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“How can cities leverage the benefits of digitalization to relieve stress on overstretched services and resources?”
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It can be argued that as a stated ideal, the governments of all cities (with varying degrees of sincerity) strive to provide a  high quality of life to the people, both human and corporate, who live, visit and do business there. The use of technology to achieve this goal long precedes the harnessing of electricity, indoor plumbing or even freshwater delivery systems. So what is a Smart City and how does it differ from its predecessors?
All cities are composed of interlacing infrastructures which are interdependent to varying degrees. How these are structured internally and how these structures fit together into the greater whole greatly influence how well the system works to support the city’s population.
In this context, smart design involves at the macro level, large infrastructure placement such as combined heat and power arrangements, piping waste heat from industrial processes to heat nearby housing and shops. Common sense tells us that at whatever scale, a system’s effectiveness depends upon good initial architectural design.
In recent years, the term ‘smart city’ has come to imply the incorporation of digital technologies in the implementation of a city’s services through the ‘Internet of Things’. This means the deployment of large numbers of small, largely inexpensive devices with only very basic computing power (things). The two basic categories of things are ‘sensors’, which sense some aspect of their environment, and ‘actuators’ which do work of some sort upon their environment. Information from the sensors is fed back to more powerful server machines running software to gather and interpret output and store the resulting datasets in largescale databases.
A common architecture (used in the sense of a software system’s design) is that of a local cluster of things connected either with wires or wirelessly, communicating in a subnet with a somewhat more sophisticated microcontroller. This set of devices and controller is called a node. Nodes in turn communicate with  the server which can be in an entirely separate location. Quite often the nodes connect to the server over the internet itself. Connection strategies vary.  using http requests
The resulting 

! Smart design involves Placement/arrangements of industry, housing, shops crucial here.
What other examples?
These are the bones, which can then be monitored and automated using IoT and AI.
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Applicable to both students and employees?
[bookmark: _Toc27173612]Energy efficiency measures
The direst emergency of our times is the climate crisis. Taking into account the analysis of the 2018 report by the International Panel on Climate Change, it is imperative that global warming is kept below 1.5℃ if the earth’s climate is not to experience changes that most people would consider detrimental to the future of humans and other species[1].
IoT systems can help determine and implement the efficient use of resources. People are very good at turning on things like heating, air conditioning, lights, fans and computers when they enter a room, but not as good at remembering to turn them off again when they leave.
In the rooms and other spaces of a smart campus, as in other settings, IoT systems can measure and evaluate environmental factors such as temperature, light level, glare on computer screens and time of day. They can then use that information to make rooms more comfortable, more functional, more secure as well as more energy efficient.
 For example, actuators switching a room’s lighting, heating and cooling systems could be controlled using sensors to detect ambient light levels in areas of the room where people are working. Human presence could be detected using infrared sensors to pick up body heat, motion detectors to detect movement or, in the case of a room containing computer workstations,  network monitoring to see which are in active use.
Actuators could polarise windows when high levels of direct sunlight are detected on computer or smart board screens. Window polarisation could be automatically evaluated as a complementary strategy to more energy intensive air conditioning when strong direct sunlight is sensed on the windows in combination with uncomfortably high room temperatures.
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to adjust building and other infrastructure characteristics to minimise need for energy input:
	direct sunlight sensors → polarise windows automatically (actuators) to minimise heat absorption by room through reflection when HOT out – or maximise absorption when COLD.
Also use to minimise reflection on students computer screens (need student input? – easily accessed glare annoyance survey? – desklet or glare sensor mounted on/in screen
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University campuses typically have many buildings each with myriad rooms containing a plethora of equipment of highly varied types. Also varied are the activities which go on in these spaces, the times at which they are scheduled to occur, the staff and students who are expected to participate, etcetera [2].
Accurate digital modelling of these spaces’ configurations, equipment stock, both scheduled and actual usage, both scheduled and actual maintenance, environmental parameters and resource consumption, would contribute greatly to the efficient running of the campus. Such a model would be stored on a universities database and be accessible to varying degrees to all those with appropriate privileges.
Use Cases
Maintenance, Logistics and Environmental Quality
Logistically, such a model could keep track of where consumables need replenishing (ink, paper, electronic parts, etc) or locate malfunctioning or end of life equipment for repair or replacement. It could also monitor environmental quality and automate activities for its upkeep and improvement [3].
Centralised Scheduling
It could be used to create a centrally held and updateable schedule of room usage which could be referred to for the location of any class, or the expected location of any staff member or student. Such a schedule could be accessed via a suitably authenticated web portal, so a lecturer could log on to move a class and students could easily find the new location. Or, at beginning of term students could easily see where they’re supposed to be at a given time.
The Physical Web
The physical web means The matrix of web enabled IoT things in the context of interaction with mobile devices [4]
BLE Beacons and Navigation
Bluetooth Low Energy Beacons placed throughout the campus and buildings could broadcast such a schedule along with a smartphone user’s location to identify and see the schedules of nearby rooms and other information about them [5] [6] [7]. Beacons operate by broadcasting notifications containing url links. These are picked up by a user’s smartphone. Links could point to the digital model as a whole or, since they are broadcast locally [8], a locally pertinent web page, say containing information about the room nearest the user.
Digital Campus Mapping and IoT Automation
Such a schedule could also be read by automated systems controlling room heating and lighting. This would enable such a system to, by default keep rooms in a low energy state: lights off, heating low, computer workstations, projectors or smartboards off, or in hot weather air conditioning off but then prepare a room for use shortly before it was scheduled to be occupied.
Indeed, the simulation of just such a system is the focus of the implementation portion of this coursework. It is described in detail in the Design and Implementation chapter of this report. 
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Be v. brief and overview-y 
Ethics!!!

Can we? Should we design in dark spots? Where people can get away from electronic surveillance?
Is it possible to design in checks and balances? Democracy? Escape from centralised industrial control and monitoring? A backdoor for anarchists? The capacity to dissent?
An early promise of the internet was empowerment for all, decentralisation of control. Stallman-esque freedom. How can this be realised in an IoT world? LUGs maker spaces, Linux techies...

Growing concern at facial recognition issues, loss of privacy.
How can we preserve the right to be forgotten in an IoT society?
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how would each sensor be useful for the monitoring task?
Window polarisation → 1. sunlight sensor 2. Outside and inside temperature sensors →
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how would each sensor be useful for the monitoring task?
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how would each sensor be useful for the monitoring task?
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