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Introduction
The aim of this project is to develop an embedded web based programmable room-by-room heating control system, using an ethernet local area network.

If designed correctly, any number of rooms’ temperature should be able to be controlled by a central embedded web server through a node in each room. It is planned that the finished product would feature as the heating control in a “smart house” system.

However, due to time constraints, for the purposes of this project only two room nodes are planned to be built.
This project is continuing the work of previous students who have interfaced ethernet controllers to microchip PIC microcontrollers, with one subtle difference – the ethernet controller will be the ENC28J60 chip manufactured by microchip, rather than the 8019AS which is manufactured by Realtek. The main advantage over choosing this device is that it is available in a dual in line package, making it easier to interface to a prototype model.

Other factors in choosing this ethernet controller were suggestions from previous project students’ further work suggestions and because the microchip TCP/IP stack is now primarily focused on this chip.
Summary of Research
· Microchip ENC28J60 data sheet
· Contained within this document, are detailed descriptions of how to use this 3.3V serial peripheral interface (SPI) ethernet controller. However, since I will be using the microchip TCP/IP stack to use it, the most important sections to me are the interfacing sections (page 1: pin-outs, section 2: external connections, section 16: electrical characteristics)

· A copy may be found at http://ww1.microchip.com/downloads/en/DeviceDoc/39662b.pdf

· Microchip PIC18F45J10 data sheet

· Contained within this document, are detailed descriptions of how to use this 3.3V 8-bit microcontroller. The most important chapters to this project to highlight are – Ch2: Oscillator Configurations, Ch9: I/O Ports, Ch15: Master Synchronous Serial Port (MSSP), Ch23: Electrical Characteristics

· A copy may be found at http://ww1.microchip.com/downloads/en/DeviceDoc/39682C.pdf
· Microchip TC77 data sheet

· Contained within this document, are detailed descriptions of how to use this serial peripheral interface (SPI) thermal sensor. Since the device is relatively simple (compared to the previous two devices listed), the whole document is relevant to the project.

· A copy may be found at http://ww1.microchip.com/downloads/en/DeviceDoc/20092a.pdf

· MagJack SI-10021 data sheet

· Contained within this document, are diagrams of the internal circuits, pin-outs, physical dimensions and suggestions for PCB mounting for this RJ45 socket with integrated magnetics.
· A copy may be found at https://arcadiansales.com/data_sheets/35.pdf?PHPSESSID=b5d84b80e165656cd577c7657c74c34f 
Research yet to be completed
· A suitable 18 series PIC with sufficient E2PROM / programme memory has not yet been finalised for the central web-server node. However, apart from the pin-out of the chip, most of the other characteristics should be shared with the P18LF45J10 being used for the room nodes.

Block diagram (Room Node)
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Partial Circuit Diagram (Room Node)
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Missing from the diagram:
· Not all power lines connected on the ENC28J60

· PIC18LF45J10 (including all necessary components such as power)

· TC77 SPI temperature sensor

· Mains Relay Circuit
Technical Progress Report
Microchip ENC28J60, progress and understanding of so far
This is a 3.3v (nominal voltage) serial peripheral interface (SPI) ethernet controller. Supplied within the data sheet for this device are detailed circuit diagrams showing exactly how it should be interfaced to an RJ45 ethernet socket, through a series of resistors, capacitors, transformers and a ferrite bead. 

Two problems became apparent quite quickly for this device –

The first problem that arose is that the majority of Microchip peripheral interface controller (PIC) micro-controller units (MCUs) normally operate at 5v, which would mean the 3.3v output on the SPI bus would need to be level shifted to 5v. For simplicity, a 3.3v PIC was chosen to keep a single voltage throughout the board.
The second problem was the difficulty in sourcing the magnetics for the interface to ethernet. RJ45 sockets with integrated magnetics were found fairly quickly that had a suitable arrangement of transformers (known as 1:1 tab-down) but were either out of stock, or the supplier would add a ludicrously high surcharge for making such a small order (in one case £10 for the components, £30 surcharge and £30 shipping). Eventually after researching the different manufacturers who produce these sockets with integrated magnetics, a temporary ‘while stocks last’ line was found in the online farnell catalogue by searching for the manufacturers’ part numbers (opposed to searching for the description) and they were ordered as quickly as possible.
The current stage this project is with the ENC28J60 is that the prototype board is interfaced to a 10/100 ethernet hub, with an established link but due to troubles with the PIC interfaced to it via SPI, no frames are able to be sent and no data received is able to be analysed.

MagJack SI-10021
This is the RJ45 socket with integrated magnetics. There is nothing complex about its operation and the datasheet was very comprehensive with a pin-out diagram allowing easy interfacing with the ENC28J60. The only difficulty in using this component with the prototype board was the pitch of the pins. However, it was relatively easy to solder some flying leads to the socket to allow it to be integrated.
Microchip PIC18LF45J10, progress and understanding of so far

This is a 3.3v (nominal voltage) microcontroller, with one 5 bit port and three 8 bit ports. Each pin on the various ports has several different functions behind it, including two synchronous serial ports (supporting both SPI & I2C), one Enhanced Addressable USART module (supporting RS-485, RS-232 and LIN 1.2) and up to 13 analogue-to-digital converters.

There was one initial problem which became apparent when wiring up the PIC, which was that since it is a ‘LF’ model rather than a ‘F’, it does not have a built in 2.5v voltage regulator for the core of the micro. Fortunately, the ENC28J60 does have such a voltage regulator and does not appear to mind sharing this source with the PIC.
There are currently two problems with this device that are causing the project to stall –
The first is that the PIC is not using the 25MHz crystal connected to it as a clock source, with OSC1 having a measured frequency of about 6KHz on the pin. It is currently believed that a necessary register has not been configured, or that the configuration bits have not been programmed correctly. It is also a possibility that the latter may be caused by the following problem.
The second problem is believed to be caused by the fact that an ICD2 clone is being used, opposed to an official microchip ICD2 device. An assumption has been made that the inputs on the ICD2 clone are not sensitive enough to read the 3.3v output levels produced by the PIC reliably. Because of this, none of the programme code that is sent to the PIC using the in-circuit debugger is able to be verified correctly. Furthermore, the ICD2 clone cannot currently be used as an in-circuit debugger, since MPLAB cannot detect valid debug software loaded onto the PIC. 

When the programme memory is filled with all ones and read back, it appears that random bits are being lost, although they are usually being lost in similar places in the word being read. The current plan to remedy this problem is to use an external pull-up resistor to override the output from the internal weak pull-up resistor’s 3.3v level to a 5v output level that the ICD2 clone should be able to recognise more readily.
Project Time Management
Original Gantt Chart, with current progress:
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Updated Gantt Chart, with realised more realistic time plan:

Explanation for changes to Gantt chart
The main wrong assumption that was made with regards to time planning was that it would be a lot easier to identify and source components for the project. Having not ordered from RS or farnell before, a lot of time was wasted looking through the online catalogue, with incomplete descriptions of components. However, in week 8, a copy of the current RS catalogue was borrowed and allowed a list of component numbers to be compiled. 

The other reason for the large time delay was due to bad time management, with a larger than expected workload caused by other final year subjects, compared to workload levels experience in the previous two years of the degree course.
Having re-scheduled the Gantt chart, it has become clear that the real time clock part of the web server will need to be withdrawn from the project to potentially allow a working model to be demonstrated at the project exhibition day. However, with this removed, the system will very much be compromised from the original vision, as without the ability to programme times when the user can make the system switch off automatically, will make the system use a lot more power, hence increasing the running costs.
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