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' . ' This all-purpose circuit
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e - . "Wunderbar!”

Low Power CMOS Water Sensor Q =
Detect a leaky water heater or other :
watery problem before it's too late. i

Ballistic Chronograph
Build this, and measure the projectile
velocity of your: paint gun, rifle, pistol,
BB gun, slingshot, arrow... Well, you
get the idea!

Electronics Q&A
EV Battery Charger
Antique Tube Radio
90 VDC Power Supply
Automated Chicken Coop g.-,,
us. $5.50 canapa $7.00 £ [4 .‘{ A f?w parts from a d_ead
06> wLoae D microwave oven mixed
i / g  with a handful of surplus
/i & items gives a scrap appliance

L RV new life as a darkroom timer.




B BY VERN GRANER

DAS BLINKENBOARD

"ACHTUNG! ALLES NONTEKNISCHEN LOOKENPEEPERS! DAS KOMPUTEN-
DEVICE IST NICHT FUR GEFINGERPOKEN UND MITTENGRABEN! IST EASY
SCHNAPPEN SPRINGENWERKEN, BLOWENFUSEN UND POPPENCORKEN
MIT SPITZENSPARKSEN! IST NICHT FUR BETOUCHIN BEI DUMMKOPFEN.
DER RUBBERNECKEN TURISTEN KEEPEN DAS COTTONPICKEN HANDEZEN
IN DER POCKETS, RELAXEN UND WATSCHEN DER BLINKENLICHTEN!"

COMPUTER ON
THE BLINK?

Ah, the inevitable blinking lights.
In the early days of computing, the
control panels of building-sized
computers bristled with literally
hundreds of switches and thousands
of individual light bulbs (Figure 1).
These rows and columns of indicators
not only reflected what was happen-
ing inside these giant beasts, but they
also provided data and diagnostic
information to the operators.

From the public's perspective,
"Das BlinkenLights" were synonymous
with high technology. Control panels
with indicator bulbs began to make
appearances in science fiction movies

B FIGURE 1. IBM System/360 Model
91 at NASA in the late 1960s.
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such as "Destination Moon" in 1950
and then migrated to robots in the
1956 classic film "Forbidden Planet"
where the seven foot tall "Robby the
Robot" enthralled audiences world-
wide. When computers finally shrank
to a size (and price) that electronic
hobbyists could handle, they brought
their blinking lights with them.

In January of 1975, anyone who
bought a MITS Altair 8800 found it
had rows of indicator LEDs for outputs
and mini toggle switches for input
(Figure 2). The wide-spread adoption
of CRTs coupled with exponential
increases in computer bus speeds led
to a vast reduction in the need for front
panel lights. It wasn't long before many
computers relegated the role of LEDs
to simply showing power state or disk
drive activity. However, the public's
perception that "blinking lights = high
tech" persisted.

Through the
1970s and ‘80s, it

M FIGURE 2. MITS
Altair 8800b.
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UNDERSTANDING, DESIGNING & CONSTRUCTING ROBOTS & ROBOTIC SYSTEMS

seemed many science fiction shows
just couldn't get enough blinking lights.
The Robot (a.k.a., "B9") of "Lost in
Space" fame had both blinking lights
in his brain-bubble and pulsating
pushbuttons on his chest. The chrome-
plated Cylons of “Battlestar Galactica”
sported spiffy sequential sweeping
red-lit "eyes." Even R2D2 had multi-
colored twinkling dome lights to
accompany his beeps and boops.
Though recent movie robots tend
to look more human, when it comes
time in the plot to declare their
robotic heritage, they usually pry
open a panel and show off a handful
of LEDs as proof of true technologi-
cal nature. So, if both the public at
large and Hollywood persist in believ-
ing that all things high-tech should
blink, then who are we to argue?

YABB (YET ANOTHER
BLINKIN' BOARD)

The search for a blinking light




circuit was prompted when one of
our regular Robot Group members,
Marvin Niebuhr (a.k.a., "Professor
Conrad"), expressed an interest in
having a small circuit to blink lights in
some of his bio-mechanical robotic
art creations (see Resources). Though
some members suggested that he
could write some code for a
microcontroller and just add some
LEDs, he made it clear that he was
more interested in building his
sculptures than writing code and
really preferred something simple ...
something "turn-key."

As we are a rather helpful group
of folks, many members started
researching blinking light circuits
from all over and many designs were
discovered, suggested, and debated.
Some circuits had LEDs lit by a
decade counter chip driven by a 555
timer. Others used various combina-
tions of dedicated logic chips to
reach a similar end result. Newer
designs used different microcon-
trollers to drive LEDs directly.

As we sought a "perfect" board,
we kept coming up with features that
were missing from the existing offer-
ings or ideas on how the boards
could be made more versatile and
robust. These discussions brought
about to a rather detailed definition
of what would make a perfect board.
One thing led to another and pretty
soon James Delaney, Paul Atkinson,
and | decided we should build a
board that had all these features.

ON-BOARD VOLTAGE
REGULATOR

Since a board can have either
four AA batteries, a 9V cell, a 12V
wall-wart, or 24 volts worth of gel
cells for power, on-board regulation
would allow it to be used in any
power situation it might encounter in
any of our existing robotic art pieces.

Being prepared for any type of
power source would also make the
device less likely to be damaged by
improper power levels and would
allow the board to be used by folks
more interested in creating their
robotic artwork than reading

PERSONAL ROBOTICS

schematics and sourcing specific
voltage power supplies.

A SMALL, BUT
POWERFUL,
INEXPENSIVE
MICROPROCESSOR

After considering various proces-
sors, it was decided that the Atmel
ATtiny84 was the "just right" chip for
this specific job. Smaller than the
"overkill" Atmega8 in its massive
28-pin package yet larger than the
somewhat cramped ATtiny45 with
only eight pins (two of which are
already allocated to power and
ground!), the best of both worlds
seemed to be the ATtiny84. It has
enough pins to allow us to dedicate
three to use for jumper settings while
still leaving eight to use as outputs. In
addition, if we're careful in how we
allocate pins, we could even program
the chip in-circuit! With 8K bytes of
Flash memory, 512 bytes of on-chip
programmable EEPROM, and 512
bytes of internal SRAM, the ATtiny84
packs a heck of a punch for a very
low price.

LOW-SIDE BUFFERED
SWITCHING

By using the robust ULN2803A
Darlington driver chip to buffer the
output of the microcontroller, we get
multiple benefits. First, we up the
number and type of devices we can
drive. Since the ULN2803 can sink
up to 500 mA per channel, it is
capable of driving much heavier
loads than the unbuffered output of
the microprocessor itself. It's possible
to power strings of LEDs and even
incandescent lights. Also, the 2803
has built-in "snubber" diodes that
protect against back EMF so the
device can directly drive inductive
loads such as relays, solenoids, and
motors. Being a low side driver, it can
be used to drive different voltage
devices from different channels. For
example, you could have a six volt
light bulb on channel 1, a 12 volt
motor on channel 2, a three volt
sound module on channel 3, and a

LIGHTING PATTERNS

Use the following table to determine
what jumpers to pick to create specif-
ic patterns.

J1-J2-J3

000 = Random Patterns

001 = Flame Simulator

010 = Bounce

011 = Fade Bounce

100 =Thunderbird Turn Indicators
101 = Star Twinkle

110 = Fade Chase

111 = Binary Style Counter

24 volt solenoid on channel 4.

The trick is that since the chip is
only switching the device to GND,
the source voltage may be different
for each channel. Lastly, it acts as a
"sacrificial" part. If you short the
output, you may lose the device
itself, but the microcontroller is
usually protected from damage.

RELIABLE “ON THE FLY"
PROGRAM SELECTION

Rather than a hard-coded pattern
determined by logic chips or a push-
button switch that would have to be
set after every power cycle, we
wanted a simple and robust method
to choose sequences. By using
regular .100" jJumpers, we can select
a pattern and the unit will "awaken"
with that pattern every time. Also, the
pins can be connected to switches
instead of jumpers to allow the

RESOURCES

B “Blinkenlights” Neologism:
http://en.wikipedia.org/wiki/Blinkenlights

B Marvin Niebuhr (a.k.a., “Professor
Conrad”):
www.professorconrad.com/

B James Delany’s Original LED sequencer:
www.unfocusedbrain.com/projects/
2009/profc

B The Robot Group:
www.TheRobotGroup.org

B Atmel ATtiny84: www.atmel.com

B Video of Das BlinkenBoard in action:
www.youtube.com/NVernGraner
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B FIGURE 3. Das BlinkenBoard “two
up” layout in ExpressPCB.

sequence to be altered even after the
board has been powered up.

NO ONE TRICK PONIES!

As our research turned up lots of

ExpressPCBs, “Miniboard” service.

we had to make sure that ours was
unique enough to justify building it
rather than just buying something
already available. As we went through
the various scenarios that could benefit
from a BlinkenBoard, we decided the

"blinky" LED kits from various vendors,

B FIGURE 7. Rectangular LEDs fitted
into .100” spaced holes.

key factor would be versatility. We wanted

M FIGURE 8. LEDs attached to the end
of ribbon cable.

B FIGURE 5. Das BlinkenBoard kit
of parts.

the board to be able to not only turn
LEDs on and off, but to set their
brightness levels via PIWM. We wanted
to be able to do more esoteric things
such as drive and/or control the speed
of standard DC motors, brushless motors,
or even handle stepper motors.

We wanted to control both
inductive and solid-state relays or
drive solenoid valves for pneumatic

devices. We wanted to be able to
drive CCFT lights and incandescent
bulbs. We wanted to be able to
experiment with Persistence of Vision
(POV) displays or drive speakers to
make sounds. We envisioned
controlling LED cubes and having
the boards communicate via serial
commands. And, of course, we want-
ed the ability to upgrade the system
software so the board's role could
evolve as future challenges were met.
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B FIGURE 6. Das
BlinkenBoard Schematic.
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B FIGURE 9. Individual resistors
mounted directly on Das
BlinkenBoard.

PERSONAL ROBOTICS

B FIGURE 10. Completed board with
resistor network in DIP socket.

VERY VERSATILE
VERSION

LET'S HAVE A LOOK
AT THE SCHEMATIC

So, now that we had the specs,
James picked up a previous project
of his dubbed the "Generic LED
Sequencer" (see Resources) and
wrote new, more versatile software to
fit the new design. Paul drew up the
schematics and laid out a PCB in
ExpressPCB (Figure 3), | ordered the
boards (Figure 4), and then each of
us took a turn at soldering up one
of the prototypes to make sure
everything worked.

Paul built a board with the LEDs
directly on the board and with power
provided by a 9V battery snap. | built
a board with the resistors omitted
and had it drive a bunch of differing
loads. James built one with a .100"
2x8 header and IDC connector
pigtail with LEDs on the end. Every
single one worked first shot out of
the chute!

I want to point out that with
the details in this article plus all the
software being downloadable
from the Nuts & Volts website
(www.nutsvolts.com), you should be
able to build one of these

Before we warm up the soldering
iron, it’s always a good idea to have
a look at the schematic to see just
what it is we're building. Though the
schematic is laid out according to the
specifications cited, a quick overview
of its configuration and design
features will help you to understand
your options when it comes to
assembly. Refer to the schematic in
Figure 6 and follow along.

Power comes into the board via
J4 and may be provided by a 9V battery
snap, tinned leads, or even a 12V PC
hard drive power connector. Once
on board, V+ is routed to the 7805
voltage regulator (U3) and C2 is used
to filter any incoming noise from the
power source. Power from the volt-
age regulator is used to feed 5V to
the ATtiny84 (U1). J1, )2, and )3 are
.100" header pins and are used to set
the mode of operation on power-up
and during operation of the board.

PAO-PA3 drive channels 1-4 of
the ULN2803A Darlington array
and PA7, PB2, PB3, and PB1 drive

B FIGURE 11. Resistor network removed
and shunts added into socket.

channels 5 through 8, respectively.
NOTE: The seemingly random choice
of pins that drives the 2803 was
actually very much by design. The
above order leaves RST, SCK, MISO,
and MOSI unencumbered so that
the chip can be programmed while
in the circuit board.

The 2803 then drives eight 220
ohm resistors used to limit the
amount of current flowing through
J5. )5 is designed to allow you to
place eight discrete LEDs in a row on
the board for the most compact
setup. J6 is used to determine if the
LEDs receive voltage from the 7805
regulator or directly from the V+ line.
This allows you to choose if you want
the regulator burdened with the
current draw of the LEDs or if you
would prefer the LEDs get their power
directly from the voltage source.

AND HOW EXACTLY DOES
THIS ALL LAY OUT?

When laying out the PCB, many
things were taken into account in
B FIGURE 13. Das BlinkenBoard

with wires threaded through
stress-relief holes.

boards yourself. However, if
you'd rather not go dig for
parts and you'd like to take
advantage of the bulk buying
power the folks at the

Nuts & Volts store have, we
encourage you to stop by
the store and order a kit
(Figure 5).

M FIGURE 12. A collection
of non-LED loads Das
BlinkenBoard can run.
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B FIGURE 14. Pulse
width modulation
routine flow chart.

Tum all

5 Reset
outputs —>{

Py Count

M FIGURE 15. Main
program flow.

Set Pattern
From
Jumpers

Select
New
a ? Pattern
.
Y
Execute Patterns|
Pattern

\/

B FIGURE 16. How
a chase pattern
Pattern: is implemented.
Chase
Channel 8 off Channel 1off Channel 20ff
Channel 1on—#Channel 2 on—Channel 3 on|
delay 10 ms delay 10 ms delay 10 ms
Channel 50ff Channel 4off Channel 3off
Channel 6 on<—Channel 5 on<—Channel 4 on|
delay 10 ms delay 10 ms delay 10 ms
Channel 6off Channel 7 off
Channel 7 on—Channel 8 on
delay 10 ms delay 10 ms

order to make sure the board was as
versatile and robust as possible. For
example, the J5 connector can be
used to hold eight LEDs directly on
the board itself (Figure 7) or it can be
used with a .100" 2x8 header. This
way, an IDC style connector and
some ribbon cable can be used to
extend the load (be they LEDs or
other devices) away from the board
(Figure 8).

Note that the schematic shows
eight discrete 220 ohm resistors and
some of our prototype boards were
indeed built in this manner (Figure
9). However, others were completed

using a DIP socket with a resistor
network (Figure 10). Using a socket
allows you to change resistance
values to accommodate different V+
voltages and/or different types/
numbers of LEDs simply by replacing
the DIP resistor network. In addition,
the resistor network could be
replaced by straight-wire jumpers
(Figure 11) if the load being driven
by the ULN2803A does not require
current limiting.

For example, in Figure 12 you
can see the prototype board I built
with channel 1 connected to an
incandescent light bulb, channel 2

connected to a string of 10 high-
brightness LEDs, channel 3
connected to another incandescent
indicator light, channel 4 is
connected to a brushless DC fan
motor, and channel 5 is connected
to a 12V DC gear motor and wheel.
To see a video of all this in action,
check the Resources section.
Another feature to make the
board durable is the inclusion of
stress relief holes along the edges
where wires may be attached, such
as J5 (Figure 13). This way, if the
loads connected to the board are
mobile and/or they are shifted during

DO YOU NEED Gizmos t!

nat bring your dreams to life!

Hack-able VIVONIC Gizmo
with Graphic LCD, Touch-
screen, and Accelerometer.

$13.75 each

[Multimeter Big display $7.50
10mhz oscilloscope $160
20mbhz oscilloscope $270

USB oscnlloscope $220

Solar Kits $10.95 3v DC Mini Air
pump with
Valve, filter, and
tubing. Easy to
interface to
u-controller
$7.50

ROBOTIKITS )

‘Can you read this?
We can and
are just checking

NIMH Battery Packs
8.4V 2000mAH $2.50

Power Supplies
9V 1 Amp $4
12V 2 Amp $8.50

Oregon Scientifid
Smart Globe

$30

1000’s of LED in stock
1.8mm, 3mm, Smm,
and 10mm from $.40
1/2 watt $.95

[Oregon Scientific|
Weather Sensors
and parts
Starting at $5

1 watt Stars $3.60
RGB 5mm $1.50
UV Smm $.95

How About Soldering Supplies?

Variable Temp Solder Iron w/ 3 tips $29.95
6 piece Tweezer sets $5.00
Helping Hands Magnifiers $7.50

il

www.SurplusGizmos.com

503-439-1249 O<

5797 NW Cornelius Pass Road
Hillsboro Oregon 97124
To see the best deals join our
online mailing list or stop by

our retail store...!
S

62 NUTSSVOLTS June 2009




PERSONAL ROBOTICS

installation or setup, there is a much
lesser chance you'll be digging out a
soldering iron in the minutes before
a show!

THE SECRET IS IN
THE SOFTWARE

As mentioned earlier, the soft-
ware was updated by James from his
original generic LED sequencer. This
new version defines an array of eight
variables to hold a value for the pulse
width modulation routine. This
routine (Figure 14) is triggered by a
timer interrupt to service the eight
independent channels of PUM. The
main flow of the program (Figure 15)
creates sequences by altering the
values stored in this array of eight
variables (see Figure 16 for an
example of one of these sequence
routines). The code is too long to
include here, so please feel free to
download and examine the code
more closely. James has long wanted
to convert me from my Basic
programming to C so he went to the
trouble of making an interesting and
useful "Rosetta Stone" version of
the software. This is a document
presented in a two-column fashion
that compares each of the C routines
to a similar routine in pseudo Basic.
It is a very helpful document for
understanding this code and also to

help see the similarities between

the languages. | would recommend
it for those of you (like me!) who
might be thinking of dipping a toe in
the waters of C programming. James
has released all the software for this
project under the GNU public
license.

DON'T BLINK!
WE'LL BE BACK!

So, as versatility was one of the

most important ingredients for this
project, | plan to work with James
and Paul to come up with updates
that will be published in a sidebar in
my next few articles. Keep an eye
out for some neat new ideas and
new software patterns/functions in
the coming months. | hope you'll
join me in building your own Das
BlinkenBoard. If you do and you
come up with your own unique and
interesting uses, please let me know.
As always, you can reach me at
vern@txis.com NW
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DimensionEngineering 3 Amp Adjustable
www.dimensionengineering.com SWItChlng Regu/ator

PLUS MANY OTHER DC-DC
CONVERTERS FOR ANY

Order online at:
www.melabs.com

USB Programmer for PIC® MCUs
$89 95 (as shown) -

RoHS
Compliant

Programs PIC
MCUs including
low-voltage (3.3V)
devices

Includes
Software for
Windows

98, Me, NT,
XP, and Vista.

With Accessories for $119.95:

EPIC™ Parallel
Port Programmer
starting at $59.95

Includes Programmer, Software, USB Cable,
and Programming Adapter for 8 to 40-pin DIP.

Development Tools for PIC® MCUs

microEnginering &abs, She.

LAB-X Experlmenter Boards
. Pre-Assembled Board

Available for 8, 14, 18, 28,
and 40-pin PIC® MCUs
2-line, 20-char LCD Module
9-pin Serial Port
Sample Programs
Full Schematic Diagram

Pricing from $79.95 to $349.95

PICPROTO™ Prototyping Boards
Double-Sided with Plate-Thru Holes
Circuitry for Power Supply and Clock
Large Prototype Area
Boards Available for Most PIC® MCUs
Documentation and Schematic

Pricing from $8.95 to $19.95

Phone: (719) 520-5323
Fax: (719) 520-1867
Box 60039
Colorado Springs, CO 80960

BASIC Compilers for PICmicro®
: Easy-To-Use BASIC Commands
| Windows 98/Me/2K/XP/Vista

PICBASIC™ Compiler $99.95
" BASIC Stamp 1 Compatible

Supports most 14-bit Core PICs

Built-In Serial Comm Commands

PICBASIC PRO™ Compiler $249.95
Supports most PICmicro® MCU Families
Direct Access to Internal Registers
Supports In-Line Assembly Language
Interrupts in PICBASIC and Assembly
Built-In USB, 12C, RS-232 and More
Source Level Debugging

See our full range of products, including
books, accessories, and components at:

www.melabs.com
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