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1.0 Introduction
This report contains information pertaining to the current and future progress of the wireless spa temperature sensing system project. The goal of the project was to create am inexpensive prototype that samples analog temperature data, conditions data, uses wireless telemetry and displays the temperature in Fahrenheit and Celsius on a Liquid Crystal Display (LCD). 
An overall hardware cost analysis has not been performed and will not be in this report. Many components have been received under loan from the ECE department.

The following section will give briefly state background information from the previous progress report. Next, the report will discuss current progress by describing completed events. The functionality of the software modules will also be defined. The report will conclude by discussing future development plans. 

2.0 Background
The anticipated weekly progress was approximated in “Progress Report 1”. Table 1 below, was the anticipated timeline. 
Table 1: Anticipated Timeline.
	Week
	Tasks

	1 & 2
	Acquire hardware components and development kits.
Experiment with the wireless evaluation system.

Write code to program the PIC16F684 to:

 1) Acquire an analog voltage by the internal A/D converter.       

 2) Communicate to the LCD display/controller.

	3
	Program a serial communication protocol between the two microprocessors.
Integrate the system with the wireless components.

	4 & 5
	Design SPA unit and HOME unit PCBs.

Get PCBs etched and populated. Build a prototype of the two units.
Begin web design and presentation preparation.

	6
	Troubleshoot hardware.

	7 & 8
	Finish web design and presentation preparation.
Write final report.


All members of AVI participate in the development of each task. Figure 1 illustrates a preliminary block diagram of the system.

Table 2: Project Assignments.
	Member
	Tasks

	Chris Garand
	Project Leader 

Software Developer (Primary)

	Jake McEvoy
	Hardware/Software Developer 

Report Author (Primary)

RF Hardware Developer (Primary)

	Bill Shera
	PCB Board Developer (Primary)
Website Developer (Primary)

Hardware/Software Developer
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Figure 1: Preliminary Design Block Diagram.
3.0 Current Progress
The timeline of Table 1 was loosely followed. The group realized that the programming of the PIC16F684 microcontroller had the highest learning curve. The experimentation of the microcontroller did not start smoothly as the compiler and programming environment was not properly installed in the 499 lab. Over 20 hours of time was spent setting up the PIC Kit programming environment and insuring that all required files and proper compilers were present. The majority of the hours allocated for the project were used in software development. The following sections describe the progress in a sequential list of events. 

3.1 Acquired Components

The components were already selected in previous research, which made the acquisition of the components a relatively straight forward process.

The following components were acquired from the UVic ECE Tech lab.

· Two PIC16F684 microcontrollers, 

· “PIC Kit” programmer 

· Two standard breadboards 

· Two five-Volt and variable regulators 

· LM35 analog temperature sensor

· Miscellaneous hardware (wire, resistors, capacitors, Potentiometer, etc…)

The following components were ordered from Digi-Key.

· LINX Technologies 433MHz LR series basic evaluation kit

· Receiver and Transmitter evaluation boards (preassembled).

· Two receiver modules

· Two transmitter modules

· Two CW series antennas 

· Various hardware manuals and FCC regulations manual.

· Right Angle PCB Mount Jack Receptacle (SMA connector) 
3.2 Wireless System Experimentation

Simple functionality tests of the wireless system were performed. The supply for both transmitter and receiver modules must be changed to a higher capacity battery or power supply prior to further testing and development. Both telemetry components will operate at 3.3 V.

The wireless telemetry system is yet to be tested with the transmission data. This will commence as soon as the programming portion has been debugged.
3.3.0 PIC16F684 Programming

Two programs have been started but still remain incomplete. The following two sections will describe the current status of these modules. The modules are “Spa” and “Home”.
3.3.1 Spa Unit

The spa unit essentially acquires and conditions the data from a temperature sensor, transmits the data and shuts-down to save power. The spa unit block diagram can be viewed in section 3.4.
The “analog-to-digital (A/D) converter” function has an error during simulation and has not been solved: “TAD is less than 1.6 microseconds.” An A/D example was followed and the appropriate registers were correctly initialized. The program compiles and has not been tested on the microcontroller. There is a suspicion that a bug may exist within the simulator. The microcontroller references the linear (10 mV/ ° Celsius) signal with Vdd (+5V). After conversion the sampled data value should be 2*temperature. Since 65° Celsius is a limit, the sampled data should not exceed 8 bits. The conditioning of the data includes this conversion back an integer value of the temperature. The basic functionality of the A/D function includes sampling, conditioning and storing the acquired data to a variable within the system.
The sleep command within the microcontroller has been properly set-up and implemented to power-down for a set time based on the watchdog timer. This function will aid in battery management by reducing the operation duty cycle. The microprocessor and the transmitter consume the most energy and now can be temporarily shut down. 
The “transmit” function takes the sampled data, adds synch bits and transmits the digital data to the transmitter. The timing of the transmission has just been realized by the use of a ‘stopwatch’ function within the simulator and verified by the use of an oscilloscope. The transmission speed of each bit was slowed down to a more realizable transmission frequency of approximately 746 Hz. Tuning of the function was performed to insure that transmitting a ‘high’ or ‘low’ take the same time. The timing of transmission was used as a basis for the transmission protocol further described in section 3.3.3. 
The transmit function has not been fully tested and requires further development. Currently, the transmit function sends the complete 10-bit sampled value. If there exists a lot of obstruction the transmit section can be performed multiple times with a delay in between transmissions. This delay would be greater than the transmission time and home unit processing time. To further save energy, a function can be done to compare the previous temperature with the current temperature. If equal, don’t transmit.
3.3.2 Home Unit

The home unit essentially receives and decodes the temperature data and displays the data on a Hitachi Liquid Crystal Display (LCD) module. The home unit block diagram can be viewed in section 3.4. 

The “receive” function has been implemented based on the protocol defined within the serial interface in section 3.3.3. This function simply polls a pin-input (RA3) for a synch bit (‘high’), delays, over-samples (and averages) the incoming data, and “bit-bangs” the resolved bit into a variable by a shifting and adding (a 1 or 0). This function has not been tested and still requires further development.
The “LCD write” function has been designed, tested and proven to operate within the specification of the transmission data length of the spa unit. The temperature is displayed as both Celsius and Fahrenheit. The integer conversion to string function (sprintf) of the received data consumes the majority (~70 %) of the available memory within the system. This may become a problem during the integration of the receive function and further development.

The home module may require “cleaning” to ensure the space for all functions within the home unit.
3.3.3 Serial Interface Protocol

The serial interface was designed “on-the-fly” by first creating a transmit data function. The output of this function was refined until a 746 Hz output was achieved. Two synch bits are added to the front of the temperature data which has a maximum size of 10 bits. The remaining two bits that are concatenated to the end of the signal are regarded as noise. The receiver function was then designed based on the output from the transmit function. The receive function basically polls the input pin for the initial ‘high’ bit by over-sampling and averaging. The function samples 5 times and returns an average of either a high or a low. If ‘low’, the function stays within this state and samples the input again (for a ‘high’) without delay. If ‘high’, the signal will come after a low bit (of known period length) and the function will change states to collect the data. The collection is performed in a similar averaging algorithm, where 5 samples are averaged over a known period within each bit. After a value has been received, the function waits a known amount to go into the next bit period. The time required for the sample and averaging is 168 instruction cycles. The total transmission bit period is 1340 instruction cycles. The synch delay was approximated to be greater than 2512 and less than 2680. This synch-wait delay was initially set to 2621. The delay that shifts into the next bit period was determined to be within a range of 1172 to 1250 instruction cycles. This bit-shift delay was initially programmed to 1207. All of the timed periods are based a “stop-clock” within the simulator environment. The timing is still theoretical as it has not yet been proven. Please see the figure below for a timing diagram for the interface.
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Figure 2: Theoretical Timing Diagram for the Designed Serial Interface Protocol.
3.4 Updated Software Design

There was no initial software program flow or block diagram. After the development environment was set-up, simple functions were developed. These functions would be a part of the overall functionality of the spa or home modules. From this, a functionality flow diagram was developed and refined as the software development progressed. Currently, the basic software structure and program flow is defined but the design will still undergo minor changes. The home module will need to go through memory management optimization to ensure that all functions will be implemented. If time permits, some DSP (i.e. compression techniques to reduce the size of the transmitted data) may also be implemented.
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Figure 3: Spa Unit and Home Unit Flowcharts.

3.5 Hardware


Both spa and home modules require a PIC microcontroller. These controllers are responsible for the encoding or decoding of telemetry data, and acquisition or display of temperature data. 

To save cost the LINX LR series telemetry system has been considered over the LINX HP-3 series telemetry system. The power specifications of the transmitter and receiver are restricted to a max of 3.6 Volts. The temperature sensor and LCD display (HD44780) both require a supply of 5 Volts to maintain proper performance. The PIC16F684 can operate at either voltage. This design constraint was not considered in previous research and level adjustments of the microcontroller output to the transmitter input must be made. A simple (resistor) voltage divider was considered to be the most cost effective solution. The supply must meet the 5-Volt regulator requirements and 4 AA batteries in series will be used in the prototype. The requirement of two different voltage regulators increases the losses, particularly in the 3.3-Volt regulator.

Two 3.3 Volt regulators (required) will not be ordered until the initial programming and hardware design is complete. A power supply can be used to provide the 3.3 V source until the regulators are acquired. A hermetically sealed or TO-220 package LM35 temperature sensor must also be acquired.  

Other hardware considerations will be realized and debugged after the completion of the software modules.
EagleCAD® PCB design freeware was selected for development because no other design software was provided to us. The use of this freeware reduced initial development cost, but the learning curve was substantial over other more familiar PCB design software (i.e. Protel®). 
3.6 Updated Hardware Design


The hardware design has undergone substantial development and changes from the original design of Figure 1. The concerns in section 3.5 have been addressed.

Both pin diagrams for the spa and home units have been designed. Currently, only the spa (remote) unit has undergone development in EagleCAD®. The spa unit requires revision prior to completion and the home unit is expected to be developed in EagleCAD® this week.

The home unit pin diagram is wired similar to Myke Predko’s LCD HD44780 project. There were three LCD control signals, one receive input signal, and a 4-bit LCD data bus. The spa unit pin diagram is illustrated in Figure 4. Figure 5 represents a PCB layout prototype for the spa unit.
[image: image5.png]E

+BATIT
P

ut o s

0.1uF B o WY IS eg
! [=) Ve 2 = %

Z ; 5 i S
4 [T 1
o ~ — Anzlogue Signa —
c (=]
4 - ADJLMSE OUT = Gnd
i PICTBR684 Enable s





Figure 4: Current Pin Diagram for the Spa (Remote) Unit.
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Figure 5: Current PCB Layout Design for the Spa (Remote) Unit.
4.0 Planned (Future) Progress

Table 3 below, defines the upcoming project tasks for March 2006.
Table 3: Refined Timeline (for March).

	Week
	Tasks

	1
	1) Write software modules and do preliminary debugging.

2) Begin designing the home unit and spa unit PCB prototype layouts. 

3) Begin designing the presentation.

	2
(Current week)
	1) Test and verify A/D function.

2) Test and verify transmit and receive functions.

3) Integrate software functions into their respective modules and refine the code for memory management.
4) Complete the PCB board prototype layouts. 

	3
	1) Breadboard design development and testing (hardware specific tests).
2) Order and populate the prototype boards.
3) Test and validate the functionality of the PCBs.

4) Make revisions as necessary and order parts for the first prototype. 
5) Begin website development.

	4
	1) Create the first fully integrated prototype and complete any unfinished refinements.

2) Finish designing and planning the presentation. 

3) Start the final report.

	5
	1) Finish the website development.
2) Complete the final report.


5.0 Conclusion
Software development has consumed the majority of development hours for the project. It is possible to complete a basic prototype for a wireless spa temperature sensing system provided the software errors can be fixed quickly and without major modification. The overall system integration and testing must be started immediately to meet the project demonstration deadline. 
LM35 Temperature Sensor





LCD controller





Microcontroller





Linx HP-3 Receiver





Linx HP-3 Transmitter








Spa Unit





Home Unit








[image: image7.png]TO-220
Plastic Package”

O

v
3507

+Vs Your
GND



[image: image8.png]etk HITACHI DOT/ MATRIX LCD MODULE stk
48x2 Characters



[image: image9.png]


_1203100646.vsd

_1203100737.vsd

