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PROGRAMMING MICROCONTROLLERS
In the early '90s Microchip Technology Inc. was started by a group of venture capitalists who saw potential in the semiconductor division of General Instruments. General Instruments, which produced various electronic components many years ago, developed a series of programmable, high output current, input/output controllers. They called them Peripheral Interface Controllers, or PICs. They were actually simple microcontrollers built around a RISC (reduced instruction set code) architecture. They ran efficiently at 1 instruction per clock cycle at a high clock frequency of 20 MHz. This made PICs relatively fast for an 8-bit microcontroller, but their main feature was the 20 mA of source and sink current capability on each I/O pin. Typical micros of the time were advertising high I/O currents of 1 ma source and 1.6 mA sink.

For business reasons, General Instruments decided that the semiconductor division was not worth keeping and sold the operations (along with the factory in Chandler, Arizona) to the venture capitalists. This group formed what is now known as Microchip Technology. Those PICs became the main components offered by Microchip.

Initially the selection of parts was small, and none of the parts had some common features like interrupts. They also used a somewhat unusual banking arrangement for memory that still exists today in many of Microchip's parts. Despite these limitations, the parts sold well and allowed Microchip to develop new components with new features including interrupts, on-board A/D, comparators, and more. Microchip's lineup soon included flash memory parts as well as low cost OTP (one time programmable) parts.  Today, PICs are a major player in a wide range of embedded microcontroller applications.

PICAXE products are developed in the UK and distributed by Revolution Education Ltd. and were initially intended (2002) for education and electronics hobbyists to allow simplified PIC chip use, but increasingly finding application in serious technical fields especially for rapid prototype development.  A PICAXE comes with a boot loader program pre-loaded that allows programs to be downloaded using a simple COM port serial connection.

The language used to program PICAXE chips is similar to that used in the US sourced BASIC Stamps, and resembles the BASIC programming language, efficiently streamlining the code to something even those new to programming can write and understand!  Like the BASIC Stamp, the PICAXE system is interpreter-based.

Although the interpreter naturally slows system speeds, typically 4000 commands a second can be handled, it is generally fast enough for applications as diverse as data logging, LED sequencing, sounds, wireless data communications, and motor or process control.

PICAXE AXE110 DATA LOGGER

The PICAXE AXE110 data logger is an economical four channel data logger based upon the PICAXE-18X microcontroller.  This microcontroller can be re-programmed to perform many different types of logging missions.  Logging can be carried out at regularly spaced intervals, typically 1 second to several hours, or with the real-time-clock the data logger can accurately log intervals over long periods such as once a week or once a month.  Data is saved in an external memory chip.

Once the mission is complete, data can be uploaded for analysis on a computer.  Data can also be displayed in real time on a liquid crystal display.  Mission programming is simplified by using automated ‘Wizards’, which generate the BASIC code to download to the microcontroller.
PROGRAM SOFTWARE INSTALLATION

1. The Programming Editor software can be downloaded from www.picaxe.com or obtained from the instructor.  Install accepting all the installation defaults.

PROGRAMMING EDITOR

1. Launch the PICAXE Programming Editor.

2. In the tool bar, select Options.  In the Mode tab, make sure that the PICAXE 18X mode is selected.  In the Serial Port tab, verify that the PC’s COM port is ready for use.
3. Connect the PICAXE cable from the serial COM port of the PC to the serial communication jack (labeled RUN) on the PICAXE AXE110 data logger.

4. Power on the AXE110 data logger.

5. In the Editor, Options Menu, Mode tab, click Check Firmware Version…
6.   If the serial COM link is OK, a hardware ID message is returned from the microcontroller.

7.   Instructor check point.  ________________________________________________________

8.   <OK> to close the Options Menu.

TEST PROGRAMS
Refer to the schematic diagram of the AXE110 data logger and the test programs handout.  Type the test program Test the Green LED into the programming editor workspace.  Click the Program button.  The programming process will execute:
· Connecting to hardware…

· Downloading program…

· Downloading data…

· Success!

Click <OK>  The green LED should be on.  Instructor check point. _________________________

Repeat this procedure for each of the test programs:

Test the Red LED.  Instructor check point. ___________________________________________

Toggle the LED.  Instructor check point. _____________________________________________

Test the LCD Display.  Instructor check point. _________________________________________

Test the Light Sensor.  Instructor check point. ________________________________________

Test the Temperature Sensor in Celsius.  Instructor check point. _________________________

Test the Temperature Sensor in Fahrenheit.  Instructor check point. _______________________

Test the Humidity Sensor.  Instructor check point. _____________________________________

SETTING the REAL TIME CLOCK

Setting the RTC is accomplished by using a PICAXE programming editor wizard.
1.  Connect the programming cable to the RUN jack and power on the data logger.

2.  In the programming editor, go to:

PICAXE> WIZARDS> AXE110 Datalogger> Set DS1307 Time/Date…
3.  The wizard will automatically generate the BASIC code and begin the program download.

4.  When the program download is complete, <OK>.  A prompt to clear the PICAXE memory will

     appear, <YES>.  When completed, <OK>.
STARTING a NEW DATALOGGING MISSION

1.  Connect the programming cable to the RUN jack and power on the data logger.

2.  In the programming editor, go to:

PICAXE> WIZARDS> AXE110 Datalogger> Start New Datalogger Mission…
3.  Modify the data logger mission wizard as follows:

· Under Sensors, check 2 and type Humidity in the box (over Sensor 2) text.

· Under Outputs, check Use serial LCD (AXE033).

· Under logging Period, check DS1307 RTC (most accurate interval)
· Set Mins: to 0

· Set Secs: to 2

· Under Readings: set the value to 150 Total number of readings to take on mission.

· In the Mission Title: type your names.

4.  Double check the settings, then click <OK>.

5.  The wizard will automatically generate the BASIC code and begin the program download.

6.  When the program download is complete, <OK>.  

The bi-color LED will begin flashing every 2 seconds as temperature, humidity, and light level data is collected and stored.  The raw data from the sensors is displayed on the LCD in real time.

· In0 is light level

· In1 is not used

· In2 is humidity

· In7 is temperature

Disconnect the programming cable and take the data logger into different environments.  When the data logger has completed the mission, the bi-color LED will stop flashing green and change to constant red.
Instructor check point. ___________________________________________________________

RETRIEVING DATA from a DATALOGGING MISSION

The Datalink communications utility is used to retrieve mission data from the AXE110 Datalogger module. The utility saves the data in CSV (comma separated variable) format files.  The utility also includes the option to automatically draw a graph of the data as it is uploaded.
To use the Datalink communications utility, a small BASIC program must be running in the PICAXE microcontroller. This program reads the data from memory and transmits it to the computer, where it can be processed by the Datalink utility. This BASIC program is always automatically downloaded as part of a New Datalogger Mission wizard program.
The Datalink utility uses the standard PICAXE cable to retrieve the data from the datalogger module.  However this cable must be inserted into the DATALINK socket (not the RUN socket) for the Datalink utility to function correctly.
1.  Wait until the datalogger mission is complete and the bi-color status LED is red.

2.  Connect the PICAXE cable to the DATALINK socket on the datalogger.
3.  In the programming editor go to: PICAXE> Datalink…

4.  In the Options menu.  Make sure the options are set to:
· Baud Rate – 4800
· Sensors – 3
· Send G – enabled
5.  To automatically draw a graph as data is uploaded, select the Graph… check box.
6.  Click the File>New menu, and follow the on-screen instructions.
7. The data will then be uploaded, and is immediately visible on screen.
8.  Instructor check point.  ________________________________________________________  

9.  Once the data upload is complete, click the File>Save As menu to save to the desktop the
     data as a CSV format text file.
10.  Close the programming editor.

GRAPHING DATA in EXCEL
1.  Launch Microsoft Office Excel.

2.  Go to: Data> Import External Data> Import Data.

3.  Select the data source as the CSV file from the data logger <OPEN>.

4.  Change the Start import at row to 2 <NEXT>.

5.  Check only the comma box in Delimiters <NEXT>.  <FINISH>.  <OK>.
6.  Click on cell A1.  Launch the Chart Wizard.

7.  Select chart type Line, subtype Line (upper left corner) <NEXT>.
8.  Select Series tab.  Select and remove Series 1.

9.  Select Series 2.  Name it LIGHT.

10.  Select Series 3.  Name it HUMIDITY.

11.  Select Series 4.  Name it TEMP.
12.  Type SAMPLES in the Category (X) axis labels <NEXT>.

13.  Type a chart title name.  Include your last names <NEXT>.

14.  Place the chart as a new sheet <FINISH>.

15.  Print out the chart.  Save the book.

16.  Close Excel.

17.  Instructor check point.  _______________________________________________________

