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Introduction

Contemporaneous technologies on wireless mobile communication, embedded systems, cloud computing and sensors, have contributed for many examples of successful applications where intelligent systems have been employed. Implementations of such systems have occurred in many sectors of our economy, from public security systems to logistics platforms and many other, and it is predictable a worldwide proliferation of these devices/systems in many aspects of our daily lives, providing ubiquitous and seamless access to a smart world. This transition will require the development of an enormous quantity of such devices, all with energy and manufacturing requirements, hence all efforts must be made to assure cost-effective and highly efficient approaches at both their production and usage/operation cycles [START_REF] Saha | Recent trends in the Internet of Things[END_REF].

The paradigm associated to a smart world, the internet of everything (IoE), makes reference to a network of interconnected things. Here, the network is usually contemplated as the TCP/IP network we all rely on at present time and the things being a myriad of sensors and actuators. All of these devices incorporate telecommunications, storage and processing capabilities, as depicted in Fig. 1, thus being able to provide human to machine and/or machine to machine interactions. They are also able to aggregate themselves as a network of smart nodes which is then bridged with traditional communications networks or the Internet through a gateway, enabling this way remote operation, control and management [START_REF] Kaur | Wireless Sensor Networks-Recent Trends and Research Issues[END_REF]. This document intends to initiate the steps for the development of a highly integrated, efficient and cost effective Information and Communication Technology (ICT) system for early detection of wild fire in forested areas. Towards that end and through available software tools [START_REF]Design software for photonics[END_REF], [START_REF]CupCarbon, WSN simulator[END_REF], the simulation of the three components of this work have been conducted. Namely:

• The SPR based sensor which is able to sense minute variations of its surrounding environment refractive index. As such, the resulting by-products of burning wood (e. g. soot -carbon atoms agglomerates) will be detected as an increase in the refractive index of the environment in the near proximity of the sensing structure; • The 3 dB optical coupler that will provide the required optical paths for the detection and reference fields of our device. These EM fields will be analysed, processed and quantified, and the obtained results will be monitored and interpreted; • The Wireless Sensor Network (WSN) that enables the deployment of these devices over an arbitrary area, allowing control, monitoring and interconnection between all the network nodes, hence providing an early warning system for wild fire in forests, in an automated way.

The remaining of this paper is organized as follows:

-Next section presents how this document relates to the context of Innovation in Industry and Service Systems, which is the main focus of DoCEIS2019 Doctoral Conference; -Then follows the Surface Plasmon Resonance section, where numerical simulations of the sensing structure of each individual device are presented and the results obtained show the ability to detect refractive index variations of the surrounding environment. The refractive index increase will result from the burning wood smoke carrying, amongst other compounds, unignited and condensed micro-meter sized agglomerates of carbon atoms (soot), which move away from fire and will increase the refractive index of the environment near the sensing structures. This soot production results from unburned carbon atoms that moving away from the top of the flame and is still an active field of research [START_REF] Emmons | The science of wood combustion Howard W Emmons and Arvind Atreya heat ' heat transfer fuel mass transfer[END_REF].

-Follows Multimode Interference (MMI) section, where will be described a 1 × 2 MMI structure consisting on a 3 𝑑𝐵 coupler that provides the required optical paths to feed the sensing device and to yield the reference arm signal for further analysis and processing.

-Afterwards comes the Wireless Sensor Network (WSN) section. In this section will be presented a software tool [START_REF] Virtualys | IRCICA, Xlim, and Lab-STICC[END_REF] that assisted on the deployment of the nodes on the map location, the network structure organization, the communication between nodes, the communication with the external network (i. e. TCP/IP) and the whole network behaviour simulation in a fire event.

-Finally, there is the Conclusions section where obtained results are gathered, analysed and conclusions are drawn and reported. Here, future areas of related research will also be discussed. Namely, the experimental implementation of simulated device and the optimization and development of software functions in the WSN simulator tool.

Contribution to Innovation in Industry and Service Systems

ICT systems have been playing an important and increasing role for several years, as far as reliable control of automated tasks is concerned and in many sectors of contemporaneous society. Even in traditional sectors of our economy, technological proliferation is a fact and the trend seems to indicate an increasing penetration in every aspect of our lives. Industry will be no exception to this tendency and is forecasted to undergo a major transformation already on its way. This is expected to be a profound industrial revolution that will take manufacturing processes automation to a whole new level of efficiency and mass production. Although the debate about how to designate this transformation is still in progress, the term "Industry 4.0" has been agreed upon amongst many western European companies, academics and technological practitioners.

According to [START_REF] Hermann | Design Principles for Industrie 4.0 Scenarios: A Literature Review[END_REF], the most often cited terms when referring to Industry 4.0 are Cyber-Physical Systems (CPS), Internet of Things (IoT), Smart Factory (SF), and Internet of Services (IoS). CPS aims the integration of physical systems with computation, IoT is mainly about technological systems being able to exchange data while sensing their surroundings, IoS intends to wrap existing and future connected mobile devices as gateways to services provided by the manufacturer and SF aggregates CPS and IoT to seamlessly assist machines and humans to perform their manufacturing tasks.

In this article we would like to point out Innovation also as a key element in Industry 4.0 for all these interacting systems certainly provide a fertile platform in which originality will thrive. To this end, our simulations envisions an automated early warning fire detection system consisting on a WSN with integrated optical devices based on SPR for the detection of burning wood by-products, namely soot. To the best of our knowledge, this fire detection system represents a novel approach to wildfire events prevention in forests and their severe environmental, financial and societal impact.

The automated early warning fire detection system is a clear implementation of real world virtual integration where live data is gathered, exchanged, analysed and decisions are made based on this process, thus entailing the set of recommendations for Industry 4.0 referred in the literature. Moreover, the same working principle of this system might be applied in similar devices but to sense other physical quantities, as long as they can be translated into refractive index variations of the environment in the vicinity of the sensing structure.

Surface Plasmon Resonance

Optical sensing devices based on the excitation of plasmonic waves on metallic surfaces are usually referred as Surface Plasmon Resonance (SPR) sensors and their operation relies on the detection of refractive index variations in the electromagnetic (EM) mode supported by the free electrons of the metallic surface. These structures have been extensively reported as valid applications for the detection of gases, chemical and biological elements.

The scientist who first described this phenomenon used a structure that has been named after him, the Kretschmann configuration [START_REF] Kretschmann | Radiative Decay of Non Radiative Surface Plasmons Excited by Light[END_REF]. This method consists on a quartz prism where an incident EM field is refracted on a facet and reflected at the base where a thin metallic film has been deposited. Under the right conditions, the energy of the incident field is transferred to the free electrons on the metallic surface and triggers their oscillation. These oscillations generate surface plasmon waves that propagate along the metal/dielectric interface.

Surface plasmon waves are highly sensitive to the refractive index of the surrounding environment. This wave is a single transverse magnetic (TM) mode and its magnetic field intensity vector is parallel to the metal/dielectric interface plane and perpendicular to the propagation direction. Its propagation constant can be defined as:

𝛽 𝑆𝑃 = 𝑘 0 √ 𝜀 𝑚 𝜀 𝑑 𝜀 𝑚 + 𝜀 𝑑 . ( 1 
)
where 𝛽 𝑆𝑃 is the propagation constant of the surface plasmon wave, 𝑘 0 is the vacuum wavenumber and 𝜀 𝑚 and 𝜀 𝑑 are the dielectric permittivity for metal and insulator, respectively. As one can infer through the above equation, this propagation constant is highly sensitive to minor variations on the refractive index of the surrounding environment [START_REF] Homola | Surface Plasmon Resonance Sensors for Detection of Chemical and Biological Species[END_REF]. Our numerical simulations consisted on a Silicon Carbide (SiC) waveguide deposited over a layer of silica (SiO2) and where a 50 𝑛𝑚 high layer of Aluminium (Al) is deposited. The structure was dimensioned to assure single mode operation at 633 𝑛𝑚 wavelength at initial waveguide dimensions, then its cross section is increased to create a bimodal waveguide as shown in Fig. 2. The working principle is, to some extent, similar to the device developed by Zinoviev et al. [START_REF] Zinoviev | Integrated bimodal waveguide interferometric biosensor for label-free analysis[END_REF] for the interferometric biosensor. The reasons justifying the selection of SiC as the material for the waveguide and Al for metallic layer were its almost non-existent absorption at visible wavelengths for the former and its cost effectiveness for the latter. Moreover, the minute dimensions of the structure enable the integration of all components in one single device, thus fully complying with the lab-on-chip concept [START_REF] Haeberle | Microfluidic platforms for lab-on-achip applications[END_REF].

Numerical simulations of this structure based on the Finite Differences Time Domain algorithm were carried out. This 3D structure is an invariant refractive index structure on the third axis and the waveguide is much wider than thick. Thus, one may assume the modal fields having the same behaviour along its width, hence a 2D planar waveguide approach might be considered [START_REF] Buus | The Effective Index Method and Its Application to Semiconductor Lasers[END_REF]. Nevertheless, given the high contrast involved and being a rectangular waveguide, the dual effective-index method [START_REF] Chiang | Dual effective-index method for the analysis of rectangular dielectric waveguides[END_REF] was the considered approach and the results obtained were successfully compared with the ones provided by analysis for this structure [14].

The equivalent 2D simulation workspace is depicted in Fig. 3, where in a) is depicted a longitudinal cut of simulated structure and in b) one can identify the refractive index of the core waveguide, the two propagation modes (i. e. 𝑇𝑀 0 and 𝑇𝑀 1 ) allowed in the wider cross section of this structure, the modes profile and their amplitudes. Note that the mode amplitude of 𝑇𝑀 0 is approximately half the amplitude of 𝑇𝑀 1 , therefore contribution of the fundamental mode for transmission is minimal. Moreover, simulations show that 𝑇𝑀 0 is highly dispersed into the SiO2 substrate and only reminiscent power reaches the detection area. With this in mind, following procedure and discussion considered only the propagation of 𝑇𝑀 1 mode.

The Al layer has been simulated considering the Lorentz-Drude dispersive model from OptiFDTD [START_REF]Design software for photonics[END_REF] library, thus providing the closest possible conditions to experimental environment. This sensing structure must be able to detect slight refractive index variations in its close vicinity. To evaluate its detection capabilities, a similar conditions simulation took place only this time with an increase of 0.1 in the refractive index of the surrounding environment. The results obtained are presented in Fig. 5, where are shown the transmission spectral response for both default and increased refractive indexes and has been verified a red shift of ~7.4 𝑛𝑚 for a variation of 0.1 refractive index units. Burning wood produces large quantities of smoke carrying droplets of soot that is formed by unburned and condensed micro-meter sized agglomerates of carbon atoms [START_REF] Emmons | The science of wood combustion Howard W Emmons and Arvind Atreya heat ' heat transfer fuel mass transfer[END_REF]. Carbon refractive index is 2.4105 at the operating wavelength of 633 𝑛𝑚 [START_REF]Refractiveindex.info database[END_REF] thus, production of these carbon agglomerates (soot) that result from the combustion of wood will contribute for the refractive index increase in the surrounding environment of the detection unit.

Multimode Interference

Our intent was to obtain two identical EM field profiles resulting from an initial fundamental mode input profile. One of the EM fields will be affected by a sensing area and the other one will represent a comparison reference for further processing.

The available options evaluated were single mode Y-junctions, two-mode interference (TMI) and MMI devices, but they all presented disadvantages when compared to the latter structure. Namely, close proximity of access waveguides on these devices usually leads to unwanted modal coupling and separation aperture filling, due to the limited resolution of lithographic process, hence affecting TMI section length arbitrarily and causing performance degradation [START_REF] Soldano | Planar Monomode Optical Couplers Based on Multimode Interference Effects[END_REF]. According to [START_REF] Soldano | Optical Multi-Mode Interference Devices Based on Self-Imaging : Principles and Applications[END_REF]- [START_REF] Sosa | Design of Silicon photonic Multimode Interference Couplers[END_REF], operation of MMI devices relies on the self-imaging principle which states that single or multiple images of a given input field profile are replicated periodically in space, as the electromagnetic field propagates through the waveguide. The propagation constant of a mode 𝛽 𝑚 (𝑚 = 0,1,2, …) propagating in a high contrast step index multimode device shows an approximate quadratic dependence to the mode number 𝑚:

𝛽 𝑚 ≅ 𝑘 0 𝑛 𝑐𝑜𝑟𝑒 - (𝑚 + 1) 2 𝜋𝜆 0 4𝑛 𝑐𝑜𝑟𝑒 𝑊 𝑒𝑓𝑓 2 , (2) 
where 𝑘 0 is the vacuum wavenumber, 𝑛 𝑐𝑜𝑟𝑒 the refractive index of the structure, 𝜆 0 the vacuum wavelength and 𝑊 𝑒𝑓𝑓 the effective width of the MMI waveguide (considering the Goos-Hänhnchen shift on the device boundaries). In high refractive index contrast devices, the penetration depth of the EM field beyond the inner walls of the device is practically non-existent, hence:

𝑊 𝑒𝑓𝑓 ≅ 𝑊 (3) 
The spatial location of single/multiple and direct/mirrored images, resulting from the propagation modes interference, is directly related to the beat length of the two lowest order modes, 𝐿 𝜋 :

𝐿 𝜋 = 𝜋 𝛽 0 -𝛽 1 ≅ 4𝑛 𝑐𝑜𝑟𝑒 𝑊 𝑒𝑓𝑓 2 3𝜆 0 (4)
Single mirrored and direct images from the input field profile form at 3𝐿 𝜋 and 2(3𝐿 𝜋 ), respectively, while two-fold images form at The simulated device consisted on a silicon carbide (SiC) based structure, where the input and output waveguides were dimensioned to support single mode operation at 633 nm vacuum wavelength. First simulations of our structure did not show the intended results, mainly due to fine misplacement of the output waveguides, thus an optimization algorithm had to be executed on the simulation tool.

The results obtained are shown in Fig. 7, where one is able to find the optical field profile spatial distribution on the top half of the figure and, at the bottom half, the normalised amplitudes along the monitored paths leading to the output waveguides. Note that, at the latter, there are two evolving lines that reflect each of the already mentioned paths. These are hardly distinguishable due to the optimization algorithm that balanced the amplitudes of both output waveguides. 

Wireless Sensor Network

Contemporaneous state-of-the-art technology in telecommunications and electronics enables the development of a myriad of sensor structures, each with capabilities of sensing specific events in its proximity, communicating with its neighbours, data storage and processing power. With this in mind, a large number of these devices deployed over an arbitrary area can collaborate to form an ad-hoc network of sensing nodes, which will be referred throughout this document as a Wireless Sensor Network (WSN).

The trend direction seems to point for these WSNs to be present in every aspect of our lives as the predominant sensing technology [START_REF] Kaur | Wireless Sensor Networks-Recent Trends and Research Issues[END_REF], with unprecedented impact in every sector of our economy and in society. Implementation and deployment of a WSN is not burden free and its cost is directly related to the number of nodes in the network. Hence, it is of vital importance to define an implementation strategy prior to deployment. To this end, network simulators are of great assistance for they enable the simulation and refinement of the network architecture, operation and behaviour of our design before going into the implementation phase.

To elaborate this document, several network simulators were evaluated, namely Packet Tracer [START_REF]Cisco Packet Tracer[END_REF], NS-2 [START_REF]NS-2[END_REF] and CupCarbon [START_REF]CupCarbon, WSN simulator[END_REF]. After consulting the available documentation for each tool and careful consideration, the selected simulator was the latter one for its appropriateness over our intended task: -WSN simulation for early fire detection. CupCarbon [START_REF] Bounceur | CupCarbon: A New Platform for Designing and Simulating Smart-City and IoT Wireless Sensor Networks (SCI-WSN)[END_REF] is a simulator that operates at the application layer of the nodes and will be next demonstrated adequate for network behavioural monitoring when in presence of a fire event. It integrates radio propagation and interference models which allows fast and accurate evaluation of link quality based on transmission conditions [START_REF] Bounceur | CupCarbon: A new platform for the design, simulation and 2D/3D visualization of radio propagation and interferences in IoT networks[END_REF]. Sensor nodes can be placed on an actual geographical map through Open Street Map (OSM) framework.

Being a multi-agent and discrete event simulator it enables monitoring several node related events, such as tracking mobility, energy consumption, gas and fire detection, and more, while simulation is running [START_REF] Mehdi | CupCarbon: A Multi-Agent and Discrete Event Wireless Sensor Network Design and Simulation Tool[END_REF]. Moreover, this software is able to simulate IEEE 802.15.4 (Zigbee) [START_REF] Bounceur | CupCarbon: A New Platform for Designing and Simulating Smart-City and IoT Wireless Sensor Networks (SCI-WSN)[END_REF], WiFi and LoRA, and each node has data processing capabilities through SenScript commands. It is an open source Java programmed tool, source code is available and may be altered to include custom code, functions or algorithms, e. g. an improved Dijsktra algorithm [START_REF] Lopez-Pavon | Evaluation of CupCarbon Network Simulator for Wireless Sensor Networks[END_REF] or data mining techniques for fire detection [START_REF] Saoudi | Data Mining Techniques Applied to Wireless Sensor Networks for Early Forest Fire Detection[END_REF].

Thus, CupCarbon was the selected simulator to model an automated early detection of fire in forests based on a WSN. The selected radio protocol was Zigbee for this is a lowrate, low-traffic network and distance between nodes is not limited by radio but sensing range. To this end, 178 nodes with 50 𝑚 sensing range were deployed over a densely forested area, all with data storage and processing capabilities. Nodes distribution was maximized on tree areas over bushes or clear sight terrain. Fig. 8 shows the deployed WSN where each orange dot is a sensing node, the orange triangle is the sink and the white arrows symbolize bi-directional links. A gateway (sink) was placed within reach of some nodes to assure interaction with the external network (TCP/IP), thus allowing remote control, monitoring and management of all network elements. Scripts were developed for both nodes and gateway, according to their operational functions:

• Nodes are always checking the radio data buffer for an incoming message to route and, at every given time set in the script, the sensing device is monitored for an alarm condition. They only transmit or forward a message once and wait for the reset message from the gateway; • Gateway receives messages from nodes and forwards them to the external This is signalled by a yellow circle around the triangle. Once an alarm message is received from all neighbours, the sink sends the reset message to nodes. Sink also provides application layer connection for remote control, monitoring and management of all WSN. Simulation was conducted and, at some point in time, a fire event has been modelled. Figure 9 depicts the start of the fire event detected by the sensing structure. Then, the alarm message is sent out the node to its neighbours and starts propagating to the rest of the network. As the message evolves throughout the network, after 61 received messages it reaches the gateway, as represented in Figure 10, and is forwarded through an available technology (e. g. 3G/4G, cable, optical fibre, ADSL, etcetera) to the remote control centre for evaluation. 

Conclusions

The simulated SPR based sensing device, has been designed on a SOI platform with costeffective materials such as Al for the active metal and SiC for the waveguide and MMI elements. This structure was able to detect refractive index variations of the surrounding environment at visible wavelengths, thus its features can be incorporated on an experimental sensing device. This structure has been modelled with dispersive materials, including losses, to reflect as much as possible experimental conditions. Device integration of one or many of these structures is achievable given design simplicity and involved minute dimensions, thus complying with lab-on-chip concept [START_REF] Hermann | Design Principles for Industrie 4.0 Scenarios: A Literature Review[END_REF]. Simulations of a network operating under these conditions have shown that an early wild fire detection system is feasible when implemented on a WSN. Future work will consist on the experimental implementation (through Plasma Enhanced Chemical Vapour Deposition facilities at ISEL) of the sensing device to validate the results obtained, setting up a comparison benchmark between mentioned results and the ones obtained with noble metals and will also consider development of Java based code in the WSN simulation tool, in order to optimize energy monitoring capabilities in a more consistent way and to develop a fire spreading algorithm.
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 1 Fig. 1. Proposed block diagram of a single unit.
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 3 Fig. 3.a) OptiFDTD simulation workspace; b) Refractive index profile, modes propagated and respective power amplitudes.
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 4 a) shows a close up of the Poynting vector evolution along the propagation direction. It is noticeable the propagation of the SPR wave along the Al layer. After the sensing area, the field amplitude decays approximately 6 𝑑𝐵, as can be verified in b) where are shown the obtained field profiles on the observation lines located before and after this zone.
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 4 Fig. 4.a) Poynting vector amplitude evolution; b) Field profiles before and after detecting zone.
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 5 Fig. 5. Transmission spectral response for both refractive indexes.
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 2 3𝐿 𝜋 ). The single images are approximately the same amplitude as the input EM field and each of the two-fold images is affected by an attenuation factor of 3 𝑑𝐵, thus offering the ideal conditions for a 3 𝑑𝐵 coupler device, similar to the structure diagram depicted in Fig.6.
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 6 Fig. 6. MMI structure and sensing area diagram.
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 7 Fig. 7. Optical field profile distribution (top) and field amplitudes along the monitoring paths (bottom).
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 8 Fig. 8. Deployed WSN.
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 9 Fig. 9.a) Fire event start and initial alarm message propagation; b) Alarm message propagation reaches gateway.
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