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Embedded Room-By-Room Heating Control System
Aims

To develop an embedded web based programmable room-by-room heating control system, using an ethernet local area network

Objectives

· Research temperature measurement and control
· Research mains heater control

· Research previous final year students’ ethernet based projects and take heed of the problems they encountered

· Research and utilise in-circuit debugging (ICD) and in-circuit serial programming (ICSP)

· To research & utilise the C18 microchip compiler
· Research transmission control / internet protocol (TCP/IP)
· Utilise Microchip’s TCP/IP stack
· Research and utilise the dynamic host control protocol (DHCP) for automatic internet protocol (IP) address allocation
· Research the hyper-text transfer protocol (HTTP) and implement embedded web server to host a HTML front end
· To design the system in a modular form

· To design, build and test the hardware and software to form a solution to the project aim

Technical Overview

This is an embedded system, to perform the heating part of a ‘smart house.’ All the functions will be controlled and monitored by a central node that monitors room nodes and sets the required temperature set-point. It communicates with the room nodes as a TCP client on the ethernet network. The central node also provides an embedded web server which the user can log-in to from within the house’s LAN or potentially the WWW to control the system. The web page(s) will allow monitoring of each room temperature and the setting of the target temperature. For this prototype model, there will be two rooms with the potential to have more rooms added to facilitate a larger house. Each room node will measure the temperature level and drive the ‘heater’ in such a way as to achieve the required set-point. The room node will act as a TCP server that will return values to the central node and receive the required set-point. For the exhibition of the project, each room will be a suitably sized cardboard box with a 40W light bulb as the heater.
Resources required

· 3x microchip ENC28J60 ethernet controller with SPI interface
· 2x microchip PIC MCU with SPI interface, at least 1 analogue to digital converter (ADC) & 1 digital output (for the room nodes)
· 1x microchip PIC MCU with SPI interface and good memory size (for the central node)
· 3x sets of ethernet interfacing hardware - RJ45 sockets (which include status LEDs & 1:1 CT pulse transformers), Ferrite Beads, capacitors, resistors
· 1x interface to a larger amount of non-volatile memory (e.g. SD/MMC, CF, USB flash drive)
· 2x Temperature sensors (preferably all-in-one ICs with serial output)

· 2x Mains relays (suitable for the ‘heaters’ – see next item)

· 2x ‘Heaters’ (40W light bulbs & bulb holders)

· 2x ‘Rooms’ (suitably sized cardboard boxes)
· 1x Dynamic Host Control Protocol (DHCP) and possibly 1x Network Time Protocol (NTP) server
· 1x 4 port (at least) ethernet hub
· MPLAB Integrated Development Environment & MPLAB-C18 (C compiler for 18F series PIC MCUs)

· MPLAB compatible in-circuit debugger (ICD2) / in-circuit serial-programming (ICSP) kit
Tasks

1. Build prototype node using microchip ENC28J60 ethernet controller
a. Research chip’s standalone capabilities (i.e. its datasheet)

b. Interface chip to ethernet

c. Interface the ENC28J60 to a PIC MCU via SPI
2. Get node talking to PC

a. Get PIC MCU communicating to the ENC28J60 via SPI bus

b. Implement microchip TCP/IP stack

c. Assign a static IP to the node

d. Allow a socket to be opened on the node

e. Tx and Rx sample data from PC (e.g. time of day (TOD) protocol)
f. DHCP

3. Interface ‘heater’ and temp. sensor to node – allow target temp to be sent to node and current temperature to be reported back

a. Interface mains relay (for ‘heater’) and thermometer (e.g. thermistor) to the MCU

b. Get current temperature being reported back (e.g. replace the test message used for the TOD protocol above)

c. Implement a way of assigning the device a target temperature

d. Implement a control algorithm for heater
4. Configure a central node to communicate with room nodes

a. Create new board, with a higher memory capacity than the room nodes and possibly a higher amount of processing power

b. Create a method of discovering each room node

c. Send and receive data – monitor memory using the in-circuit debugger (ICD)

5. Build embedded web server in central node – host sample (test) html page

a. Research HTTP / study PICDEM.net board
b. Implement basic HTTP server

c. Read memory device and host? (USB stick? MMC/SD card? CF?)

6. Create programmable web interface

a. Display current temperature at each room node on a web page

b. Implement a real time clock (RTC) and a method to set it (via web page / NTP?)… battery backup… external dedicated chip? (must be very low powered!)

c. Incorporate a method of setting each room node’s target temperature for different times of day/week/year (etc)
d. Data log facility of each of the rooms – csv / display as graph?
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