring this could be in a green house, agriculture, museum, and general weather monitoring. Again, this sensor needs the gateway to communicate its collated data. As an added bonus this sensor can also read temperature as it forms a key component when calculating humidity. The battery supply used in this sensor is also coin cell offering a long usage level. The figure 2.12 below is an example of the Monnit humidity sensor [40].
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[bookmark: _Toc480884912][bookmark: _Toc480950029]Figure 2.12 – Humidity sensor [40]
Motion detection sensor
As the name suggests this sensor is solely for the detection of movement within a room or specified area. Some applications for this type of sensor include, lighting, automatic door access, and security. As before this sensor doe require the gateway to send the notification of movement to the software being utilised. The power source for this sensor is a coin cell but it is not limited to this as it could operate using ‘AA’ size battery also. This sensor can be ceiling or wall mounted as the range and angle can differ dependent on the application. Figure 2.13 shows an example of the Monnit motion detection sensor [41].
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[bookmark: _Toc480884913][bookmark: _Toc480950030]Figure 2.13 – Motion detection sensor [41]
Light meter sensor
Although this sensor works with the light is specifically looks at the luminescence (lux) levels from 0 – 1000 lux (for indoor application). Measuring the intensity of the light in a room or area could be vital dependent on its usage. Offices, museums, and art galleries often utilise this sensor to maximise the potential to manage the light levels. As this sensor consumes larger amounts of power it utilises two ‘AA’ sized batteries. An example of a Monnit light meter sensor can be seen in figure 2.14 [42].
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[bookmark: _Toc480884914][bookmark: _Toc480950031]Figure 2.14 – Light meter sensor [42]
Light detection sensor
Unlike the light meter sensor, the sole purpose of the detector is to simply identify if light is present. The output for this sensor is a basic light or no light signal. This data is transmitted again through the gateway, some of the uses of this sensor are to notify if lights have been left on within a room or specific area. Like the humidity sensor the power options can vary from coin cell to ‘AA’ sized batteries. The figure 2.15 gives an example of what the Monnit light detection sensor looks like [43].
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[bookmark: _Toc480884915][bookmark: _Toc480950032]Figure 2.15 – Light detection sensor [43]
Ethernet gateway
To enable the sensors all to communicate across the network this gateway is required. The gateway transmits the data across the internet or local area network dependent on the software application being used. These devices are often seen in data centres, property management, and commercial facilities utilising any of the sensors previously discussed. The gateway can be powered using a low-cost approach known as power over ethernet (POE), utilises the network cable to provide the necessary power required. However, the more traditional route of power will be provided by an AC power supply. The gateway can been seen in figure 2.16 [44].
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[bookmark: _Toc480884916][bookmark: _Toc480950033]Figure 2.16 – Ethernet gateway (POE) [44]
iMonnit Premier software
Although there are four distinct options for an end-user to access data recorded by the sensors. All are labelled as iMonnit, options are basic, premiere, express and an enterprise solutions. The outputs and configurations for sensors associated to networks can be managed via any of these applications. The software can be accessed on mobile devices, laptop or desktop PC as seen in figure 2.17 [45]
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[bookmark: _Toc480884917][bookmark: _Toc480950034]Figure 2.17 – iMonnit software [45]
[bookmark: _Toc266447542][bookmark: _Toc480884968][bookmark: _Toc480949943] Related work

This section of the report is going to focus on the literature that has been influential in guiding both the research and experiments being used. The four main papers being discussed have all been sourced from the IEEE Xplore digital library [17]. Three of these papers concentrate on smart classrooms utilising wireless sensor networks. The final paper again looks at the use of sensor networks in an intelligent room.

[bookmark: _Toc480566707][bookmark: _Toc480673584][bookmark: _Toc480821405][bookmark: _Toc480845048][bookmark: _Toc480884969][bookmark: _Toc480884970][bookmark: _Toc480949944]A Scalable intelligent room based on WSN [46]

The focus for Altamirano and Henriquez (2010) [46] paper is on wireless and RFID technologies being deployed into a smart classroom. The protocol utilised within this implementation to control the wireless network is ZigBee. The authors have considered five elements in the design structure. Starting with the ‘main controller’ [46] its main function will be to operate as the server utilising the management application. Following on from this are the sensors, there primary function is to operate as environmental monitoring devices. Working in conjunction with the sensors are the actuators, there function is the control of the air cooling system, light operation, and finally the door access. With the door access requiring RFID tags the fourth element is the RFID reader, this data will be accessed from the server or main controller. The last element of the design is the communication, known as the routing protocol. This protocol will allow the transmission of data across a network, one of the main roles for this protocol is to prevent data-loops [46], [47]. Considering the design, the authors explain in detail the actual implementation and it identifies a four-stage approach as the model. Hardware is considered to be the first stage, this includes the nodes, RFID technology and gateway. The second consideration is again the communication, the authors fail at this point to identify in any depth what is to be used. However, they do give thought as to the links and their reliability between the RFID reader and any tags being used. At this point the authors combine the third and fourth stages into one section. Covering both the software and application the authors repeat information on obtained on the gateway, RFID, and sensors. During the description, it highlights the actuator node and what operations it performs within the design. At this point an image is utilised to visualise the proposed topology, although identified as the routing protocol example [46], [47].

In reviewing what has been proposed in the implementation Altamirano and Henriquez (2010) [46] demonstrate a sound understanding of the principles required for achieving a WSN. In spite of this it is strange that this paper fails to identify if window, blinds and humidity control will be utilised within the network. Considering that the RFID technology is deployed it is disappointing to see that occupancy data recording is not considered. Another area of concern is the concentration on the configurations of the each of the elements, when no real information is offered on the management database and software. As this paper does identify certain commands and data collation it would have been helpful for the authors to touch upon what software would have been considered. Not wishing to speak ill of this paper however it does lack heavily in reporting the actual results obtained and justifications for the statement given by Altamirano and Henriquez [46], [47].
 ‘The implementation described in the previous Section was evaluated under a controlled environment and it works as expected’
Unfortunately, the omission of evidence in the form of graphical data representation it is hard for any reader to accept the author’s findings. It would strengthen the paper if the authors had provided information regarding any potential issues, fault finding, and amendments made to the original design. That said overall this paper has identified a working solution that will be helpful in the achievement of the objectives for this project [46], [47].

[bookmark: _Toc480949945][bookmark: _Toc480884971]An intelligent classroom management system [48]

This paper takes a different perspective to approach above,  Chiou and Tseng (2015) [48] look at the smart classroom from a diverse angle. Although they employ a sensor network their approach is to identify student behaviour through a series of nodes monitoring the environment. Much like the Altamirano and Henriquez (2010) [46] design this implementation will also use the ZigBee WSN. The proposed architecture for the ‘Intelligent Classroom Management system’ [47], [48] sees the authors breaking this into three different operations these are identified as the environmental, instruction, and finally the learning behaviour management systems. In summary the environment will monitor the classroom, the instruction will give power to a lecturer to alternate learning tasks and the learning behaviour will concentrate on the students attention levels [48]. this can be seen in figure 2.18
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[bookmark: _Toc480950035]Figure 2.18 – Proposed system architecture [48]
As seen in the figure 2.18 the creation of sub-levels contained with the main management system this are known as modules. The first of the main systems covers the environment monitoring, it is proposed to gather data from temperature, humidity, illumination, and CO2 sensors. It is suggested that these sensors will communicate with the feedback device modules to maintain or alter the environment. The second system is the instruction, this area focuses solely on the lecturer. Giving control of learning tasks it is identified that the lecturer can alternate through four modes, blackboard, multimedia, slide, and rest. As the environment monitoring it will communicate with the feedback devices to initiate the required changes. Learning behaviour control is the final system, deploying a structured Bayesian [48] approach it is proposed that the students will be monitored using camera and sensor technologies. This structure will allow for the feedback to be initiated for both student and lecturer, the main focus for learning behaviour is on fatigue and inattentive. The Bayesian approach utilises a three-tier system focusing on behaviours, features, and sensors [47], [48]. The figure 2.19 shows the Bayesian approach.
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[bookmark: _Toc480950036]Figure 2.19 – Bayesian approach [48]
Utilising the approach above the student will receive feedback via a combination of a light-emitting diode (LED) [49] and vibrating wrist band. At this point the lecturer is also notified as to what status the student is currently at. The proposed location for the system is Chung Hua University, Taiwan. It will consist of a room containing twenty-four desks equipped with the feedback devices and sensors. The classroom will also have an installation of the sensors as discussed earlier and the ZigBee WSN will be implemented. The implementation can be seen in figure 2.20.
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[bookmark: _Toc480950037]Figure 2.20 – Room layout in Chung Hua University [48]
The desktop monitoring software identifies each of the sensors and the feedback devices that can be controlled by the lecturer. This software uses a simple tabbed approach to make alterations easy to implement, and the use of red and green to signify that a sensor is performing within tolerances. In concluding this paper, the authors have proposed a strong solution that definitely meets their objectives. Much like the Altamirano and Henriquez (2010) [46] paper it lacks in evidential results to provide a strong conclusion. The authors confirm that the system is currently in operation and has been monitored both manually and via the feedback system. The results of these tests aren’t presented within the paper just a few lines to say that the manual tests matched the automated system. The authors plan to further the research and continue in its further development [47], [48].

[bookmark: _Toc480949946][bookmark: _Toc480884972]Smart Classroom: Concept to Construction [50]

The authors of this paper Song Shuqiang, Zhong Xiaoliu, Li Haixia, Du Jing and Nie Fenghua (2014) focused on a case study with regards to a physical implementation of a smart classroom. The location utilised in collaboration with the authors is “Wudaokou School of Finance of Tsinghua University” which is based in mainland China [50]. Firstly, the paper focusses on the history of the classroom and it many developments through the years. Looking at the research the authors identify three stages of evolution, starting in the multimedia period. This period introduced the personal computer and devices which aided in the teaching of subjects from projection screens, audio and visual presentations. In part this was used to evolve from the more traditional chalk and board method [50]. The network period followed the multimedia age, with a focus on the introduction of internet and online learning. At this point teaching then became an online resource with the ability to research and provide teaching to areas previously inaccessible via online video technologies [50]. So, to the present day and the next evolution, known as the “Smart Classroom” this current period is a culmination of the two previous periods. The evolution sees the introduction of the “Internet of Things” (IoT), cloud computing and big data [50]. As the use of computing evolves to a mobile world and smart technologies the authors identify the smart classroom as a new trend. The use of smart applications, technology and management becoming the characteristics of the classroom of the future [50]. The second part of the paper identifies what the needs and the concept of the smart classroom should be. It is quite clear from the research the authors will heavily rely on the internet and the cloud as a backbone for their proposal. Mentioning that an intelligent classroom should be able to operate in conjunction with the environment and learning experience. The third stage in this paper talks about the “iSMART” [50] concept which links together the smart approach with the infrastructure. This development consists of six distinct approaches, infrastructure, network sensor, central management, augmented reality, real-time recording, and ubiquitous technology [50] as seen in figure 2.21
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[bookmark: _Toc480950038][bookmark: _Toc480884918]Figure 2.21 – iSMART model [50]
When breaking down the model the authors explain that the infrastructure element looks at the objects contained within the classroom, tables, chairs, lighting and power supply. It is consider that the utilisation of the space will conform to allow the maximum usage of the physical space so that the environmental systems can be installed with a view to reducing the overall economic impact to the university [50].
Moving onto the second part of the model the network sensors, it is unclear as to whether the proposal suggests that they will be either wired or wireless. However, the sensors will provide “Network Access Control” (NAC), RFID, and a “Human Recognition System” (HRS) [50]. The central management system is an integral part of the iSMART system. Having the ability to monitor the environment, power consumption, and the activities within a classroom. Acting as the main brain of the operation it can analyse the software, hardware and internet usage to ensure that the classroom is performing efficiently [50]. It is slightly clouded as to what the augmented reality actually does, Shuqiang et al (2014) states:
“The augmented reality module embodies sub-systems of interactive demonstration, networked video conference and wearable computing. Through the wearable computing system, the physical environment and the virtual environment are seamlessly connected [50]”
After reading this statement I feel that this could have been covered comfortably in the network sensors module, most wearable technology operates currently through Bluetooth or Wi-Fi as previously discussed in this chapter. The real-time recording element offers a student the option of accessing a lecture being broadcast live or previously recorded. With lectures being recorded both student and academic staff can access to create a working module of content, recording responses and lecturer interactions [50]. The final element in the model is the ubiquitous technology which will focus on the cloud computing aspect of “bring your own device” (BYOD). It will also include the resources within the university Wi-Fi, internet and applications [50].
At this point the paper moves to the physical deployment of the case study and it discusses the requirements with regards to the lecture theatre. The initial construction will be a seventy-seated fan-shaped lecture room. Although not previously mentioned in the paper the requirement for the room to have acoustic reverberation and a sound insulation coefficient [50] is also included within the design. With regards to the technology it appears as though the authors are proposing to place HRS system outside the two entrances to the room. Along with the HRS an RFID device will be installed which will monitor the attendance. The environment will be monitored by the installation of two humidity and temperature sensors. To aid student’s connectivity to the university network and cloud service each table will have a network interface included. To allow for redundancy a wireless router will be included to cover the entire lecture theatre [50]. In concluding this paper, it is clear to see that the authors do not mention if the concept actual works or in fact has been installed. Whilst the processes and iSMART module [50] appear to meet the objectives as outlined in the early stages of the case study. It is disappointing to see that no further research has been located or been referred to in the papers own conclusion. It is implied that future research will be based around the teaching activities and how they can be supported in an intelligent way [50]. 

[bookmark: _Toc480949947][bookmark: _Toc480884973]ZigBee and GoAhead Tech in the Smart Classroom [51]

The direction that the authors Sun Jianmei and Liu Dan (2013) take differs from the previous papers. Their focus is solely on the ZigBee and GoAhead technologies only and considers no other alternatives. The authors look to demonstrate a smart classroom and management system that is both low-cost and low in power consumption [51]. As previously seen within this chapter the ZigBee technology offers a highly reliable and scalable technology. Identified in the research for ZigBee is three wireless network models, stellate, cluster tree, and reticular shapes [51]. There is no other significant research within the ZigBee protocol. The paper then moves to the GoAhead embedded web server, in most cases this application is device based. The use of web interfaces is nothing new however the GoAhead web server is open source by availability and it supports various methods of coding. Being able to operate a “graphical user interface” (GUI) makes the control and management of the sensor network possible both remotely and statically. In section three of the paper the architecture and operation is discussed. The design is proposed to comprise of identity cards, wireless sensor nodes, and mechanical nodes within the classroom[51]. The sensor nodes deployed within this room cover the environmental elements, in addition to these nodes the switches and control mechanisms can be configured from a central management system. The design is centred around a classroom gateway, this device will be utilised for the transmission of data. The strange element within the design is that the authors propose to allow all smart devices to connect with the network to allow remote connectivity. Along with the RFID tag and smart device students attendance will be monitored this information will be transmitted securely to the attendance server [51]. The figure 2.22 shows the proposed structure of the model.
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[bookmark: _Toc480950039][bookmark: _Toc480884919]Figure 2.22 – Architecture of the proposed model [51]
The structure of the topology above demonstrates the stellate model, it makes the ZigBee coordinator the organiser of the network. The coordinator manages the data traffic from the sensor nodes in the topology, it then pushes this data toward the GUI system [51]. The next section discusses the hardware and its interaction within the network. Within the gateway is a chip provided by Samsung S5PV210 [52], for full details on this chip see appendix. This chip is based on the kernel of ARMCortexTM-A8 [51], [53] the figure 2.23 shows the microprocessor and its relative modules.
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[bookmark: _Toc480950040][bookmark: _Toc480884920]Figure 2.23 – Gateway microprocessor [51]
The following sections discuss the software design and how it is incorporated within the implementation. In summarising the development process, it can be broken down into five different operations. Firstly, loading the boot program which initialises the device for use upon a power up. Secondly, the transplant of the embedded operating system, as it is open source it makes the application is completely compatible. Thirdly, the embedding of the root file system, during start-up this process is initiated which creates a number of files and directories for use in the network. The fourth process is the transplant of the web server GoAhead, much like the previous stage upon start-up the web server embeds itself utilising various operating systems. The fifth and final process is the application of the gateway, during the start-up the GUI system is initiated for use with gateway [51]. Bringing this paper to conclusion the main concern felt by the author of this report is the lack of security or mention of access rights. In concluding the report the authors clearly inform us that the system operates and end users can indeed access this web portal from any smart device or control interface. Much like the previous study this report does not show any results as to what has been recorded to prove that this system operated as expected [51].

[bookmark: _Toc202288079][bookmark: _Toc266447547][bookmark: _Toc480884974][bookmark: _Toc480949948][bookmark: _Toc202288080] Conclusion 

This chapter has covered the fundamental research and technologies required to gain knowledge necessary to complete the experiments and report. After a brief introduction to the chapter the writer moved onto the wireless sensor networks. This section concentrates on the bandwidths employed within the network and how they impact the power supply. To gain further knowledge it is necessary to understand the technologies that are available and what protocols they operate with. Unlike a number of the papers discussed in the literature review a focus on security was felt by the author to be essential. Confidentiality and data integrity forms as major role in the implementation of correct security protocols and policies. The author introduced the readers to the sensors, hardware, and software to be utilised within the experiment. At this point it has become clear what technology is required and what manufacturer is going to be used within this project. The final stage of the research is the literature review which covers the related work that formed the basis of the knowledge. Each of the papers discusses different options to implement a smart classroom, however, the solutions appear to be fundamentally unique to each other. Despite these differences each paper achieves a similar conclusion that a smart classroom is the future and is certainly achievable in the 21st century. The following chapter will discuss the research methods and philosophy behind this project.
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[bookmark: _Toc480884978][bookmark: _Toc480949953] Introduction

The chapter will breakdown and analyse the philosophies, approaches, strategies and time scale involved with the project. Also, covered in this chapter is what formed the methodology behind the literature review and the validity of the sources. The final part of this chapter will link directly to the experiments and how the research has guided both the data collection and physical and simulation experiments.
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[bookmark: _Hlk480948037]For this project, it was important to identify and develop a research methodology. This strategy has been guided by the “research onion” as produced by Saunders, Thornhill and Lewis (2012) [54]. As seen in figure 3.1
[image: ]
[bookmark: _Toc480950041][bookmark: _Toc480884921]Figure 3.1 – “Research Onion” [54]
In establishing the methodology for the project the onion formed the basis or starting point for reference. To aid in simplifying of this model a flow chart has been developed identifying those key areas to form the research process. Breaking down each stage within this chapter will give a fundamental understanding as to why it was appropriate to select certain elements [54]. This flow chart can be seen in figure 3.2 each of the selected events contained in the flow chart are highlight in a yellow colour or to left of the decision box.
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[bookmark: _Toc480950042][bookmark: _Toc480884922]Figure 3.2 – Research process based on the “onion” [54]
[bookmark: _Toc266447531][bookmark: _Toc480884983][bookmark: _Toc480949956]Research Process

Although the process above has been used there is consideration at each level for change and amendment based on the development of the project. This flexibility is required as the experiments are an unknown quantity and movement needs to be allowed for throughout its application [54]. The following sections will justify the choices made above at each stage.  
[bookmark: _Toc266447532][bookmark: _Toc480884984][bookmark: _Toc480949957]Research Philosophy

[bookmark: _Toc266447533]So why has the author chosen to use “positivism” as the philosophy? It is known that this knowledge is based around the principles of observation and real world experiences. As the project is adopting an experimental theme around a topic that is both highly researched, and has existing theories and experiments that are well documented. It is viewed that this would be correct path to work with as this links onto the deductive approach [54], [47].

[bookmark: _Toc480884985][bookmark: _Toc480949958]Research Approach

The deductive approach whilst linked to the above philosophy is seen as to test theory. Leading the author to develop a hypothesis to test the projects theory and objectives. It is important to acknowledge at this stage that this approach allows for the collection of quantitative data. Being very rigid in its structure it is ideal to provide a simple ‘yes’ or ‘no’ to an experiment. Testing the theories outlined in the design chapter it is fair to say this method will allow for a definitive outcome in the experiments against the objectives [54], [47].

[bookmark: _Toc480884986][bookmark: _Toc480949959]Research Strategy

As previously discussed the only real way to determine the success for this project is through the medium of experimentation. An experiment is used to take theory into actual application, in this project both simulation and live experiments will be carried out. It will identify also as to what the project is looking prove, again this will be identified in chapter four. A case study could have been considered at this stage however the author felt that there was not suitable installation or application locally available. The experiments have also received the backing from the School of Applied Computing within UWTSD [54], [47].

[bookmark: _Toc480884987][bookmark: _Toc480949960]Research Time Scale

At this point the author has struggled to determine as to how the experiments should be run, the project itself has run for a period of nine-months so far. The indecision has been driven by the purchase of the equipment required to complete the live experiments. It is seen that the cross-sectional approach will provide a sufficient snapshot of data to perform a good analysis. It is felt by the author that this element could be fluid and potentially moveable [54], [47].

[bookmark: _Toc266447534][bookmark: _Toc480884988][bookmark: _Toc480949961]Research Literature and Data Collection
[bookmark: _Ref167690968][bookmark: _Ref250508952][bookmark: _Toc266447130]
The following section will show where the research has been sourced for the literature carried out in the previous chapter. It will also identify how the data will be collated from the experiments due to be completed [54].
[bookmark: _Toc480950076]Table 4 – Literature and Data collection methods
[image: ]
Source: developed from Saunders et al. (2012) [54]
Utilising the above table and comparing the findings from the literature review and data collected from chapter five it is possible to triangulate the results. This method will be discussed further on in this chapter [54].



[bookmark: _Toc266447535][bookmark: _Toc480884989][bookmark: _Toc480949962] Research Design
[bookmark: _Toc480566728][bookmark: _Toc480673605][bookmark: _Toc480821426][bookmark: _Toc480845069][bookmark: _Toc480884990]
[bookmark: _Toc266447537][bookmark: _Toc480884992][bookmark: _Toc480949963]Research Deliverables

The experiments look to produce results based on actual recorded data collected by the cloud based server application provided by iMonnit Premiere [45] the simulations will produce results that will be exported and translated into graphical data presentation. The results analysis and findings can be found in chapter five, included with this chapter will be a review of the objectives and aims.

[bookmark: _Toc266447538][bookmark: _Toc480884993][bookmark: _Toc480949964]Triangulation

Creating a conclusion based on the actual results in comparison to the literature will be the main aim. The term triangulation in this scenario means that the results from chapter fives findings will be compared against the simulations. At this point it will give validity to the data and its potential use within the report [54].
 
[bookmark: _Toc266447539][bookmark: _Toc480884994][bookmark: _Toc480949965] Conclusion

In summarising this chapter, it has established the necessary methods in place to ensure the success of the project. Setting out the philosophy from the beginning has aided and guided the project along the correct path. Giving the research structure is vital to keep a project on task and to be delivered in a timely fashion. When considering the literature and data collated throughout chapter two it was essential to ensure that they were taken from primary and secondary sources as highlighted in table four. As the report moves to the design stage in chapter five it is important that this chapter be reviewed prior to the completion of the report.

[bookmark: _Toc341174544][bookmark: _Toc480884995][bookmark: _Toc480949966][bookmark: _Toc121041633][bookmark: _Toc202288167][bookmark: _Toc266447548]DESIGN & IMPLEMENTATION
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[bookmark: _Toc480884998][bookmark: _Toc480949970] Introduction

The following chapter explores the network design topology, technology and software that will be implemented to meet the objectives and aims of the project. Split into three keys areas identifying firstly the problem, then moving onto the actual physical and simulation designs. Finally, looking at the full implementation and what has been achieved to meet the initial problem identification [47].

[bookmark: _Toc480884999][bookmark: _Toc480949971] Problem Formulation
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[bookmark: _Toc480885002][bookmark: _Toc480949972]What is the problem?

At this stage, the UWTSD School of Applied Computing doesn’t utilise the IoT to monitor and control any part of the classroom experience. Under consultation with Carlene Campbell (project supervisor) and Chris House (UWTSD lecturer) it is seen that the university will benefit from the smart classroom technology. The university currently employs a paper based approach to the recording of attendance [47].

[bookmark: _Toc480885003][bookmark: _Toc480949973]What are the advantages in solving the PROBLEM?

It is proposed that in solving the problem the university will benefit from accurate environmental readings from the various installed sensor nodes. A potential reduction in the power consumption for the experimental room, although this may not be fully quantified in the experiment. It is seen that the lecturer could have complete control of the learning environment for students to encourage stronger learning within the classroom. An additional area to be covered is the accurate recording of attendance utilising technology already being utilised by UWTSD [47]. 

[bookmark: _Toc480885004][bookmark: _Toc480949974] Design
[bookmark: _Toc480566743][bookmark: _Toc480673620][bookmark: _Toc480821441][bookmark: _Toc480845084][bookmark: _Toc480885005]
[bookmark: _Toc480885006][bookmark: _Toc480949975]Physical Architecture

In regards to the physical application the room to be utilised is on the fifth floor of the Mount Pleasant building on UWTSDs Swansea campus. The actual room is the Cisco lab known as MH505, as seen in figure 4.1 below. The physical network will comprise of sensor nodes as discussed in chapter two along with the gateway [44]. The iMonnit software [45] as discussed within this section will be used to collate the data and provide a graphical representation of the recorded values for comparison [47].
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[bookmark: _Toc480884923][bookmark: _Toc480950043]Figure 4.1 – Blueprint for MH505 Cisco Lab
[bookmark: _Toc480885007][bookmark: _Toc480949976]Physical Implementation

Upon the delivery of the sensors and gateway it was important to ensure that the installation for the room was performed to adhere to the guidelines set out by iMonnit. It is advised that the sensors should not be placed within a foot of another node as this potentially could interfere for the transmission of the data signal [55]. The nodes are placed in a configuration centrally within MH505, prior to the power sources being activated this can been seen in the figure 4.2
[image: ]
[bookmark: _Toc480884924][bookmark: _Toc480950044]Figure 4.2 – Node placement in MH505
The image is taken directly after the installation, the ethernet gateway has been installed in conjunction with the nearest access point for internet. After configuring the gateway as seen in figure 4.3
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[bookmark: _Toc480884925][bookmark: _Toc480950045]Figure 4.3 – Ethernet gateway installation in MH505
At this point the sensors were added to the network identified as MH505 – Cisco Lab. The nodes being used are given unique identification and codes. Table five identifies the details for each of the installed sensors. 
[bookmark: _Toc480950077]Table 5 – Nodes ID and Codes listing
[image: ]
Source: developed from data supplied by Monnit sensors

Upon the entering of the codes the gateway is ready to link and make a pairing. The power source either coin cell or ‘AA’ batteries were placed within each node and after sixty seconds the basic details for each sensor are displayed on the iMonnit software [45]. At this point each individual sensor can be calibrated and configured dependant on what it is tasked for. An example of the humidity sensor configuration is seen in figure 4.4 
[image: ]
[bookmark: _Toc480884926][bookmark: _Toc480950046]Figure 4.4 – Configuration for Humidity sensor [45]
At this point all the sensors configurations vary depending on the installation for clarification this report will focus on the Humidity sensor. An option is given to show the Dew-point which measures in degrees Fahrenheit or Celsius. This dew-point monitors the level of water saturation within the air, the lower the value the more comfortable environment. The heartbeat registers the link with the gateway in periods of inactivity. The default setting is 120 minutes however it is felt for the experiment it was important to decrease this time to 10 minutes. As the sensor should not go inactive it is important to know if the sensor fails so the shorter timescale offers this protection. The sensor has been set to operate only between the hours of 8 am to 10 pm. This timescale allows for when the university is occupied by lecturers and students.  The aware state is triggered when a sensor becomes active. Each sensor can be configured again with more specific measurements however in all the nodes it has been set with almost the default values. The only changes made to the configuration is the aware state heartbeat and synchronise options. The aware state has been set to match the heartbeat interval of 10 minutes. Much like the heartbeat this aware state communicates with the gateway during active periods. The synchronisation of the sensor allows small networks to transmit data within 5 seconds of each other. This option should not be utilised if the network has ten or more sensor nodes [40], [45], [55], [56]. Following on from the configuration is the notifications setting, allowing the end user to pre-set alerts. These are configured to notify the user of readings that either equal, greater, and less than a predefined value. For the humidity sensor, the level is set to greater than 50% [56], [57]. This can be seen in figure 4.5 
[image: ]
[bookmark: _Toc480884927][bookmark: _Toc480950047]Figure 4.5 – Configuration of notification settings [45]
The final stage for the implementation of sensors and software is to allocate a suitable reporting process this is done via the reports section on the iMonnit online portal [45]. The reports can be configured to send as much as little amounts of data as required. It is also possible to select if the user wants daily, weekly, or monthly reporting. The report settings for the humidity sensor can be seen in figure 4.6 the reports can be sent by email to a single or multiple recipients [56], [57]. 
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[bookmark: _Toc480884928][bookmark: _Toc480950048]Figure 4.6 – Humidity report configuration [45]
 At this point the WSN has been installed and is ready for use the following section covers the simulation design. Further images can be found in the appendix.
[bookmark: _Toc480885008][bookmark: _Toc480949977]Simulation Architecture

The software being deployed to perform the simulations is the latest Cisco Packet Tracer [58]. The latest version seven utilises the IoT deployment and gives full control through a registration server to control a series of nodes. The nodes can be configured to mimic real world environment and can simulate the transfer of data to assist in the proving of concept. The simulation will be based on the physical interpretation and uses the MH505 layout. Figure 4.7 demonstrates the blueprint of the installation, further images and screenshots can be found within the appendix after chapter eight [47]. With the ability to program and configure the sensors to interact with the room it has been possible to evaluate how automation will impact this room. As simulation is used to test theory and allow for test data to be analysed it has enabled the author to perform additional functions not able to be done at within the physical model. 
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[bookmark: _Toc480950049][bookmark: _Toc480884929]Figure 4.7 – Packet Tracer simulation MH505 [58]
It should be noted that the wireless connections are not visible as this distorts the image and prevents the reader from being able to see the sensor nodes. The following section will discuss how this WSN has been implemented.
[bookmark: _Toc480885009][bookmark: _Toc480949978]Simulation Implementation

Unlike the physical model the deployment of sensor nodes is simplified by a drag and drop method into a working area. As seen in figure 4.7 this implementation sees some additional nodes being utilised. Along with the sensors installed in physical model there is six motion detection sensors that are linked to each light, face detection linked to access via an RFID reader. Opening and closing windows are also present within the model. Each of the nodes is linked directly to the gateway which allocates an IP address via DHCP creating a secured network. Unlike the physical model a registration server has to be initiated and linked to the network. Contained on this server is the remote software created to manage the nodes and network, much like the iMonnit software. Figure 4.8 shows the initial configuration settings to access the wireless network and obtaining the IP address to allow communication with the registration server.
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[bookmark: _Toc480884930][bookmark: _Toc480950050]Figure 4.8 – Network configuration Humidity Sensor
 As discussed in chapter 2 security is vital and this sensor employs the WPA2-PSK protocol and utilises a unique pass phrase. The IPv4 address is allocated and to ensure connectivity across the network it has establish the default gateway and dns server details. The next stage for the humidity sensor is the configuration details to connect to the registration server, this must include the IP address and username and password. Once this has been configured the sensor can communicate with the server and it will allow data transmission between them. The figure 4.9 shows this configuration completed and connected.
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[bookmark: _Toc480884931][bookmark: _Toc480950051]Figure 4.9 – Remote Server configuration
Following the correct installation of all the sensors contained in the network they will be displayed onto the web interface as seen in figure 4.10
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[bookmark: _Toc480884932][bookmark: _Toc480950052]Figure 4.10 – Sensor status online web portal
At this point the user needs to setup the conditions required from the sensors and this can be done again on the online portal this can be seen in figure 4.11
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[bookmark: _Toc480884933][bookmark: _Toc480950053]Figure 4.11 – Sensor Conditions online portal
In controlling the sensors, the room has now become almost automated and it can be said that this room is now employing the IoT principles. If this web portal was accessible via a smart device it is perceived that configurations can maintained or altered remotely. 

[bookmark: _Toc480885010][bookmark: _Toc480949979] Conclusion

Bringing this chapter to a close the author has demonstrated what is required to ensure a sound implementation of the WSN. Although the installations are similar it has highlighted that a simulation is a cost-effective way of demonstrating if a particular model will work and it allows for more scope. At this stage both models are ready to start recording data and be prepared for the following chapter where implementation moves from theory to practical and results are obtained under recorded conditions. 

[bookmark: _Toc480885011][bookmark: _Toc480949980][bookmark: _Toc341174561]Testing and Evaluation  
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[bookmark: _Toc480885014][bookmark: _Toc480949984] Introduction

Covered in this chapter is the test results from both the physical and simulation models. There will be an outline as to what the conditions were for each of the tests performed with a justification as to what, why and how each met the objectives. At the end of this chapter it will conclude the findings and draw on the experiences to identify if in fact the aims of the project have been met. This chapter will utilise graphical data exported from the iMonnit and Packet Tracer software. The graphs will be collated and produced and shown in the relevant sections below.

[bookmark: _Toc480885015][bookmark: _Toc480949985] Physical Model
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The following conditions have been put in place for the 2 days of testing on the WSN. These tests unfortunately can only be done over a period of two days, this is shorter than previously scheduled. A control experiment has been carried out in MH505 on the 21st and 22nd April 2017, the hours for the experiments are 8 am to 10 pm. On day one of the tests the room has a simulated automation as the author acted as the motor for each sensor. This meant that should the temperature increase above expected levels it would be the author who will open the windows or activate the air cooling fan. The lights have also been monitored to ensure correct operation. Students are present within the room and are aware of the test conditions and agree to not interfere with the testing process. On 22nd April, the MH505 lab conditions differ slightly from the previous day, no students are present the room. No windows or doors are opened and the blinds remain in the open position. Meteorological data has been utilised to confirm as to the outside temperature and atmospheric conditions were on each of the days being tested. It should be noted that in this room there are a number of desktop computers being used. The room also includes two and half rack mounted switches and routers supplied by Cisco, these have all been turned on to simulate that the room is being used. An image of the room can be seen in figure 5.1 as this picture shows the blinds in the room have been raised to allow as much light into the room as possible. additional images will be included within the appendix contained at the end of the report.
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[bookmark: _Toc480950054]Figure 5.1 – MH505 Lab
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The results from each of the sensors have been collected and input directly into Microsoft Excel to produce graphical representations. Each of the graphs produced for each sensor will contain the data as outlined in the previous section. Additional data has been collated from the meteorological data collected from the Met office [59] and the Weather Company [60]. Like the sensor data this will be used to establish the pattern for particular results. These findings will also be used to confirm that the objectives set-out in chapter 1 have been achieved.

Temperature Sensor
The following figure 5.2 shows the temperature readings taken between 8 am and 10 pm with half hourly checks. The data also includes the external temperature readings taken for the Mount Pleasant area. Firstly, in comparing this graph it is important to highlight the differences from inside and outside of MH505. The yellow and grey lines are the temperature readings taken form the websites as mentioned earlier. The blue and orange lines identify the readings taken directly from the iMonnit software using the export data function.
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[bookmark: _Toc480884934][bookmark: _Toc480950055]Figure 5.2 – Temperature Sensor readings 21st and 22nd April 2017
In comparing the two days it’s clear to see that the room temperature clearly increases in conjunction with the external temperature, a steady increase is recorded from 8am reading of 24.6° to its highest point in the morning of 25.2° taken at 10.30 am. When looking at the outside temperature at the same times stamps it is clear to see the trend does in fact follow 9.7° at 8 am and then an increase to 12° by 10.30 am. The reason for selecting 10.30 am on the 21st April as a reference point is due to students entering the room and opening all windows. At this point, all though the temperature externally increases the room clearly changes and starts to fall. However, at 1.30 pm with the room at a temperature of 23.8° the internal air cooling desktop fan was operated. This results in a continued drop in the temperature until 4.30 pm when the room was closed down as all students had finished for the day. In comparing the 22nd a similar trend can be seen in the room and external temperatures. The room reaches a staggering 33.3° by midday in the MH505 lab and externally it has reached 16.5° at this point both internal and external readings appear to fall away in a symmetrical pattern.


Humidity
Similar to the temperature readings taken previously figure 5.3 show the two testing days. The graph below will discuss the MH505 data for the humidity and dew points.
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[bookmark: _Toc480884935][bookmark: _Toc480950056]Figure 5.3 – Humidity and Dew Point data MH505 Lab
When looking closely at the graph it appears to have somewhat of a contradiction at a first glance for the blue and grey lines. This can be explained in very similar circumstances as the temperature sensor readings. On the 21st April, similar readings are taken from 8am 31.13% to 10.30 am 30.59%, however as identified in the previous section students entered the room. At this point with the windows opened, natural body heat and temperature this has a direct impact on the humidity levels recorded. The drop off that is seen at 3.30 pm 34.42% when the reading taken is at its highest can be explained as only one student remained until 4.30 pm at this point the room again was closed. The dew point remains fairly stable on both days, apart from the period as discussed previously when the students entered the lab.

LUX Sensor
The first thing to identify is that the readings for the LUX sensor are not as they should be. Due to incorrect placement of the sensor within the lab it is very apparent that the light levels are very misleading. Data taken from a reports into lighting within schools shows that the lux levels should at a minimum be 300 lux for an average learning environment [61], [62]. As the graph will show the sensor is either incorrectly operating or as the author suspects is incorrectly placed. Figure 5.4 shows the lux levels on both days.
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[bookmark: _Toc480884936][bookmark: _Toc480950057]Figure 5.4 – LUX levels for MH505 lab
In analysing the results the 21st April does demonstrate a slight change at 10.30 am to 11 am this change in lux was in part due to the author raising the blinds to an open state. As for the changes within the room they do in fact relate to the light detection sensor which will be discussed in the next section. The lux levels on the 22nd April are the result of the extremely light conditions across the Mount Pleasant area and in fact this can be related back to the temperature settings. However as stated earlier within this analysis these levels are still extremely below the expected for this type of sensor [61], [62].

Light Detection
Although this sensor has only a reading of ‘1’ for active and ‘0’ for in-active some data has been recorded. This data can be seen in figure 5.5 for both days.
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[bookmark: _Toc480884937][bookmark: _Toc480950058]Figure 5.5 – Light detection in MH505
The strange appearance of the table is due in part to the limited data recording of ‘1’ and ‘0’. As the lights were utilised by the students during the day on 21st April between 11 am and 1 pm, at this point they were switched off and the room couldn’t locate another suitable source of light. However as seen in the lux sensor the 22nd April demonstrates a very bright day and this is reflected in the results seeing that the detection started at 8 am and doesn’t in fact go in-active until 6.30 pm. At this point the author has felt that further research into the use of this sensor will be vital to the success of further developments of this project.

Motion Detection
Much like the light detection this sensor operates on the premise of ‘1’ active and ‘0’ in-active. The figure 5.6 shows the graph for both days. Although there are results to discuss during the testing phase it has become apparent that it only detected movement in a smaller area than the author felt it would cover. After a careful review of the size of the room and the coverage required at least six motion detectors would be required [41], [57].
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[bookmark: _Toc480884938][bookmark: _Toc480950059]Figure 5.6 – Motion detection MH505 lab
As previously outlined in the conditions no motion was detected on the 22nd April as there was no people present within the room. Having these results from the one sensor has demonstrated that it is possible to utilise a motion detector to assist in the management of a smart classroom.
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The WSN simulation has been designed to allow for full automation of the heating, cooling, and window operation. Included within this room is the ability to show how RFID and face detection will operate together as an attendance application. The motion detectors also activate the lights and allow them to follow a student to whatever area of the room they occupy. The last area of sensor readings is to monitor the CO² levels that naturally occur within a classroom. However, this simulation has a draw back as it has produced no results to analyse at this stage. The author will cover this within the conclusion of this chapter. The figures contained in the review section will show the operation of the sensors as outlined in the previous chapter.

[bookmark: _Toc480885023][bookmark: _Toc480949990]Review of Findings

The figure 5.7 shows the start of the simulation in room MH505. As explained above these figures will demonstrate the operations of the sensors.
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[bookmark: _Toc480884939][bookmark: _Toc480950060]Figure 5.7 – Simulation moving from in-active to active
To start the simulation in the room, it is important to start up the thermostat which controls the heater and air cooler.
The following figures 5.8 and 5.9 show how to login into the registration server and the registration desktop.
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[bookmark: _Toc480884940][bookmark: _Toc480950061]Figure 5.8 – Login to the registration server
The username and password can be configured for unique use by lecturers and estates management staff as required, this ensures data integrity.
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[bookmark: _Toc480884941][bookmark: _Toc480950062]Figure 5.9 – Registration desktop portal
The figure above shows what the desktop that is logged into after entering your login credentials. At this point the user can see the status of any sensor in the network.
The following two figures 5.10 and 5.11 show the sensors prior to activation and then after being activated. The image shows temperature, door, motion detector 1, RFID reader, and finally the face detection camera.
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[bookmark: _Toc480884942][bookmark: _Toc480950063]Figure 5.10 – In-active sensors on portal
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Figure 5.11 shows the sensor being operated the temperature is now registering 15.6° and the RFID reader shows a valid card. The RFID also activates the face detection camera and this can be seen in the image. The following figures of 5.12 and 5.13 demonstrate the operation of the CO² monitor. Image one is taken during its in-active period, image two then moves to an active state.
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[bookmark: _Toc480884945][bookmark: _Toc480950066]Figure 5.13 – CO² monitoring activated
The alarm when activated operates the windows and helps reduce the CO² level from greater than 15%. The next images 5.14 and 5.15 will show the operation of the motion detection in conjunction with the lights as stated in chapter four.
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[bookmark: _Toc480884947][bookmark: _Toc480950068]Figure 5.15 – Motion detection activated
The above figures 5.14 and 5.15 show that the motion detection sensors work in tandem with the lights. In this example motion detector four activates after sensing movement in its zone. When activated it sends a signal to light four which then illuminates. Unfortunately, at this stage the author is unclear as to how to programme the sensor to monitor the room continuously to enable the light to remain on or be shut off.

[bookmark: _Toc480885024][bookmark: _Toc480949991] Conclusion

In concluding this chapter, the author has felt that the objectives as set-out early in chapter one have been met. The physical implementation has worked well and shows that he lights, cooling, and windows can be operated by the management application. The temperature sensor has certainly performed to expected levels and has proved that the concept of a smart classroom based on the aims of the project is achievable. A disappointment for the author is the lack of results in the simulation as part of the objectives was to compare the physical and simulation models results. However, the simulation has performed as expected and shown the benefit of using simulation against a physical installation. Overall the author is pleased with how the testing proceeded although it is felt that a longer period of testing would cement the results and provide a stronger basis for conclusion.
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The following conclusion will bring together all the chapters into a single overview with the view of proving that the original aim of the project has been fulfilled. The project set-out to demonstrate ‘the operation of a wireless sensor network utilised in a classroom environment’. The author feels as though the main aim has been achieved and in conjunction with this the objectives have been met as laid out in chapter one. The conclusion will start back in chapter two where the fundamental background knowledge was established for the project. A focus on the bandwidth and power supply identified that the ZigBee protocol is a preferred option when consider a WSN. This was further strengthened in the review of the technologies and protocols involved with WSNs. A review of security protocols required to ensure the integrity and confidentiality of data being transmitted across the network followed. In this review, it was highlighted that newer technologies have been developed to fulfil a gap between security protocols with the introduction of WSN technology. Prior to the related works that assisted in the literature review the author has introduced us to the sensors, software, and hardware to be utilised within the network. The author felt that the fours papers reviewed in chapter 2 backed up the aims and objectives of this report. In all of the papers areas of interest that linked with this report were identified, this also included the testing parameters and results.

Following the literature and technology review came the chapter on the research methods employed throughout the production of the report and its experiments. This section identified the process taken to ensure that structure was given to the collation of research to the collection of the results. The research was based around the ‘onion’ developed by Saunders, Thornhill and Lewis (2012) [54]. This chapter also identified primary and secondary sources and how they will be utilised within the structure of the report. The fourth chapter dealt with the design and implementation of the project. At this point the author highlights the problem and what its impact is on UWTSD, it also identifies the advantages of proving that a WSN can make an impact on the universities sustainability and environmental impact on the Swansea area. During this chapter, a full description of the physical and simulation implementations was discussed and this identified the blueprints being used for installation. During the installation of the simulation it became apparent that it could be used to confirm further theories regarding motion detection, face detection and RFID technology. Chapter five focuses on the testing and collecting of test data. During the test phase, it was identified that some of the physical sensors had been installed into incorrect positions affecting the overall data collected. It also highlighted that the simulation is a cost-effective way to test theory, however lack of software knowledge has prevented in the collection of data. A positive from the physical and simulations are that they both prove that a WSN can operate in an educational setting. The test results further identify further research that is required and this will be discussed in the following section.

In closing the conclusion, the author feels that this project has satisfied the objectives and aims that were agreed in chapter one. Furthermore, this is backed up by the production of graphical results contained in chapter five, and the screen shots taken from the simulation.
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During the production of the experiments and report it has become evident that the author needs to complete further study into WSN and its operation in the smart classroom. To aid this research a stronger knowledge of the Packet Tracer software is essential, whilst the knowledge has been sufficient to produce a working model the lack of technical understanding in producing real-time data is disappointing. Further knowledge of the coverage areas for both motion detection and light level (LUX) sensors would aid any future implementations as this will ensure stronger results are obtained. The final area for future research would be to develop the sensors and software application from concept to realisation, this would involve undertaken further training but it would provide a more bespoke product and outcome. The following chapter will now reflect on how the author feels about this project and how it has been from proposal to completion.
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So, what has this project taught me about myself and how can I take the new skills I have learned forward into my career or further education. I have listed some of the more important skills learnt or enriched during this project.
· Dealing with change – Historically I have not dealt well with change and it sometimes can throw me into a down wood spiral. However, I have been able to compartmentalise and switch between tasks to ensure that additional work is completed alongside the major project.
· Time management – what’s a clock? My management of time is somewhat of a mystery to some. I am pleased however that I have incorporated this into this project and I have a better knowledge of how to use time wisely.  
· Working with deadlines – in the past I have seen these as movable objects however I now have a better appreciation for deadlines and why sometimes these just cannot be changed. In implementing my new time management and change strategies I know feel that I can work with tight deadlines.
· How to formulate a back-up plan – previously I wouldn’t change I would simply blunder on through and not have a back-up this project has clearly had its challenges and I have made improvements to ensure that I didn’t stagnate I changed direction if required.

[bookmark: _Toc480885034][bookmark: _Toc480950003] Lessons learnt

Time Management
How to multitask
Prioritising major over menial tasks
Sticking on track and not deviate from the original aims and objectives
Ability to identify a back-up plan

[bookmark: _Toc480885035][bookmark: _Toc480950004] Things that could have been done differantly

The write up should have been started earlier, to avoid rushing elements nearer to the deadline.
More related work papers would have made the justification stronger and assist in the production of a strong literature review.
The ordering of the sensors, hardware and software should have been completed before Christmas.
Stick to the project plan to prevent too much multitasking
Meet with my supervisor more regularly

[bookmark: _Toc480885036][bookmark: _Toc480950005] Barriers experienced

Procrastination, lots of time to do other things
Lack of knowledge on Packet Tracer Environment settings
Self-doubt, am I researching the right papers, are the tests enough etc.
Delay in delivery time and lack of internet connection

[bookmark: _Toc480885037][bookmark: _Toc480950006] Positives

Sticking it out even when the going got tough
Being able to swap tasks and not get hung up, suffering from Asperger syndrome it’s easy to be blinded and not be able to change easily
Make the project a success
Keeping focused and not rely on others to do it for me

[bookmark: _Toc480885038][bookmark: _Toc480950007] Guidance to future students

· Plan your time out, short term and long term
· Do a topic that you have an interest in
· Keep a log to help with dates and research, and those little nuggets of information people give you.
· Take help if its offered from a supervisor or lecturer
· Prioritise tasks into vital, important, can be done later etc.
· Learn from others, talk to as many students and lecturers as possible
· Most importantly identify all the deadlines and finish early to give yourself breathing room
· Challenge the university but don’t step out of line somethings just can’t be done.

[bookmark: _Toc480885039][bookmark: _Toc480950008] Summary

The overall feeling of achievement in completing this project on time and delivering the aim and objectives is something that won’t be forgotten. Skills have been gained during this project and areas of self-learning have increased week-by-week. Having a form of autism makes completing any tasks difficult but when you consider that this project has lasted for the best part of 12 months I am delighted to have completed this to such a high standard. Having worked on projects previously I now have a stronger understanding of managing and what it takes to keep a major project on track. I am looking forward to taking these new skills forward into PHD research and my future endeavours. 
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During the process of this project it became apparent that the original proposed Gantt chart as seen in the appendix required reviewing. There are various reasons for the changes this chapter will identify and justify as to what was changed and why. At the end of this chapter the finalised project management Gantt chart will be presented, some of the changes have already been discussed within the reflections chapter earlier within this report.

[bookmark: _Toc480950016]Alterations to Original Gannt Chart
The first of the changes is seen in the third phase as the original document started back in semester two of year two. Whilst this proposal was handed into the university on time there was no update made to the Gantt chart to change the timings for the start of the project in semester one of year three. The actual start date should have read 03/10/2017. At this point the whole of phases 3, 4, 5, and 6 are completely different from the original developed Gantt chart. The main reasons for changes is the continuation of the literature review and the change in the type of project from utilising a number of specialist simulation software to actual physical implementation. All of these changes are shown in figures 10.1 to 10.6 below.
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[bookmark: _Toc480950069]Figure 10.1 – (Phase 3) Main Project altered Gantt chart
This phase covers the initial periods of the project up until the end of chapter 4 being produced on the 10/04/2017
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[bookmark: _Toc480950070]Figure 10.2 – (Phase 4) Implementation altered Gantt chart
This phase deals solely with the implementation and testing of the WSN physical and simulation models.
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[bookmark: _Toc480950071]Figure 10.3 – (Phase 5) Final Year Project altered Gantt chart
This phase is concerned with the final write-up and production of the report, it also covers the final deadline for the written report.
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[bookmark: _Toc480950072]Figure 10.4 – (Phase 6) VIVA and Poster altered Gantt chart
This phase continues after the official hand-in of the major project report. It concentrates on the production of both the Exhibition Poster and the final VIVA presentation.
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Monnit

Wireless Temperature Sensor

Technical Overview

General Description

The RF Wireless Temperature Sensor uses a type NTC
thermistor to measure temperature.

Features

* Accurateto+1°C (x 1.8° F)

» Increased accuracy by user calibration
to £ 0.25°C (£ 0.45° F)

* Free iMonnit basic online wireless sensor monitor-
ing and notification system to configure sensors,
view data and set alerts via SMS text and email.

Principle of Operation

The Monnit Wireless Temperature Sensor outputs

the ambient temperature in degrees Fahrenheit. It is
programmed to sleep for a user-given time interval
(heartbeat) and then wakeup, send power to the NTC
Thermistor and wait for it to stabilize, and convert the
analog data, mathematically compute the temperature
and transmit the data to the gateway. To stay within the
abilities of the processor, the temperature is computed off
a data table provided by the manufacturer. To reduce er-
ror, a variable resistor configuration is implemented over
specified temperature ranges.

Power Options

Sensors are powered by a replaceable 3.0 V coin cell
battery. Optional AA battery powered sensors are avail-
able. The AA version of these sensors are larger in size
(3”7 [L] x 2.1" [W] x 1.2” [H] ) and include two long-life AA
batteries.

It is recommended that unless you are using the AA
battery solution, you set heartbeat to no faster than one
hour to preserve battery life.

Wireless Sensor

t
2l
2

TEMPERATURE

Monnit Sensor Core Specifications

» Power: Replaceable 3.0 V coin cell battery

»  Communication: RF 900, 920, 868 and 433 MHz

* Dimensions: 1.775” x 1.040” x 0.785”

* Antenna: 4” wire antenna

» Operating Temperature: -7° to 60°C (20° to 140°F)

» Device Range: 250 - 300 ft. non-line-of-sight*

» Battery Life: At 1 hour heartbeat setting, coin cell
battery will last ~ 1-2 years.™*

* Actual range may vary depending on environment.
** Battery life is determined by sensor reporting
frequency and other variables.

T :
} } 1.040 in
‘ ‘ (26.416 mm)
L] :
1.7751in , Height: 0.785 in
(45.085 mm) (19.939 mm)
Applications

* Ambient Temperature Monitoring

» Environmental Monitoring

» Smart Machines & Smart Structures
* HVAC Operation & Testing

» Data Center Monitoring

The Leader in Low Cost Wireless Sensors





Technical Specifications

Supply Voltage 20-3.6VDC*

Current Consumption 0.7 YA (sleep mode)

2 mA (radio idle/off mode)

2mA (measurement mode)

25 mA (radio RX mode)

35 mA (radio TX mode)

Operating Temperature Range (Board Circuitry and Coin Cell) |-7°C to +60°C ( 20°F to +140°F )**

Optimal Battery Temperature Range (Coin Cell) +10°C to +50°C ( +50°F to +122°F)

Thermistor Temperature Range (Thermistor Only) -40°C to +125°C ( -40°F to +257°F)

( Limited to Main Unit Circuitry, -7°C to +60°C
unless wire leads are being used. )

Accuracy @ 25°C +/-1% (1°Cor1.8°F)
User Calibrated Accuracy +/-0.25° C (x 0.45° F)
Time Constant @ 25°C 30 sec

Cortfcations FE € Il @

900 MHz product; FCC ID: ZTL- RFSC1 and IC: 9794A-
RFSC1. 920 MHz product; ARIB STD-T108 R210-
103733. 868 and 433 MHz product tested and found

to comply with: CISPR 22:2008-09 / EN 55022:2010 -
Class B and ETSI EN 300 220-2 V2.4.1 (2012-05).

* Hardware can not withstand negative voltage. Please take care when connecting a power device.
** At temperatures above 100°C, it is possible for the board circuitry to lose programmed memory.

Caution/Notice:

This product is designed for application in an ordinary environment (normal room temperature, humidity and atmospheric
pressure). Do not use this sensor under the following conditions as these factors can deteriorate the product characteris-
tics and cause failures and burn-out.

» Corrosive gas or deoxidizing gas - chlorine gas, hydrogen sulfide gas, ammonia gas, sulfuric acid gas, nitric oxides
gas, etc.).

* Volatile or flammable gas.

* Dusty conditions.

» Under low or high pressure.

»  Wet or excessively humid locations.

» Places with salt water, oils chemical liquids or organic solvents.

*  Where there are excessively strong vibrations.

» Other places where similar hazardous conditions exist.

Use this product within the specified temperature range. Higher

temperature may cause deterioration of the characteristics or the
material quality of this product.

MONNIT

Monnit Corporation

For more information about our products or to place an order, please 4403 South 500 West

contact our sales department at 801-561-5555. Murray, UT 84123
801-561-5555

Visit us on the web at www.monnit.com. Www.monnit.com

Monnit, iMonnit and all other trademarks are property of Monnit, Corp. MD-001-2D (08/15)
© 2009-2015 Monnit Corp. All Rights Reserved.
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Monnit

Wireless Humidity (RH) Sensor

Technical Overview

General Description

The Wireless Humidity (RH) Sensor allows you to
accurately monitor the relative humidity of the air within
a room or enclosure.

Features

* Measures relative humidity, temperature and dew
point with high accuracy.

* Free iMonnit basic online wireless sensor monitor-
ing and notification system to configure sensors,
view data and set alerts via SMS text and email.

Principle of Operation

The Wireless Humidity (RH) Sensor measures the
relative humidity at the device. The sensor returns RH
and temperature values to the iMonnit Online Sensor
Monitoring and Notification System. The system
calculates dew point from the data and stores all three
data points in the online system where the data can be
reviewed and exported as a data sheet or graph.
Notifications can be set up through the online system
to alert the user when defined thresholds have been
met or exceeded.

Power Options

Sensors are powered by a replaceable 3.0 V coin cell
battery. Optional AA battery powered sensors are
available. The AA version of these sensors are larger in
size (3" [L] x 2.1” [W] x 1.2” [H] ) and include two long-life
AA batteries.

It is recommended that unless you are using the AA
battery solution, you set heartbeat to no faster than one
hour to preserve battery life.

ireless Sensor

e

z .Q
zZ %%
J

b

HUMIDITY

Monnit Sensors Core Specifications

* Power: Replaceable 3.0 V coin cell battery

e Communication: RF 900, 920, 868 and 433 MHz

» Dimensions: 1.775” x 1.040” x 0.785”

* Antenna: 4” wire antenna

* Operating Temperature: -7° to 60°C (20° to 140°F)

» Device Range: 250 - 300 ft. non-line-of-sight*

» Battery Life: At 1 hour heartbeat setting, coin cell
battery will last ~ 1-2 years.**

* Actual range may vary depending on environment.
** Battery life is determined by sensor reporting
frequency and other variables.

. +

} } 1.040 in

| | (26.416 mm)
L] :

1.775in Height: 0.785 in
(45.085 mm) (19.939 mm)

Example Applications

» Greenhouse humidity monitoring.

» Agriculture environmental monitoring.

* Art gallery and museum environmental monitoring.
*  Humidor monitoring.

» General weather and environmental monitoring.

The Leader in Low Cost Wireless Sensors





Technical Specifications

Supply Voltage 20-3.6VDC*

Current Consumption 0.7 YA (sleep mode) 25 mA (radio RX mode)
2 mA (radio idle/off mode) 35 mA (radio TX mode)
2 mA (measurement mode)

Operating Temperature Range (Circuitry and Coin Cell) |-7°C to +60°C ( 20°F to +140°F ) **

Optimal Battery Temperature Range (Coin Cell) +10°C to +50°C ( +50°F to +122°F)

Accuracy + 3% under normal conditions ( 10% - 90% RH )
RH Operating Range 0-100% RH

RH Response Time 8 sec (tau 63% )

Certifications

FE € IMI&iR &
900 MHz product; FCC ID: ZTL- RFSC1 and IC: 9794A-RFSC1. 920 MHz product; ARIB STD-T108 R210-103733. 868 and 433 MHz
product tested and found to comply with: CISPR 22:2008-09 / EN 55022:2010 - Class B and ETSI EN 300 220-2 V2.4.1 (2012-05).

* Hardware cannot withstand negative voltage. Please take care when connecting a power device.
** At temperatures above 100°C, it is possible for the board circuitry to lose programmed memory.

A RH (%RH) AT(°C)
10 — 20 ; 100 | %3 £25 +3
------ maximum accuracy| | T ot T maximum accuracy 90 +2 +25 43
+8 typical accuracy || 15 == typical accuracy g 80 B 125 £3
6 $ 70 425 2 25
+1.0 £ 60
+4 E 50 %2 18
I 40
+2 R
2 20
+0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ © 10 25 +2
0 10 20 30 40 50 60 70 8 90 100 40 20 0 20 40 60 80 100 120 0| 43 25
Relative Humidity (%RH) Temperature (°C) 0 10 20 30 40 5 60 70 80
Figure 1. Typical and maximal tolerance at 25°C. Figure 2. Maximal tolerance for temperature sensor in °C. Temperature (°C)
Figure 3. Typical accuracy of relative humidity
< 100 measurements given in %RH for temperatures
> | v between 0 — 80°C.
i 80 [ \ 5
§ 60 | \ Normal \ .
T | \\ Rang : Operating Range
g S AN ange The sensor works stable within recommended Normal Range — see Figure 4. Long term
€ 2 : exposure to conditions outside Normal Range, especially at humidity >80%RH, may
0 H temporarily offset the RH signal (+3%RH after 60h). After return into the Normal Range
L 20 0 2 40 6 8 100 120 it W|Illsllowly return towards ca_hbratlon state by itself. Prolonged exposure to extreme
Temperature (°C) conditions may accelerate aging.

Figure 4. Operating Conditions

Caution/Notice:

This product is designed for application in an ordinary environment (normal room temperature, humidity and atmospheric
pressure). Do not use this sensor under the following conditions as these factors can deteriorate the product characteris-
tics and cause failures and burn-out.; corrosive gas or deoxidizing gas - chlorine gas, hydrogen sulfide gas, ammonia gas,
sulfuric acid gas, nitric oxides gas, etc.), volatile or flammable gas, dusty conditions, under low or high pressure, wet or
excessively humid locations, places with salt water, oils chemical liquids or organic solvents, where there are excessively
strong vibrations, other places where similar hazardous conditions exist.

Use this product within the specified temperature range. Higher temperature

may cause deterioration of the characteristics or the material quality of CD T
this product. M N NI ©

For more information about our products or to place an order, please Monnit Corporation
contact our sales department at 801-561-5555. 4403 South 500 West
Murray, UT 84123
801-561-5555
www.monnit.com

Monnit, iMonnit and all other trademarks are property of Monnit, Corp. MD-016-3E (12/15)
© 2009-2015 Monnit Corp. All Rights Reserved.

Visit us on the web at www.monnit.com.
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Monnit

Technical Overview

General Description

The wireless motion detection sensor uses an infrared
sensor to accurately detect movements made by people/
animals within 16.4 ft (5 m) range.

Features

* Detects motion.

* Free iMonnit basic online wireless sensor monitor-
ing and notification system to configure sensors,
view data and set alerts via SMS text and email.

Principle of Operation

The Wireless Motion Detection Sensor detects motion
and movement using infrared technology. When the sen-
sor detects movement it communicates with the iMonnit
Online Sensor Monitoring and Notification System. iMon-
nit stores all data in the online system where the data
can be reviewed and exported as a data sheet or graph.
Notifications can be set up through the online system to
alert the user when motion has been detected.

Power Options

Sensors are powered by a replaceable 3.0 V coin cell
battery. Optional AA battery powered sensors are avail-
able. The AA version of these sensors are larger in size
(3”7 [L] x 2.1" [W] x 1.2” [H] ) and include two long-life AA
batteries.

It is recommended that unless you are using the AA
battery solution, you set heartbeat to no faster than one
hour to preserve battery life.

Wireless Motion Detection Sensor

Monnit Sensors Core Specifications

» Power: Replaceable 3.0 V coin cell battery

»  Communication: RF 900, 920, 868 and 433 MHz

* Dimensions: 1.775” x 1.040” x 0.785”

* Antenna: 4” wire antenna

» Operating Temperature: -7° to 60°C (20° to 140°F)

» Device Range: 250 - 300 ft. non-line-of-sight*

» Battery Life: With normal use, coin cell battery will
last ~5-6 months. AA batteries will last over 1 year.**

* Actual range may vary depending on environment.
** Battery life is determined by sensor reporting
frequency and other variables.

T +
1.040 in
(26.416 mm)

L +

1.775in
(45.085 mm)

- Height: 0.785 in
(19.939 mm)

Maximum Ratings

-7°C to +60°C
(20°F to +140°F )

Temperature Range

Example Applications

* Monitor area access.
» Detect when people enter a room.

The Leader in Low Cost Wireless Sensors





Technical Specifications

Supply Voltage 20-36VDC*™

Current Consumption 0.7 pA (sleep mode)

2 mA (radio idle/off mode)
2 mA (measurement mode)
25 mA (radio RX mode)

35 mA (radio TX mode)

Operating Temperature Range (Board Circuitry and Coin Cell) | -7°C to +60°C ( 20°F to +140°F )**

Optimal Battery Temperature Range (Coin Cell) +10°C to +50°C ( +50°F to +122°F)
Sensor Detection Range 16.4 ft (5 m)
Reted Consumption Current (Standby) Typ: 170 pA
Max: 300 uA
Sensor Warmup Time 30 Seconds
Certifications F@ c E I ‘V’I ggﬁzgg 2

900 MHz product; FCC ID: ZTL- RFSC1 and IC: 9794A-RFSC1.
920 MHz product; ARIB STD-T108 R210-103733. 868 and 433 MHz
product tested and found to comply with: CISPR 22:2008-09 / EN
55022:2010 - Class B and ETSI EN 300 220-2 V2.4.1 (2012-05).

* Hardware can not withstand negative voltage. Please take care when connecting a power device.
** At temperatures above 100°C, it is possible for the board circuitry to lose programmed memory.

Remarks:
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16.4041t 16.404ft

1. The X-Y cross-sectional diagram
shows the detection area.

2. The differences in the detection
zone patterns are indicative of the
projections of the 16 lenses with
single focal point and with five
optical axes. An object whose
temperature differs from the
background temperature and which
crosses inside the detection zone
will be detected.
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Monnit Corporation

(Max. 5.66m)
Max. 18.570ft)

For more information about our products or to place an order, please 4403 South 500 West
contact our sales department at 801-561-5555. Murray, UT 84123
801-561-5555
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Monnit

Technical Overview

General Description

The Wireless Light Detection Sensor detects the
presence of light.

Features

» Detects presence of light.

* Free iMonnit basic online wireless sensor monitor-
ing and notification system to configure sensors,
view data and set alerts via SMS text and email.

Principle of Operation

The Wireless Light Detection Sensor uses a photo resis-
tor to detect the presence of light around the device. The
sensor returns a value of light or no-light to the iMonnit
Online Sensor Monitoring and Notification System. The
data is stored in the online system and can be reviewed
and exported as a data sheet or graph. Notifications can
be set up through the online system to alert the user
when light is present or not with the ability to only notify
within time of day parameters.

Power Options

Sensors are powered by a replaceable 3.0 V coin cell
battery. Optional AA battery powered sensors are avail-
able. The AA version of these sensors are larger in size
(37 [L] x 2.1” [W] x 1.2” [H]) and include two long-life AA
batteries.

It is recommended that unless you are using the AA
battery solution, you set heartbeat to no faster than one
hour to preserve battery life.

Wireless Light Detection Sensor

Wireless Sensor
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Monnit Sensors Core Specifications

* Power: Replaceable 3.0 V coin cell battery

e Communication: RF 900, 920, 868 and 433 MHz

» Dimensions: 1.775” x 1.040” x 0.785”

* Antenna: 4” wire antenna

* Operating Temperature: -7° to 60°C (20° to 140°F)

» Device Range: 250 - 300 ft. non-line-of-sight*

» Battery Life: At 1 hour heartbeat setting, coin cell
battery will last ~ 1-2 years.**

* Actual range may vary depending on environment.
** Battery life is determined by sensor reporting
frequency and other variables.

T }
} } 1.040 in
| | (26.416 mm)
L] :
1.775 in Height: 0.785 in

(45.085 mm) (19.939 mm)

Example Applications
» Facilities management.
» Commercial property management.

* Home light monitoring.
» Small business light monitoring.

The Leader in Low Cost Wireless Sensors





Technical Specifications

Supply Voltage 20-3.6VDC*

Current Consumption 0.7 YA (sleep mode)

2 mA (radio idle/off mode)
2mA (measurement mode)
25 mA (radio RX mode)

35 mA (radio TX mode)

Operating Temperature Range (Board Circuitry and Coin Cell) | -7°C to +60°C ( 20°F to +140°F )**

Optimal Battery Temperature Range (Coin Cell) +10°C to +50°C ( +50°F to +122°F)
Angle of Half Sensitivity ¢ =+ 50°

Max Light Level 0-1,000 Lux

Certifications FE CE ooy &

900 MHz product; FCC ID: ZTL- RFSC1 and IC:
9794A-RFSC1. 920 MHz product; ARIB STD-T108
R210-103733. 868 and 433 MHz product tested

and found to comply with: CISPR 22:2008-09 / EN
55022:2010 - Class B and ETSI EN 300 220-2 V2.4.1
(2012-05).

* Hardware can not withstand negative voltage. Please take care when connecting a power device.
At temperatures above 100°C, it is possible for the board circuitry to lose programmed memory.
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Fig. 1 - Relative Spectral Sensitivity vs. Wavelength Fig. 2 - Relative Radiant Sensitivity vs. Angular Displacement

Caution/Notice:

This product is designed for application in an ordinary environment (normal room temperature, humidity and atmospheric
pressure). Do not use this sensor under the following conditions as these factors can deteriorate the product characteris-
tics and cause failures and burn-out.; corrosive gas or deoxidizing gas - chlorine gas, hydrogen sulfide gas, ammonia gas,
sulfuric acid gas, nitric oxides gas, etc.), volatile or flammable gas, dusty conditions, under low or high pressure, wet or
excessively humid locations, places with salt water, oils chemical liquids or organic solvents, where there are excessively
strong vibrations, other places where similar hazardous conditions exist.

Use this product within the specified temperature range. Higher temperature

may cause deterioration of the characteristics or the material quality of this product. MC) N NI I
®

Monnit Corporation

For more information about our products or to place an order, please 4403 South 500 West
contact our sales department at 801-561-5555. Murray, UT 84123
801-561-5555
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MONNITLINK.
Ethernet Gateway

Technical Overview

General Description

The MonnitLink™ Ethernet gateway allows your
Monnit Wireless Sensors to communicate with the
iMonnit™ Online Wireless Sensor Monitoring and
Notification System without the need for a PC.
Simply plug this device into any open network port
with internet connection and it will automatically
connect with our online servers. This is the perfect
solution for commercial locations where there is an
active internet connection.

With the graphical iMonnit software, you can easily
configure your network, view collected sensor data
and set alarms through SMS or e-mail, all from any
web enabled browser. The system allows for com-
plete configuration and customization at a sensor,
local network, or client wide level.

Monnit's Ethernet gateway is specifically designed
to respond to the increasing market need for global
technology that accommodates a variety of verti-
cal M2M application segments and remote wireless
sensor management solutions.

The gateway is available in global frequencies of
900, 868 or 433 MHz. Enjoy reliable, low cost, wire-
less monitoring of your facilities or specific applica-
tions, with Monnit wireless sensor networks.

Applications

Commercial Facilities Monitoring
Industrial Facilities Monitoring
Property Management

Data Center Monitoring
Convenience Store Monitoring

MonnitLink™ Ethernet Gateway Features

» Supports multiple RF technologies including
900, 868 and 433 MHz sensor solutions
Plug & Sense, no hassle set-up

No PC required for operation

Remote software upgrade capability
Local status LEDs with transmission and
online status indicators

16,000 sensor message memory

On-line heart-beat control

Power outage notification

AC power supply or Power-Over-Ethernet

-
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MONNITLINK. S
Ethernet Gateway
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5.505 in
(139.827 mm)

1.375in
(34.925 mm)
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Monnit Ethernet Gateway Specifications

Ethernet
Ethernet Types: Standard, POE
Antenna Connector: SMA
Gain: 5.0 dBi (900 MHz Product)
3.0 dBi (868 and 433 MHz Product)
Hardware: 10/100 Ethernet Controller
IEEE Standard Compliance: 802.3-2002
Operation: Full- and Half-Duplex
Cross-Over Correction: Automatic MDI/MDI-X
Addressing: Pre-programmed MAC Address
Host Address: t1.sensorsgateway.com
Default Port: 3000
Protocols Supported: UDP, DHCP, TCP, SNMP, MODBUS
Cable Connector: Cat5s

Device Memory:

16,000 sensor messages (Sensor messages will be stored in the event of
Internet outage and transferred when connection is restored)

Power
Power Supply 5.5V AC adapter or
5.5V Power-Over-Ethernet adapter
Mechanical
LEDs H/W status, iMonnit connection status, sensor data activity
Enclosure ABS plastic
Dimensions 139.85 x 101.75 x 34.95 mm
Weight 12.6 ounces

Environmental

Operating Temperature

-10 to +70 °C (14 to 158 °F)

Storage Temperature

-20 to +85 °C (-4 to 185 °F)

Certifications:

Industry
Canada

Fe ce I+l
900 MHz product; FCC ID: ZTL- RFSC1 and IC: 9794A-RFSC1.
868 and 433 MHz product tested and found to comply with: CISPR 22:2008-09

/ EN 55022:2010 - Class B and ETSI EN 300 220-2 V2.4.1 (2012-05).

Data Capturing Options:

Data collected by the Ethernet Gateway from the sensors in the network can be accessed when these interfaces are
turned on. Multiple interfaces can be active at the same time. All interfaces require that the Ethernet gateway be set to a
Static IP address. (By default, the unit uses DHCP).

SNMP Poll and Trap Interface - Use SNMP software to pull in gateway and
sensor data. Monnit provides a .MIB file. (www.monnit.com/support/downloads)

MODBUS TCP Interface - Use MODBUS TCP software to pull in gateway and
sensor data. Monnit provides a register map.

Real Time TCP Interface - Poll on the gateway’s assigned port to retrieve

gateway and sensor data.

For more information about our products or to place an order, please contact
sales department at 801-561-5555 or visit us on the web at www.monnit.com.

Monnit, iMonnit and all other trademarks are property of Monnit, Corp.

© 2009-2015 Monnit Corp. All Rights Reserved.
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4403 South 500 West
Murray, UT 84123
801-561-5555
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Monnit Software

Wireless Sensor Monitoring and Notification Systems

IMONNIT

ONLINE WIRELESS SENSORS PORTAL

iMonnit Basic

Online Sensor Monitoring
FREE with no ongoing costs!

&

iMonnit Premiere

Online Sensor Monitoring
Minimal Annual Fee!

IMONNIT
EXPRESS.

PC SOFTWARE FOR SENSORS

IMONNIT
ENTERPRISE.

ENTERPRISE SENSOR SOLUTIONS

iMonnit™ Online Wireless Sensor Monitoring

iMonnit™ is a secure cloud based monitoring and notification system
dedicated to Monnit Wireless Sensors and Gateways. The system allows
for complete configuration and customization at a sensor, local network,
or client wide level. iMonnit allows for management of sensor data as

well as the ability to setup alerts via SMS text or email to one or many
people. It is also accessible from all internet enabled devices including
smart phones. iMonnit Basic is included for free with all wireless sensors,
providing basic features for you to configure and monitor your sensors
online. iMonnit Premiere allows for enhanced functionality of your wireless
sensors and includes an advanced software feature set, all for a minimum
annual cost. (For complete feature comparison see reverse side.)

System Requirements
* Internet access for USB and Ethernet gateways

iMonnit Express™ PC Software

iMonnit Express™ PC Software is an alternative to online monitoring that
runs as a standalone PC application without the need for an Internet con-
nection. This system is meant to provide a simple and effective way for
customers to manage a smaller network of sensors using on-screen alerts
and email notifications to remotely alert the user. iMonnit Express allows
for the same basic sensor network configuration and customization as

the online version and can be used with all Monnit wireless sensors and
gateway products.

Minimum System Requirements
* Windows Vista, Windows 7 or Windows 8 with 1024 MB
available RAM and 20 Megabytes free disk space. ASP.NET 3.5

iMonnit Enterprise™

iMonnit Enterprise is available for large organizations with specific data
usage requirements. It provides the same feature set as the iMonnit Pre-
miere online system while allowing the organization to host and maintain
their own sensor data.

Minimum System Requirements
* Windows Server ®, Web Server [IS 7, ASP.NET 4.0
Minimum: 2 GB RAM, 2.0GHz Processor
Recommended: 4 GB RAM, 2 x 2.0GHz Processor

* SQL Server ® 2005 or Newer (Database Server)





Monnit Wireless Sensor Network Monitoring - Feature Comparison

Feature iMonnit™ Basic | iMonnit™ Premiere iMonnit iMonnit
Express™ Enterprise™
Online Sensor Advanced Online Standalone PC Self Hosted
Monitoring Sensor Monitoring Software Enterprise Software
Price FREE Starting at $39 Year Starting at $79 Call For Pricing**

Basic Sensor Configurations
Name Sensor, Set Heartbeat, Select Unit of
Measurement*, Sensor Alerts, Inactivity Alerts

v

AN

v

AN

Advanced Sensor Configurations

Recovery Attempts, Sub Heartbeat Assessments*,
Aware State*

Available in higher
versions of the
software.

Sensor Data History Reports

Sensor Data Visual Charts

Sensor Data Export

Sensor Calibration*

Monnit Link USB Gateway Support

Monnit Link Ethernet & Cell Gateway Support

Works With Monnit Wi-Fi (MoWi) Sensors

Accessible Anywhere via Internet

Does Not Require Internet Connection

History of Sent Alerts

ANANERANANANANANANAN

Alerts and Notifications to Multiple Recipients

Sensor Configuration by Group

<

Permission Based Access Control and Reporting

Notifications via Email and SMS Text

Email Only

On Screen Alerts and Notifications

ANANEENERANERANANANANANANANAN

v

Sensor Mapping Tool (Visual Placement)

ANANANANANANANERANANANANENANANANEERAN

ANANANANANANANENANANANANENANANANEER N

Minimum Heartbeat (Sensor Check-In) 2 Hours 10 Minutes 1 Second 1 Second
# of Networks Supported 1 20 1 Unlimited
# of Sensors Supported 500 Per Network | 500 Per Network Up to 50*** 500 Per Network
# of Gateways Supported 100 1,000 10 Unlimited
# of Users Supported 1 Unlimited 1 Unlimited
Sensor History Storage 45 Days Unlimited 5,000 Records Unlimited
Monnit Customer Support Online Only Online Only Online Only Online / Phone /

Optional On-Site

* Applies to certain types of sensors only.

** iMonnit Enterprise installation support available. Call for pricing.
*** Higher version of iMonnit Express only. (20 sensors supported in all other versions).

MONNIT

Monnit Corporation
7304 South Cottonwood
Suite #204

Midvale, Utah 84047
801-561-5555
www.monnit.com

M-0015-3D (01/15)

For more information about our products or to place an order, please
contact our sales department at 801-561-5555.

Visit us on the web at www.monnit.com.

Monnit, Monnit Logo, MonnitLink and iMonnit are trademarks of Monnit, Corp. All other trademarks
are property of their respective owners. © 2009-2015 Monnit Corp. All Rights Reserved.
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ONLINE WIRELESS SENSORS PORTAL University of Wales St Davids

[

Notifications Manage

View Sensors @as

Reports Sensor Maps Support

Type Gateway Name Last Check In Power
Line Power
Ethemet Gateway - 188454 4/20/2017 8:15 PM /

Expected Next Checkin: 4/20/2017 8:20 PM @ ‘Belongs to Network: MH505 - Cisco Lab
Operating Channel: 1

vy | s | o |

Sensors whose last communication came through this gateway (Count: 5)

SensorlD Sensor Name Last Communication Date
193445 LUX Level senor 412012017
193398 Light Detection 412012017
193387 Humidity sensor 412012017
190471 Temperature Sensor 412012017

Motion Detection

170951

412012017
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ONLINE WIRELESS SENSORS PORTAL
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View Gateways

4 Type

Manage Reports Sensor Maps Support

Sensor Name Data
Humidity sensor 33.59% @ 24.9°CD: 7.8°C
Light Detection No Light

LUX Level Senor 4lux

Motion Detection No Motion
Temperature Sensor 25°C

Videos

Last Check In

4/20/2017 8:20 PM

4/20/2017 8:23 PM

4/20/2017 8:20 PM

4/20/2017 8:23 PM

4/20/2017 8:20 PM
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Monnit Alert
22/04/2017 1813

Humidity Levels
To: Simon Downes (P143943)

&—Reply & Replyall

—>Forward ] Archive  [ii] Delete [ Set flag

IMONNIT.

ReporiName: Humidiy Levels
Frequency: Daily
link: Download Report

ONLINE WIRELESS SENSORS PORTAL

iMonnit Communication

‘Scheduled from: 4/20/2017 t0 1/1/2099

‘This email address is not monitored. please do not respond to this message.

Al trademarks are property of Monnit. © 2009:2016 Monnit Corp. All Rights Reserved.
Monnit Corporation / ph §77-561-4555 / wyw. mont

MONNIT
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Monnit Alert
22/04/2017 09:36

MHS05 - over temperature range
To: Simon Downes (P143943)

&—Reply & Replyall —>Forward ] Archive

T Delete

IMONNIT.

ONLINE WIRELESS SENSORS PORTAL

iMonnit Alert Notification

‘Simon Downes

[The classroom MHS05 remperature has exceeded the prescribed level of 30° celcius

|sensor: Temperature sensor
|sensor Type: Temperature
INetwork: MHS05 - Cisco Lab
Date: 4/22/2017 9:34 AM
Reading: 30.6°C

‘This email address is not monitored. please do not respond to this message.

Al trademarks are property of Monnit. © 2009:2016 Monnit Corp. All Rights Reserved.
Monnit Corporation / ph 877-561-4555 / www.monnit com

MONNIT.

To opt outof futire notifications clck hera

o Set flag
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Task Name + Duration v Start ~ Finish -
4 Wireless sensor Network with Educational Application 287 days  Thu 24/03/16 _ Fri 28/04/17
> Project Proposal (Phase 1) 38days  Thu24/03/16  Mon 16/05/16
> Project Break for Proposal acceptance 9days  Tue17/05/16 Fri27/05/16
> Project Proposal Review (Phase 2) sdays  Mon30/05/16 Fri03/06/16
> Develop simulations (Phase 3) 40days  Mon06/06/16 _Fri 20/07/16
> Implementation of project (Phase 4) s0days  Mon25/07/16 Fri30/09/16
> Final Year Project write up (Phase 5) 66days  Mon03/10/16 Mon 02/01/17
> Final Year Project write up (Phase 6) sadays  Tue03/01/17 Fri28/04/17





image79.PNG
Task Name
4 Project Proposal (Phase 1)

Identify Problem
Appoint supervisor
Produce Project Plan
Define Aims of Project
Identify resources
Literature review
Produce Proposal
Hand in Proposal

~ Duration - Start

38days
3days
1day
1day
2days
5days
15 days
10 days
1day

Thu 24/03/16
Thu 26/03/16
Tue 29/03/16
‘Wed 30/03/16
Thu31/03/16
Mon 04/04/16
Mon 11/04/16
Mon 02/05/16
Mon 16/05/16

~  Finish

Mon 16/05/16
Mon 28/03/16
Tue 29/03/16
‘Wed 30/03/16
Fri 01/04/16
Fri 08/04/16
Fri 29/04/16
Fri 13/05/16
Mon 16/05/16

e N e w

~ Predecessors v Resource Names.

Simon Downes
Simon Downes
Simon Downes
Simon Downes
Simon Downes
Simon Downes
Simon Downes
Simon Downes
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Task Name.
4 Project Proposal Review (Phase 2)
‘Organise meeting with supervisor
Feedback from meeting
Update Proposal

~ Duration - Start -
Sdays Mon 30/05/16
1day  Mon30/05/16
2days  Tue31/0s/16
2days  Thu02/06/16

Finish ~  Predecessors
Fri 03/06/16

Mon 30/05/16

Wed 01/06/16 14
Fri0s/06/16 15

~ | Resource Names

simon Downes, Carlene Campbell
simon Downes, Carlene Campbell
Simon Downes.
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Task Name ~ Duration - Start ~  Finish ~ Predecessors v Resource Names. -

4 Develop Simulations (Phase 3) 20days  Mon06/06/16 _Fri 20/07/16
Create blueprint diagrams 2days  Mon06/06/16 Tue 07/06/16 simon Downes
Create simulation on QualNet 3days  Wed08/06/16 Fril0/06/16 18 simon Downes
Test QualNet simulation 1day Mon 13/06/16  Mon 13/06/16 19 simon Downes
Analysis of QualNet reults 1day Tue14/06/16 Tue14/06/16 20 simon Downes
Create simulation on Riverbed Modeler 3days  Wed15/06/16 Fri17/06/16 21 simon Downes
Test Riverbed Modeler simulation 1day Mon 20/06/16  Mon 20/06/16 22 simon Downes
Analysis of Riverbed Modeler reults 1day Tue21/06/16 Tue21/06/16 23 simon Downes
Comparison of results Sdays  Wed22/06/16 Tue28/06/16 24 Carlene Campbell,simon Downes
Test network on Packet Tracer 3days  Wed29/06/16 Fri0l/07/16 25 simon Downes
Review of simulation results Sdays  Mon04/07/16 Fri08/07/16 26 Carlene Campbell,simon Downes

Write up results into report 10days  Mon1l/07/16 Fri22/07/16 27 Simon Downes.
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Task Name ~ Duration - Start ~  Finish ~ Predecessors v Resource Names. -

4 Implementation of project (Phase 4) s0days  Mon25/07/16 Fri30/09/16

Plan Implementation with supervisor 1day Mon 25/07/16  Mon 25/07/16 Carlene Campbell,simon Downes
Purchase required equipment Sdays  Tue26/07/16 Mon01/08/16 30 Carlene Campbell,simon Downes
Installation of equipment 10days  Tue02/08/16 Mon15/08/16 31 simon Downes

Fault find / impossible tests tobreak equipment  2days  Tue16/08/16  Wed17/08/16 32

Installation testing Sdays  Thuls/08/16 Wed 24/08/16 33 simon Downes

Improvements to installation Sdays  Thu2s/08/16 Wed31/08/16 34 simon Downes

Re-testing improved installation Sdays  Thu01/03/16 Wed07/09/16 35 simon Downes

‘Write up test results into report 10days  Thu08/09/16  Wed21/09/16 36 simon Downes

Meet with supervisor to discuss results 1day Thu22/03/16  Thu22/03/16 37 Carlene Campbell,simon Downes
Feedback from meeting 1day Fri23/09/16  Fri23/09/16 38 simon Downes

Re-write test results from feedback Sdays  Mon26/09/16 Fri30/03/16 39 Simon Downes.




