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Introduction

The KISS (Keep It Simple Stupid) approach  was chosen as the fundamental design philosophy for Jangler operation.  This does not preclude the inclusion of additional features over earlier versions to assist the operator and technician with managing the system, but only where the added functionality does not come at the expense of ease of use.  The design of Jangler version 4.0 reduces service requirements and, when failures do occur, provides some easy to use tools to allow the operator a level of self diagnosis.  In the event of repairs being required, an easy-to-disassemble design allows components to be removed and returned for service without the need to ship the entire structure.



1.0 Operational Description



Jangler Version 4.0 differs from earlier versions of the machine by the inclusion of a 20x4 character LCD screen.  This screen is used to offer both operators and technicians information on the current status of  Jangler operation mode and health.  It will allow technicians - or sometimes users with the assistance of a technicians by  telephone -  to access some basic history during the recent operation of the machine.



Interfacing with the machine is through 2 exterior mounted buttons located on the front of the enclosure.  The buttons are ‘Move’ and ‘Change’. Using them will navigate a series of screens allowing the user to alter parameters as required, check a performance report and any faults.  



2.0  Software 

2.1 Configuration and Loading



For each Jangler the Serial Number needs to be updated.  The gobals.h file contains the definition for this:



#define SERIAL_NUM "S/N:0001 SW VER:1.00" // Alter Version and S/N here

#define VERSION "Ver:1.00 14-Aug-2011"   //Software version to be displayed on start up - Match version with above



Should you be replacing a unit that has failed and wish to set the Run Hours and Rev Count on a replacement.  Alter the below lines of the nvmem_jangler.c file:



uint32_t run_hours EEMEM = 0; // Zero Run hours

uint32_t total_rev_cnt EEMEM = 0; //Zero Revs



Similarly the default starting frequency and the Battery Pause level can be set in the same file:



uint8_t frequency EEMEM = 1; // Set intial frequency at 1

uint8_t battery_thres EEMEM = 116; //Set intial battery threshold at 11.6 volts



-- REMEMBER TO ALTER THE FILE VERSION NUMBER SHOULD YOU UPDATE THE SOFTWARE --



This should be updated and a Jangler specific .hex file compiled to load.  When loading through the standard ISP port the eeprom file created during the compile should be loaded to set initial defaults.  



AVR Studio free from the ATMEL web site should be used to load files.  For generic ISP programmers Version 4 will be required as the latest Version 5 does not support clone programmers.  A low cost ISP programmer is available for www.robospace.co.nz.  The code is currently in a AVR Studio Version 5 Project, although all files can easily be transferred back to AVR4 if that development environment is required.  Non clone programmers are available directly off the ATMEL web site.



�

2.2   Software Listing Version Control

Any alterations of the files in the software project should have the version number altered in the header comments.  Increase number by 0.1 for small alterations and increase it by 1 for large rewrites. Software version should be updated in the globals header file after any alteration.



File Name�Version�Release Date�Comments��adc_read.c�1.0�25-Aug-11���adc_read.h�1.0�25-Aug-11���button_scan.c�1.0�25-Aug-11���button_scan.h�1.0�25-Aug-11���callbacktimmer.c�1.0�25-Aug-11���callbacktimmer.h�1.0�25-Aug-11���cycle_motor.c�1.0�25-Aug-11���cycle_motor.h�1.0�25-Aug-11���ds1307.c�1.0�25-Aug-11���ds1307.h�1.0�25-Aug-11���globals.h�1.0�25-Aug-11�Adjust S/N and S/W ver.��I2C.c�1.0�25-Aug-11���I2C.h�1.0�25-Aug-11���indicators.c�1.0�25-Aug-11���indicators.h�1.0�25-Aug-11���jangler_main.c�1.0�25-Aug-11�Main Program File��lcd.c�1.0�25-Aug-11���lcd.h�1.0�25-Aug-11���nvmem_jangler.c�1.0�25-Aug-11���nvmem_jangler.h�1.0�25-Aug-11���rtc_time.c�1.0�25-Aug-11���rtc_time.h�1.0�25-Aug-11���trace_uart.h�1.0�25-Aug-11���UARTDriver.c�1.0�25-Aug-11���UARTDriver.h�1.0�25-Aug-11���ui_control.c�1.0�25-Aug-11���ui_control.h�1.0�25-Aug-11���















3.0   Operations



3.1      Start-Up



Upon turning the key switch to ‘On’ the screen will appear with basic information:



 � � � �T�h�e� �J�a�n�g�l�e�r� � � � � �� � � � � � � � � � � � � � � � � � � � ��V�e�r�:�1�.�0�0�0� � �1�4�-�A�U�G�-�1�1�� � � �A�B� �A�N�N�A�N�D� �&� �C�O� � � ��







Following the start-up screen the Jangler will set itself to a stopped mode:

S�Y�S�T�E�M�:�S�T�O�P�P�E�D� � � � � � ��F�R�E�Q�U�E�N�C�Y�(�1�-�4�)�:� � � � �4��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�9��1�4�-�D�e�c�-�1�1� � � �1�8�:�2�2�:�1�0��

In this screen the current system mode, frequency, battery voltage, date and time are reported.



3.2 Button Operation



The SET/MOVE button has two functions. The first function is enabled with a short push. The second function needs a long push (3 seconds). CHANGE button is only short push.



The back light turns off after 60 seconds to conserve battery power. 

3.3 Modes

The Jangler operating system has two main modes: 1) Operations and 2) Settings and Reporting.



The default operations mode is navigated with only short pushes of the buttons.  To enter mode 2 the MOVE button is held down for 3 seconds to create a long push.

3.3a Operations Mode

This is the mode to which the system defaults on start-up.  There are 7 states in this mode:  1) Stopped;  2) Running;  3) Night Pause;  4) Battery Paused;  5) Rotate Fault; 6) Wire Break Fault; 7) Over Rotation Fault.



To go from one state to the next option the MOVE button is pushed with a short push. And the subsequent operation is then followed.





3.3b Stopped State

The machine will display the start-up screen until a short push of the MOVE button then the screen below is presented.



R�U�N��N�O�W�?�����������������������������������Y�E�S�������������������N�O��������������������

The default is NO. A push of ENTER/CHANGE will take the cursor to YES.  Push SET/MOVE and you go to the Run State.



3.3c Run State

Jangler cycles are dependent on these settings. 3 ‘running’ sub-states: ‘HI’, ‘LO’, and ‘Night Pause’. The first 2 sub-states include 4 frequencies (1 – 4), defined in settings for each of these sub-states. Frequency ‘4’ is 4x the daily total events of frequency ‘1’. The Jangler operation is not actually random, but defined by a series look up tables containing the time between events and the number of rotations in each event. The Jangler calculates the time between events and the number of rotations based on Table 1, Table 2, Table 3 and the LO/HI ratio of 0.5.



Table 1: Jangler Operation Look Up Table

Jangle Event Step�Pause Counts�Revolutions��Step 0�28�4��Step 1�9�7��Step 2�12�4��Step 3�9�6��Step 4�20�6��Step 5�28�4��Step 6�9�6��

Table 2: Frequency Setting Time Constants



Frequency Setting��Seconds��Setting 1�25%�16��Setting 2�50%�12��Setting 3�75%�8��Setting 4�100%�4��

The Jangler has a 1 second time base provided by the Real Time Clock IC.  When a Jangle event completes the delay until the next event is calculated as:



Time in Seconds = Step (n).Pause Count x Frequency Setting(y).Second

If LO sub-state Time in Seconds = Time in Seconds/2



For the purpose of alarm, the HI sub-state operates for the first 15 minutes from entering RUN state, and for 90 minutes in the morning and night once Dawn and Dusk times are learned by the machines. If the Jangler has been de-powered it will have no record of the previous days’ dawn and dusk.  Assuming it was started during daylight hours it would enter HI sub-state for 60 minutes and then return to LO sub-state.  When evening falls and the Jangler light sensor detects dusk it would enter HI sub-state for 30 minutes before transitioning to Night Pause state.  From Night Pause state when the Jangler detects Dawn it will again automatically enter HI sub-state and remain there for 60 minutes.  

Now on the second day where the Jangler has learned the time of Dusk it will anticipate and enter HI sub-state 60 minutes before, and remain in HI sub-state for 90 minutes before enter Night Pause state.  Similarly, the following morning it will enter Hi sub-state 30 minutes before the previous days Dawn and remain in HI for 90 minutes. Then the Jangler will operate in LO sub-state until the next pre-dusk time setting.  

The Running State Screen indicates the time to next Jangle Cycle.  It will convert to count down seconds below 1 minute.



S�Y�S�T�E�M�:�R�U�N�N�I�N�G� �H�I� �F�1��N�E�X�T� �O�P�E�R�A�T�I�O�N�:�0�1�m�i�n��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�5��1�4�-�D�e�c�-�1�1� � � �1�8�:�2�2�:�1�0��

When the Run state is in low frequency it will display as:



S�Y�S�T�E�M�:�R�U�N�N�I�N�G� �L�O� �F�1��N�E�X�T� �O�P�E�R�A�T�I�O�N�:�2�3�s�e�c��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�5��1�4�-�D�e�c�-�1�1� � � �1�8�:�4�4�:�1�0��



3.3d   Night Pause State 



On the first day since power up, 30 minutes after Dusk detection the Jangler will entre Night Pause State.  As described above the Jangler will re-enter Run state at dawn if no pre-dawn is calculated.  The Night Pause screens look like the image below, alternating every second to allow the whole phrase Night Pause to be displayed.



S�Y�S�T�E�M�:�N�I�G�H�T� � � �H�I� �F�1��N�E�X�T� �O�P�E�R�A�T�I�O�N�:�0�9�h�r�s��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�5��1�4�-�D�e�c�-�1�1� � � �1�8�:�4�4�:�1�0��

S�Y�S�T�E�M�:�P�A�U�S�E� � � �H�I� �F�1��N�E�X�T� �O�P�E�R�A�T�I�O�N�:�0�9�h�r�s��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�5��1�4�-�D�e�c�-�1�1� � � �1�8�:�4�4�:�1�0��

3.4 Pause States

3.4a. Stopping the Jangler

To stop the Jangler and return to the Stopped state, the SET/MOVE button can be pushed when in any Running Mode (Night Pause, Running Hi, Running Lo). The following screen will appear:



S�T�O�P� �N�O�W�?� � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � ��Y�E�S� � � � � � � � � � � � � � � � � ��N�O� � � � � � � � � � � � � � � � � � ��

Push ENTER/CHANGE to select YES and SET/MOVE to go to the Stopped Mode.  Alternatively a long button push on SET/MOVE will stop the unit as it enters the Settings and Reporting State.  Also turning of the master power key will stop the machine, but erasing its memory of dawn – dusk times.



3.4b. Low Battery Pause State



When in Run state the Jangler measures the battery voltage just prior to every cycle.  Should this measurement be below a low battery threshold (user settable – see below) the machine will enter Low Battery Pause.  In this it will wait 24 hours before trying to initiate a new Jangle cycle.  At this time it will recheck the battery to ensure it has recovered to above the low battery threshold and enter Run state. A message will display that the Jangler has Paused and the time of next operation displayed on alternative screens.



S�Y�S�T�E�M�:�B�A�T�T�E�R�Y� �H�I� �F�1��N�E�X�T� �O�P�E�R�A�T�I�O�N�:�0�9�h�r�s��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�5��1�4�-�D�e�c�-�1�1� � � �1�8�:�4�4�:�1�0��

S�Y�S�T�E�M�:�P�A�U�S�E����H�I��F�1��N�E�X�T��O�P�E�R�A�T�I�O�N�:�0�9�h�r�s��B�A�T�T�E�R�Y��V�O�L�T�S�:���1�2�.�5��1�4�-�D�e�c�-�1�1����1�8�:�4�4�:�1�0��









The user will need acknowledge this notification to clear it. Should during the low battery rest period, the operator wish to acknowledge and restart they can do so by pushing the SET/MOVE button to display:

 

C�L�E�A�R� �F�A�U�L�T� �A�N�D� �R�U�N�?�� � � � � � � � � � � � � � � � � � � � ��Y�E�S� � � � � � � � � � � � � � � � � ��N�O� � � � � � � � � � � � � � � � � � ��

Push CHANGE to move the cursor to YES and MOVE to go back to Run Mode.



Should the operator not be present on site during the Battery Pause period it is important they are informed that a low battery pause has occurred as they may wish to reduce the frequency to reduce the chances of occurrence again.  Therefore instead of returning to the standard Run Mode screen as show previously it will alternate between the following screens.



S�Y�S�T�E�M�:�B�A�T�T�E�R�Y� �H�I� �F�1��N�E�X�T� �O�P�E�R�A�T�I�O�N�:�0�9�h�r�s��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�5��1�4�-�D�e�c�-�1�1� � � �1�8�:�4�4�:�1�0��

S�Y�S�T�E�M�:�R�U�N�N�I�N�G� �H�I� �F�1��N�E�X�T� �O�P�E�R�A�T�I�O�N�:�0�9�h�r�s��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�5��1�4�-�D�e�c�-�1�1� � � �1�8�:�4�4�:�1�0��

This informs the operator of a previous Battery Pause. The operator activates the back light if required and follows the above process to acknowledge and Run.  The screen will return to standard Run state display.





3.4c. Fault Stopped



In addition to the battery fault that is handled separately there are 3 other faults that are not self-recoverable. These are: Rotation Fault, Wire Break Fault and Over Rotation Fault. Each of these results in the machine entering Fault Stopped. The fault must then be cleared by the operator before the machine can enter “Run” again.

 

The Rotation Fault occurs when the Jangler does not register a rotation on the proximity sensor within 3 seconds.  

The Wire Break Fault registers if the a Rotation Fault occurs and the Wire Break Switch is activated so the two types of fault resulting in the same outcome can be identified.  

The Over Rotation Fault has been added to protect against a software or hardware fault that creates more than 600 revolutions per hour. Should a proximity sensor be faulty and not record Over Rotation or a software bug manifest in excessive rotations, the machine will shut down to prevent destroying the battery.  This will not protect against a catastrophic failure of the microprocessor or hardware such as fused relay contacts. But the Over Rotation Fault does protect the system from an un-controlled operation.



To go from these Faults back to Running State the MOVE button is pushed to return to the “Clear Fault and Run” screen as above.



The following screens are display in these modes which alternate at a 1 second interval:



S�Y�S�T�E�M�:� � �R�O�T�A�T�E� � � � � ��F�R�E�Q�U�E�N�C�Y�(�1�-�4�)�:� � � � �4��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�9��1�4�-�D�e�c�-�1�1� � � �1�8�:�2�2�:�1�0������������������������S�Y�S�T�E�M�:� � �F�A�U�L�T� � � � � � ��F�R�E�Q�U�E�N�C�Y�(�1�-�4�)�:� � � � �4��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�9��1�4�-�D�e�c�-�1�1� � � �1�8�:�2�2�:�1�0��





S�Y�S�T�E�M�:� �W�I�R�E�B�R�K� � � � � ��F�R�E�Q�U�E�N�C�Y�(�1�-�4�)�:� � � � �4��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�9��1�4�-�D�e�c�-�1�1� � � �1�8�:�2�2�:�1�0������������������������S�Y�S�T�E�M�:� � �F�A�U�L�T� � � � � � ��F�R�E�Q�U�E�N�C�Y�(�1�-�4�)�:� � � � �4��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�9��1�4�-�D�e�c�-�1�1� � � �1�8�:�2�2�:�1�0��





S�Y�S�T�E�M�:� �O�V�R� �R�O�T� � � � � ��F�R�E�Q�U�E�N�C�Y�(�1�-�4�)�:� � � � �4��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�9��1�4�-�D�e�c�-�1�1� � � �1�8�:�2�2�:�1�0������������������������S�Y�S�T�E�M�:� � �F�A�U�L�T� � � � � � ��F�R�E�Q�U�E�N�C�Y�(�1�-�4�)�:� � � � �4��B�A�T�T�E�R�Y� �V�O�L�T�S�:� � �1�2�.�9��1�4�-�D�e�c�-�1�1� � � �1�8�:�2�2�:�1�0��



4.0 Settings and Reporting Mode



The user can enter the Settings and Reporting state at any time by holding the MOVE key for 3 seconds.  This automatically places the Jangler into Stopped state and then allows the user access to both Setting and Reporting via the user interface. After a long button push the following is displayed:



 � � � � � � �M�E�N�U� � � � � � � � � ��R�E�T�U�R�N� � � � � � � � � � � � � � ��R�E�P�O�R�T�I�N�G� � � � � � � � � � � ��S�E�T�T�I�N�G�S� � � � � � � � � � � � ��

The operator then uses the CHANGE key to move the cursor up and down, and the MOVE button to select an option.  Choosing RETURN in any screen takes the operator back a level.  In the case of the MENU display, the RETURN goes back to the Operations State and the Stopped state.



4.1. Settings

In settings you have a number of parameters that as user alterable.

Low battery voltage threshold is limited from 11.2 to 12.2.  The frequency setting can be set from 1 to 4 as above, and date and time can also be adjusted.



R�E�T�U�R�N� � � � � � � � � � � � � � ��D�A�T�E� �A�N�D� �T�I�M�E� � � � � � � ��B�A�T�T�E�R�Y� �F�A�U�L�T� �L�E�V�E�L� ��F�R�E�Q�U�E�N�C�Y� �L�E�V�E�L� � � � � ��

The same button functions apply here.  CHANGE to go up and down the list.  MOVE to go to where the cursor points. 



When choosing Date and Time, the below screen appears.



S�E�T� �T�I�M�E� � � � � � � � � � � � ��2�0�1�1�-�A�U�G�-�1�1� � � � �1�7�:�5�6�� � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � ��

MOVE take you to each element of the Date or Time.  Then pushing CHANGE increments the element.  









Once the Minutes are set, MOVE button again delivers the screen below:





2�0�1�1�-�A�U�G�-�1�1� � � � �1�7�:�5�6��E�D�I�T� � � � � � � � � � � � � � � � ��S�A�V�E� � � � � � � � � � � � � � � � ��E�X�I�T� � � � � � � � � � � � � � � � ��

Here you can choose to re-edit the changes made if you made a mistake, save and return to the Settings Menu or Exit without saving and return to the Settings Menu.



Choosing Battery or Frequency Menu items takes you to one of the following screens.



S�E�T� �B�A�T�T�E�R�Y� �F�A�U�L�T� � � �� � � � � � � � � � � � � � � � � � � � ��R�E�S�T�I�N�G� �L�V�L�(�V�)�:� �1�1�.�6�� � � � � � � � � � � � � � � � � � � � ��





S�E�T� �F�R�E�Q�U�E�N�C�Y� � � � � � � �� � � � � � � � � � � � � � � � � � � � ��F�R�E�Q�U�E�N�C�Y� �(�1�-�4�)� �1� � � �� � � � � � � � � � � � � � � � � � � � ��

Using the CHANGE button sets the value. The MOVE returns to the Settings Menu.



Note: Testing with the new motor to confirm this is a sensible range is required.  I suspect the minimum may need to be lifted a little which is a change in on of code header files.



4.2. Reporting



When Selecting Reporting from the Main Settings and Reporting Menu the below options are displayed. Use CHANGE button to make selection



R�E�T�U�R�N� � � � � � � � � � � � � � ��F�A�U�L�T� �H�I�S�T�O�R�Y� � � � � � � ��T�I�M�I�N�G� � � � � � � � � � � � � � ��S�Y�S�T�E�M� �D�A�T�A� � � � � � � � � ��



4.2a. Fault History Screen



Selection of Fault History will display a list of the last 16 Faults recorded.  Use the CHANGE button to scroll down the screen to display previous records.  They are in a loop - when the oldest one is displayed it will return to displaying the latest records at the top of the screen.  At any time to go back to the previous Menu push the MOVE button.



F�A�U�L�T� �S�U�M�M�A�R�Y� � � � � � � ��1�4�-�D�e�c�-�1�2� �2�2�:�1�8� �B�A�T� ��1�4�-�D�e�c�-�1�2� �1�2�:�1�1� �R�O�T� ��1�4�-�D�e�c�-�1�2� �1�0�:�1�3� �W�B�K� ��

	4.2b  Timing Screen



Selection of Timing reports the previous Dawn and Dusk times. On the first day it will report 00:00 for Dawn and Dusk Times. MOVE returns to the previous screen.

 

T�I�M�E� �N�O�W�:� � � �1�7�:�2�3�:�5�6��N�E�X�T�:� � � � � � � � � � � � � � � ��D�A�W�N� �T�I�M�E� � �0�5�:�4�5 � � � � ��D�U�S�K� �T�I�M�E� � �1�9�:�5�4 � � � � ��



4.2c   System Data Screen

System Data performs 2 functions. 

The first screen reports historical Hours of Operation (HRS) and the historical number of rotations (R) the machine has completed. The system updates this total at the end of every hour. 

The second screen reports the status of the Light Sensor. The operator may adjust the light level to record as dark. The cursor defaults on Return. 

If the operator hits CHANGE it moves to Light-Adj



S�/�N�:�0�0�0�1� �S�W� �V�E�R�:�1�.�0�0��H�R�S�:�0�0�2�3�0� �R�:�0�0�0�1�1�0�4�0��N�I�G�H�T� �S�E�N�S�O�R�:�D�A�R�K� � � ��R�E�T�U�R�N� � � � � �L�I�G�H�T�-�A�D�J��

The MOVE Button will display the following:

 

S�E�T� �N�I�G�H�T� �T�H�R�E�S�H�O�L�D� ��@� �C�U�R�R�E�N�T� �L�I�G�H�T� �L�V�L� ��N�O� � � � � � � � � � � � � � � � � � ��Y�E�S� � � � � � � � � � � � � � � � � ��

If YES is selected the current light level is locked in as the trigger level for the next Dawn and Dusk transition. At any time, to go back, push the MOVE button. 



Note: Care has been taken to try and avoid the level being set so low that moon light will prevent it from transitioning.  Operator instructions should highlight this function to be used with care.



�5.0   Hardware

5.1  Main Micro

The processor is the ATMEGA664.  The high-performance, low-power Atmel 8-bit AVR RISC-based micro-controller combines 64KB ISP flash memory with read-while-write capabilities, 2KB EEPROM, 4KB SRAM, 32 general purpose I/O lines, 32 general purpose working registers, real time counter, three flexible timer/counters with compare modes and PWM, 2 USARTs, byte oriented 2-wire serial interface, 8-channel/10-bit A/D converter with optional differential input stage with programmable gain, programmable watchdog timer with internal oscillator, SPI serial port, JTAG (IEEE 1149.1 compliant) test interface for on-chip debugging, and six software selectable power saving modes. The device operates between 2.7-5.5 volts.  The wide supply range assists the micro to stay stable during voltage dips that occur during direct on line starting of the motor.

�By executing powerful instructions in a single clock-cycle, the device achieves throughputs approaching 1 MIPS per MHz, balancing power consumption and processing speed.



For production purposes the implementation will be a 44 VQFN format which is surface mount.  



The internal isolator is utilized at a clock speed of 1Mhz removing the requirements and cost of external clock components.



For programming and communication three ports have been broken out in the design.  The first is the standard AVR In Circuit Programming header which due to space considerations is provided as a 7 x 1 header with pin 2 blocked to provided positive orientation during connection.  This port can be used for simple and easy downloading of firmware in production models.  The standard ATMAL JTAG port is broken out again in a 7 x 1 header with pin 3 blocked to provide positive orientation during connection.  This port is used for debugging by developers.  Again to assist with debugging and possible future firmware developments a UART has been brought out to a 4 x 1 header with pin 3 block to provide positive orientation during connection.  This port is still TTL level and if utilized an external level shifter is required such as a MAX232 to obtain standard RS232 levels.  As external crystal oscillator is not present, the port is more suited for debugging and development at this stage due to temperature variations potentially affecting communication rates.  A crystal reference and 2 capacitors can be added to the design as required, but since porting to the new generation ATMEGA664 processor the stability has been found to be very good and may never be required.  





5.2. Real Time Clock

The widely used DS1307 real time clock is utilized in the design.  Battery backed by a CR2032 which is according to manufacturers specification good for 10 years, the DS1307 communicated with the ATMEGA644 via the IC2 communication protocol.  The DS1307 has a user configurable clock output line which is utilized to provide the Micro with a 1Hz tick of high accuracy, eliminating the need for interrupt based timers and external oscillators.  The holder of the CR2032 battery will be vertical to allow easy battery changes should they ever be needed.



5.3 Proximity Sensor Interface

The 2 wire proximity sensor has a output voltage that swings from around 10-11.5 volts high to around 2.3-3 volts low.  The LM393 offers a wide range power supply option at relatively low current consumption.  Utilizing VCC as the reference voltage and some feedback to provide hardware hysteretic the LM393 translates the sensor out put to high low states on the micro.  An external 10K pull up resistor is utilized to ensure clean transitions.  With the signal from the transducer originating outside the main enclosure a 18.2V TVS diode has been placed on the signal line with 100K resistors placed either side.



5.4 Light Dependent Resistor (LDR)

The LDR is a standard small foot print device with 0.5M dark resistance.  A resistor divide with 10K resistance in series in conjunction with a 0.1uF cap help provide protection from discharges to the micro input.



5.5  Battery Voltage Monitor

A 2:1 resistor divide totaling 300K to reduce current consumption is provided to scale battery voltage.  The 0.1uF capacitor helps with surge protection of the input and the voltage is tapped from before the power supply input diode to ensure stable results independent of current draw.  



5.6  Power Supply Design

The power supply utilizes the LM2931T-5 regulator with 470uF electrolytic on the 12 volt side in conjunction with a 0.33nH inductor help stabilize the voltage during motor run and other potential noise producing events.  The regulator is designed for automtice applications with low voltage drop out making it ideal for use with the Jangler which has voltage dips during start up.  Additional protection is applied to the input with a 18.2 TVD diode fitted.  This will keep surges below the maximum 36 Volts of the regulator in all but the most extreme events.

5.7  Motor Drive Circuit

A BS137 mosfet is connected to the PD4.  PD4 was chosen so if PWM based soft start is developed the port can be configured correctly.  The mosfet has 100K pull down to ensure it remains in the off state when the port is off and 18.2V TVS diode added to the Drain to protect from transients.  A freewheeling diode is placed across the relay and a larger capacity fast acting diode across the motor leads to protect from EMF transients from these inductive loads.

5.8  Flasher Drive Circuit

The flasher driver circuit is identical to the motor driver circuit.  The free wheeling diode is also retained for protection.

5.9  Buzzer Drive Circuit

The buzzer is drive by a standard BC547 with 50R placed on the positive lead of the buzzer to provide current limiting.



5.10  Wire Break Input

The wire break circuit uses a SPDT switch with 12volt on the centre connector.  When in operation state the 12volt is feed to the motor relay coil and the other side grounded on activation of the motor driver circuit engaging the relay.  Should a wire break occur the 12 volt is removed from the coil killing the motor run.  At this time the 12volt is feed to the 2nd channel on the LM339 comparator and referenced to VCC.  This provides a clean input with additional isolation to the micro.

5.11  LCD

This is a newly-released HD44780-based 20X4 LCD screen. It displays characters in blue color in a white backlight.  Using the HD44780 which is a standard driver it is easily substituted with products from other suppliers.

The 20x4 display (the standard HD4478 driver recognizes it as 40 x 2) has 5 x 8 dot characters.  The HD4478 driver is implemented with a standard 4 wire connection and the transistor is used to turn on and off the back light as it consumes over 20mA in the on state.  A 200R resistor is placed in the power supply lead for current limiting.

5.12  LED’s

There are 2 LED’s in the design.  The first is a Life Blink unit designed to blink every 10 seconds.  It is driven by the micro processor so does not just indicate power, but also processor functions.  The second indicates the unit recognizes the current light conditions are below the Dusk threshold.  Illuminated indicates Night.

6.0  Design Schematic



A larger copy is included in the Appendices.



�



7.0 Physical Description



The main PCB is housed in a small polycarbonate enclosure with a transparent lid.  A small PCB will also be mounted under the motor on the frame and provide a terminal point to connect peripherals such as relays, proximity sensors etc.  The solar regular is located in the enclosure on the back of the solar panel and the chassis mount plug moved to this enclosure with a lead running from it back to the main isolation switch and Jangler frame which will provide a ground point in a similar way to a car using its body as the ground.  The small terminal PCB is connected to the Main PCB enclosure by a 8 pin Switch Craft Plug.  



Note: TruTrack have a back molding process for these plugs to ensure there long term integrity and I would recommend this is considered for bulk manufacture.



8.0 Bill of Materials

Please note the bill of material is interim.  It will require updating after the board is laid for production as some of the components may have their package changed from those selected here.  Most of these components are easily source from any number of suppliers.  The supplier listed are to provide indicative pricing.  For larger scale manufacturing the company building the boards and enclosure are likely to be able to offer a procurement service for you as well.  They will often attract greater discounts due to their buying power.  The Bill of materials also does not include screws, standoff and some small headers that may be required to mount the LCD.  The person laying the board will determine these.  I have made an allowance in the BOM for these to give a more accurate cost indication.



Part�Value�Package�Source�Supplier Part #�Price��C1�.1uf�1206 (3216 Metric)�Digi-Key�399-3677-1-ND�$0.31��C2�.1uf�1206 (3216 Metric)�Digi-Key�399-3677-1-ND�$0.31��C3�.1uf�1206 (3216 Metric)�Digi-Key�399-3677-1-ND�$0.31��C4�.1uf�1206 (3216 Metric)�Digi-Key�399-3677-1-ND�$0.31��C5�.1uf�1206 (3216 Metric)�Digi-Key�399-3677-1-ND�$0.31��C6�.1uf�1206 (3216 Metric)�Digi-Key�399-3677-1-ND�$0.31��C7�470uF�Radial, Can �Digi-Key�P5185-ND�$0.48��C8�47u�Radial, Can �Digi-Key�P5151-ND�$0.12��C9�.1uf�1206 (3216 Metric)�Digi-Key�399-3677-1-ND�$0.31��C10�.1uf�1206 (3216 Metric)�Digi-Key�399-3677-1-ND�$0.31��DS1�LCD��RoboSpace�RP-19�$18.72��G2�CR2032V�CR2032Vert�Element14�1885904�$2.70��G2 Battery�CR2032�Button Cell�Digi-Key�P189-ND�$0.37��IC2�DS1307�8-SOIC (0.154", 3.90mm Width) �Digi-Key�DS1307Z+-ND�$3.36��IC4�ATMEGA644P�44-TQFP�Digi-Key�ATMEGA644P-20AU-ND�$6.67��JP1��2X03�Element14�1022230�$1.23��JP2��1X06�Element14�1022254�$1.23��L1�MISC15�TBA�Element14�1878509�$1.91��LED1��0805 (2012 Metric)�Digi-Key�492-1350-1-ND�$0.43��LED2��0805 (2012 Metric)�Digi-Key�492-1350-1-ND�$0.43��Q1�32.768kHz�4-SOJ, 5.50mm pitch�Digi-Key�535-9809-1-ND�$1.16��Q2�BS170�SOT-23-3�Digi-Key�BS170FCT-ND�$0.86��Q3�BS170�SOT-23-3�Digi-Key�BS170FCT-ND�$0.86��R1�2K7�0805 (2012 Metric)�Digi-Key�P02K7ADCT-ND�$0.11��R11�470R�210 (3225 Metric)�Digi-Key�P470VCT-ND�$0.17��R12�1K�0805 (2012 Metric)�Digi-Key�P001KADCT-ND�$0.11��R13�100K�0805 (2012 Metric)�Digi-Key�P100KADCT-ND�$0.11��R14�1K�0805 (2012 Metric)�Digi-Key�P001KADCT-ND�$0.11��R15�100K�0805 (2012 Metric)�Digi-Key�P100KADCT-ND�$0.11��R16�10K�0805 (2012 Metric)�Digi-Key�P010KADCT-ND�$0.11��R17�100K�0805 (2012 Metric)�Digi-Key�P100KADCT-ND�$0.11��R18�50R�210 (3225 Metric)�Digi-Key�P56VCT-ND�$0.17��R19�100K�0805 (2012 Metric)�Digi-Key�P100KADCT-ND�$0.11��R2�2K7�0805 (2012 Metric)�Digi-Key�P02K7ADCT-ND�$0.11��R20�2K7�0805 (2012 Metric)�Digi-Key�P02K7ADCT-ND�$0.11��R21�10K�0805 (2012 Metric)�Digi-Key�P010KADCT-ND�$0.11��R22�10K�0805 (2012 Metric)�Digi-Key�P010KADCT-ND�$0.11��R23�470R�210 (3225 Metric)�Digi-Key�P470VCT-ND�$0.17��R24�100K�0805 (2012 Metric)�Digi-Key�P100KADCT-ND�$0.11��R25�100K�0805 (2012 Metric)�Digi-Key�P100KADCT-ND�$0.11��R26�200K�0805 (2012 Metric)�Digi-Key�P200KADCT-ND�$0.11��R27�100K�0805 (2012 Metric)�Digi-Key�P100KADCT-ND�$0.11��R3�1M�0805 (2012 Metric)�Digi-Key�P001MADCT-ND�$0.11��R4�200�210 (3225 Metric)�Digi-Key�P200VCT-ND�$0.17��R5�2K2�0805 (2012 Metric)�Digi-Key�P02K2ADCT-ND�$0.11��R6�100K�0805 (2012 Metric)�Digi-Key�P100KADCT-ND�$0.11��R7�200K�0805 (2012 Metric)�Digi-Key�P200KADCT-ND�$0.11��R8�100K�0805 (2012 Metric)�Digi-Key�P100KADCT-ND�$0.11��R9�1M�0805 (2012 Metric)�Digi-Key�P001MADCT-ND�$0.11��SG1�EB2209A�Solder Pins/Posts�Digi-Key�102-1119-ND�$3.27��SV2��MA08-1��TBA�$1.00��SV3��MA03-1��TBA�$1.00��SV4��MA04-1��TBA�$1.00��T1�BC547�TO92-3�Digi-Key�BC547BFS-ND�$0.31��T4�BC547�TO92-3�Digi-Key�BC547BFS-ND�$0.31��U$1�LM393�8-SOIC (0.154", 3.90mm Width)�Digi-Key�LM393MXFSCT-ND�$0.47��U$2�18V�0805 (2012 Metric)�Digi-Key�495-2596-1-ND�$0.99��U$3�18V�0805 (2012 Metric)�Digi-Key�495-2596-1-ND�$0.99��U$4�18V�0805 (2012 Metric)�Digi-Key�495-2596-1-ND�$0.99��U$5�18V�0805 (2012 Metric)�Digi-Key�495-2596-1-ND�$0.99��U$6�18V�0805 (2012 Metric)�Digi-Key�495-2596-1-ND�$0.99��U$7�LM2931_FIXE�8-SOIC (0.154", 3.90mm Width)�Digi-Key�497-1563-1-ND�$1.10����MISC Hardware/Cable/Terminals��TBA�$10.00���Small PCB���TBA�$6.00���Large PCB���TBA�$25.00���Plug�Switch 8 Pin Plug��TBA�$14.00���Socket�Switch 8 Pin Socket��TBA�$12.00���LDR�Leads�SI Components�LDR1�$1.03���Enclosure�Rital Enclosure�Redpaths�PK9508100�$23.00������Total�$150.55��











---END---
















