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INTRODUCTION

Krusduino is a simple Arduino based fishtank LED lighting controller and is shown diagrammatically below:-
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FIGURE 1: KRUSDUINO SCHEMATIC
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KRUSDUINO BUILD INSTRUCTIONS

1.1. SOFTWARE

The Arduino development environment can be obtained from here http://arduino.cc/en/Main/Software

The latest version of Krusduino Code is always here :-
http://code.google.com/p/dangerduino/source/browse/#svn/trunk

You will need the .pde file and also the .h files which are bitmaps for some of the special LCD screen
displays.

The libraries (libraries.zip) that you will need are here http://code.google.com/p/dangerduino/downloads/list

Note: The libraries need to be unzipped and then moved into the Library folder which is located in the
Sketchbook Locations path. To check the Sketchbook location path launch the Arduino software and the
information is under File -> Preferences (keyboard shortcut - ctrl+comma)

1.2. PARTSLIST
Parts list and links for the Arduino part of the project:-

Arduino
http://www.coolcomponents.co.uk/catalog/product info.php?cPath=50&products id=115

LCD Shield
http://www.nuelectronics.com/estore/index.php?main_page=product info&cPath=1&products id=12

Protoshield board
http://www.nuelectronics.com/estore/index.php?main_page=product info&cPath=1&products id=3

DS1307RTC Real Time Chip
http://uk.farnell.com/jsp/search/productdetail.jsp? SKU=1188042

32.768kHz Crystal for the Real Time
http://www.bitsbox.co.uk/crystals.html

CR2032 Battery holder
http://uk.farnell.com/jsp/search/productdetail.jsp?SKU=1704228
CR2032 Battery - Standard type, available everywhere

DS18B20 Temp Sensor
http://uk.farnell.com/jsp/search/productdetail.jsp?SKU=1187948
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Dual Power Mosfet Driver
http://uk.farnell.com/jsp/search/productdetail.jsp? SKU=9663690

Resistors

1 x 4k7 for temp sensor

2 x 10k for RTC Chip

1 x 220R for second timing LED
LED — any you have lying about

We also used some Molex connectors to connect the wires from the buckpucks and temp sensor etc.
MOLEX - 70553-0003 - HEADER, W2B, 4WAY

http://uk.farnell.com/molex/70553-0003/header-w2b-
4way/dp/14629257?crosssellid=1462925&crosssell=true&in_merch=true&

(HOUSING FEMALE, 4WAY - MOLEX 50-57-9404 and CRIMP TERMINAL - MOLEX 16-02-0069 for the
other part of the connectors

In total it cost around £50 in parts to put together.
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ARDUINO INTERFACE DETAILS

1.3.

The diagram below shows details of the Arduino interfaces used by the Krusduino
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ARDUINO INTERFACE DETAILS

FIGURE 2:

KRUSDUINO INTERFACE BOARD — CIRCUIT DIAGRAM

1.4.

This board is constructed using the Nuelectronics ProtoShield. The circuit diagram is shown below
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FIGURE 3:
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1.4.1. KRUSDUINO INTERFACE BOARD — BUILD INSTRUCTIO NS
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FIGURE 4: KRUSDUINO INTERFACE BOARD — WIRING SCHEMA TIC
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FIGURE 5: KRUSDUINO INTERFACE BOARD — TOP VIEW
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FIGURE 6: KRUSDUINO INTERFACE BOARD — BOTTOM VIEW
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2. SCREEN/JOYSTICK

2.1. MAIN SCREEN

FIGURE 7: MAIN SCREEN

The Main Screen is shown above

The bars at the top shown the “percentage on” of the appropriate LEDs white and blue..

The value of the temperature sensor is shown in degrees centigrade and is updated every minute.
The time and date is shown at the bottom of the display

PUSH
up *
Joystick Actions
—1-
- |
|
LEFT #—— — RIGHT

DOWN

FIGURE 8: JOYSTICK ACTIONS

Inthe [WIAIN View the joystick can be moved

RIGHT To scroll forwards between screens
LEFT To scroll backwards between screen selections (as above)
PUSH Move into the screen selected

UP To toggle the backlight (i.e OFF if itis ON and ON if it is OFF)
DOWN Do nothing

Screen selections are

11
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2.2. SET TIMESCREEN

Having selected the N]=RIRELYI= view you will see

FIGURE 9: SET TIME SCREEN
You use RIGHT and LEFT to move through the selections which will be highlighted and then use UP to
increment the selected digit and DOWN decrement the selected digit.

Please note that there are a set of allowable values.
Hours 0 - 23 Mins 0 —59 Secs 0 - 59
Day (of the week) 1to 7 Date 1 — 31 Month 1 — 12 Year 2009 - 2020

When time setting is complete you highlight the OK or Cancel control (using RIGHT or LEFT to move) and
then PUSH to action. Then you will be taken back to the (WJAUN] screen.

2.3. TEST LED SCREEN

Having selected the LED TEST view you will see

The bars at the top shown the percentage on of the appropriate LEDs.
There is also a display of the temperature sensor which is updated every half second

FIGURE 10: TEST LED SCREEN
You use RIGHT and LEFT to move through the selections which will be underlined and then use UP to
increment the selected digit and DOWN decrement the selected digit.

Please note that the allowable vales are 0 — 255.
000 being LEDs off
255 being LEDs fully on

When testing of LEDs is complete you highlight (using RIGHT or LEFT to move) the control and
then PUSH to action. Then you will be taken back to the \IAXIN] screen.

12
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2.4. EXTRAS SCREEN
Having selected the |[=RQERYANSIN view you will see

FIGURE 11: EXTRAS SCREEN
You use RIGHT and LEFT to move through the selections which will be highlighted and then use UP and
DOWN to toggle the status (Y or N)

Once you have the status set as you require you highlight (using RIGHT or LEFT to move) the [A\JuJ\¥4 or
controls and then PUSH to action.

Then you will be taken back to the |\YJAXIN] screen.

2.4.1.SPEED UP

This speeds the time change up by a factor of 20 for testing purposes

2.4.2.FROM EEPROM

This will load the time pattern from EEPROM into main system RAM so that you can change the dawn to
dusk pattern.

2.4.3.DEBUG

This will enable debug messages to be sent on the serial link

13



KRUSDUINO
USER MANUAL

3. SERIAL CONNECTION TO THE PC

3.1. INTRODUCTION

The Arduino can communicate with the PC over a serial connection that is made through the USB cable
and the FTDI USB driver (see Arduino site for details)

A terminal emulator can be used to communicate with the Krusduino application running on the Arduino.
The serial monitor in the Arduino software has an issue with the ability to send carraige return, line feed
characters and so a Terminal Emulator is required.

A Terminal emualtor such as Hyperterminal or TeraTerm can be used. If you are using Windows 7,
Hyperterminal is no longer supported and that is why | have shown the examples below using TeraTerm
Download the latest version of TeraTerm here http://sourceforge.jp/projects/ttssh2/releases/

Window Resize Help

. = Tera Term: Serial port setup = ]
File Edit Setup Control Window Resize Help
= Baud rate: 19200 -
Tera Term: Terminal setup = Parity:
Terminal size New-line
90 X 35 Receive: I Flow control:
[¥] Term size = win size Transmit: |cpsLF - Transmit delay
Auto window resize 0 msec/char 0 mseciline
Terminal ID: |¥T100 ~ [¥] Local echo
Answerback: [C] Auto switch [VT<->TEK]

1

FIGURE 13: TERATERM SETUP -
FIGURE 12: TERATERM SETUP- N.B. COMM PORT AND BAUD RATE
TRANSMIT CR+LF AND LOCAL ECHO

A set of commands have been built into the Krusduino software to allow control and debugging of the
Arduino.

A list of the serial commands is shown below:-
C Display Clock

S Set Clock

E Read EEPROM

F Fill EEPROM

G Transfer EEPROM to RAM

S Toggle speedup mode

T Display Temperature

Z Toggle Debug Mode

14
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The figure below shows the trace after a reset has been applied, then displaying the time and displaying the
temperature. Speedup is then invoked and debugging is toggled on. Several lines of debug are shown and
then the debug is toggled to Off and the Speedup is toggled to Off.

File Edit Setup Control Window FResize Help

o tine iz 15:17:14
o date iz 21-12-2009
10

[labug Statuz iz O

Bpeedup Status iz 0

FIGURE 14: TERATERM OUTPUT AFTER ARDUINO RESET

3.2. READ CLOCK

C end with CR
This will display the current time and date

3.3. SET CLOCK

D <seconds> <minutes> <hours> <day> <date> <month> <year> space delimiter, end with CR
The clock can be set via the serial link. It is necessary to fill in all the values, otherwise the are cleared.
However “D CR” can be useful for testing to easily set the time back to midnight.

3.4. READ FROM EEPROM

E <start_addr> <length> space delimiter, end with CR
The values stored in EEPROM can be read back with this command see section 3.10

3.5. F-WRITE TO EEPROM

F <addr> <value> space delimiter, end with CR

Values can stored in EEPROM with this command see section 3.10. A number of these “Fill” commands
can be edited into a text command which can then be download using Tera term enabling you to fill the
whole EEPROM space from a text file.

N.B. No limits checking is done on this value Vali  d values are 0-95 for White and 96-191

15
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3.6. G- LOAD EEPROM TO LED ARRAY IN RAM

G end with CR
This command transfers the dimming values from EEPROM into RAM.

3.7. S—-TOGGLE SPEED

S end with CR
This command speeds up the clock by a factor of 20 for testing purposes.
It is a bit of a drag having to wait a minute before the led brightness changes.

3.8. T —-DISPLAY TEMPERATURE

T end with CR
This command displays the current value of the temperature sensor.

3.9. Z-TOGGLE DEBUG STATUS

Z end with CR
This command enables verbose mode for output of debugging information. Command

3.10. EEPROM COMMAND SEQUENCE

The sequence below shows the display of five locations starting at “0”. Then a single location “0” is filled
with the value 86.

Then the five locations starting at “0” are displayed again.

The G command loads the EEPROM values into RAM.

Help

] EEFRON -->» 170
b EEFROH --» 255

] EEPRON --> 170
b EEPROH --» 255

oad LED Arvay fron EEPROH
LED walues loaded

FIGURE 15: EEPROM LOADING AND DISPLAY
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The “F “ fill command together with the “Load File “ capability of TeraTerm can be used to load predefined
dimming tables into EEPROM and then transferred into RAM.

In TeraTerm use Menu File -> Send File... then select the text file to send to Krusduino

The example below shows a text file being sent to the Arduino and will load the EEPROM with a pattern to
ramp the Blue LEDs up and down. The EEPROM will be loaded with the pattern in the text file shown
below. To load this into the Aduino RAM for display you will need to issue a “G” command

FIGURE 16: TERA TERM SEND FILE FUNCTION WITH A TEXT FILE CONTAINING THE
COMMANDS TO BE SENT

There are a number of pre written patterns that can be loaded into Krusduino and are available here

http://code.google.com/p/dangerduino/downloads/list

17
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HOW DOES IT WORK?

3.11. HOW DOES DIMMING WORK

By PWM (Pulse Width Modulation)
The tutorial below explains PWM dimming.

http://www.arduino.cc/en/Tutorial/PWM

The User sees a dimming value which is a number between 0 (OFF) and 255(FULLY ON)

3.12. HOW DOES THE DAWN TO DUSK WORK

3.12.1. INTRODUCTION

The day is split into 15 minute intervals. Thus in 24 hours there are 96 sectors. We can represent dawn to
dusk as a 96 byte array of dimming values. There are two of these arrays , one for White and one for Blue.
The values are loaded into RAM on startup. However there is a facility to load a shadow set of values into
EEPROM and then transfer them to RAM as Krusduino runs either by using the extras menu or via the
serial link. However the EEPROM values can only be loaded via the serial link at runtime see section 3.13.

3.12.2. ALGORITHM

Dimming values are set at 15 minute intervals however Krusduino updates the LED’s dimming values every
minute. Thus we must interpolate between the start sector value and the value of the next sector to give a
smooth transition between sectors

The formula is

Start Sector + ROUND(((Next_Sector — Start_Sector)/15 * number_of _minutes_into_the_sector)

This gives a smooth transition from one sector to another.

| have plotted this function on a simple spreadsheet and examples are shown on the two figures below
One ramping up from dimming value 120 to 130 and the intermediate calculated points are shown

The second is ramping down from 255 to 0.

This is shown in the debug trace and that the values match the values calculated in the spreadsheet.

The spreadsheet is available here http://code.google.com/p/dangerduino/downloads/list

N.B. Krusduino software prior to Release 11 (r11)  will incorrectly calculate the intermediate values
so please ensure that you are using rl11 or greater.

18
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The debug output below shows the intermediate values that are calculated by Krusduino

FIGURE 17: DEBUG OUTPUT STARTING AT MIDNIGHT
The debug information that is output is explained below

0 5>W123-B85..5

0_ Sector (0 -95)

5 Index in sector Sstep (0-14)

>W dimming value output for WHITE LED

-B dimming value output for BLUE LED

.5 Number of minutes since midnight (1-1440) - the number of minutes in a day

19
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The following graphs show the intermediate values that are calculated by Krusduino between the sector values and relate
to the white LED debug output shown above.

The start of the sector has dimming at 120 and the next sector dimming value is 130.

Sstep Values

0 m Enter Start Sector

1 120

2 121 Dimming Values
3 122 135

4 122

5 123 130

6 124

7 124 125

8 125

10 126

11 127 115

12 128 1 2 3 4 5 6 7 & 9 10 11 12 15 14 15 16
13 128

14 129

0 130 Enter Finish Sector

FIGURE 18: DIMMING VALUES - EXAMPLE 1

The start of the sector has dimming at 255 and the next sector dimming value is O.

Sstep  Values

0 Enter Start Sector

1 238

2 221 Dimming Values
3 204 300

4 187

c 170 | 250 R

6 153 200

7 136 150

8 119

9 102 | 100

10 85 50

11 68 0

12 51 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
13 34

14 17

0 |I| Enter Finish Sector

FIGURE 19: DIMMING VALUES — EXAMPLE 2
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3.13. HOW ARE DIMMING VALUES LOADED?

The drawing below shows diagrammatically how the dimming values may be loaded.

The values are loaded into RAM from code memory on startup. However there is a facility to load a shadow
set of values into EEPROM and then transfer them to RAM as Krusduino runs either by using the extras
menu or via the serial link. However the EEPROM values can only be loaded via the serial link at runtime.
But note that once the EEPROM values have been set they will not change after power cycling. EEPROM
values can only be changed by serial link commands

FIGURE 20: HOW DIMMING VALUES ARE LOADED
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The dimming values can be changed in the source code and then the recompiled program loaded into the
Arduino.

FIGURE 21: DIMMING VALUES THAT ARE EMBEDDED IN THE CODE

Or you can send a text file to the Arduino that will load the EEPROM with a pattern using TeraTerm’s “Send
File” command to transfer a text file with the appropriate commands in. The EEPROM will be loaded with
the pattern in the text file. To load this pattern from EEPROM into RAM for display you will need to issue a
“G” command

22
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APPENDIX A GLOSSARY OF TERMS

REFERENCE DESCRIPTION

DC Direct Current

EEPROM Electrically Erasable Programmable Read-Only Memory
FTDI FTDI - specialists in converting legacy peripherals to Universal Serial Bus (USB)
LCD Liquid crystal display

LED Light Emitting Diode

MOSFET metal-oxide—semiconductor field-effect transistor

PWM Pulse Width Modulation

RAM Random Access Memory

RTC Real Time Clock

SPI Serial Peripheral Interface Bus

usB Universal Serial Bus

TABLE 2: GLOSSARY OF TERMS

APPENDIX B BIBLIOGRAPHY

REFERENCE DESCRIPTION

1 http://earthshinedesign.co.uk/ASKManual/ASKManual.pdf

Arduino Starter Kit Manual

2 http://www.arduino.cc/

Arduino Home Page

3 http://www.nano-reef.com/forums/index.php?showtopic=206246

Nano Reef Forum thread

4 http://hackaday.com/tag/coral/

Hack a Day “Salty LEDs”
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