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The 3D printer

Innovative & compact — Made in Germany

AL DR Create your project!

Experience the fabbster
3D printer in action:

The fabbster is a 3D printer for
office, home and hobby use.
fabbster makes three-dimensional
models designed on your PC

or MAC into real objects you

can touch.

http://rch.It/ci

1499,°

(~ £1277,)
FABBSTER G KIT

The appliance is equipped with an
" earthed connector plug. A connecting
Max. model size: cable for your country can be found

23x23x21¢c on the article page in our online shop.
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® Precise and reliable material system: * Professional support thanks to

STICK DEPOSITION MOULDING (SDM) industrial backup: reliable supply chain
® Multi-coloured 3D printing: o Specially adapted software

Give colour to your ideas! “netfabb for fabbster” included
¢ Largest printer in its class: 3D objects can e Award-winning design

be printed with an edge length of 20 cm ® Made in Germany

Stick Deposition Moulding

e VN

In Stick Deposition Moulding the extruder is loaded

with original fabbster LIKE sticks, which are profiled on the side.
These sticks offer the advantage of non-slip feeding as opposed
to conventional circular filament material. The result is precise
dosage of the melted material and objects with optimal material
properties.

\\

We offer sticks in the following colours:
black, white, blue, yellow, green, orange,

red, pink, silver, light blue and natural 4 95

100 sticks/200 g ABS FABBSTER ..

(~£12,74)
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Multi I/0 for

FPGA Development Board (1)
Elektor’s December 2012 FPGA

is expanded with:

GPS receiver; temperature sensor;
pressure sensor; RGB color sensor; 2 x 16
character LCD; 4 pushbuttons; 4 LEDs;
rotary encoder; 7 external digital expan-
sion pins; and 3 external analog inputs.

Home and Office

Network Tester

The circuit presented here offers easy
one-button testing of common home and
office networks, with red-amber-green
indication of the network status, and any
faults. The design is really simple, just

a microcontroller, an Ethernet interface,
a pushbutton for starting the test and
status LEDs to show the condition of the
network. Still, it does do a lot more than
a simple cable tester.

USB Battery Tester

Testing batteries is a fairly common task
among electronics enthusiasts. Instead of
using a complex stand-alone meter, you
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56

can put the intelligence of a PC to good
use for this. Here we add a battery in-
terface to the general-purpose USB-1024
cable presented in a previous edition of
Elektor magazine.

Enter BeagleBone Black

Yet another platform has been released
to the embedded audience: the Bea-
gleBone Black. Recently we (finally) got
one on our workbench. It looks like a
very promising platform with powerful
hardware and a lot of potential. Does it
outperform the Raspberry Pi?

The Flowstone of Wisdom
There are many visual programming
languages out there, but Flowstone is one
with a twist. Clemens Valens examines.

Joule Robbin’ Hood

This circuit steals (energy) from the
rich (batteries) and gives it to the poor
(plants).
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3-D Redefined: Electrical,
Mechanical, Programming

It's rewarding to see Elektor readers and con-
tributors come out of the Pure Electronics closet
and give due respect to the shape, appearance
and user friendliness of their ‘constructions’.
Thanks to the ‘mechanical touch’ and 3-D print-
ing, perfectly working electronics projects previ-
ously confined to a drawer in the designer’s lab
can now go public and be used and enjoyed

by everyone. Not built, necessarily. A properly
designed case, slick appearance, compactness,
light weight and a good eye for safety are the
tickets to progress from nerd to esteemed prod-
uct designer, even if your gizmo contains just
one AVR micro and a bunch of LEDs.

The UltiProp Clock prominently featured in this edition is a fine example of
electronics designed to suit—even serve—a mechanical design. After all, if that
propeller does not spin properly, text or numbers will fail to appear floating in
the air as promised. Consequently, the two in-panel PCBs and the way the motor
is constructed should be the best of both worlds in terms of electronics and
mechanical design. Or should we say three worlds, as the software also interacts
at the components and functionality levels?

Less ambitious but certainly not less clever in terms of industrial design, is the
USB Battery Tester on page 40, where the good old 25-pin sub-D connector
resurfaces and determines the shape of a circuit board. Ten points for everyone
shouting “Centronics” when you demonstrate the tester on a suspect battery,
and 20 points if you can salvage and repurpose two of these connectors from an
old “parallel printer” cable.

To balance out the fair number of relatively high-tech projects in this edition,
Robin Hood in electronic guise on page 56 redefines the meaning of “stealing
from the rich and giving to the poor”. In this case, we can’t see any real losers,
or a conflict for that matter, as the remaining energy in “empty” batteries fated
to waste disposal actually helps to help plants grow and blossom.

Enjoy reading this edition of Elektor,
Jan Buiting, Editor-in-Chief
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Elektor World

Compiled by Every day, every hour, every minute, at every

Wisse Hettinga . . .
given moment designers and enthusiasts are

thinking up, tweaking, reverse-engineering

and developing new electronics. Chiefly for fun,

but occasionally fun turns into serious business.

Elektor World connects some of these events and

activities — for fun and business.

Electronic Roundabout: tell us a new story!

Every year Elektor RSVP’s a number of freelance authors, project developers and
regular contributors around the table to discuss the latest trends and technolo-
gies—in electronics of course. This year more than 50 experts joined us Hanau,
near Frankfurt, Germany. In an Electronic Roundabout (three slides—three min-
utes floor time) a number of authors presented their work, ideas and proposals.
The only briefing they got from Elektor: we've heard enough about Arduino and
Raspberry Pi—please, tell us a new story! And they did.

Clouds - as we know them

Giles Harrison, Professor of Atmospheric Physics in the Meteorology department of
the University of Reading, UK, kicked off with his introduction to electricity in the
atmosphere, including methods of measuring the tiniest currents and voltages. A
deeper understanding of this, Giles told his audience, can help predict the forming
of clouds and thunderstorms. His department is launching balloons with all sorts
of equipment in small payload boxes, called Pandora’s. His question was; can you
help define and select new sensors to fill Pandora’s Box?

Find out more at www.met.reading.ac.uk/~swshargi/

8 | December 2013 | www.elektor-magazine.com



All Around the World ...

Start Printing in 3D!

Makers all over the world are crazy about the latest 3D
printing and laser cutting. In his presentation, Miguel
Sanchez, Professor at the University of Valencia and an
enthusiastic builder of huge CNC equipment, shared his
passion for 3D printing and CNC gear. Being a keen maker
himself he challenged the audience to test the waters
called 3D technology and CNC machining.

Security

Remember this hame: Nico Maas. Sounds Dutch, but he
is 100% German. This student showed us why new MCU
and SOC technologies need to merge. But more impor-
tantly, he stressed the need for more secure platforms—
now that Arduinos are seeing increasing use in vital pro-
cesses, security is becoming a necessity.

And more

Franz-Peter Zantis took us back to the basics of good old Visual Basic. He explained that there are large groups of peo-
ple interested in straightforward stress-free solutions, something you can achieve easily with Visual Basic. And we had
Bart Huyskens—the kind of teacher anyone would dream of having had in their student days. He works very hard to get
students all over Belgium to choose Technology. Elbert Jan Van Veldhuizen, PhD, MSc, showed us the possibilities of a
Universal PIC12F1840 mini board—a very versatile solution.

The Gate

Menno van der Veen is a well-known developer and author on Tube
Audio equipment. Many of you will have built, bought or listened to one
of his celebrated designs. Apart from Menno’s love for electronics and
audio he is also a fireside philosopher. He took the audience of pro-
fessors and independent developers by surprise by introducing them
to the deeper thinking about what motivates people, and what brings
them new ideas. In his spoken parable called The Gate he challenged
the audience to go a step further in making decisions and not stay in
the comfort zone. Menno specifically asked to take the last turn on
the Electronic Roundabout—a worthy end to a feature rich afternoon.

And then there were drinks and food and more discussions till the early morning.

www.elektor-magazine.com | December 2013 | 9
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UltiProp Clock (1)

time & date floating in the air

Part 1

Electronics is never so fine as when it skillfully combines magic with physics, me-
chanics with software, imagination with thoroughness and precision, and a taste
for beauty with good workmanship. This timepiece was designed to display the
time and date in an original way—but I admit I did also design it to draw cries of
amazement from the visitors who find it in my lounge. I'll bet many of you will
want to do the same in your own homes.

On the Internet, with keywords like “Propeller
Clock” or “mechanical sweep display”, you can
find a number of projects based on this prin-
ciple—but not many of these get beyond the
laboratory prototype stage. Here, I'm proposing
not just to discover how one works, but above
all I give you the key details that hopefully will
enable you to successfully build your own
high-quality clock, which is bound
to draw admiring, envious cries
of “Wow!"” from your guests.
It’s high time you too

By David Ardouin
(France)

discover Elek-
tor’s Ulti(mate)
Prop(eller) Clock.
The principle of persistence
of vision (POV) (Figure 1) is
well known, particularly in the
cinema and in the multiplexing
of LED displays, where each seg-
ment is in fact only lit for a frac-
tion of a second. The eye doesn’t
discern the flickering of the
points of light, which go on
and off very fast; instead,
it perceives a complete
and relatively stable
image. This is
also the prin-

10 | December 2013 | www.elektor-magazine.com

ciple of the scanning in CRT TVs and of illuminated
matrices of all types. Whatever the process, since
even a fleeting image remains stamped on our
retina for a few tens of milliseconds, all we have
to do is refresh the display often enough to give
the impression of stability or smooth movement.

The problem
lies in the number of
- points. The more there are,
~ the more costly the hard-
~ ware and the harder it is to
control.
Using a static display matrix,
the cost goes through the roof as
soon as we want to display more than
a few pixels.
Here we have a virtual circular matrix; in
reality, it consists of a strip of 50 (2x25) LEDs
mounted on the blades of a propeller, which as
it rotates describes a display area of 3200 two-
color points arranged in concentric circles.
When this turns fast enough, our eyes perceive a
colorful clock face! A cleverly-programmed micro-
controller turns these LEDs on and off at the
right moment, according to their position in the
rotation, thereby displaying figures and symbols
that seem to float in the air, detached from any
physical support.



That's easy to say

The idea is promising, but comes up against
two electromechanical obstacles which gave me
quite a headache: first, powering the LEDs on
the propeller; and then the communication with
the propeller microcontroller. No question of fit-
ting a battery—it wouldn't last long. No question
either of using slip-rings or brushes. Those would
wear out quickly and be noisy. To transfer the
power without contact, I chose to make use of
the magic of electricity, by way of induction in a
custom-built transformer.

The choice of the propeller motor is crucial, as
it needs to be silent, fast, easy to source every-
where, and with as long a life as possible. Obvi-
ously, the ordinary old carbon-brush motor won't
do. Inaudible and hard-wearing, a magnificent
brushless motor out of a hard disk drive would
have been very tempting, but its metal body
proved incompatible with the induction process.
So I fell back on a computer fan motor—easy to
source, reliable and quiet, sufficiently powerful,
and made of plastic.

port is simple. The propeller determines its own
angular position thanks to a phototransistor at
the end of one of its blades, illuminated at each
rotation as it passes in front of an infrared LED
on the fixed unit. In this way, the microcon-
troller receives one short pulse every rotation.
An internal counter measures the time between
two pulses, i.e. the duration of a revolution. The
value read is divided by 128, which corresponds
to the number of ‘spokes’ making up the circular
image. This result is then entered into a second
counter, which will interrupt the running of the
program 128 times per rotation. A matrix of 128
bytes, where each bit represents the state of one
LED, is then scanned and the value it contains
converted into a light code.

B

e S 2 There now remains the thorny question of the
,’gﬂ" user interface. The control elements, their
e management and that of most of the func-

tions are on a stationary base unit; on the
propeller, I only fit the strict necessary for light-
ing the LEDs. In this way, I reduce the masses
involved, particularly to avoid vibration, noise,
and wear. To communicate without wires between
the base and propeller, I've designed an infrared
link using a fixed ring of emitters, above which
rotates a photo-detector fitted to the propeller.
After a great deal of trial and error and several
generations of prototypes, all this ended up giving
the circuit, the block diagram of which is given in
Figure 2. The two most important components
in this project are, in the center of the diagram:
transformer Trl, along with the motor M on which
it is wound; Trl is what powers the propeller
LEDs and their drive circuit. You won't find either
of these components in either the base unit or
propeller circuit diagrams, but we're going to be
talking a lot about them.

Magic propeller

I'm going to start with the propeller, as this
is doubtless the part that’s intriguing you the
most. The algorithm for obtaining this image
that seems to float without any physical sup-

So much for the theory. Simple, isn’t it? Every-
thing is handled in a few lines in the interrupts in
such a way as to make only modest demands on
the processor resources. Thanks to this constant
measurement of the actual duration of a revo-
lution, the display remains spectacularly stable
whatever the rotational speed.

In practice, it's a little bit more complicated, for
three reasons. Firstly, since each column has two
colors and is formed from 25 LEDs (Figure 3a),
so the matrix consists of 768 bytes rather than
128. Secondly, to improve the stability of the
display, the processor anticipates the duration of
the current revolution by deducing the accelera-
tion of the propeller by comparing the duration
of the two preceding rotations. Thirdly, experi-
mentation had taught me that to avoid the dis-

Figure 1. Images of the
clock obtained through
persistence of vision (POV).

www.elektor-magazine.com | December 2013 | 11



The clock includes two ATMega 328 microcontrollers,
one fitted in a fixed base unit and the other on the two-
bladed propeller.

The propeller microcontroller drives 2 x 25 LEDs,
employing persistence of vision to display a circular
image made up of 3200 points.

The propeller is glued to the hub of a fan motor and
turns with it.

The stator of this same motor is glued to the base unit.
The electrical energy is transferred without wires from
the base to the propeller via a transformer with two
concentric windings, wound around the motor, whose
fan blades have been cut off.

The transformer primary (outer winding) is glued to
the base. The secondary (inner winding) is glued to the

10.

The display control data are sent to the propeller
microcontroller by means of an infrared signal emitted
by a ring of emitters on the base, above which turns a
photodiode.

The propeller is virtually inaudible, as it spins relatively
slowly, the image obtained through persistence of
vision is stable, on the one hand because the two
blades take it in turns to produce the same fragment,
and on the other, because the microcontroller adapts it
to the actual rotational speed of the propeller.

Virtually all of the tasks are handled by four interrupts.
A single rotary encoder with push-button on the base
unit is used to perform all the settings: standby, time
and date setting, brightness and daytime and night-
time rotational speed, language selection, and display

motor hub. mode selection (61 possible configurations!)
play’s flickering, it needed a fairly high speed; data of which are never fixed.
now higher speed means more noise. Sol usea  So it has to decode the sequences received on its
double refresh: each half of the propeller emits  serial port over the infrared link and fill this dis-
the same light signals as its counterpart, but  play table with one of the two built-in typefaces
with a delay of half a rotation, i.e. 64 spokes. (5x7 and 6x10 pixels). It also has to handle the
The more stable display thus obtained is even  flipping of the characters, depending on whether
more pleasant to the eye, even at a fairly low they are in the top or bottom semi-circle of the
speed of the order of 1500 rpm. At this speed, disk. The microcontroller also drives the luminous
the propeller is almost inaudible! power and draws the hands of the clock in ana-
The biggest task the propeller microcontroller  log mode, along with the seconds count around
has to handle is filling our matrix of points, the the perimeter (Figure 1).
P e - e e 1
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s . ! 4
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: 2 utt,as [ | i : ut :**; :
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the transformer, and the
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the power supply, the
microcontroller, and the
photo-detectors.

acters. The last one draws the seconds display
on the outer circle. I've chose red and white
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two-color LEDs. The MAX6957 ICs use constant
current drive, so the rated working voltage of
these LEDs is unimportant. So you'll be able to
choose other types, with the colors you like, as
long as the pin-outs are compatible. The drive
ICs U1-U4 are very handy, they drive up to
28 outputs each with the help of a simple SPI
(Serial Peripheral Interface) link. The current
for each output can be adjusted up to 20 mA
via the bus, which is perfect for controlling the
overall brightness. With modern high-brightness
LED’s (over 100 mcd), the power is more than
enough for indoor use.

I chose the ATmega328 microcontroller (Fig-
ure 3b) above all because it has at least 1 KB
of RAM for storing the display matrix. It is clocked
at 20 MHz to offer as fast as possible an SPI link,
needed for refreshing the LEDs.

So that the infrared link between base and propel-
ler is maintained throughout the entire 360° rota-
tion of the propeller, I've chosen a fast wide-an-
gle photodiode (SFH2400). The FA version of this
device also offers visible light filtering, which
can’t do any harm. Illuminated by an infrared
light source, this diode delivers a current of a few
microamps, which is amplified and inverted by
Q3 to make the output level directly compatible
with the Rx input on the USART U6.

The angular position of the propeller is given by
phototransistors Q1 and Q2 located at the end
of each blade each time they pass in front of a
fixed LED.

The propeller supply voltage is taken from the
secondary of transformer Trl (we’ll come back
to this later) via J1, rectified by the four diode
D52, D53, D68, and D69, and filtered by L2 and
C11. Off load, the voltage here is of the order of
15V, dropped to 5 V by U5 and its associated
components.

Before leaving the propeller to describe the base
unit circuit, just a little more about the...

UltiProp software

The functioning of the software becomes simple
once you have grasped the principle of the float-
ing display. After a phase of initialization of the
peripherals (internal and SPI), the code goes into
wait. Everything is handled by four interrupts.
When a serial sequence is received, the software
stores the bytes received, decodes them, and



BASE_TRANSFO_2

+5VB

Rs7 |R31 |R32 _|R36
21
o sl sl |
ENERE BOURNS - PEC11 - 4xikx- S50
5 1000 st
D67
s e | >
VCC  AVCC AREF > —0
)
% A
PC1
uto
pe2 |22
ROTARY
pea - — ENCODER
2
res 2 =TT
PDS PC5
B 1
PDS  ATmega328-AU " * TSOP6238
PD7 PBO s
PCS pat 12
PB4 pe2 2 +5VB
PB5 pa3 1 o5t e
ADCE act |2 »
GND GND PB6 _ PB7__ GND R25 P
js 7 v2 |8 2 BATS4 - <—
= -—
LDR
e [IF 40 2
20MH; - Voo R30
33pT 33 wrisaw | 5
B sannz |
u2 R
e vear 4
D§32318
iy *Ine NC
6 10 C25 C36
o +9VB NC NC -_—
| 3 I ne 2
s 2 1000 | OF1
A . 2l BOOST NC NC GOLDCAP
;\ E U9
Hswe
be [ [N 7 DNI%ZWUS'ADJFB o _[en ) )
a5 LL__GND__PAD ——
47u | 1000 r . 1004 | 100u
25V N R34 |16V |16V
2 C15
. . ! 10u
S [t 16V
* MBRS140LT3G +5VB B
®
| D54..D62 =
L] SFH421-Z
7 FB
’ ’ VIN c8
us +5VB
o
o |8 LM22674MR-5.0 @
ol |5
2 2 3 e Honiore vsw R22
2l el z GND _ PGND .
wl wl wl u u S S c17 [
2122 sV | s0v
E =] 3
16V
- MBRS140LT3G |
+9VB
®
+9VB
T
e - o ? 2
7o) .
1000 10u cr Ll | RansFo
B B |16V L c22 c23
| | O
n 1000 1000
B B
5 D70
DD 5
u14 VDD
21 ina ouTA SMBJ4sA 4 o
g 21 ina outa |7
INB oute
TC4427ACOA SMBJ48A 4 e outs |° 8
ShD TC4427ACOA
R20 _|R23 3 5, a6- GND iy
] IRLML0060
N IRLML0060
B B
- * 120732 - 11

Figure 4.

Base unit circuit diagram.
The motor and transformer
are shown only in Figure 2.
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Listing 1 - Protocol for communication between base unit and propeller

Command
Data

Command
Data

Command
Data

Command
Data

Command
Data

Command
Data

Command
No Data

Command
Data

[DISPLAY_TYPE]

0Ox00

[ANA/NUM, DATEEN, TEMPEN, MDCOL, MDEN, SECCOL, SECRNG1l, SECRNGO]

ANANUM
DATEEN
TEMPEN
MDCOL
MDEN
SECCOL
SECRNG

[LUM_POWER]
[UNUSED, UNUSED, UNUSED, UNUSED, LUMPWR3, LUMPWR2, LUMPWR1, LUMPWRO]

UNUSED
LUMPWR

[TIME]
[HMCOL, UNUSED, UNUSED, HOURS4, HOURS3, HOURS2, HOURS1, HOURSO]

HMCOL
UNUSED
HOURS

Display format [0: Analog, 1: Numeric]

Display date [0: Disabled, 1: Enabled]

Display temperature [0: Disabled, 1: Enabled]

Minutes dots color [0: Color 1, 1: Color 2]

Display minutes dots [0: Disabled, 1: Enabled]

Seconds ring color [0: Color 1, 1: Color 2]

Seconds ring type [00: Disabled, 01: Elapsed Seconds, 10: Full ring, 11: Fixed ring]

0Ox01

Unused [0000]
Luminous Intensity [0000: Minimum to 1111: Full power]

0x02
Hands color (Analog mode), Hours text color (numeric mode) [@: Color 1, 1: Color 2]

Unused [00]
Current hour [0Ox00 to 0x17]

[UNUSED, UNUSED, MINUT5, MINUT4, MINUT3, MINUT2, MINUT1, MINUTO]

UNUSED
MINUT

Unused [00]
Current minute [0x00 to 0x3B]

[UNUSED, UNUSED, SECON5, SECON4, SECON3, SECON2, SECON1, SECONO]

UNUSED
SECON

[DATE]
[DATCOL, UNUSED, LANG1, LANG®, MONTH3, MONTH2, MONTH1, MONTHG]

DATCOL
UNUSED
LANG
MONTH

Unused [00]
Current second [0x00 to 0x3B]

0x03

Date text color [0: Color 1, 1: Color 2]

Unused [0]

Display language [00: Eng, 01: Fr, 10: Ger, 11: Undefined]
Current month [0x00 to Ox0B]

[DAYWK2, DAYWK1, DAYWKO, DATE4, DATE3, DATE2, DATE1, DATEQ]

[TEMPERATURE]

DAYWK
DATE

Day of week [000: Monday to 110:Sunday]
Current date [0x00 to Ox1E]

0x04

[TEMPCOL, UNUSED, TEMP6, TEMP5, TEMP4, TEMP3, TEMP2, TEMP1]

- TEMPCOL

UNUSED
TEMP :

: Temperature text color [0: Color 1, 1: Color 2]
: Unused [0]
Integer portion of temperature

[TEMPFRAC1, TEMPFRACO, UNUSED, UNUSED, UNUSED, UNUSED, UNUSED, UNUSED]

- TEMPFRAC:

[DISPLAY_TEXT]

UNUSED

Fractional portion of temperature
Unused [000000]

0x05

[TXTCOL, TXTCLR, TXTSIZE, UNUSED, UNUSED, UNUSED, SECT1l, SECTO]

TXTCOL
TXTCLR
TXTSIZE
UNUSED
SECT

: Text color [0: Color 1, 1: Color 2]

Clear sector prior to write new data [0: Keep previous text, 1: Clear then write]

: Text font [0: FONT_6x7, 1: FONT_8x16]

Unused [000]
Sector number [0x00 to 0x03]

[UNUSED, TXT6, TXT5, TXT4, TXT3, TXT2, TXT1l, TXT@]

UNUSED
TXT

[TXT]
- Max 10 ASCII Characters in FONT_6x7 or 8 chars in FONT_8x16

[TEST_FRAME]

Unused [0]

¢ ASCII Character to display[0x30 to 0x3A, 0x41 to Ox5A, Ox61 to Ox7A]

0Ox06

[CHRISTMAS_TREE] : 0x07
[UNUSED, UNUSED, UNUSED, UNUSED, UNUSED, UNUSED, UNUSED, TREEEN]

UNUSED
TREEEN

Unused [0000000]
Christmas Tree [0: Disabled, 1: Enabled]
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performs the corresponding actions (filling the
matrix with new values, updating the time, or
driving the overall LED current). During an exter-
nal interrupt triggered via Q1 or Q2, the value in
counter 1 is read—this corresponds to the dura-
tion of a revolution. Divided by 128, this value
is injected into counter 0 and the display pointer
is reinitialized. If the counter reaches maximum
without having been reset, the rotational speed is
too low, and so the drive to the LEDs is disabled.
Otherwise, during the periodic interrupt triggered
by counter 0 (hence 128 times per revolution)
the display matrix pointer is incremented, and
the corresponding value is sent to the LED drive
circuits. If the time is being displayed in ana-
log mode, the software also handles the lighting
up of the hands and the seconds count at this
instant (see Listing 2 with the pseudo-code for
the propeller).

Powering

The fundamental function of the base unit (Fig-
ure 4) is to provide the power to the propeller.
The custom-wound transformer around the motor
hub is concentric with the axis of rotation. The
primary, wound on the outside, is fixed to the
base and so doesn’t move. The secondary, with
a slightly smaller diameter, is positioned in the
center of the primary, around the motor, and so
turns with the propeller. The alternating voltage
applied to the primary of this transformer via
U14, Q5, and Q6 induces a magnetic flux coaxial
with the axis of rotation, which in turn induces an
alternating voltage in the secondary. This trans-
former is wired in a push-pull configuration: the
primary is divided into two halves, driven by
Q5 and Q6, themselves driven alternately by
a squarewave at a frequency of 50 kHz from
counter 0 and outputs OCOA and OCOB of the
microcontroller. Thanks to the transformer ratio
of 1.73, we recover on the secondary a square-
wave voltage between —15 and +15V, rectified,
smoothed, and regulated down to 5 V. The damp-
ing circuit R39 and C37, helped by ‘transzorb’
diodes (a sort of very fast zener diode) D70 and
D71, limits voltage transients at the transistor
terminals during switching. In order to guarantee
clean switching on, the driver U14 provides the
transistors with a current significantly higher than
that of a simple microcontroller output. Inserted
between the sources and ground, resistor R40
offers a point for examining an image of the cur-
rent (Figure 5), whose triangular shape you will

[ oso-20%0 usE7.002]
LF:I; View Channel Trigger Horizontsl Cursor Messure Display  Acquire  Utiliey Halp

B M2 2 pENBMe
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note. The amplitude reaches barely 100 mV, i.e.
a bit less than 1 A. With this converter topology,
there is always one of the transistors conducting
at any moment. If this condition were to last, the
current would increase indefinitely until "burnt
out’. So it is absolutely vital to avoid halting the
program, e.g. by connecting a programming tool
while it is running.

If however you wanted to venture into this experi-
ment, make sure your probe is configured to leave
the counters running even in pause, without which
the first breakpoint could be fatal. This option is
available under AVR Studio 4 or Atmel Studio 6,
in the configuration menu of your debugging tool.

The propeller turns

Now we have the means to power the propeller,
we need to make it turn fast enough to obtain the
hoped-for effect. The power and speed developed
by a PC fan motor are perfect for the mass to be
moved. As for the noise, it is close to inaudible. All
this for little money! The rotational speed control
is achieved by means of another PWM output on
U10 which, via the driver U11, switches transistor
Q8, also at a frequency of 50 kHz. In association
with D72, L4, and C43, we thus form a step-down
switching power supply which, depending on the
duty cycle of the PWM, supplies the motor with
a voltage between 0 and 9 V. If you're familiar
with this type of supply, you’ll note the unusual

Figure 5.

Voltage on one of the
primaries (blue) of
transformer TR1 and across
R40 (yellow).
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Listing 2 - Pseudo-code for the UltiProp Clock

void main(void)

{
do
{
switch(stateMachine)
{
case INIT:
{
//Initialise variables, microcontroller’s registers, interrupts, LED drivers, USART
stateMachine = IDLE;
}
case IDLE:
{
//ALL time critical operations occur in external and timer interrupts
//New serial frame received ?
if (g_u8_frameReceived == 1)
//Process incoming frame : Decode, fill new display matrix, update hands position
+
¥
}
while(1);
}

//Interrupt called once per revolution
#pragma vector = INT1l_vect
__dnterrupt void MCU_IntlInterrupt(void)
{
//Set column index for hand 0 at 32+64
u8_columnIndexHand® = 32;
//read Timer 1 value
ul6_revolutionPeriod = TCNTL1;
//divide Timer 1 value by 128, and set Timer 0 period with this value
OCROA = (u8) ((ul6_revolutionPeriod >> 7)-1);
//reset and enable timer 1
MCU_EnableTimerl();
//Update display variable
MCU_UpdateColumn() ;
//Update LED status
LED_Update();

//Interrupt called 128 times per revolution
#pragma vector = TIMERO_COMPA_vect
__interrupt void MCU_ColumnInterrupt(void)
{

//Increment index

u8_columnIndexHand0++;

//Update display variable

MCU_UpdateColumn() ;

//Update LED status

LED_Update();

//This function updates display bytes from display matrix
void MCU_UpdateColumn(void)

{
//Update display variable for hand ©
g_currentColumn.hand@OuterWhite = g_u8_displayOuterWhite[u8_columnIndexHand®];
g_currentColumn.hand@OuterRed = g_u8_displayOuterRed[u8_columnIndexHand0];
g_currentColumn.handOMiddleWhite = g_u8_displayMiddleWhite[u8_columnIndexHand®];
g_currentColumn.handOMiddleRed = g_u8_displayMiddleRed[u8_columnIndexHand@];
g_currentColumn.hand@InnerWhite = g_u8_displayInnerWhite[u8_columnIndexHand®];
g_currentColumn.hand@InnerRed = g_u8_displayInnerRed[u8_columnIndexHand@];

+
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position of the transistor; referenced to ground
in this way makes it easier to drive. However,
the output is no longer directly at the negative
voltage—but that’s no problem for us in this par-
ticular instance.

The propeller communicates

Now it turns, all that's left to do is to trans-
mit—without wires, of course—the information
to be displayed to the propeller. The rotating part
includes a photodiode to receive infrared signals,
which sees a ring of nine wide emission angle
infrared LEDs D54-D62, mounted on the base
unit. These LEDs are all powered together and
modulated simply according to the level present
on the ATmega’s UART output. Q7 takes care of
supplying the current needed to light them. Due
to the inversion by Q4, the quiescent logic high
on the Tx pin corresponds to the unlit state of
the LEDs. The choice of fast diodes for emitting
and receiving means we can ensure a data rate
of 19,200 baud. At this speed the reliability of
the communication is impressive.

Packetizing of the data transmitted offers better
immunity to any brief interruptions to the com-
munication channel. Each sequence starts with
the ASCII code Data Link Escape DLE (0x10),
followed by the STX Start of Text byte (0x02).
Then come a maximum of 66 useful bytes. The
packet sequence ends with another DLE byte
followed by an ETX End of Text (0x03). Now it is
possible that an 0x10 byte might occur within the
useful data being transmitted. In order to avoid
its being mistaken for the DLE code, the byte will
be automatically sent twice and treated in paral-
lel upon reception. Thus sequences of any length
can be transmitted; the receiver sorts them out
and only keeps complete sequences (Figure 6).
The communication protocol for these bytes is
specific to the propeller. The complete list of
the commands available is given in Listing 1.
Each sequence transmitted starts with the pair
DLE/STX, then continues with a command byte
between 0 and 5. The bytes following are the
parameters for the command, whose length can
vary. Lastly, the pair DLE/ETX ends the sequence
and triggers processing of the data received.
For displaying text, the display zone is divided
into four sectors (Figure 7). Up to ten alphanu-
meric characters can be displayed in each zone
in the smallest type size. A second set of char-
acters, slightly larger, gives a maximum of eight
symbols. In this case, only sectors zero and one

DLE STX ‘A ‘B’ ‘c’ ‘D’ ‘E’ DLE ETX
0x10 0x02 0x41 0x42 0x43 0x44 0x45 0x10 0x03
are available. The software automatically handles  Figure 6.

the rotation of the bytes forming each symbol
displayed, in which each bit corresponds to the
lighting of a LED. Specifically, bit O corresponds
to the upper symbol edge. When in the upper
edge, there is no rotation of the bytes, and bit
0 (i.e. top edge of symbols) is on the exterior
circle. By contrast, in the lower semicircle the
rotation is required to place bit 0 (i.e. top edge
of symbols) on the inner circle.

Microcontroller and peripherals

Just like for the propeller, the base unit microcon-
troller is an ATmega328. Two thirds of its 32 kB
program memory are free (for future applica-
tions...). In order to adjust the display brightness,
the ambient light level is sensed by LDR R41. The
infrared LED D65 is a narrow-angle type, as it
is used as a position detector for the propeller.
Turning this LED off immediately disables the
propeller display. S1 is a rotary encoder with
built-in push-button which handles the whole
man/machine interface, including the configu-
ration menu and the adjustments to the settings.
D67 is a simple orange LED used for perfecting
the program. You can leave it out if its flashing
every second bothers you.

The Maxim DS3232 real time clock (U12) calcu-
lates the time and date, with a maximum drift
of 2 ppm, or around a mere 30 seconds a year,
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Example of packetizing of a
sequence “ABCDE".

Figure 7.

Display sectors.
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Figure 8. thanks to the thermal compensation of its built-in
State machine for base unit oscillator. In the absence of power, the internal
software. counter will carry on running for several days

thanks to the power supplied by the super-ca-
pacitor C36. When you turn the clock back on,
it will have kept time.

The base unit power supply is in two parts, a5V
one of just a few milliamps for the logic part, and
a second more powerful 9 V one for powering
the transformer, motor, and infrared LEDs. This
power section can be shut down to save power
consumption in standby.

Remote control

To add a little more magic to the operation of this
clock, I've grafted on an infrared remote-control
receiver (U13) which talks to the microcontrol-
ler via its Input Capture function. This receiver
includes a demodulator for 38 kHz signals at a
wavelength of 950 nm, but other types are avail-
able, so you can choose them to suit the transmit-
ter you want to use. In my own case, I've used a
nice white control originally intended to control
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Apple MP3 players [3]. With its simple six-key
interface, it is ideal for controlling our clock. On
this transmitter, the data are sent under the NEC
protocol, which defines a ‘0’ bit by the transmis-
sion of a burst @ 38 kHz for 562 s followed by a
blank of the same duration. The logic ‘1’ is coded
using the same transmission time, followed by
a triple-length blank, i.e. 1.62 ms. Each press
on one of the keys causes four bytes to be sent,
the first two of which identify the remote-con-
trol, while the last two indicate the key pressed.

Base unit software

The state machine in Figure 8 gives an idea of
the overall operation of the base unit software.
Using counters 0 and 2 to produce the power
control signals and with counter 1 dedicated to
decoding the remote-control sequences, I found
myself short of clocks for timing the program. So
to control an interrupt input, I used the 1.024 kHz
signal from U12. With each second that passes,
the real time clock is read and its value sent to
the propeller. The system takes advantage of
this to check the ambient light level (weighted
over five measurements) and adjust the display
brightness if necessary. The rotary encoder is also
handled via an interrupt, not without a software
de-bounce filter.

Tempus fugit (time flies)
The moment has come to hit Pause. I hope I've
whetted your appetite and invite you to join me
again in the next issue of Elektor, where I'll be
talking about building my UltiProp Clock. To lessen
the frustration this tempus interruptus may cause
you, the PCB designs for the project are released
with this installment. I am also planning to put a
selection of the available documentation on the
article’s page on the Elektor website [1, 2]. I'm
sure you can wait a few weeks—I've been per-
fecting this project for over six years!

(120732)

Internet Links
[1] 120732 - Propeller Clock — Montage.pdf

[2] Downloadable software, including ATmega
source code: www.elektor.com/120732

[3] Remote-control for Apple Universal Dock:

http://store.apple.com/us/product/
MC746LL/A/apple-universal-dock?fnode=72
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e GPS receiver

e Temperature sensor
e Pressure sensor

e RGB color sensor

e 2 X 16 character LCD
e 4 Pushbuttons

e 4 | EDs

e Rotary encoder

e 7 external digital expansion pins
e 3 external analog inputs

Multi I/0 for FPGA

Development Board (1)

Add a display, sensors,
GPS, pushbuttons, LEDs and more

the expansion board...

The FPGA development board is a useful tool for
both professional and amateur use. Its practical
layout makes it easy to incorporate into a design
or to use as a teaching aid for University students.
As part of a student project at the Ostbayeri-
sche Technische Hochschule (OTH) Regensburg
in Germany an expansion board was developed
containing a host of peripheral devices. Now the
FPGA development board has sensors to talk to
and we can interface with them using VHDL.

The board concept

Figure 1 shows the expansion board block dia-
gram. Peripheral components all connect to the
FPGA. The simpler peripherals such as pushbut-
tons and the rotary encoder connect directly to
FPGA I/0 pins and require no specialized protocol
to communicate. The LCD, GPS-module and A/D
converter all transfer data and commands using
a digital serial interface following their own pro-
tocol. Seven unused pins from the FPGA devel-
opment board are available at a connector for
general I/0 use.

The sensors with analog output signals are con-
nected to the eight multiplexed inputs of an A/D
converter. An RGB color sensor uses three inputs;
one for red, one for green and one for blue.
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By Andreas MokroB, Dominik Riepl, Christian Winkler and
Professor Thomas Fuhrmann (Germany)

Back in December 2012 in an article titled ‘Taming the Beast’ we
introduced you to our FPGA development board. The board offers
speed and convenience to the task of integrating a programmable
logic chip into a project design. It already has a host of intercon-
nect possibilities but, up till now, no integrated peripherals. Enter

Another two inputs are used by a pressure sen-
sor and a temperature sensor. The remaining
three unassigned analog inputs are taken to a
connector to allow the measurement of external
analog signals.

Note: we use both the FPGA chip pin numbers
and the Elektor FPGA board pin numbers in this
text.

Expansion Board + FPGA Development
Board

The circuit diagram of the expansion board with-
out the power adapter is shown Figure 2. The
FPGA development board connects to the expan-
sion board using two strips of socket headers.
Connections on the expansion board have been
grouped together along these strips according
to the peripherals in order to simplify the lay-
out and make debugging easier. The first part
of the labels used to describe each signal refers
to the module or component name. Next is the
description of its function followed by a number.

Digital I/0s
Unused I/0 pins from the FPGA development
board are available at the 10-way pinheader JP4.
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The header also provides connection to 5 V at
pin 1, 3.3 V at pin 2 and ground at pin 10.

The FPGA pins 48, 49, 53, 54, 57, 58 and 60
available at this connector are not provided with
any form of protective circuit so be careful during
experimentation when applying a voltage to any
of these pins. The maximum input voltage range
allowed on the I/0 pins is 0.5 V above the FPGA's
supply voltage and £0.5 V. The pins are also not
protected against ESD so ensure that the board
is used and stored in an electrostatically neutral
environment.

The basic input and output options using LEDs,
pushbuttons, rotary encoders are integrated into

FPGA Expansion Board

FEISE 2 (O Elektor
i 139148-1

v2.3

R
R
! pia

H

the expansion board design. Using the hard-
ware description language VHDL it is relatively
simple job to interface with them and test their
operation.

LEDs

The board contains four (LED5 to LED8) general
purpose green LEDs which can be controlled via
VHDL from the FPGA. They use standard thru-
hole leads with the anodes connected to 3.3 V
supply via 180 Q resistors and their cathodes to
the FPGA output pins. The resistor value chosen
gives a current of approximately 5 mA through
the LEDs. They are bright and visible but not
dazzling.

[ Color ] [ Temperature

] [ GPS ] [ 7 Extension Pins

=

| &———

[Pressure]—b[ AD Converter]—b[ Elektor FPGA Board ]1—[ Rotary Switch

| e
[ 3 Analog Inputs ] [ LCD Readout ] [4Pushbuttons] [ 4 LEDs J

J

130148 - 11
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Figure 1.
The block diagram.



Projects

Figure 2.
The circuit diagram.

+5V

The LEDs are connected so that they light when
the corresponding FPGA output is Low (logic ‘0")
i.e. they are ‘active-Low’. A High output from
the FPGA pin turns the LED off. They connect to
pins 14, 15, 16 and 44 of the FPGA board which
corresponds to pins 24, 61, 62 and 65 of the
FPGA chips.

Pushbuttons and rotary encoder

Four pushbuttons are provided for manual input.
They are positioned beneath the LCD so they
can be easily associated with displayed menu
options and can be used without obscuring the

LCD with your hand. The pushbutton and rotary
encoder inputs have 10 kQ pull down resistors
fitted. The input signal state from these switches
will therefore be logic ‘0’ if the buttons are not
pressed and ‘1’ when pressed. The four push-
buttons connect to pins 13, 15, 16 and 17 on
the FPGA.

The rotary encoder S6 gives 24 pulses per revo-
lution. Its two outputs provide a 2-bit incremental
Gray-code signal connected to pins 18 and 23
of the FPGA. The rotary shaft also functions as
a pushbutton switch. Pressing the shaft puts a
logic ‘1’ on input pin 22 of the FPGA.
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Display

During the concept phase of the expansion
board’s development we looked at the pros and
cons of the different types of display available.
For simplicity and cost we settled on the rela-
tively basic black/white text display rather than
a more complex graphic display. The controller
built into this type of display also stores the dis-
played characters so it’s only necessary to send
character codes to the display.

Based on these criteria the project group chose
the standard monochrome alphanumeric display
consisting of two lines of 16 characters which
has an on-board controller compatible with the
Hitachi HD44780. It doesn’t require any complex
control protocol and works directly with ASCII
character codes.

The display is positioned below the FPGA devel-
opment board just above the row of input push-
buttons. This gives the possibility of displaying
characters or symbols directly above the push-
button they refer to. The display plugs in to the
expansion board and can be easily removed or
swapped as necessary.

The display connects directly to pins on the FPGA:
Register Select (RS) connects to pin 94 of the
FPGA.

Enable (EN) connects to pin 95 of the FPGA.
The 8-bit data bus connects to pins 2to 5 and 9
to 12 of the FPGA.

The LCD specified here doesn’t have a back-
light. You can use a compatible display with a
backlight, it this case it will be necessary to fit
resistor R28 and a short length of wire. The short
wire jumper connects +3.3 V from K4 to either
pin 15 or 16 via resistor R28. Whichever pin is
used (depending on the backlight LED polarity);
the remaining pin (pin 16 or 15 on K4) must be
connected to ground with a wire link to complete
the backlight circuit.

The A/D converter

The sensors fitted to the expansion board can be
used to measure environmental variables. They
have analog output signals which require con-
version to digital values before they can be used
by the FPGA.

IC4 is a Texas Instruments ADO838CCN A/D con-
verter. This device is packaged in a DIP20 out-
line and has a serial data output, providing dig-
ital measurements with an 8-bit resolution. The

conversion process uses successive approxima-
tion. Each bit from the successive approximation
comparator appears at the output irrespective of
the selection control SE. After eight clocks the
conversion is complete. Depending on the status
of the control input SE the value will be output
again, this time LSB first, at Data Out.

Conversion time is 32 ps/S, which gives a maxi-
mum sampling rate of 32 kS/s. The IC is powered
from the 5 V supply and has eight analog inputs
which can be used to measure single-ended inputs
referenced to ground or in pairs as differential
inputs. A configuration command is sent to the
converter to start conversion. The digital value
is then sent as a serial data stream to the FPGA
synchronized to the clock generated by the FPGA.
The clock signal comes from pin 68 of the FPGA
and must have a value between 10 kHz und
400 kHz. Each rising clock edge is used to read
the serial control data to the controller. The con-
verter uses each falling edge of the clock to out-
put the next data bit. The FPGA uses the rising
clock edge to read the value of this new bit.
A/D converter connections to the FPGA:

e  Chip Select: FPGA-Pin 66.
e Data In: FPGA-Pin 67.

e SAR STATUS: FPGA-Pin 70.
e SE: FPGA-Pin 83.

e Data Out: FPGA-Pin 71.

Pressure sensor

IC6 is an atmospheric pressure sensor type
MPX4115A from Freescale Semiconductor. It is
powered from 5 V and produces an output volt-
age dependant of air pressure in the range of
approximately 0.25 V to 4.75 V at room tempera-
ture (25 °C). As pressure increases the output
voltage increases and the A/D converter digitizes
this value and supplies it to the FPGA. An output
level of 0.25 V corresponds to an air pressure of
<15 kPa while 4.75 V >115 kPa.

The output voltage can be described using the
transfer function:

Vout = Vi X (0.009 x P - 0.095) £ (Error x Tem-
perature factor x 0.009 x V,))

where

Vi, = 5V £0.25 V; P = Pressure in kilopascal;
Error = 1.5 kPa
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RGB Sensor

The RGB sensor type KPS-5130PD7C from King-
bright (IC5) is useful for measuring the bright-
ness and sensing color. It uses three photo diodes
with integrated red, green and blue color filters.
In operation the photo diodes are reverse biased.
The so-called photo effect causes light (photons)
incident on the PN junction to liberate free charge
carriers which produce a current. The dark cur-
rent of the photodiodes is very low. The reverse
current increases in proportion to the level of illu-
mination. The resulting current passes through a
resistor to ground. The voltage produced across
the resistor can then be measured by the A/D
converter.

The output voltage characteristic approximates
very closely to a proportional relationship with
illumination level. Using the voltage output val-
ues obtained from the three photodiodes it is
now possible to calculate the illumination color.
Sensitivity of the photodiode is to some extent

We bought two GPS modules for the prototype we built here in the
Elektor lab. The first module worked straight out of the box but the
second one didn’t. We resorted to the manual where it pointed out
twice the importance of ensuring that the module completes a clean
shut down sequence whilst still powered otherwise there is a risk of
Flash contents corruption. The question was now whether this had been
overlooked in our module. Using a scope it was possible to see a brief
serial data stream on the GPS_TX output from the GPS module when it
powered up.

To view the data we hooked up a USB/serial adapter cable to a PC
(Figure 3) and ran Tera Term, a terminal emulator program. After a
module reset we read the NEMA data string “$PSRF150,1*3E” and then
nothing. Looking in the support area of Maestro web site we checked
the knowledge base to find a short article acknowledging the problem.
Apparently it has been known to occur in a few ‘rare cases’. Our
(admittedly small) sample yields a probability of this fault occurring as
1in 2! Not exactly rare.

The web site also has the SiRFFlash tool which needs installing, and the
update ‘GSD4e_4.1.2-P5Maestro.s’ for our module. You can connect the
module directly to the PC or use the expansion board update feature (fit
jumper to JP3 and connect an FTDI cable to the odd-numbered pins of
K3; remove jumper JP2, see Figure 2).

With the tool installed, follow the instructions outlined in the .pdf
installation guide at the site. In our case the fix was successful.

Bug: http://support.maestro-wireless.com/knowledgebase.php?article=6

Reprogramming: http://support.maestro-wireless.com/knowledgebase.
php?article=13

26 | December 2013 | www.elektor-magazine.com

dependant on its output load resistance. The
larger its value, the higher will be the voltage
measured at a given light level. The diodes can
be driven into saturation even at low levels of
illumination. The sensitivity of each of the three
photodiodes to filtered light is not identical. This
is partly due to the light sensitivity/color response
of the semiconductor material and also the filter
properties. According to the data sheet:

e Red: 0.33 A/W
e Green: 0.25 A/W
e Blue: 0.18 A/W

Because of the different sensitivity of the pho-
todiodes and the range of ambient light levels
in different situations it may be necessary to
change the value of the load resistors. The result
of practical investigation in the lab yielded the
following resistor values: R12 = 390 kQ (red),
R11 = 510 kQ (green) and R10 = 820 kQ (blue).

Temperature sensor

A standard NTC thermistor is used as a tempera-
ture sensor. Thermistors are available with differ-
ent resistance ranges and have a high resistance
gradient with respect to temperature change.
Together with resistor R9 the thermistor forms
a voltage divider network. The resulting voltage
level is read by the A/D converter. The voltage
measured across R9 is around 1 V at 0 °C and
3.75V at 50 °C.

Analog expansion pins

Three inputs to the A/D converters are not used
by any of the sensors. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>