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Embedded Systems

High-End Performance
with Embedded Ruggedness 503_,\5,”47282,2,“9

Unbrickable Low poweREulicns $229
ty 100
128MB DDR RAM aty

512MB high-speed $269

(17MB/sec) onboard Flash qty 1
12K LUT customizable FPGA

Internal PCl Bus, PC/104 connector
2 host USB 2.0 480 Mbps

Gigabit ethernet » 2 SD sockets
3x faster

and backward
compatible with TS-72xx

10 serial ports * 110 GPIO
5 ADC (10-bit) » 2 SATA ports

Sleep mode uses 200 microamps

Boots Linux 2.6 in 0.7 seconds

Linux 2.6 and Debian by default

series
starts at

TS-SOCKET Macrocontrollers 92
Jump Start Your Embedded System Design s S

qty 100

$139

qty 1

TS-SOCKET Macrocontrollers are CPU core modules that
securely connect to a baseboard using the TS-SOCKET
connector standard. COTS baseboards are available or design
a baseboard for a custom solution with drastically reduced
design time and complexity. Start your embedded system
around a TS-SOCKET Macrocontroller to reduce your overall
project risk and accelerate time to market. Current TS-
SOCKET products include:

55 mm/2.165in.

TS-4200: Atmel ARM9 with super low power
TS-4300: 600MHz ARM9 and 25K LUT FPGA
TS-4500: Cavium ARM9 at very low cost
TS-4700: 800MHz Marvell ARM with video
TS-4800: 800MHz Freescale iMX515 with video

Dual 100-pin connectors
Secure connection w/ mounting holes
Common pin-out interface

Several COTS baseboards for evaluation & development Low profile w/ 6mm spacing

A Over 25 years in business A Custom configurations and designs w/
A Open Source Vision excellent pricing and turn-around time
A Never discontinued a product )

A Most products stocked and available
A Engineers on Tech Support for next day shipping

Design your solution with one of our engineers (480) 837-5200




New Products

Touch Panel Computers
800MHz with Video Acceleration

Resistive touchscreen, LED backlit display
Gasketed construction

Tough powder coated finish

Fanless operation from -20°C to +70°C
800MHz ARM CPU

256MB RAM, 256MB SLC XNAND Drive
MicroSD slot

Fully enclosed TPC
available Q3

5K LUT programmable FPGA

Dual Ethernet, USB ports

CAN, RS-232 ports, RS-485

Mono speaker on PCB, stereo audio jack

SPI, DIO

Jl A Tetfllllb!og;c

Sysbams

series
starts at

$199

qty 100

$229

qty 1

picture of TS-8820-BOX

Technologic Systems now offers three powerful
computers targeting industrial process control.
Implement an intelligent automation system at
low cost with a minimal number of components.

series
starts at

$415

qty 100

$479

qty 1

Industrial Controllers
Powerful, Rugged, Affordable

250MHz (ARM9) or 800MHz (ARM9 or Cortex-A8) CPU
Fast startup (under 3 seconds)

Fanless operation from -20°C to +70°C
User-programmable opencore FPGA

Program in Ladder Logic or C

Debian Linux

Modbus support

PoE capable 10/100 Ethernet, USB 2.0 Host Ports
Industrial screw-down connectors

Opto-lsolated DIO, Digital Counters, Quadrature

Up to 46 DIO with PWM

Opto-lsolation available for RS-232, RS-485 and CAN

DIN mount option

Technologic

Systems

We use our stuff.

Visit our TS-7800 powered website at
www.embeddedARM.com




Do try this at home

| believe one our first articles linking DIY elec
tronics to ‘kiddie’ electronics was the Game-
boy Digital Oscilloscope (GBDSO) from 2000.
Basically, you plugged a module into a Nin-
tendo Gameboy game console and hey presto
there’s a simple portable oscilloscope. Initially
we staged a Dutch-ish auction on the web to
‘test the market’, that is, check what price our
customers were willing to pay for the product.
Eventually the Elektor GBDSO reached sales
volumes in the thousands across a period of
more than ten years. If that GBDSO were an
Olympic athlete, it would be in the company
of Crescendo, EEDTs, Junior Computer, Film-
net Decoder, ATM18, SDR and Pico-C.
Resonating widely across the e-commu-
nity, it is not surprising to see a product
like GBDSO attracting strange questions
from law-abiding readers (mostly from
Germany), like “Where do | get hold of a
known-good Gameboy, with full warranty,
mint condition, at the lowest price?” to
which we replied “Promise your kid(s) the
new Advance model”, or “Dig around in
the sandpit at the local playground”. Like-
wise, Q: “Did you get Nintendo’s lawyers
to approve that module?” A: “Hardly. Nin-
tendo’s techies subscribe to Elektor.”
Twelve years on, | would unhesitatingly rec
ommend to all you electronics designers
out there to hack, fry, disembowel, blend,
explore, rebuild or repurpose the tons
of kid’s electronics out there. It’s cheap,
often free and in plentiful supply. By rescu-
ing stuff from skips and dumpsters filled
by the throwaway generation, the elec
tronics inside provides a mental link to the
clever people who designed and build it all.
Reverse engineering is good engineering.
Do it creatively and with respect. Like we did
with the Nunchuk on page 18.

Happy reading and nunchuking,
Jan Buiting, Managing Editor
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Colophon
Who’s who at Elektor.

News & New Products
A monthly roundup of all the latest in
electronics land.

DesignSpark ChipKIT™ Challenge
Winners

Hot ideas turned into cool solutions, and
winning prizes too.

Nunchuk USB Interface

Adding USB enables the famous Wii
accessory to be changed into an 12C man/
machine interface.

Model Train Interface

Give your model railway layout more
intelligence without investing in
intelligent trains!

Embedded Linux Made Easy (3)

In this installment we deal with building
the components of the O/S and even
develop a little C.

Arduino on Course (1b)

Here we close off our introduction into
the basics of sound generation using the
Arduino.

E-Labs Inside:

- ‘Spoon’ soldering

- USB: current unlimited!?

- GPIO access on Elektor Linux board
- SD Card Correction Script

- Elektorprojects.com 4U2

- Plug-o-(d)rama 2.0

Dual Hot-wire Anemometer

A combination of a Pitot tube and some
clever electronics allows those elusive
draughts in your home or office to be
traced.

root@gnublin:~# ¢
root@gnublin: /# .f
Hello World!
root@gnublin: /#
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18 Nunchuk USB Interface

The Wii games console accessory called Nunchuk has a second controller gov-
erning a 3-axis accelerometer, an analog joystick, and two buttons. All it takes
is a PIC18F2550 to communicate with this man/machine interface using the 12C
protocol and use it for other applications, e.g. in robotics, modelling, for DMX,
etc.

24 Model Train Interface

With this small circuit your model railway will have a few additional features
and more intelligence, without the need to buy intelligent trains and other ex-
pensive model railway equipment. The idea is to write a script which contains
a sequence of instructions (drive forwards or backwards at a particular speed,
stop for a number of seconds, drive to the station, etc.) and to have this script
executed by a circuit specifically designed for this purpose.

30 Embedded Linux Made Easy (3)

It is easiest to develop for an embedded Linux system with the help of a con-
ventional Linux system, normally running on a PC. This month we will base our
experiments on version 12.04 of the ‘Ubuntu’ distribution. What do we need to
install such a system? Not a lot: a little free space on the hard disk and, ideally,
a network connection. Linux = GO.

48 Dual Hot-wire Anemometer

With today’s energy prices the slightest air leak in the shell of a building and
poor adjustment of its ventilation will cost you. If your home is fitted with a
dual-flow ventilation system with heat exchanger, but the sight of your heating
bill sets you shivering; if you’re suffering from noise pollution; if you’re worried
about the balance between fresh air input and extraction of humidity and pol-
lutants — track down the north wind and other unwelcome air currents with
this Dual Hot-wire Anemometer .
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AVR Software Defined Radio (5)
This month we delve into decoding VLF
time signal stations like DCF77, MSF and
TDF162.

Electronics for Starters (7)

Adding capacitive feedback to static
transistor circuits enables LEDs to flash
and blink on their own, gever & ever.

Model Aircraft Lighting

Use a spare channel on your R/C controller
to switch your model’s navigation,
landing lights, anti-collision beacon and
wing tip strobes.

Component Tips

Raymond’s Pick of the Month: ams
AS3935 Lightning Sensor. This novel IC
detects thunderstorms up to 25 miles
away.

Retronics: The ‘Pansanitor’ (1928)
Muscle stimulation from the olden days.
Don’t try this at home. Series Editor: Jan
Buiting

Hexadoku
Elektor’s monthly puzzle with an
electronics touch.

Gerard’s Columns:

Fighting Authority

The monthly contribution from our US
columnist Gerard Fonte.

Coming Attractions
Next month in Elektor magazine.
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NEWS & NEW PRODUCTS

New 4-channel, compact, USB-powered
oscilloscopes

The PicoScope 3000 Series of high-performance oscilloscopes has been expanded to
include six new 4-channel models. The new oscilloscopes offer a maximum sampling
rate of 1 GS/s (up to 10 GS/s effective for repetitive signals), a range of input bandwidths
from 60 MHz to 200 MHz, and buffer memory depths from 4 M to 128 M samples. The
new FlexiPower™ system allows the scopes to run on either USB or AC power. With an
option of either a built-in function generator or a built-in arbitrary waveform generator,
and a new, slim case design, these scopes are perfect for engineers and technicians
needing a complete, portable test bench in a single unit.

The PicoScope oscilloscope software includes as standard all the oscilloscope and
spectrum analyzer functions you would expect, as well as serial decoding, mask
limit testing, segmented memory and advanced triggers: features that often cost
extra on other manufacturers’ scopes. Running on your Windows PC, PicoScope
shows waveforms on a large, clear display and allows easy zooming and panning
under keyboard or mouse
control. Other built-in features
include persistence displays
with fast waveform update
rates, math channels, automatic
measurements with statistics,
programmable alarms, and
decoding of I2C, UART/RS232, SPI,
CAN bus, LIN and FlexRay signals.
Updates to the software are
released regularly, free of charge.
The advanced triggering modes
include pulse width, interval,
window, window pulse width, level dropout, window dropout, runt pulse, variable
hysteresis, and logic. All triggering is digital, ensuring lower jitter, greater accuracy and
higher voltage resolution than the analog triggering found on many competing scopes.
A free Software Development Kit (SDK) allows you to control the new scopes from
your own custom applications. The SDK includes example programs in C, C++, Excel
and LabVIEW, and can be used with any language that supports C calling conventions.
The PicoScope software and SDK are compatible with Microsoft Windows XP, Windows
Vista and Windows 7.

The PicoScope 3000 Series 4-channel oscilloscopes are available now from Pico
distributors worldwide and from www.picotech.com. Prices range from only £599 for
the 60 MHz PicoScope 3404A with function generator to only £1349 for the 200 MHz
PicoScope 3406B with AWG, including four probes and a 5-year warranty.

www.picotech.com (120487-VIII)

Zero-drift opamps

for signal conditioning,
instrumentation and portable
sensor applications

Microchip Technology Inc., has broadened
its portfolio of zero-drift operational
amplifiers (op amps) with the debut of the
MCP6V11 and MCP6V31 single amplifiers.
Operating with a single supply voltage as
low as 1.6 V and a quiescent current as low
as 7.5 pA, these ultra-high-performance
devices offer some of the industry’s lowest
quiescent current for the given bandwidth
without sacrificing the optimal performance

essential for portable applications in the
consumer, industrial and medical markets.
With an aging world population in need of
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new therapies and early diagnostic tools,
devices like the MCP6V11/31 enable the
development of portable medical products
integrated with higher efficiency, and
signal conditioning hardware and software,
which is critical to accommodate the
continued push for lower costs and faster
times to market. As well, designers of
industrial applications — such as portable
sensor conditioning and instrumentation
requiring low power, smaller form factors,
temperature considerations and cost-
management — can benefit from the
optimized performance, low quiescent
current and low operating voltage made
possible by the MCP6V11/31 op amps.
Employing Microchip’s advanced CMOS
technology, the devices require less
current to operate the amplifier while
simultaneously delivering longer battery
life and minimal thermal-related challenges.
The self-correcting architecture of the
MCP6V11/31 family provides a maximum
input offset voltage of 8 uV for ultra-
low-offset and low-offset drift, enabling
maximum accuracy across time and
temperature. The MCP6V11 offers 80 kHz
of gain bandwidth product, with a low
typical quiescent current of only 7.5 pA;
while the MCP6V31 provides 300 kHz of
gain bandwidth product, coupled with
a low typical quiescent current of 23 pA.
Additionally, the MCP6V11 and MCP6V31
single amplifiers are both available in small
5-pin SOT-23 and 5-pin SC-70 packages,
enabling minimal use of board space, ease
of system design and reduced cost.
http://www.microchip.com/get/T15S
(120487-1)

Enter: Stampduino

Parallax’ Stampduino is a BASIC Stamp
development board designed to be
compatible with most Arduino shields,
reducing space and size requirements,

09-2012 elektor



with the purpose of optimizing the users
systems.
All of Stampduino’s 16 digital /O pins are
free to use, allowing you to fully utilize the
capabilities of the BASIC Stamp. The board
is compatible with most Arduino shields,
for ease of use between systems. It has
an integrated serial communication LEDs
for a visual confirmation of data transfer,
and a surface mount 3.3 V requlator to
accommodate the incorporation of 3.3 V
devices into your application. Stampduino
is USB or externally powered, for those who
do rapid prototyping.
On the Parallax website, search part #
27140. The new product is priced at $29.99.
www.parallax.com
(120487-11

RFID SMT antenna
with comprehensive
protection for automotive
applications

PREMO launches a new family of its TP0702
standard, universally adopted by the
industry. This format provides up to 50 mV/
App/m (for 7.2 mH) sensitivity which gives
it the best sensitivity in this transponder
size. The new TP0702U and TP0702UCAP is
an SMD antenna for low frequency 20 kHz-
150 kHz receiver applications. TP0702UCAP
provide an upper and lateral side protection
with co-polyamide polyhexamethylene
polymer walls, gamma radiated with high
thermal stability (supports up to 290 ° C) and
mechanical resistance (exceeds 150 Mpa of
mechanical strength).

This antenna features a NiZn ferrite core
with high surface resistivity (>10 MQ/
mm) that provides a highly stable behavior

elektor 09-2012
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DOWNLOAD our free CAD software

DESIGN your two or four layer PC board

SEND us your design with just a click

RECEIVE top quality boards in just days

expresspchb.com

(better than £3%) over a wide temperature
range (-40°2Cto 125°C).
The new TP0702UCAP, is particularly

suitable for applications such as TPMS (Tire
Pressure Monitoring Systems) which requires
an excellent performance under extreme
conditions, according to AEC-Q200 and
additional requirements as EU regulations.
PREMO offers four standard values, 2.38 mH,
4.91 mH, 7.2 mH and 9 mH at 125 kHz.
Other inductance values and frequencies,
from 340 uH to 18.5mH, are available upon
request.

A surface mount (SMT) device, the new
antenna allows easy use in the automated



NEWS & NEW PRODUCTS

process of mounting circuit boards, thus
eliminating any manual handling.

www.grupopremo.com  (120487-1V)

iPad transformed into
portable logic analyzer

Oscium’s new LogiScope is a logic analyzer
with the real time data analysis capabilities
of an oscilloscope. Oscium’s test and
measurement equipment is ultra-portable
and designed specifically for the iOS family of
products like the iPhone, iPad and iPod touch.
The LogiScope is a powerful tool that

transforms an iPad into a 100 MHz, 16
channel logic analyzer for only $389.99.
Traditionally, a logic analyzer records a
buffer which has to be downloaded and
searched. Now with LogiScope’s advanced
triggering, decoded data can be viewed
live, eliminating the need to capture, pause,
and then view. There is no need to settle for
pictures when it’s possible to analyze live
data.

The touchscreen-based iOS platform is
truly a superior solution making the display
simple and intuitive. For example, changing
the timescale is as easy as zooming into a
picture on a smartphone, and adjusting
the delay is as simple as a swipe across the
top of the screen. LogiScope’s intuitive
interface also provides immediate feedback
for signals that are too fast for the timescale
by changing the waveform to red. No need
to wait for the reading to be complete. Save
precious time and receive instant feedback
with LogiScope.

“The user interface on LogiScope is extremely
well executed,” said Bryan Lee, President of
Oscium. “It’s our best interface yet.”
LogiScope version 1.0.12 is available for
download free in the Apple App Store. The
LogiScope app is made for: iPod touch (39,
and 4th generation), iPhone 4S, iPhone

10

4, iPhone 3GS, iPad 3, iPad 2, and iPad.
LogiScope hardware can be purchased for
$389.99 from Oscium directly or from one
of their partners.

www.oscium.com  (120487-11)

Cloud-ready
HMI extension
for industrial panel PC family

Input device specialist Hoffmann +
Krippner has further extended its flexx-
IPC™ customizable panel PC concept with
the launch of a software platform that
will reduce the time and cost of human
machine interface (HMI) development
and deployment. Using flexx-HMI OEMs
can rapidly create optimized HMIs that
seamlessly integrate with industrial
automation, process control and other
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deterministic PLC- and controller-based
applications.

The new flexx-HMI® technology allows
OEMs to quickly and easily develop
advanced and intuitive HMIs that harness
the power of Hoffman + Krippner’s
Microsoft Windows Compact 7-based
flexx-IPC panel PCs. These PCs use the
company’s innovative membrane input
technology to support cost-effective front
panel customization in order volumes as
low as just 20 units. A selection of flexx-
HMI drivers supports more than 100 PLCs
and controllers, while the HMI software
provides comprehensive ‘cloud-based’
support for secure, remote access via any
web-enabled device.

OEMs looking to create advanced user
interfaces for the platform can purchase a
comprehensive development environment

from Hoffmann & Krippner. Using project
wizards this development environment
dramatically simplifies the building of HMI
applications including data source creation,
screen design, testing and deployment.
Once the HMI has been created it is possible
to provide users with access to a cloud-
based service that supports monitoring
and control access from any browser on
any hardware.

www.flexx-ipc.co.uk  (120487-VI)

UV cure adhesive
for optoelectronic and circuit
assembly applications

Engineered Material Systems, introduces
535-10M-1 UV Cured Adhesive formulated
for disk drives, camera modules,
optoelectronic and circuit assembly
applications. 535-10M-1 is an ultra low
stress, lower glass transition temperature
version of the 535-10M UV Cure Adhesive.
The material is designed to eliminate any
“crowning” (warpage) of sliders in head
gimbal assemblies and can be used in
other bonding applications in the head
stack assembly. The material also can be
used for lens bonding in camera modules,
chip encapsulation in smart cards and a

variety of general bonding applications in
photonics assembly.
This new nonconductive UV cured adhesive
cures rapidly when exposed to high-intensity
UV light. 535-10M-1 is a low outgassing,
extremely flexible, high-strength epoxy
adhesive that does not contain antimony.
The 535-10M-1 was developed to pass the
rigorous reliability requirements in disk
drive, camera module, photonics and circuit
assembly applications. 535-10M-1 is the latest
addition to Engineered Material Systems
extensive line of electronic materials.
www.conductives.com (120487-V)
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Xylobands™ LED wristbands get crowds rocking at
Coldplay concerts

Nothing lights up a rock arena quite like a Coldplay
audience with tens of thousands
of flashing Xylobands(™) LED
wristbands powered by embedded
technology from Silicon Laboratories
Inc. Created by UK-based RB Concepts
Ltd., Xylobands use wireless ICs and
ultra-low-power microcontrollers o,

(MCUs) from Silicon Labs to o
receive and process wireless < .. -
signals that trigger each - - <
wristband’s LEDs to light up in sync e

with the music and stage lightshow.
The Xylobands are the unique, patented creation of inventor and Coldplay fan Jason
Regler, a co-owner of RB Concepts. Coldplay’s high-energy music and lyrics inspired
Regler’s bright idea to create a wireless LED wristband that could be controlled remotely
through proprietary software and a laptop connected to a radio transmitter to enable
fans to be part of the lightshow. Recognizing the brilliance of Regler’s invention, the
Brit Awards- and Grammy-winning rock band has used Xylobands to light up arenas
and stadiums all around the world.
“Taking the LED wristband from concept to finished product required best-in-class
embedded control and wireless technology,” said Jason Regler, director of technology
and innovation at RB Concepts. “Silicon Labs was the ideal choice for wireless
technology, enabling us to achieve both FCC and Industry Canada Certification and
deliver more than 30,000 Xylobands just in time for a recent Coldplay concert in
Edmonton, Alberta, Canada.”
“RB Concepts and Silicon Labs have been outstanding,” added Phil Harvey, Coldplay’s
creative director. “They’ve delivered hundreds of thousands of units whenever and
wherever we’ve needed them. The wireless LED wristbands have broken down that
invisible wall between band and audience and put the audience right at the heart of
the show. The mass feeling of joy and wonder when they all light up at the top of the
show is hard to put into words.”
Xylobands have a very broad appeal. In addition to lighting up rock concerts, Xylobands
can generate interactive audience participation at a wide variety of sporting events,
theme parks, festivals, parties and corporate activities.
“Xylobands and the low-power, long-range wireless technology behind the product
is a game changer for how audiences can interact with performers and become an
integral part of the concert experience,” said Diwakar Vishakhadatta, vice president
and general manager of Wireless Embedded Systems at Silicon Labs. “RB Concepts’
wireless wristbands are also a versatile innovation that can be applied to a wide range
of events and activities.”
Seeing is believing. Visit www.coldplay.com to see Xylobands flashing on and off to
Coldplay’s hit song, “Charlie Brown,” performed at Rexall Place in Edmonton.
Silicon Labs’ EZRadioPRO transmitters enable Xylobands base stations to transmit
wireless signals in the sub-GHz frequency bands. These transmitters offer industry-
leading RF performance resulting in exceptional wireless range and compliance with
stringent wireless requlatory standards. Xylobands LED wristbands include EZRadio
receiver ICs designed for low-power sub-GHz radio applications. These receivers offload
many RF-related activities from the system MCU, allowing extended MCU sleep periods
and resulting in lower power consumption. The EZRadio products work in concert with
Silicon Labs’ ultra-low-power C8051F98x MCUs, offering the industry’s lowest active
mode current consumption, which saves power when the application is running, as well
as the industry’s lowest current consumption in sleep mode, making it an ideal choice
for battery-powered wireless applications.

www.silabs.com (120487-VII)
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DesignSpark
chipKIT™
Challenge

First Prize

Dean Boman

United States — d.boman@cox.net

Energy Monitoring System

The Energy Monitoring System (EMS) provides real-time home
electrical usage data to occupants so they can make informed con-
sumption-related decisions. The innovative system features a chip-
KIT Max32 development board along with two extension boards. A
web server provides usage tracking on a circuit-by-circuit basis. It
interfaces with a home automation system for long-term monitor-
ing and data logging. The system utilizes custom software written
in C using Microchip’s MPLAB development environment and is inte-
grated with the Microchip TCPIP stack.

DesignSpark

Beginning in September 2011, design engineers
from around the globe were challenged to turn
theirhotideasinto cool solutions using Microchip’s
chipKIT Max32 development board. While these
energy-conscience designers connected in the
DesignSpark forums, their projects continued to
evolve until the final innovative and eco-friendly
project designs were ready for the judges.

The judges reviewed all the entries and scored the projects based on
technical merit, originality, design optimization, and quality of an
extension card using DesignSpark’s PCB tools. The judge’s results
are now final. Thanks to everyone who participated in this incred-
ible competition and congratulations to all the winners! Let your
international recognition and prestige begin.

Second Prize
Raul Alvarez Torrico

Bolivia - raul-at@hotmail.com

Home Energy Gateway

The well-designed Home Energy Gateway enables users to monitor
energy consumption and control household devices (e.g., lights)
remotely. A chipKIT Max32-based embedded Gateway/Web Server
communicates with two kinds of smart devices in a house: one
smart meter that monitors average active real power consumption
and several Smart Plugs in a Home Area Wireless Network. A user
can monitor the Smart Plugs and adjust them with a web interface.

12
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DESIGNSPARK CHIPKIT™ CHALLENGE WINNERS

ChipKIT™ Challenge Winners

Third Prize

Graig Pearen

Canada - graig@pearen.ca

SunSeeker
(PV Array Tracker)

Imagine having the ability to con-
trol solar photovoltaic (PV) arrays
to continually receive the most
sunshine for optimal energy con-
version. The SunSeeker enables
you to do just that. Featuring a
Microchip Technology chipKIT
Max32, the system is designed
to track, monitor, and adjust PV
arrays based on weather and sky
conditions. It identifies condi-
tions, measures PV and air tem-
perature, compiles statistics, and
communicates with a local server
that enables the SunSeeker to
facilitate software algorithm
development and refinement.
Diagnostic software monitors
the design’s motors to show
both movement and position.

Honourable Mention

Jaromir Sukuba

Slovakia - j.sukuba@gmail.com

Handheld PIC18 IDE

elektor 09-2012

The Handheld PIC18 IDE is an autonomous system for creating, edit-
ing, and assembling source files for a Microchip Technology PIC18.
Binary output of this process is programmed into a target PIC18 or
is debugged at source level, called PP4. The hardware is simple. It
consists of a user interface (LCD and keyboard), data storage, and a
programming interface. The handy IDE also includes a BF interpreter
for writing and executing scripts in BF language. You can use BASIC
with the tag-along BASIC interpreter. The device is solar powered
with a Li-lon cell backup.

Honourable Mention
John Schuch

United States — hackersbench@gmail.com

Wireless Mesh
Network Time
Server

The solar-powered Wireless
Mesh Network Time Server
receives time and date data
from a GPS receiver mod-
ule and rebroadcasts it into
a mesh network through
an XBee module for use by
any devices attached to the
network. An NiCd battery
pack powers the server and
asmall PV panel recharges it.
In Normal mode, the server
broadcasts the time and date once per minute. and If another device
on the network requests it, the server switches to Stream mode in
which the transmission speed increases to once per second. The bat-
tery pack’s voltage is measured and transmitted in Test mode. The
relatively simple software enables you to program in a high-level
language (MPIDE) while focusing on time and energy conservation.

Honourable Mention
lanjohnson, Sajjad Lalji, David Weight
United Kingdom - ian.johnson@wattcircuit.com

MPPT Boost Converter

Maximum power point trackers (MPPTs) are used to ensure that
maximum power is transferred to a device from a range of renew-

3
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able energy input applications, such as thermoelectric genera-
tors (TEGs), photovoltaic (PV) panels, and inductive power trans-
fer (IPT) systems. An impedance-matching method was developed
for a closed-loop digital control system. It provides MPPT for input
applications that have an approximately fixed internal resistance,
such as TEGs and IPTs. The method has been analyzed and used to
construct the prototype converter with an MCU performing control
operations. A modified model might be suitable for input applica-
tions that have a variable internal resistance due to temperature,
light or both.

Honourable Mention
Manuel Iglesias Abbatemarco

Venezuala - mhanuel@ieee.org

Eco-Friendly Home Automation Controller

Built around a chipKIT Arduino-compatible board, this well-planned
system connects to a custom chipSolar board of the same footprint
that provides power from two Li-lon cells. The board implements
an MPPT charger that deals with a solar panel’s nonlinear output
efficiency. A custom chipWireless board comprising a Quad Band

14

GSM/GPRS modem, an XBee socket, an SD card connector, and
companion RTCC provides connectivity. The software was writ-
ten using MPIDE. The SD card is used to log data from sensors and
future memory requirements.

Honourable Mention
Curtis Brooks

United States - brooksware2000@gmail.com

Internet-Enabled Multizone Thermostat

An Internet-enabled thermostat gives users maximum control of
building temperatures. This novel system features three main sec
tions: an XBee shield, a wireless temperature board, and an I2C-con-
trolled output board.

Itincludes two wireless temperature control boards and two I12C out-
put boards. A router provides Internet access. The first node com-
prises a chipKIT Max32, a Max32 Ethernet Shield, and an XBee Shield
(PCB). The second node is the wireless thermostat that controls an
HVAC system and receives data from room nodes. The room nodes
control a motorized damper to requlate each room’s temperature.

(120420)

The complete DesignSpark/ChipKITTM Design
Challenge file repository is accessible at

www.circuitcellar.com/contests/chipkit2012

09-2012 elektor
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HOBBY & GAMES

Nunchuk USB interface

By Anthony Le Cren (France)

The Wii games console is
supplied with an accessory
called Nunchuk: a second
controller that has a 3-axis
accelerometer, an analog
joystick, and two buttons.
All it takes is a PIC18F2550 to
communicate with this man/
machine interface using the 12C
protocol and use it for other
applications, e.g. in robotics,
modelling, for DMX, etc.

The famous Wii games console from Japanese multinational
Nintendo uses a Bluetooth wireless controller called a Wiimote.
This can be connected by cable to another control unit called
Nunchuk, which enables the player to use both hands in a video
game, Wiimote in one hand and Nunchuk in the other. What
interests me here is to re-purpose the Nunchuk controller with
the help of a board based on the PIC18F2550 puC. This pretends
to be the Wiimote, and in this way accesses the data contained
in the Nunchuk using the I2C communication protocol. Once the
data have been recovered, the user will have several options for
using them:

« displaying them on an LCD screen;

« sending them to the PC via a man/machine interface (mouse,
keyboard);

* using them to control actuators;

* redirecting them to an RS232 link so they can be used with
another microcontroller.

These data comprise indications corresponding to the three X, Y,
and Z axes of the accelerometer, the analog joystick position, and
the status of the two buttons called C and Z. We’ll look into all this
in more detail later. And there you have the principle of my Nunchuk
re-purposing interface (Figure 1).

Operation

As we would expect, the whole thing revolves around the 18F2550
microcontroller, here associated with a 20 MHz crystal, whose
frequency deserves a little explanation. This uC can be configured
in 12 different ways. Now for the clock frequency, the use of the USB
bus requires a multiple of 12 MHz. This is why the 20 MHz crystal
frequency is divided by 5, before driving an internal PLL running
at 96 MHz. This frequency is then finally divided by two, i.e. a final
frequency of 48 MHz. This detail is not irrelevant, as it needs to be
taken into account during program development. You can find the
oscillator configuration block diagram in the PIC manufacturer’s
documentation (p.24 Oscillator types) [4].

Nunchuk interface characteristics

* controller connected directly to the main PCB

* |12C protocol

* allows reading of the digital data from accelerometer (10 bits),
analog joystick (8 bits), and buttons (active Low)

* USB connector for interface with PC

16

e PIC programming with a bootloader and PDFSUSB software
* application programming using Flowcode

* DBg sockets compatible with E-blocks modules

* 4-pin expansion port for a future serial link

09-2012 elektor



The 5 V supply is provided via the USB
cable (K2) connected to the PC. The supply
voltage for the controlleris reduced to 3.3V
by the LP2950ACZ-3.3 regulator (IC2). The
I2C bus pull-up resistors are included in the
controller, so there’s no point providing any
on our board.

This interface board also fulfils the role of
a development board. This is why all the
microcontroller pins are made available
on two DB9 connectors: K4 carries all the
18F2550’s analog input pins, K5 is wired
to the six MSBs of Port B, whose port labels
have been designated specially to take a
standard liquid crystal display with two
lines of 16 characters. But obviously this
accessory is not obligatory. Port B’s two
LSBs are reserved for the 12C bus (K2) for
communicating with the controller, while
K3 has been provided for a future external
UART serial link.

sus.DcoN9Q L

It’s easy to add other extensions,
detectors, or other peripherals. LEDs D1-
D4, active high, are available for your own
applications.

There are two buttons, one for initializing
the microcontroller (S2) and the other for
accessing the PIC’s bootloader (S1).

To measure the 12C frame (Figure 2) using an oscilloscope or some
other bus analyzer tool, all you have to do is pick up the signal on
the SCL and SDA line, along with the RC2 line for synchronization
(K4 pin 8) - and not forgetting the ground connection. This SYNCRO
signal goes high when we start to read the data from the Nunchuk.

There are lots of possible applications for an accelerometer like the

IC2
LP2950ACZ-3.3

sV

MCLRIVpp RB7
RBS

RBS.
RB4
RB3 o
RB2
RB1
RBO

IC1

RCO
A5 RC1

PIC18F2550  Rea |-——~
Res |
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Vss
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Figure 1. The circuit diagram of the interface board consists of little more than a PIC

surrounded by a few connectors.

one in the controller. Hence it’s important to be able to modify
the examples provided on the Elektor website [1] to suit yourself,
whence the use of a bootloader, as for many microcontroller
applications.

Once the Nunchuk.hex firmware [1] has been loaded into the PIC,
the user will be able to access the contents of the 32 kB Flash ROM

Tek . J. @ Sup M Pos 4000 oH2
K2
AdressesRead Jayx : Joy¥ ‘AcEX - Acc¥ AccZ Ace+BR
\_ A8 '$7D s82 z ‘$80 e 5BB

T A i R 1T B 7 1A

Figure 2. The whole frame is read in seven bytes.

elektor 09-2012
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HOBBY & GAMES

Operation address R/W hex
D7 D6 D5 D4 D3 D2 DI | DO

write: transfer of data from the interface to the Nunchuk controller 1 0 1 0 0 1 [ 0 $A4
read: transfer of data from the Nunchuk controller to the interface 1 0 1 0 0 1 0 1 $A5
Table 2. Initialising the Nunchuk controller using the Pdfsusb software supplied by Microchip [3] and in this way
start bus I2C adapt the example programs to your requirements.
send 0xA4
send 0xFO I2C protocol
send 0x55 On the I2C bus, the PIC will always be the master and the controller
stop bus I’C The °C bus data flow from the interface board to the the slave. The Nunchuk’s 7-bit 12C address is defined and set by the

Nunchuk controller manufacturer as $52 (1010010). There are other peripherals, like the
start bus I2C (Figure 3) standard Wii controller, that can also be connected to the Wiimote.
send 0xA4 So each Wii peripheral has its own address.
send OxFB
andlgxolgc As for any I2C bus, the first byte transmitted by the master is not
stop bus

data but an address. The format of the address byte is a bit special,
as the function of the DO bit (R/W) is to indicate if the master is
requesting a read from the slave or conversely, if the master is forc-
Table 3. ing the slave to write. Starting from the 7-bit address code $52, this

Initialising the pointer in the Nunchuk controller RAM gives the two command bytes given in Table 1.

start C bus The I2C bus data flow from the interface

send OxA4 board to the Nunchuk controller Before starting to read the data from the controller, we need to
send 0x00 (Figure 4) write initialize it in order to access the registers we’re interested in,
stop PCbus using the bit sequence given in Table 2.

You’ll find more detailed explanations of these internal registers

Table 4. Reading the data from the Nunchuk controller from the link [2].

start12Cbus
send OxA5
receive joystick X from NUN_BUF[0] The ZCbus data flow

receive joystick Y from NUN_BUF[1] Im:ln tft1etl\}l1ur?c?u|; con
roller to the interface

Then comes a reset for the RAM pointer to the area containing the
controller data by the sequence (Figure 4) in Table 3.

receive accelerometer X (MSB) from NUN_BUF[2] board, apart from the And to end, the whole frame (Figure 2) is read in seven bytes:
receive accelerometer Y (MSB) from NUN_BUF[3] 1st byte OXAS5 (read

receive accelerometer Z (MSB) from NUN_BUF[4] command) * start condition

receive accelerometer LSBs and button C & Z status (Figure 4) * 1 address byte plus the read operation ($A5) sent by the PIC
from NUN_BUF{[5] (master)

* 6 data bytes transmitted by the controller (slave)

2,
stop PCbus * stop condition

Table 5. I2C protocol for reading the Nunchuk controller

byte1 byte 2 byte 3 byte 4 bytes byte 6 byte 7
oxAs5 NUN_BUF[o] NUN_BUF{1] NUN_BUF{2] NUN_BUF[3] NUN_BUF[4] NUN_BUF{s]
address o o
Nunchuk joystick X joystickY accelerometer X accelerometerY . or7 I
unchu accelerometer accelerometer LSBs
X (0-255) (0-255) MSB MSB bits5.2) +buttons (&7
) 8 bits 8 bits (bits 9-2) (bits 9-2)
read operation

18 09-2012 elektor



D7 D6 Dsg Dg D3 D2 D1 Do

ac ac ac ac accel. = accel.
cel.Z | celZ  celY @ celY X X
bit 1 bit 0 bit 1 bit 0 bit 1 bit 0

button C buttonZ

activelow | active low

The six data bytes received will be stored in the form of a table of
values in the 18F2550’s RAM (NUN_BUF[0] to NUN_BUF[5]) as
shown in Tables 4 & 5.

As the accelerometer word uses a 10-bit binary format, the LSBs
are recovered in the last byte. We need to concatenate the word in
order to obtain a value between 0 and 1023 (see the detail of this
binary coding in Table 6 below).

The values for the three axes are determined through the following
calculation (‘bouton’ = button):

joy_x = NUN_BUF[@]
joy_x = NUN_BUF[1]

accel_x = (NUN_BUF[2]%4)+((NUN_BUF[51/4) AND 0x03)
accel_y = (NUN_BUF[3]*4)+((NUN_BUF[51/16) AND 0x03)
accel_z = (NUN_BUF[41%4)+((NUN_BUF[51/64) AND 0x03)

bouton_c = (NUN_BUF[5] /2 ) AND 0x01
bouton_z = NUN_BUF[5] AND 0x01

As there are no SMD devices, fitting the components doesn’t
present any special problems (Figure 9). It’s best to start by
soldering the smallest components, then the IC socket, the
LEDs and the capacitors, and then last of all the crystal and the
connectors. But before that, the connection from the Nunchuk
to the PCB (K2) deserves a special mention: you need to make a
double cut-out in the PCB using a mini disc-cutter so as to be able
to plug the controller’s original connection in. There’s no actual
connector on the PCB - the contact is made directly with the
copper tracks. Take care to insert it the right way round: position
the connector with the keyway (hollow in the center) towards
the solder side (Figures 5 & 6), i.e. with the flat side towards the
component side.

All that now remains is to program the PIC with its USB firmware
(file: nunchuk.hex). There are two options for doing this: buy
the PIC pre-programmed from Elektor [1], or else use a universal
programmer if you have a blank microcontroller.

The nunchuk.hex file contains the bootloader plus the example
program hid_clavier_trame. fcf (see program examples below).

There’s no driver to install as the PC sees the interface as a keyboard
belonging to the class of HID peripherals: these drivers are included

elektor 09-2012
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Init HID

USBHID(0)
Initialise_HID

| Init keyboard

clavier[0] = 0)
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Figure 3. Initializing the
Nunchuk controller.
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joy_x = NUN_BUF...
joy_y = NUN_BUF...

END

Synchro=0
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of 3 axes

Figure 4. Reading the data
from the Nunchuk controller.
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in the operating systems, so the interface is compatible with Win-
dows, Linux, MacOS, etc. with no installation needed.

Software

All the programs provided have been produced using Flowcode
v4. This software is ideal for programming the 18F2550, as even
a beginner in computing will be able to handle the HID (human
interface device) drivers for the USB link and for the I2C bus.

Those used to using C will have more difficulty porting the
programs, but will have to remember to tell the compiler to start
the program from the address $800 in order not to delete the
bootloader if they want to go on using the USB program (Table 7).
Table 7

Using the bootloader

At power-up...

To program a Flowcode hex file, all you have to do is hold the ‘boot’
button pressed as you apply power to the board. The LED D1 flashes

T
|
SDA

100594 - 12

|
|
+3V3

Figure 5. The Nunchuk connector, showing the keyway (hollow),
which must be oriented towards the solder side of the board.

Figure 6. The two slots made with a min disccutter are vital so as
to be able to plug the controller cable in.
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Table 7.
Address
Flash memory
user program
Flowcode
$0800
S07FE bootloader
$0000 (do not delete)

A PICDEM{TM) FS LS Dome Tool - Yorsien 1.00
Bootoad Hods | emo Mods |

Gelect PICDTH F5 USE Bowd
|PICOEM FS USB 0 Beal) =
& Load X Fie | @ Sove ToHER Fie J @Mm"
i Erogran Diice | b Eeun |
£ Frad Devee I o frace Davice | PICDEM FE LS8 Brotiosd Mode Enty
Hockd dhowm push bt 52 then seset the
Eoand by prsasing push buton 1.
it Screen |
SSAGE - Programming CONFIG DATA Completed A~

MESTACE - Programaing CUMFIC DATA, ..
MESSAGE - Programaing FLASH Completed
MESLACE = Erazing and Programming FLASH...

Addr. @0 01 02 03 B4 05 06 OF @8 09 On 0B OC 00 OE OF

FROGRAH HEWORY -

BOGEHD 64 CF 0% FO XX 8K K4 BK @9 OF 04 FO 24 52 00 80
BOOE10 @1 £1 12 00 FF 60 00 00 @2 98 00 D0 90 08 o0 on
BINAZ0 BR 0@ 00 00 90 00 00 @0 @2 02 00 o0 A0 49 00 a0
ey Ak AR ka AR b an A

A AR A AR A AR Sk Ak AR A -y
UES oodioadar Frmeans Yiersion 1.0 Copyighi [C] Miciochin Tachnology Inc.. 2004

-

Figure 7. Running the PDFSUSB.exe programming software that
lets you access the contents of the 18F2550’s Flash ROM.

to indicate that the drivers must be installed.

The various files are contained in the ‘USB Framework’ pack from
Microchip [3]. We strongly recommend you opt to install it in
the default directory. You’ll find the drivers in the \Microchip
Solutions v2010-10-19\USB Tools\MCHPUSB Custom Driver\
MCHPUSB Driver\Release directory. They can be downloaded from
the Elektor website [1].

After installing the driver, run the programming application
PDFSUSB.exe which is located in the \Microchip Solutions v2010-
10-19\USB Tools\Pdfsusb directory.

Select the PICDEM FSUSB 0 (Boot) driver.

Load a hexfile, click on ‘program device’, then ‘run’ (Figure 7).

Example programs

I’'m providing four examples of applications [1] which will be easy to
modify so you can use them elsewhere or in a different way.
hid_clavier_trame.fcf (basic program included in the firmware)
This program lets you test that everything is working properly.
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NUNCHUK USB INTERFACE

When you press button Z on the Nunchuk, the digital values for

all three axes are sent over the USB link. They will be displayed in accel axe x

Notepad, then the interface board emulates a PC keyboard. When e

button S1 is held down, only the digital value for the X axis is sent

to the PC.

You can then analyze these data in a spreadsheet, as shown in £ o
£

Figure 8. g ) A [.,_.,.\ h

hid_joytick.fcf : YA N——, \ / \J \\ /w--—-
The Nunchuk turns into a joystick on the X and Y axes. The joystick ¥ 00

calibration can be accessed in the Windows ‘Settings’ (‘Games g et
controllers’). Warning: if you don’t calibrate it, the joystick 200
operation will not be optimum.

1000

0
1 64 127 190 253 316 379 442 505 568 631 694 757 820 883 946 1009 1072 1135 1198
hid_souris_accel.fcf échanillons

(‘souris’ = mouse) Turns the Nunchuk controller into a computer

mouse: X axis = left/right movement and Y axis = up/down

movement. Z & C buttons: left/right click You’re likely to be a bit Figure 8. The ‘boot’ button also lets you send the accelerometer
disconcerted at first by the sensitivity of the controller. X-axis values, which you can then analyze in a spreadsheet.
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COMPONENT LIST

Resistors
R1,R2 = 10kQ
R3,R4 =22Q
R5-R9 = 1kQ

Capacitors
C1=470nF
C2=10uF 16V radial
C3=100nF

C4 =220nF
C5=2.2uF 16V radial
C6,C7 = 22pF

Semiconductors

D1-D5 = LED, 3mm, low current

IC1 =PIC18F2550-I/P, DIP, 28-
pin, programmed, Elektor #
100594-41

IC2 =LP2950ACZ-3.3

nunchuck_dmx.fcf

Miscellaneous

S1, S2 = pushbutton

K2 = USB-B connector, PCB
mount

K3 = 4-pin pinheader

K4, K5 = 9-way sub-D socket,
right-angled pins, PCB mount
ONONONONONONONONONONONONONO) X1=20MquuartzcrystaI

C) El ektor
100594-1

Internet Links

The Nunchuk turns into a ‘moving head’ stage spot controllerusing |1} yww.elektor.com/100594

the DMX protocol on the serial connector K3 (RC6: TXD). Warning!
You will need to modify the program depending on the spot being

used, and add an RS485 bus IC:

[2] http://wiibrew.org/wiki/Wiimote/Extension_Controllers#Nunchuk

75176. [3] Microchip USB FrameWork: http://ww1.microchip.com/down-
loads/en/DeviceDoc/MCHP_App_Lib_v2010_10_19_Installer.zip
(100594) Update list:

www.microchip.com/stellent/
idcplg?ldcService=SS_GET_PAGE&nodeld=2896

[4] www.microchip.com/wwwproducts/Devices.
aspx?dDocName=en010280

D3
V.o

(C) Elektor
/ 1005394-1

Figure 9. Initially, there are no slots in the PCB either side of K1 for the Nunchuk plug. The serial interface (K3) is used only by the
nunchuck_dmx.fcf program and any personal applications you may think of. At the time of building the prototype, the 3.3 V requlator
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drawer was empty, which explains why there are two diodes in place of IC2.

09-2012 elektor


http://wiibrew.org/wiki/Wiimote/Extension_Controllers#Nunchuk
http://ww1.microchip.com/downloads/en/DeviceDoc/MCHP_App_Lib_v2010_10_19_Installer.zip
http://ww1.microchip.com/downloads/en/DeviceDoc/MCHP_App_Lib_v2010_10_19_Installer.zip
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=2896
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=2896
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en010280
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en010280

W _ Custom Front Panels
B r & Enclosures

-pnnL
i : '.'E‘?ﬁt;m FREE _ i i
‘i.. \‘ | o o
. . \\ \:} , mm - ’ Ms
FREE Stencil Front Pane ; |
i : Designer

Sample price $57.32 + S&H

Designed by you using our
FREE software, Front Panel Designer

m Cost effective prototypes and production runs

EAGLE order bUtton H if » Powder-coated finish and panel thickness up
pcb-pool.com/download- button to 10mm now available
XY on your first order ... ' » Choose from aluminum, acrylic or customer
sees i .Il"id.l _ provided material
éi“;- N m 1, 3 and 5-day lead times available
o B

% 1

FRONT PANEL
EXPRESS

Call Tyler: 1 707 447 7744
sales@pch-pool.us \

PCB- PO(I)L® isa reQJ;tered tradémark o " F ro ntp an el Ex p ress.com

www.pcb-pool.com Betla 1(800)FPE-9060

LAYOUT

Create complex electronic systems
In minutes using Flowcode 5

Flowcode is one of the World’s most advanced
graphical programming languages for micro-
controllers (PIC, AVR, ARM and dsPIC/PIC24).
The great advantage of Flowcode is that it allows
those with little experience to create complex elec-
tronic systems in minutes. Flowcode’s graphical
development interface allows users to construct a
complete electronic system on-screen, develop a
program based on standard flow charts, simulate
the system and then produce hex code for PIC
AVR, ARM and dsPIC/PIC24 microcontrollers.

Convince yourself.
Demo version, further
information and ordering at

www.elektor.com/flowcode
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HOBBY & MODELLING

Model Train Interface

With USB connection

and Windows script editor
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How many people have a model railway tucked away in the attic or somewhere, which they bought at one
time for themselves or the children? After going around and around for a while the fun usually starts to
wear off and there are very few who will continue to expand and automate their railway. With this small
circuit your model railway will have a few additional features and more intelligence, without the need to

buy intelligent trains and other expensive model railway equipment.

Every year, during the month of Decem-
ber, the lady next door builds a beautiful
Christmas landscape. To add some life to
the scenery a train runs through it. How-
ever, this train going around forever and
ever in circles gets to be a little boring after
awhile, so something had to be done about
this. Could this little train not change direc-
tion or speed every once in a while? And is it
possible to stop at the station sometimes?
There are obviously countless methods to
realize this, such as the excellent EEDTS
(EDITS) from Elektor, but this simple appli-

24

cation begs for an equally simple solution.

The idea is to write a script which contains
a sequence of instructions (drive forwards
or backwards at a particular speed, stop for
a number of seconds, drive to the station,
etc.) and to have this script executed by a
circuit specifically designed for this purpose.

Hardware

This circuit has been designed for use with
model trains that operate on DC. It has been
tested with a Fleischmann 9336.

At the heart of the circuit is a Microchip

PIC 18F4550 (see Figure 1). This micro was
selected because of its built-in USB inter-
face, which we can use nicely to communi-
cate with the script editor running on the
PC. This is very easy: you write a script using
Windows and then send it to the interface.
Because of the USB functionality, using a
24-MHz crystal is absolutely necessary.

To operate the circuit, a two-line LCD was
chosen, together with a rotary encoder with
pushbutton. The LCD is controlled directly
by the PIC. Data line RD7 is fitted with a pull-
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down resistor (R14) because the

software makes use of the Busy

flag.

The power supply design with
relay Re1 appears a little strange at
first, but this has to do with the cir-

able at output RB4 of the controller. This is
a pulse-width modulated signal with a fre-
quency of 100 Hz. The train goes slow with
narrow pulses and with wide pulses it ‘flies’
along the tracks. The 5-V pulses from the
controller are ‘enlarged’ by T1to 15V, after

%o L

+5V

MODEL TRAIN INTERFACE

This simply reverses the polarity of the volt-
age on the tracks. You will have to experi-
ment which way around the wires have to
be connected to the tracks. If the program
indicates that the train should travel for-
wards but it actually goes in the opposite

+5V
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Figure 1. The controller generates a pulse width modulated signal, which drives the train via MOSFET T3.

cuit really having two functions: it is a USB
interface and a train controller. When the
power supply relay is in the non-energized
state, the 5-V power supply voltage of the
USB interface is used to power the circuit.
This then functions as a HID-USB device
and in this state scripts can be read and
loaded. When an external power supply of
15 Vis switched on, the relay is energized
and the controller gets powered via a 7805
regulator (1C2).

The pulses that drive the train are avail-

elektor 09-2012

which Schmitt-trigger gates IC3.A to IC3.C
are used to enhance the edges. The pulses
are subsequently sent to an N-channel MOS-
FET type FQP12N60. This FET can cope with
quite a lot, but the author is no model rail-
way expert. | assume however that there
are model trains requiring much more cur-
rent than the one with which the circuit was
tested. The type selected here can carry
quite a bit of current (about 10 A), but usu-
ally no more than about 1 A is required. For-
wards and backwards driving directions are
accomplished with the driving relay (Re2).

direction then you have to swap the wires.
Since the little motor in the train (a sub-
stantial inductance!) can generate sizeable
noise spikes, there is a suppression net-
work (C12/C13/L1/L2) between the relay
contacts and connector K2. Its purpose is
to prevent these spikes from upsetting the
control electronics. Capacitor C3 between
the CD40106 and the MOSFET contributes
to this as well; the edges of the control sig-
nal are a little less steep as a result.

Via opamp IC4 there is a feedback signal for
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LED indications

Internal LEDs (D3/D4):

* Yellow (Dg)
* Green (D3)

on when USB is in use
on in Train mode with external power supply

Front-panel LEDs (D5/D6/D7), USB Mode:

* Blue (D7) flashes during initialization of the USB Mode
* Blue (D7) on when the program trein.exe is running
* Blue (D7) can be controlled by the program trein.exe

Front-panel LEDs (D5/D6/D7), Train mode:

* Red (D5)

* Red (D5) + Green (D6)
e Green (D6)

* Blue (D7)

on in Train mode when the train is moving

on when the train is stationary during the command ‘wait’

on when the train is stationary at the station

on when the train is stationary when the station has not been found

on when there is an LCD error
on when there is an EEPROM error
train is not moving according to the script

¢ Red + Green + Blue
¢ Red +Blue
¢ Running lights

the controller (pin 15), so that the control-  Station detection is achieved with the aid

ler can check that the instructions from the
script are actually being carried out; when
the train is moving, 1C4 receives pulses at
its + input.

of alight barrier (separate schematic in Fig-
ure 2). This is a simple U-shaped construc
tion consisting of two upright wooden
posts, one on each side of the rails. An LED

The script supplies two bytes per step. They are coded as follows:

* High byte bit 7:

* High byte bit 6:
High byte bit 5:
High byte bit 4:
High byte bit 3:
High byte bit 2-o0:
* Low byte:

1when driving forwards

1when driving backwards
1when searching for the station
1during a wait action

service bit

train speed (1-7)

time (1-255s)

The service bit (bit 3) has multiple functions,
depending on the byte in which it is used.

* In byte o: Toggle bit for EEPROM Write action

* In byte 2: A ‘1’ indicates scripti

¢ In byte 4: A ‘1’ indicates script2

¢ In byte 6: A ‘1’ indicates script3

* In byte 8: Status of blue USB front panel LED
26
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Figure 2. These parts are mounted near the
light trap and are connected to K3 on the
circuit board.

is mounted in one post and an LDR on the
other. When the train passes through the
barrier it interrupts the light from the LED
that shines on the LDR. The trigger level can
be adjusted with a 10-kQ potentiometer,
which is connected to K3.

The various LEDs on the board indicate the
different power supply and communica-
tions states. When the circuit is powered
via the USB cable the yellow LED D4 is on.
When the USB connection has been estab-
lished the blue front panel LED D7 will flash.
Once the program Trein.exe (‘trein’ is the
Dutch word for ‘train’) is running on the PC,
the blue front panel LED is on continuously.
When an external 15-V power supply volt-
age is connected the green LED D3 is on and
the red front-panel LED D5 flashes briefly to
indicate initialization. For a complete over-
view see the sidebar ‘LED indications’.

Software

The software for the 18F4550 was written
entirely in assembler, the PC program to
make the scripts is written in Visual Basic.
The assembler code consists of two parts:
the USB-HID interface and the control of
the train.

USB code

The USB code is a standard HID interface
for the PIC18F4550. It has a VID/PID of
0D59/5275 built in. After a successful enu-
meration, the standard UDB loop is started,
set to 6 ms. The USB interface communi-
cates with the PCyvia a buffer that is 64 bytes
in size. Via this buffer the scripts from the
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VB environment are loaded into the 4550.
The task of the USB program is to store and
read the scripts from the EEPROM. Three
scripts can be used.

The instructions as well as the data come
from the VB program. A format was
selected comprising of 32 instructions
per script (which turns out to be sufficient
in practice), because this fits nicely in the
64-byte buffer of the HID. There is also still
some space for a few control bits, because
the instruction byte for a command is only
seven bits in length. The sidebar ‘Byte com-
position’ details the layout of the bytes.

As usual the USB program takes care of the
timing with the USB connection to the PC.
To prevent the program from getting into
trouble with the slow write times of the
EEPROM (4 ms according to Microchip),
only one byte is written to the EEPROM for
each USB loop.

The entire write operation is initiated by a
Toggle byte in the VB environment and a
few flags in the USB code. One byte is then
written for each of the next 64 consecutive
cycles. During this period the PC indicates
it’s waiting and no data can be entered.
The USB program never reads directly from
the EEPROM (except when starting up), but
ensures that the USB-in-buffer is always
provided with the latest state of the actual
script via separate buffers in the PIC.

Train code

The second initial operating mode for the
PIC is the Train mode; this selection is made
via an input (A0) on the PIC.

The train interface communicates with the
user via a two-line LCD (contrast adjustment
using P1). Using the rotary encoder it is pos-
sible to scroll through the various instruc
tions. The pushbutton on the encoder is
used to confirm a command.

The assembly code for the train controller
is quite simple. A line from the script needs
to be retrieved and then needs to be carried
out. In most cases the routine that supplies
the pulse width modulated signals is called.
This is controlled via a timer which deter-
mines how long the action should last. The
progress of these steps is always visible on
the LC display.

elektor 09-2012
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Figure 3. With the aid of the corresponding Windows program it is easy to enter the
movement pattern of the model train.

In Train mode the menu program is started
first. This can start up one of the three
scripts or allow the train to be controlled
manually. The settings can be reached using
the reset button.

The heart of the program is the DRIVE rou-
tine. This runs at 100 Hz via normal timing
loops (i.e. not using an interrupt) and con-
trols the train with a variable pulse width
with a frequency of 100 Hz. The on- and
off-times of the pulse width timing come
from tables and depend on the minimum
pulse width that has been set. The routine
also supplies a seconds pulse for the timing
of various actions.

The rotary encoder can be read by two dif-
ferent routines with different sensitivities
(fast and secure). The pushbutton for start-
ing/interrupting is part of the encoder.

Putting scripts together

The purpose of the Windows program Trein.
exe (Figure 3) is to compose the scripts
which are then carried out by the train
interface. The order of connecting things
is important when working with this pro-
gram. First the USB cable (of a running PC)
needs to be connected. (The very first time
that this is done it is possible that Windows
generates an error message, but usually the
device is nevertheless correctly installed.
Each subsequent time will then be with-
out problems.) Subsequently the program
Trein.exe is started. The blue front-panel
LED D7 will light up and the program shows
in the box ‘USB HID interface’ the message
‘Treininterface’. The correct operation of
the USB-interface can be tested with the
button ‘TestLED’. Ticking and un-ticking
of this checkbox activates or extinguishes
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the blue front-panel LED. The program can
be used to compose or modify scripts, read
from the memory in the train interface and
put them back into the memory.

There are three scripts, each of which can
be up to 32 lines long. Each line can be used
to program one of the following actions:
drive forward, drive backward, find station
and wait.

The program is operated entirely using the
mouse (and therefore not always entirely
logical). Each of the four actions mentioned
has a corresponding time variable which has
to be set with a slider between 1 and 255
seconds. This time determines the duration
of the action. With the exception of ‘wait-
ing’ the actions also have a speed setting.
This can be set with a second slider between
1 and 7. This number indicates the speed of
the train during that action, where 1 is the
slowest and 7 is the fastest.

The operation is simple: choose a script,
select a line, select an action or time which
will then appear on that line.

The end of the script is indicated with a
blank line. If all 32 lines have a function
defined then the program will continue on
line 1 after completing line 32.

The exception to this is script 1. If all 32 lines
are used then the program will continue
with the first line of script 2. Should
script 2 also contain 32 lines then
execution continues with line
1 of script 3. It is therefore i
possible to make a script
with a maximum of 96 steps.
The program has buttons to
retrieve the scripts from the
memory (Read Script) and

to write the current script

to the memory of the
controller

(Write Script). Note that these write oper-
ations do not require any further confirma-
tion but are carried out immediately. Dur-
ing the Read- and Write operations the
program cannot be used for a short time;
this is indicated by a ‘wait’ window.

The program also shows a few windows
that are greyed out. These contain the val-
ues which will be written into memory and
are only of interest to the programmer.

Construction
The Elektor lab designed a printed circuit
board for the train interface, containing
the entire control including the power stage
(Figure 4). The construction is not difficult,
only leaded components have been used.
Voltage regulator IC2 is fitted with a small
heatsink. The MOSFET is fitted near the
edge of the board so, if necessary, it can
also be bolted to a (small) heatsink.
Once the board has been fully assembled
and has once more been visually checked,
you can fit the programmed microcontroller
(available from Elektor, if you are unable to
program it yourself) in its socket and then
the display can be mounted on the top of
the board using four 20-mm long standoffs.
You can make the connections
between the display and the
e board using short pieces
of wire or a 2x8-pin
PCB connector
and correspond-
ing header with
extra-long pins.

The board can now be connected to the
PC with a USB-cable and you can start to
write a script. You can then load it into the
EEPROM of the controller.

Usage

Connecting the train interface to the
model railway is simple. Connect to K1 an
AC power supply with an output voltage of
15V and capable of supplying a current of
one or more amps (depending on the train
used) and connect K2 with the tracks of the
model railway. Using the coils listed for L1
and L2 in the parts list, the circuit can sup-
ply a current of up to 1 A. This is more than
enough for the average model train.

The parts shown in Figure 2 you will need
to mount yourself to make the light barrier.
After switching on the 15-V power supply the
circuit starts in Train mode. The red front-panel
LED will turn on and the operation is now via
the rotary/pushbutton below the LCD.

After the welcome message, the rotary
switch can be used to select one of five
options. These are script1, script2, script3,
manual control and test scripts. When the
pushbutton is pushed the selected option
is activated.

The three script options start the corre-
sponding script.

The LCD shows on the top line the current
instruction from the script and at the same
time the sequence number of this instruc
tion. The bottom line indicates the actual
action (including direction of travel) and the
time (in seconds) remaining for this action.
Driving forwards, backwards as well as wait-
ing are unambiguous; the station search
action requires a little explanation (for more
information: see the additional description
on the Elektor website). This really consists

Delses
FelEsbatn
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MODEL TRAIN INTERFACE

COMPONENT LIST

Resistors
R1,R2,R18,R19,R20 =330Q
R3,R4 =27Q
R5,R10,R12,R13,R14 = 10kQ
R6,R7,R11,R21-R24 = 4.7kQ
R8=100Q

R15=27Q 1W

R16=3.9Q 5W

R17 = 1kQ

P1=10kQ preset

Capacitors

C1-C4,C7-C11,C13 =100nF
C5,C6 =22pF

C12 =3.3uF MKT, lead pitch 15mm

Inductors
L1,L2 = choke, 330uH, 0.9A, 0.32Q (e.g. Pana-
sonic ELCT1OD331E, Farnell # 1749073)

Semiconductors

D1,D2,D8 = TN4004

D3,D6 = LED, green, 5mm

D4 = LED, yellow, 5 mm

D5 = LED, red, 5 mm

D7 =LED, blue, 5 mm

T1=BC547

T2 =BC557

T3 = FQP12N60

IC1 = PIC18F4455-1/P (programmed, Elektor #
120351-41)

IC2=7805

IC3=40106

1C4,IC5 =LM311

Miscellaneous
RE1,RE2 = PCB relay, 5V (e.g.

of two instructions: firstly the train has to
pass through the light barrier that marks
the station. During this action the maxi-
mum time is indicated. That is because
the actual travel time is not known, since it

depends on the location of the train and

Figure 4. The dimensions of the PCB are such that the display can be mounted above it
using four standoffs.

V23106-A5401-A201)

LCD1 = LCD 2x20 characters with backlight
(e.g. Midas MC22005A6W-SPTLY)

ENC1 = rotary encoder w. pushbutton (e.g.
Bourns PEC11-4230F-S0024)

K1,K2 = 2-way PCB screw terminal block, pitch
5mm

its speed. Once the station has been found
the waiting time assigned to the station line
commences.

A script can be interrupted at any time using
the pushbutton.

In addition to the PCG-software and the firm-

K3 = 5-pin SIL pinheader
K4 = USB-B connector, right angled, PCB
mount
S1 = pushbutton (e.g. Omron B3F-3100)
X1 =24MHz quartz crystal
PCB #120351-1
(see www.elektor.com/120351)

ware for the microcontroller the Elektor
website at www.elektor.com/120351 also
supplies supplementary information about
the train interface.

(120351)

elektor
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MICROCONTROLLERS

Embedded Linux

Made Easy (3)

By Benedikt Sauter [1]

It takes the right software to bring a
microcontroller to life. Beyond the usual
firmware, in an embedded GNU/Linux system

we have to deal with building the components of the

operating system. In this article we show how it all works,

and even write our first program in C!

Itis easiest to develop for an embedded Linux system with the help
of a conventional Linux system, normally running on a PC. We will
base our experiments on version 12.04 of the ‘Ubuntu’ [2] distribu-
tion. What do we need to install such a system? Not a lot: a little free
space on the hard disk and, ideally, a network connection.

The first thing to do is download the image of the installation CD
from the internet [2]. We can use either the 32-bit or the 64-bit
desktop variants: if in doubt, select the 32-bit variant.

Once the CD image is downloaded it has to be burned onto a CD
using a suitable program. It is important to burn the file to the disk
as an ‘image’ rather than copying it as a simple file.

Now insert your newly-burned CD into the PC and boot from it
(which may require some adjustments to your BIOS settings).
Ubuntu starts up with the splash screen shown in Figure 1. To
make the system more convenient to use will we install it to the
hard disk, by selecting the second menu option (see Figure 2). You
will now be guided step-by-step through the installation process.
First choose your language (Figure 3). We do not need to install
any third-party software (Figure 4). The
next window, shown in Figure 5, lets you
choose to let Linux occupy the whole hard
disk (which would be suitable for a machine
that does not already have another operat-
ing system installed); alternatively, you can
install Linux to a second hard disk, or parti-
tion the main hard disk into two areas, one
area retaining the already-installed operat-
ing system and the other dedicated to the
new installation. In Figure 6 you select the
drive or partition that will be used, and then
proceed as shown in Figure 7 and Figure 8.
We will explain more about the password
that you are asked to set (Figure 9) later.
If all goes well, you should reach the point
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Figure 1. Use down-arrow to select the
second menu item.

shown in Figure 10.
An alternative (and potentially more :
convenient) approach is to run the operat-

ing system in a virtual machine. The author has prepared an image
of a Linux computer set up for development especially for Elektor
readers, and it can be downloaded from the Elektor website [3]. The
virtualization program ‘VirtualBox’ is needed to run the image: it
can be downloaded free of charge at [4]. When VirtualBox has been
installed, the image is loaded by simply selecting ‘File > Import
Appliance’ from the main menu; it can then be run immediately.

Toolchainon CD

With the new operating system running the next step is to install
the toolchain. If you are using the VirtualBox image this has all
already been done for you, and you can skip the next two sections.

The quickest way to do things in Linux is usually to use the console.
Simply open up a new terminal window on the PC by pressing Con-

Figure 2. Select ‘Install Ubuntu’
and press Enter.
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Figure 3. Choosing your language. Figure 4. Preparing for installation.

trol-Alt-T. In the terminal, switch to the directory ‘/tmp’
cd /tmp

and then download the ARM toolchain CD directly using the ‘wget’ command thus:
wget ftp://ftp.denx.de/pub/eldk/5.0/iso/armv5te-qte-5.0.1iso

This will download a CD image. The image can be opened directly using Linux: there is no
need actually to burn the file to a CD. However, the file does need to be ‘mounted’, which
makes it visible as a set of files to the operating system. First switch to the directory ‘|
media’:

cd /media

In theory you can mount the contents of the CD image wherever you like in the file system,
but there are certain conventions in the Linux world that make it easier for people to find
their way around a new system. We will look in more detail later at the standard arrange-
ment of the file system.

We now want to create a new empty directory called ‘eldk-iso’, where we will subsequently
mount the CD image. Although this might seem odd to someone familiar with Windows,
we are not going to copy the files from the CD image to the new directory: instead, the new
directory just marks the place in the file system from which the contents of the CD are made
accessible. In Linux, everything is handled through files and directories.

Here is the command to create the new directory:

sudo mkdir eldk-iso

The machine will prompt you for a password, as creating the directory requires you
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Figure 8. Selecting the keyboard layout. Figure 9. Entering a user name and

password.
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Figure 5. Choosing where the operating
system will be installed.

and install Ubunty
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Figure 6. Selecting the hard disk.

Figure 7. Selecting the time zone.

Welcome to Ubuntu 12.04 LTS

Figure 10. The installation process begins.
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Permissions and privileges

A Linux system always has a user called
‘root’. This user has the highest level of
privileges on the system: other users typi-
cally only have ordinary privilege levels.
Full access to system files, devices and so
on requires ‘root privileges’. One approach
is simply to execute all commands as the

The Linux programmer can, however, grant
any application a higher level of privileges as
needed, and so there is no need to execute
all commands as the user ‘root’. We will

also create a new user account on our Linux
board for carrying out ordinary tasks and
running the programs we write.

tu we are using) as a prefix to the command
proper. This indicates that the command is
to be run as if by the root user.

You will be prompted for a password. If you
have installed the Linux system on the PC

user ‘root’ but this is not advisable. One of
the reasons Linux is so secure is that the
restrictions on what ordinary users can do
prevent a lot of potential damage. Users are
normally only given permission to run the
programs they need, not to access system
files or other important information.

If a user briefly requires root privileges,

for example to create a directory within a
system directory, then we can use the com-
mand sudo provided in most modern Linux
distributions (including the version of Ubun-

(briefly) to have ‘root privileges’: see the text box ‘Permissions and
privileges’. To make this happen, we have prefixed the normal com-
mand with ‘sudo’, which asks the user for the password that was
configured when the system was installed. If you are using the Vir-
tualBox image, the password is ‘elektor’, entirely in lower-case.

The CD image can now be mounted in the file system to allow us to
access its contents:

sudo mount -o loop /tmp/armv5te-qte-5.0.iso /media/
eldk-iso

From our current position in the file system we can change directory
into the CD image by typing:

cd eldk-iso

Installing the toolchain
In the directory you will find a small script that you can use to
install the toolchain. Again, you need root privileges to install new
programs:

sudo ./install.sh -s -i qte armv5te

The following message should appear:

*x*% Installing ./targets/armv5te/eldk-eglibc-i1686-
arm-toolchain-qte-5.0.tar.bz2

When installation is complete you can leave the CD directory:

cd ..
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yourself, you will have set up this password
as part of the installation process; if you are
using the VirtualBox image, the password is
‘elektor’, entirely in lower-case.

This step is important, as the next thing we will do is unmount the
CD image. This will not work if you are currently in a directory within
the image: the operating system will refuse to execute the com-
mand and an error message will be printed.

sudo umount /media/eldk-iso
The directory you created for the toolchain CD can now be deleted.
sudo rmdir eldk-iso/

When installation is complete the toolchain will be located in the
directory ‘/opt/eldk-5.0/". So that we can access the programs in
the toolchain using the command line from whichever directory
you happen to be in, we have to add this directory to the PATH vari-
able. This is a Linux ‘environment variable’ which contains a list of
directories in which the system will automatically look for programs
to execute.

The best approach is to write a small script file (call it ‘set.ch’) which
you can run from the console before using the toolchain. Create a
new file using the editor:
gedit set.sh
and add the following lines to it:
#1/bin/bash
P1=/opt/eldk-5.0/armv5te/sysroots/i686-oesdk-1linux/
usr/bin/armv5te-linux-gnueabi/

P2=/opt/eldk-5.0/armv5te/sysroots/i686-oesdk-1inux/
bin/armv5te-linux-gnueabi/
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export ARCH=arm
export CROSS_COMPILE=arm-linux-gnueabi-
export PATH=$P1:$P2:$PATH

The last command here adds the path mentioned above to the
PATH variable.

Then write the new file to your start-up directory (called the
‘home directory’). For the commands in the file to take effect,
you have to cause the shell (the Linux command line interpreter)
to read themin (or ‘source’ them). One way to do this is with the
following command:

. ./set.sh
Type this carefully: the line starts full stop, space, full stop!

If you would prefer not to have to type this command every time
you bring up a new console you can include it in the file ‘.bashrc’,
which is automatically executed whenever the shell starts up. The
fileis located in your home directory, which you can switch to using
the command cd without any arguments. You can edit the file using
the command:

gedit .bashrc

The compiler in action

The toolchain programs that we will use to build the Linux ker-
nel and the bootloader all have names that begin with ‘armv5te-’.
For example, the GCC compiler is called ‘armv5te-gcc’. Typing the
command

armv5te-gcc --version

will give the version number of the compiler (note that there are
two dashes before ‘version’). If this command works, it means that
you have successfully set up the path to the toolchain programs.
To compile application programs for Linux we need to use the tool-
chain commands that start ‘arm-linux-gnueabi-’ rather than ‘arm-
v5te-’. So how do we compile a simple ‘hello world’ program?

First create a source file
gedit hello.c
with contents as follows:
#include <stdio.h>
int main(void)
{
printf(“Hello world!\r\n”);

return 0;
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Save it and leave the editor. Now we are back in the console. To
compile the program, type:

arm-linux-gnueabi-gcc -o hello hello.c

To test whether the above process has been successful, we can copy
the file ‘hello’ that the compiler has created to the Elektor Linux
board’s SD card. Make sure the board is off and remove the card.
Insert it into the PC’s card reader, and plug the reader into the PC.
Wait a few seconds for the machine to detect the card. Normally
Ubuntu will automatically pop up a window when this happens:
since we will be copying to the card using the console, we can close
this window.

Full-scale operating systems such as Ubuntu automatically mount
external storage devices when they are plugged in. We therefore
need to find where Ubuntu has decided to mount the SD card. It is
easiest to switch to the directory ‘/media’:

cd /media
and then type
1s

(for ‘list’) to display a list of files and directories within this directory.
If there is more than one subdirectory, you can type

cd directory-name

to switch to a given directory, look inside using 1s, and then cd ..
to move back up one directory level into ‘/media’. The name of the
directory where the SD card is mounted will typically consist of a
long string of digits. The directory will contain the complete file
system of the Linux board, including files with names such as ‘zIm-
age’ and ‘swapfile1’.

If you get lost in the file system, you can always return to your home
directory using the command cd without any arguments. Another
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First aid for a sick SD card

If a system that has been booted from an SD card is not powered
down properly, using the halt or powerof f commands, it is possi-
ble that the file system on the card will be corrupted. This typically
results in ‘EXT2-fs errors’:

Filesystem “EXT2-fs (mmcblk@pl1): error: ext2_lookup:
deleted inode referenced: 694962”:

e2fsck 1.42 (29-Nov-2011)
Jdev/sdhl was not cleanly unmounted, ¢

ck forcek.

-

king inodes, blocks, and s
ng directory structurc
ng directory connectivity
ng reference counts
ng group summary informatio
/24576 files (0.8% non-contiguous)

(TR ¥

[¥. Q=8

8294/97988 blocks

Fortunately we can usually rescue the file system using a Linux PC from the console.

First put the SD card into the card reader and use dmesg to determine what name it has been assigned. For example, if you see the following

[ 1549.424156] sd 7:0:0:2: [sdh] Assuming drive cache: write through

[ 1549.425624] sdh: sdh1 sdh2

[ 1549.427527] sd 7:0:0:2: [sdh] Assuming drive cache: write through
[ 1549.427533] sd 7:0:0:2: [sdh] Attached SCSI removable disk
[ 1549.730223] EXT2-fs (sdh1): warning: mounting unchecked fs, running e2fsck is recommended

it means that the first partition, which is the one we are interested in, has been given the name ‘sdh1’. This contains a file system in ext2 for-

mat, which it is possible to repair. We have to unmount the file system

umount /dev/sdh1

before we can use the tool e2fsck (or equivalently fsck.ext2) to attempt the repair:

sudo e2fsck /dev/sdhi

The result should be as shown in the screenshot. From time to time the program will ask if certain actions should be carried out: you should

normally answer ‘y’. The result should be an error-free SD card!

handy command is pwd, which will tell you the path to your cur-
rent directory.

Hello world!
To test the ‘hello world’ program, switch to the directory where the
SD card is mounted and copy the file across:

cp ~/hello ./

Then we have to unmount the directory manually so that the oper-
ating system is forced to finish writing all the data to the card.

cd

sudo umount /media/directory-name
Here again ‘directory-name’ should be replaced by the name of the

34

directory that the operating system chose when the SD card was
mounted.

We can now move the SD card back to the Linux board and start it
up. Connect to the board using a terminal emulator on the PC, as
described in the previous installment in this series [5].

Now, on the board, we switch to the top-level directory in the file
system using the terminal emulator:

cd /
and run the program:
./hello

The result should be that ‘Hello World!” appears in the terminal win-
dow (see Figure 11).
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If the system is booted from the SD card, it is important to shut the
system down in an orderly fashion when you have finished. For this
we need the command

halt

It is then necessary to wait until the message System halted
appears before it is safe to remove power: otherwise it is possible
that not all files will be updated properly on the SD card. This can in
turn result in ‘EXT2-fs errors’. It is normally possible to recover the
situation using a Linux PC: see the text box.

Bootloader and kernel

We shall now look at how we can build the two main components
of the operating system, the bootloader and the kernel.

The source code we need (290 MB for the current version) is avail-
able from the Elektor website [3]. The simplest approach is to down-
load the files using a browser: on a Linux machine the files will nor-
mally end up in the ‘Downloads’ directory.

When the download is complete, switch to the directory ‘Down-
loads’ and find the file called *120026-11.zip’. Move the file into
your home directory using the command

mv ~/Downloads/120026-11.zip ~/

To unpack the file, switch back to your home directory using cd and
enter the command

unzip 120026-11.zip
Figure 12 shows what you should see on the console.
Building the bootloader
The bootloader is a program which is copied from the SD card to the
internal SRAM of the LPC3131 on system reset (assuming the jump-
ers are set correctly: see [5]). The following sequence of commands
shows how we can compile the bootloader for ourselves and copy it
to the SD card, to allow us to boot from the card. Before starting we
need to install a couple of packages on the Ubuntu system:

sudo apt-get install patch libncurses5-dev
Now switch to the source code directory

cd ElektorLinuxBoardDownload_20120509
unpack the tar file that contains the bootloader

tar xvzf bootloader.tar.gz

then switch to the new ‘bootloader’ directory
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root@nublin:~# cd /
root@nublin:/# ./hello

Hello World!
root@gnublin:/# ]

Figure 11. ‘Hello world’ running on the board.

cd bootloader
and unpack the source code proper:
tar xvzf apex-1.6.8.tar.gz

Now comes an important step if we want to be able to distribute any
changes we make to the bootloader. We create a so-called ‘work-
ing copy’ of the source code and make changes only on that copy.
Later it will be easy to create and publish a ‘patch’ that represents
the changes we have made.

mv apex-1.6.8 work_1.6.8
cd work_1.6.8

In the source code tree we need to apply a couple of patches that are
required to make the bootloader work with the Elektor Linux board.

patch -p1 < ../apex-1.6.8_1lpc313x.patch
patch -p1 < ../gnublin-apex-1.6.8.patch

The build process for the bootloader is controlled by what is called
a ‘configuration file’. We have to copy the master version of this file
into our directory, with the new name “.config’. Note that here the
full stop before the word ‘config’ is very important: it marks the file
as ‘hidden’ to the operating system.

cp ../gnublin-apex-1.6.8.config .config
At this point, if you installed the toolchain manually and did not
arrange for the environment variables to be set in your .bashrc file,
you will need to set them by running the script . ~/set.sh.
The build process can now be initiated:

make apex.bin
Normally at this point we would need to copy the bootloader firm-
ware into flash memory on the microcontroller using a suitable pro-

grammer. Here, however, we can copy the firmware to the SD card
using ordinary Linux commands.
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With the SD card once again in the PC’s card reader, run the
command

dmesg

to see the messages output by the kernel running on the PC. The
results obtained on the author’s PC are shown in Figure 13. As you
can see, the SD card has been recognized as ‘/dev/sdh’ and contains
two partitions, called ‘/dev/sdh1’ and ‘/dev/sdh2’. For safety it is
best to unmount these partitions, as we will be copying the boot-
loader across by accessing the blocks on the SD card directly rather
than via a file system:

sudo umount /dev/sdh1
sudo umount /dev/sdh2

The following command (where the ‘sdh2’ will need to be modified
to reflect the results from the dmesg command above) will copy the
file ‘apex.bin’ to the SD card in such a way that the LPC3131 can find
it when booting:

sudo dd if=src/arch-arm/rom/apex.bin of=/dev/sdh2
bs=512

The command copies the bootloader code to the beginning of the
second partition of ‘/dev/sdh’ using a block size of 512 bytes. The
Linux operating system does not guarantee exactly when the new
blocks of data are actually written to the NAND storage on the SD
card. The command
sync

is therefore needed to force the operating system to ensure that all
pending blocks are written out and that the new bootloader code

is safely stored on the SD card. We can now try to boot the Linux
board from the SD card.

Building the kernel
Building the kernel is a similar process to building the bootloader.
First we switch to the home directory using the command cd, and
then into the source code directory.

cd ElektorLinuxBoardDownload_20120509
We unpack the kernel source code

tar xvzf linux-2.6.33-1pc313x-gnublin-032012.tar.gz
switch to the kernel source directory

cd linux-2.6.33-1pc3131x

and start the build process that will result in a bootable kernel.
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make zImage

We also need to compile the loadable kernel modules. The is simply
done using the command:

make modules

With everything built we need to copy the kernel and the modules
to the SD card. In our case the kernel ‘zlmage’ happens to be there
already, but it is worth practising the process for replacing the ker-
nel. We need to copy the file ‘arch/arm/boot/zlmage’ in the kernel
source tree directly to the first partition on the SD card: the proce-
dure is much the same as for the bootloader above, with the appro-
priate changes. Don’t forget to unmount the partition!

A look at the possibilities

Now we are in the happy position of being able to rebuild the boot-
loader and kernel at will, we can look at the possibilities for making
modifications to them, in particular to the kernel. Of course, we only
have space here to look at this in general terms. You can take a first
look at the Linux kernel configuration by typing

make menuconfig

from the directory ‘linux-2.6.33-Ipc3131x’. The result is shown in
Figure 14. If, for example, you want to use a particular USB device
with the Linux board, you have to enable to corresponding driver
here.

You can navigate around the blue window using the arrow keys.
The ‘Enter’ key opens and closes the menu. With a bit of hunting
around you will be able to find drivers for various devices you rec-
ognize. In the next article in this series we will go into this subject
in more detail.

Restoring the boot image

Since we are now beginning to get down to the nitty-gritty of how
the Elektor Linux board works, it is a good idea to make an exact
copy of the SD card for backup purposes.

Put the card in the PC’s card reader and then check, using dmesg,
what device name the operating system has chosen for it.

Again, for safety, unmount the partitions:

umount /dev/sdletter1
umount /dev/sdletter2

(where you should insert the appropriate character for ‘letter’, for
example giving ‘/dev/sdb1’ and ‘/dev[sdb2’ or ‘/dev/sdh1’ and ‘|
dev[sdh2’).

You can now take an exact copy of the card’s contents:
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sudo dd if=/dev/sdletter of=Image_SD_card_backup_
copy.img

This will take some time. You should now find a file in your current
directory whose size is exactly equal to the capacity of the SD card:

1s -1h

You now need to put another SD card, exactly the same size as the
original, in the PC’s card reader. Again, find out the device name
using dmesg. The following command will copy the card image you
have just created onto the new card:

sudo dd if=Image_SD_card_backup_copy.img of=/dev/
sdletter

This will take even longer than reading the original card. Assuming
the command is successful you can now issue the sync command to
ensure all blocks are actually written out to the card, and then try
the new card in the Elektor Linux board. There is no need to unmount
the card as the file system on the card was never mounted in the
first place: we wrote blocks directly to the card.

The above process is fairly straightforward, but unfortunately it
does not work if the sizes of the two cards are not identical. Also,
we sometimes want to create a new card with different partitions
or with a different file system from those of the original card. These
cases are handled by a graphical installer, which we shall look at
briefly in the next article in this series.

What the future holds
In this installment we have made good progress on the route to
understanding our embedded GNU/Linux system. We have a devel-
opment environment in place, we can now build our own boot-
loader and kernel, and we have compiled and run a small program.
In the next article we will take a quick look at the structure of the
source code for Linux so that we can be in a position to write our
own driver for a particular piece of hardware. We will also see how
easy it is to write programs using scripting languages.

(120180)
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Figure 12. Messages that appear
when unpacking the software download.

8.953837]
3.955001]
3.958583]

.959202]

:2: [sdh] Assuming drive cache: write through

Figure 13. The messages from the kernel show
that the SD card has been assigned to ‘/dev/sdh’.

.config - Linux Kernel v2.6.33 cenfiguratien

Linux Kernel Configuration
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted
letters are hotkeys. Pressing <Y> includes, <N> excludes, <> modularizes
features. Press <Esc»><Esc> to exit, <?> for Help, </> for Search.
Legend: [*] built-in [ | excluded <M= module = > mdul&cupahle

|
|*] Enable loadable module support
[*] Enable the block layer ---»
System Type --->
BUS SUpport --->
Kernel Features --->
Boot options --->
CPU Power Management --->
Fleating peint emulation ---»
Userspace binary formats ---»
Power management options --->
[*] Metworking support ---=
Device Drivers ---»
File systems ---»
Kernel hacking ---»
Security options ---»
-*. Cryptegraphic API -
Library routines ---»

—ee>

Load an Alternate Configuration File
Save an Alternate Configuration File

< Exit >

< Help >

Figure 14. Configuring the Linux kernel.

Internet links
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Arduino on Course (1b)

By David Cuartielles (Spain)

1-bit Sound Generation ... What?!1?

Up to this point, you have been experimenting with code that can
be generated directly out of the Arduino language. Now we pro-
ceed with methods of hacking the processor on the Arduino Uno
(the ATmega 328) at a low level, aiming to create a block of code
that will use sound data coming from a WAV file for storage inside
program memory — and playing back of course.

The method used is not trivial. A good way to start is to look at
sound based in terms of its spectrum rather than from any sort of
representation in time.

soo0 SRS oo0.000 secees 1000001 secom {000,000 secvos ]

[mctual Rate: $51000

Figure 1. Recording of human speech saying “ta-te-ti-to-tu”.
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Figure 2. Spectrum of human speech saying “ta-te-ti-to-tu”.
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Sound spectrum

The sound spectrum is a representation of the
energy transmitted by, say, a loudspeaker as a function
of frequency. Looking at the spectrum of sound, you do not nor-
mally get a clear view of the sound itself as in Figure 1. Rather, the
graph represents the amount of energy for different discrete fre-
quencies within a certain amount of time. Typically we represent
the spectrum for a whole song (see Figure 2).

Alternatively, we can look at the spectrum of just 0.5 seconds of a
song. The smaller the time frame we’re watching, the better the
spectral representation of the sound generated at that very instant.
The shape of the wave generating that spectrum can be anything.
As a matter of fact, two different sound signals can generate very
similar spectra.

Thus, the size of the time frame determines the similarity of that
signal is to the original one. The human ear is stimulated by the
energy content of the sound, therefore two signals having identi-
cal spectra will be perceived as the same, but only if the time reso-
lution is small enough. This is key to the whole science of sound
compression: the ability of getting signals that are ‘good enough’
for us to understand the sound, even if the sound is very different
from the original one.

This is also the way 1-bit sound generation works [1]. We can gener-
ate sound by having a pulse width modulated (PWM) signal whose
average energy level is similar enough to the one of the original
signal.

This mathematical trick allows generating medium-quality sound
by a microcontroller. The following paragraphs show how to take
advantage of this. We will start from a WAV file that can be recorded
with your computer. Next, we’ll filter it, and transform it into an
array of numbers for storing inside Arduino.

Optimal digitalization and filtering

Many different tools exist for recording sounds. | can only recom-
mend the use of Audacity [2], an open source and free software tool
that provides most of the options needed to reproduce sound with
microcontrollers (Figures 1 and 2 are screenshots from Audacity).
Before you move on, you should filter the sound. I use a low-pass fil-
ter with a 4 kHz roll-off frequency. The Arduino sound player shown
here uses a sampling frequency of 8 kHz (i.e. 8000 samples per sec
ond), which means that if there were sound components above
4 kHz in your original file, you would hear artefacts in the sound.
With microcontrollers it is possible to reproduce reasonable quality
sound, however these chips are limited in terms of memory space.
Consequently you need to use sound formats of lower quality that
will allow generating several seconds of sound without the use of
external memory chips.

A sound format that can be of great use is the 8-bit PCM WAVE (also
called Microsoft unsigned 8 bit). This sound format is of sufficient
quality to reproduce, for instance, recorded human voice. Thus,
the file you’ll need in the following step of the process should be
exported as: mono (1-channel), 8-bit, PCM WAVE.
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Converting
sound to text
Let’s look at importing your sound
file as a header file that you can add to your
Arduino sketch. Since the ATmega 328 microcontroller has 32 KB of
Flash memory space, you can use part of that space to store the sound
file. You can store large chunks of data into memory arrays by using
the Progmem library from Atmel’s toolchain. 8-bit sound is nothing but
a stream of numbers between 0 and 255. It can be declared like:

const unsigned char sounddata_data[] PROGMEM = {128,
128, 128,

[...]

69, 62, 59, 57, 52, 50, 56, 65, 74, 86, 96, 109, 116, };

I have created a tool for Arduino’s IDE that enables you to open WAV
files and import them directly as part of your code. You can down-
load it from the link mentioned in the reference list, and add it to
your sketchbook folder. Place the file into your Arduino sketchbook
folder and uncompress it there.

It will add the following folder to your sketchbook: tools/SoundData
After rebooting the IDE, you will see a new item under the Tools
menu called SoundData. Clicking on it produces a dialog window
enabling you to select a WAV file (see Figure 3). The second but-
ton, titled Generate Code will open the WAV file, check whether
it is properly encoded, and add a new tab to your code titled
sounddata. h. This new file contains everything you need to play
your WAV file as a 1-bit sound. The file will look like this:

// soundData for your Arduino sound project

// automatically generated data

// - original sound file:/development/tmp/matis.wav
// - sampleRate: 8000

// - encoding:8 bits

// - channels:1

const int sounddata_length = 7969;

const signed char sounddata_data[] PROGMEM = {127, 127,
127, 127, 127, 127,

[...]

69, 62, 59, 57, 52, 50, 56, 65, 74, 86, 96, 109, 116, };

But keep on reading before pressing the Generate Code button on
the dialog window, because there is more to it!

The Sound Player
Playing back a sampled sound is not obvious, since it requires
changing some of the features of the Arduino core works. There
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Wl include player code

| Generats Code. |

Figure 3. Dialog Window to import WAV files into your Arduino
sketches as header files.

exist libraries for Arduino Uno that hide all of the complexity of mak-
ing this type of sound player. However, | want you to take a chance
and see how this is done at low level, like in Figure 4.

The trick that can get Arduino to play a sound sample is the so-
called Fast PWM, a feature of Atmel’s Atmega family (other brands
have it as well, but Arduino Uno runs on Atmel chips). There is a reg-
ister that allows running PWM at the amazing rate of up to half the
clock speed. This allows nice things to be done like playing sound
with 1-bit outputs. The only limitation of Fast PWM is that it oper-
ates at a resolution of 8 bits only. That’s why you should encode
your sound files at 8 bits.

To get it all to work, you use two out of the three internal timer reg-

istries inside the processor:

¢ The first clock operates at SAMPLE_RATE and is used to read the
next value from the computer generated sounddata_data array.

28 ® SoundData Tool For Arduino

sounddatah
// soundData for your Arduine sound projects
| // automatically generated data
f/f - original sound file:/documents/Mi Trab
| /f - sampleRate:8000
// - encoding:8 bits
// - channels:1

lgonst int sounddata_length |= BOE9;

|const signed char sounddata_data[] PROGMEM
. 127, 127, 126, 127, 127, 127, 127, 126,
. 127, 126, 127, 127, 128, 127, 128, 127,
|, 127, 127, 127, 127, 127, 127, 126, 127,
» 127, 127, 127, 127, 127, 127. 127, 127.
|, 128, 127, 128, 127, 128, 127, 128, 127,

T s

Figure 4. View of the “ta-te-ti-to-tu” sound file within the Arduino
IDE after importing it with the SoundData tool.
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299 Sound

ta Tool For Arduino

cketch_may0ea s [ESESHNSESERN

ff a bunch of includes
#include <stdint.h=
#include <avr/interrupt.h>
#include =avr/io. h=>
#include <avr/pgmspace.h=

// this is the sound converted to a € strea
| #include “sounddata.h"

ff if you transform SAMPLE_RATE into a vari
|/# it will possible to e.g. use a potentiom
/f control the sample rate

#define SAMPLE_RATE 8000

// configure the pins we will use in the ex|,

Arddng Uno on ddevttyE Ml

Figure 5. Screendump of the basic sound player after automatically
generating the code.

This value sets up the duty cycle for the PWM stream being out-
put through pin 11.

The second timer ticks at 62500 times per second (16000000 |
256), i.e. much faster than the playback rate (default SAMPLE_
RATE is 8 kHz). As explained earlier, this generates a digital sig-
nal whose spectrum is very similar in shape to that of the origi-
nal sound file. In other words, by means of increasing the PIWM
frequency, the generated signal gets a spectrum that resembles
the one of the sound. In many applications this is more than
enough to play sound at a low price.

Note: by adding this code to your Arduino sketch you will be overrid-
ing some of the basic commands of the Arduino language. E.g. the
PWM will stop working at some of the pins, and the delay () func
tion will not operate as expected. This will only affect this sketch.
The first time this technique was shown in the Arduino world was
back in 2008. Michael Smith published an example on the Arduino
playground that would play the sound of a MAC computer boot-
ing up, upon reset of the Arduino Diecimila board. Michael’s code
was based upon the work of many others which I have included as
references [3].

Just to make it easy, the SoundData tool will not just generate the
sound information, but also include the code to the basic sound-
playback example inside your sketch. Beware, make sure your
sketch is empty when calling the tool, as it will overwrite anything
onyour IDE.

The basic program to play 1-bit sound (Figure 5) includes a lot of
low level commands in order to override the timers. | will describe
the functions one by one. Let’s start with TIMER1:

ISR(TIMER1_COMPA_vect) {

if (sample >= sounddata_length) {
if (sample == sounddata_length + lastSample) {
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// this is the condition of reaching the last
sample
stopPlayback();
} else {
// Ramp down to zero to reduce the click at
the end of playback.
OCR2A = sounddata_length + lastSample
- sample;
3
3
else {
// OCR2A is the register in memory that will
push
// PWM at high frequency to pin 11
// pgm_read_byte reads data out arrays stored in
program memory
OCR2A = pgm_read_byte(&sounddata_datal[sample]);
}

// increase the sample count
++sample;

ISRis the name for the interrupt handling function inside the micro-
controller. An interrupt is an event that will tell the chip to stop
doing anything it is into at the time and attend a certain event. Pro-
cessors can have both internal and external interrupts. The internal
ones are timers, while the external ones happen when certain pins
change from HIGH to LOW or vice versa.

This one instance of the ISR function is taking care of the arrival of
internal TIMER1 events. Every time TIMER1 ticks, this function will
do the following:

* increase the counter used to address the sound data;

* check whether the end of the sound data array is reached;
« if not at the end, load the next sample from the array;

« if at the end, fade the sound to zero.

Both timers TIMER1 and TIMER?2 are initialized as part of the start-
Playback function. Let’s see how what looks like:

void startPlayback()

{
pinMode(speakerPin, OUTPUT);

// Set up Timer 2 to do pulse width modulation on
the speaker

// pin.

// Use internal clock (datasheet p.160)
ASSR &= ~(_BV(EXCLK) | _BV(AS2));

09-2012 elektor



// Set fast PWM mode (p.157)
TCCR2A |= _BV(WGM21) | _BV(WGM20);
TCCR2B &= ~_BV(WGM22);

// Do non-inverting PWM on pin OC2A (p.155)

// On the Arduino this is pin 11.

TCCR2A = (TCCR2A | _BV(COM2A1)) & ~_BV(COM2A®);
TCCR2A &= ~(_BV(COM2B1) | _BV(COM2B0));

// No prescaler (p.158)
TCCR2B = (TCCR2B & ~(_BV(CS12) | _BV(CS11))) |
_BV(CS10);

// Set initial pulse width to the first sample.
OCR2A = pgm_read_byte(&sounddata_data[@]);

// Set up Timer 1 to send a sample every interrupt.
cli();

// Set CTC mode (Clear Timer on Compare Match)

(p.133)

// Have to set OCR1A xafter*, otherwise it gets
reset to 0!

TCCR1B = (TCCR1B & ~_BV(WGM13)) | _BV(WGM12);
TCCR1A = TCCR1A & ~(_BV(WGM11) | _BV(WGM10));

// No prescaler (p.134)
TCCR1B = (TCCRIB & ~(_BV(CS12) | _BV(CS11))) |
_BV(CS10);

// Set the compare register (OCR1A).

// OCR1A is a 16-bit register, so we have to do this
with

// interrupts disabled to be safe.

OCRTA = F_CPU / SAMPLE_RATE; // 16e6 / 8000 =
2000

// Enable interrupt when TCNT1 == OCR1A (p.136)
TIMSK1 |= _BV(OCIETA);

lastSample =
pgm_read_byte(&sounddata_data[sounddata_length-11);
sample = 0;

sei();

Although the sequence of low level commands is explained in the

code, a summary of it may be useful for the non-expert:

* turn the pin for the speaker into an output;

* configure the board to use the internal clock for this;

* initialize Fast PWM mode;

* configure TIMER2 to run the PWM that will play the sound, the
way to set the duty cycle to the PWM is by changing the value
of the register called OCR2A;
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Figure 6. Arduino Uno is perfectly capable of driving a small
loudspeaker directly.

* load the first sound sample into OCR2A;

* stop the interrupts for a second - cl1i ()- so that we can config-
ure the TIMER1 without breaks;

* configure TIMER1 to tick for picking up the next sample;

* load the last sound sample;

* restart the interrupts — sei().

In a similar fashion, you need to have a function that will stop the
timers of counting this way once the end of the sound is reached.

void stopPlayback()

{
// Disable playback per-sample interrupt.

TIMSK1 &= ~_BV(OCIETA);

// Disable the per-sample timer completely.
TCCR1B &= ~_BV(CS10);

// Disable the PWM timer.
TCCR2B &= ~_BV(CS10);

digitalWrite(speakerPin, LOW);

This leaves you with a series of functions you can call anywhere
from a program to play sound this way. In this case, the example by
default will call startPlayback () within setup. In this way the sound
will be played just once.

void setup()

{
startPlayback();
}
void loop()
{
// do nothing
3
42

Closing words

This article is an introduction to different ways of producing sound
using Arduino. You have seen how to play tones by means of basic
Arduino functions. Libraries have been described that simplify the
way basic melodies can be played using inexpensive piezo buzzers.
Finally you got a sneak peek at the programming behind Fast PWM
to generate 1-bit sound.

All code chunks and tools discussed here are packed into a ZIP file
[4], including properly formatted sound files for you to try all the
examples. | also created a new tool for the Arduino IDE that will
help you with the importing of short WAVE files into Arduino’s pro-
gram memory. The tool enables you to load sounds and play them
back, change their sample rate, play them backwards or scratch
the sound. In terms of hardware, you connect your loudspeaker as
shown in Figure 6.

But don’t stop here! There is a lot to explore — for instance using
pin 3 in parallel with pin 11 to produce stereo sound. Or create 8-bit
synthesizers with the ability of mixing four sound lines on a single
channel. What about transforming your Arduino board into a MIDI
activated soundcard?

Happy hacking. See you in a month.
(120427)
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‘Spoon’ soldering

By Thijs Beckers (Elektor Editorial & Labs)

Soldering SMD ICs seems to scare off many inexperienced elec-
tronics fans, despite efforts by ‘old hands’ and other experts to
lift the jinx. “It’s just too small”, “I don’t have the right tools”,
“They’re all in mum’s hoover” et cetera. | refute those argu-
ments. Here’s another ‘trick’ to solder small pitch ICs.

As you can see in the photographs, this particular IC doesn’t
come in the smallest of packages — it’s an SN20086APF chip
from Sonix in an 48-pin LQFP package on a rather ancient mem-
ory stick with 128 MB of storage. However with its 0.5 mm pitch
(distance between pins) it’s perfect for demonstrating another
way of soldering this type of component.

Here, | am hoping to introduce you to a method of soldering an
LFQP IC using a relatively large solder tip. First of all, make sure
the ICis positioned correctly and secured in its place, for exam-
ple by soldering two opposite pins. Next, apply a little solder

flux along the pins. Now use a chisel type solder tip —a ‘spoon’
tip — with a little solder in its ‘bowl’ and slowly move the tip
along the pins to be soldered — bowl up, and angled at about
30 degrees, see the photographs. Enjoy watching the surplus
solder in the bowl at the tip flowing to the pins and solder pads,
joining them ever so neatly.

Sure, some practicing will be needed, but it’s not too diffi-
cult. After a few try-outs you quickly arrive at the right speed
of movement and amount of solder to apply and you’ll be off
looking for more small ICs waiting to be by secured on a board
‘spoon-feed’ soldering.

Ah, you’re not into SMT soldering at all and think 0.5 mm pitch
is too ambitious as a first attempt? Try our simple electrosmog
detector kit, the TAPIR, with a few SMDs only. It’s a fun proj-
ect with lots of documentation available on line: www.elektor.
com/120354.

(120234)

USB: current unlimited!?

By Raymond Vermeulen (Elektor Labs)

After working on a number of USB-related projects it occurred to
me something odd was happening with the power supplied to a
connected USB device. | started to doubt the consensus that a
USB host device limits the supplied maximum current to 100 mA
and only after a connected device identifies itself as being a high-
power device, this limit would be upped to 500 mA.

Using the recently published USB power meter (‘I’'ve got the
USB Power’, July & August 2012) and a simple dummy load con-
sisting of two 22 ohm/[10 watt resistors in parallel | ran some
measurements on several USB connections available on PCs in
the Elektor Labs. All measurements led to the same conclusion:
apparently there is no power limiting — at least not to 100 mA!
Let’s assume that no current limit is applied in the case of USB con-
nections not featuring data communication — after all, resistors
aren’t terribly ‘communicative’. To disprove the assumption, | con-
nected a device (project with an ATmega32U4, to be published
soon) that negotiates specifically being a low power device, need-
ing only 100 mA and connecting a load (resistor) in parallel on the
USB bus power lines. Again, the full 500 mA were still available!?
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From these observations | can only conclude that modern PCs
and laptops always offer the full 500 mA current capacity on
their USB buses. | suspect the 100 mA limit originates from the
early USB days in the nineties, and that recently there is no rea-
son for limiting the maximum available current anymore, pos-
sibly due to the general availability of more potent components.
If anyone has information on this or a better explanation
of the phenomenon, please write to us (preferred e-mail:
r.vermeulen@elektor.nl) so we can enlighten ourselves and the
community with unlimited knowledge.

(120436)
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GPIO access on Elektor Linux board

By Francois-Xavier Maurille (Elektor Labs Intern)

At some point during the development of a musical project
based on the Elektor Linux board | found that an SPI DAC was
called for. It turned out | needed to work with 24-bit words,
but the SPI hardware interface inside the chip wasn’t capable
of processing data in that format.
Consequently the chip select (CS)
output had to be realized with a GPIO
pin, which proved to be tough to
implement in the operating system:
the response time after a command
was given was far from insignificant
due to the complex and busy exchange
between the application and the
hardware.

The illustration shows the results of
my attempts of speeding up the CS
sequence ‘1010’. In my first attempts
| used the Linux file system and its
fprintf C function. CH2 shows the results of the command
fprintf(“/sys/class/gpio/gpiol1/value”, “%d”, state).
A minimum response time of 90 us was feasible, which was far
too slow for my application.

Next | tried to access the GPIO pin using the echo system
command. CH1 shows the output signal after the command
system(“echo 1 > /sys/class/gpio/gpiol1/value”) was
given. This didn’t speed things up either. In fact, it was even

slower than my first attempt: about 200 ms elapsed before the
CS output changed state.

Then | tried to access the microcontroller’s GPIO registers
directly. This is much more difficult than using the file system,
but it sure proved a lot faster. Thanks to guidance on http://
forum.gnublin.org | was able to
implement a few functions to set
and reset GPIO pins using a pointer
and offsets on the IOCONFIG register
address (given by mmap()) to access
the MODEXx registers. Signal CH3
describes the output after the
command x(unsigned int *)(ptr
+ GPIO_OFFSET + GPIO_MODE®Q) = 1
<< nGPIO;. This command resulted
in a response time of (about) 700 ns,
which was more to my liking.

Some observations:

- Pay attention: The 4th MODEX bit is
used for GPIO4, while the 5th MODEXx
bit defines GPIO11 (CS) as set/reset pin (and not GPIO5).

- With your Linux Board you’ll be able to ‘work in the future’,
when the internal date of the board is not in sync with your PC’s
internal date. | received the following warning while working
with the board: "make: Warning: File ‘GPIO.c’ has modification
time 52 s in the future”.

- 500msfdiv
{_

T

(120457)

SD Card Correction Script

By Francois-Xavier Maurille (Elektor Labs Intern)

The popular Elektor Linux Board (article series started in the
May 2012 edition) provides an easy way for starters to engage
in a Linux environment. Albeit the hardware is working fine,
there might be a complication with the software. Those of you
already using the Elektor Linux board may have experienced the
odd problem with an SD Card appearing to be corrupted. The
notice “EXT2-fs (mmcblk@p1): error: ext2_lookup: deleted
inode referenced: 694962” might pop up.

An easy instruction is given in this month’s edition explaining
how to fix this error. But if you’re too lazy to copy-paste the
instructions, or if you are not sure how to proceed, you may
download a little piece of software that does it all for you. It’s
a small bash script | wrote, meant to be run on a Linux PC. It
runs exactly the same commands as described in the article
inset. With one exception: they are run automatically. The
script looks for the corrupted device name using the grep and
sed commands, unmounts the device and runs the e2fsck
command.

44

This script is able to correct your SD Card in a very
straightforward manner. You just need to follow the on-screen
instructions, and answering by pressing ‘Enter’ or ‘y’. These are
the concise instructions:

After downloading the bash script from [1], browse to the
directory where you stored the file, and unpack it (right-click
on it and select Extract Here). Before the first run, the script has
to be made executable. Start a terminal session, browse to the
script’s directory and enter the following line in the terminal
window: sudo chmod 777 correctSD.sh. Now you should be able
to execute the bash script from within the terminal (enter ./
correctSD.sh) and let it take care of the corrupted SD card.
A small additional README text file provides some extra
information on the correct procedure.

This is of course not an excuse to press the RESET button on the
board all the time...

(120443)

Internet Link
[1] www.elektor.com/[120026
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Home

Project Proposals

This page lists all the new project proposals and project ideas that have not been promaoted
to In Progress yet. Promotion of a project depends on its popularity, originality or
usefulness.

Create a new project or submit an idea now!

Get help, feedback & votes from other visitors, and maybe your project will be promoted
teol

Before you know
it you too are
Elektorized!

Vote for the prajects you like! The more votes a project collects

the higher the chances that it gets promoted to In Progress.

Elektor Labs has been expanded and now you too can get
involved in the development of your favourite magazine’s proj-
ects. In fact we encourage you to join the international Elektor
community — show and discuss your own ideas and develop-
ments out there and see what Elektor Labs is working on. If your
project is worth its salt it may get elected for developing into a
real Elektor Project!

Fresh project ideas, circuit sketches and other e-doodling gets
entered in the Proposals section. The most interesting or appeal-
ing ones are picked up by our lab team and developed into a
project (and matching article) of the kind Elektor is famous for.
And the fame is yours too.

Take a look at the Switched 7905 Replacement in the In Progress
section. Publication of this project is due in the October 2012
edition of Elektor; on our Projects website you can get a sneak
preview of the project and actually follow some of the design-
er’s steps as he progresses with the design.

The section called Finished contains wrapped up projects,
like Platino and the Improved Radiation Meter. Of course this
doesn’t mean the end of a project...

(120484)

Please note: Read-only access to our Elektor Projects website is
free for everyone, but only Elektor Plus members can actively par-
ticipate. If you are an Elektor Plus member, use your Elektor Plus
credentials to enter Elektor Projects. If you don’t remember your
password, you can request a reminder using the email address you
registered for your Plus membership.
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This page lists all projects currently under active development and not yet (completely)
finished. Prajects on this list may get support from the Elektor team and even make it to
print in Elektor Magazine and/or become a ready-made product in the shop. That's right,

you can moke money from your project!
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er having designed a switched
7805 replacement, my editor u
suggested that I should make a matching negative
variant, a switched 7905 replacement. 1 knew that .
tonverting a pasitive DC voltage to a negative DC was
possible, but 1 had never heard of a switched negative
o negative DC convertor. 5o after a bit of research [
found a topology called "Negative Buck Convertor” in
an ald Natkonal Semiconductor application note. It abuses an asynchronous bogst convertor
1o convert a low negative DC voltage to 2 higher negative DC veitage. Just like an 7905,
And I did manage to keep the PCB dimensions in check, as can be seen in the photo.

It is all a bit experimental, so what the final specs will be is sill unknown, But T aim for 2n
input is low as -18Y which can still output 0,84 at -5V,

Update:
I assembled it and tested it with a light load and it works!!! -12V in, -5V out.
I've still got some tests to do. I will keep you posted,

Updatal:
I did some tests with different input votages, -17V till -8V works but higher than that gives
incorrect output valtages.

Home News Proposals =% In Progress s | al|o:-

Home

Finished Projects

The projects on this page are no longer actively developed because they are either finished
or have reached a dead-end. Finished projects may still be updated on eccasions when a
bug is found, a component has turned obsolete or an improvement was added. Some of
these projeds have beea published in Elektor Magazine, some have produdts for sale in
the onfine Elektor Shop.
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Home = Projects

Platino - Versatile Board for AVR
Microcontrollers

J +1 [ share W Tweet «SVindikk

Behind every great circuit
there's a great PCB

The name Platino is a playful reference ta the French
and German werd "Platine’ meaning 'circuit board', with

a slight wink at*Arduina®, The goal of this project was to design a PCB that would be useful
for many MCU applications that may need an LCD and/or push-Buttens and that can be
easily programmed using WinAVR, AVR studio, BASCOM, Mikro-C or Arduino. The

dim of the board are adapted to a standard Bopla enclosure 5o it is easy to finalise a
project properiy.

Plating supports maost 28-pin and 40-pin DIP B-bit AVR microcantroliers (ATmegas, 16, 32,
48; B3, 164, 168, 324, 328, 644 B 1284). It has extension connectors compatible with
Arduing shields and when equiped with the right AVR (ATmega 168 or ATmegal28 for

instance] it is fully compatible with Arduino programs (sketches) too. It also has extension

eannnctors enmaoatihles with aratotvos baards
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Plug-o-(d)rama
By Thijs Beckers (Elektor Editorial & Labs)

In this year’s March edition you got a glimpse of an unsys-
tematic selection of old connectors from Managing Editor Jan
Buiting’s private collection of vintage electronics. The page
triggered numerous responses from our readers, which were
gratefully appreciated. Many readers managed to provide
descriptions and images of their oldest and most peculiar con-
nectors, many of which we think are worth showing. So here’s
arandom selection of pictures received, with their descriptions.

The first collection
shows Dr. Klaus
Rohwer’s set of
Hirschmann plugs,
some of which prob-
ably date back to the
1950s. The first four
are power plugs,
the big one is des-
ignated as ‘UPO’ —
Unidentified Plug Object. We suspect it’s for a telex machine;
one of my fellow lab workers thinks he’s seen something simi-
lar on an old telephone switchboard in a former military com-
mand center.

This second set of connectors shows various audio plugs once
used at the Westdeutscher Rundfunk KéIn. Elektor reader W.

Richter used to play around with
these starting from the 1950s.
Various adapter plugs were also
constructed to be able to link different connector plugs. Says
Mr. Richter: “the only adapter we didn’t construct was from
Lemosa to Gardena.”

This plug and socket belong to a ‘Pansanitor’ machine, which
dates back to 1928 (see also this month’s Retronics article).
According to proud
owner, Mr. Butte
from Germany,
these original con-
nectors are made
of glazed porcelain.
They are probably
the oldest plugs
of which we have
received photo-
graphs so far.
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This little collection was pictured by W. Haas. We start with an
‘LMK’ radio antenna connector in the upper left corner, which
has one horizontal and one vertical oriented prong. Next to it is
a 240-ohm VHF antenna connector for balanced-feeder cable.
Then two white symmetrical VHF Band 1l 240-ohm plugs with
horizontal prongs. Next to those are two red, symmetrical 240-
ohm connectors for UHF band IV/V with vertical prongs. The
bottom right connector is a plug with cubed prongs, suitable
for VHF and UHF. The rest of the connectors pictured are various
adapter plugs, from banana to single pin; the blue one suited
with a wire insert and fastening screw.

P. van de Meerendonk from The Netherlands sent us, among
others, this picture of another ‘UPQ’. It looks like a tube socket,
butit’s not. As far as we could see, it is some sort of octal-style
plug made from Bakelite. Application unknown.

We received many more photographs and even some descrip-
tions of older connectors (without photographs). We even trig-
gered some remarks on our descriptions. General consensus on
connector #10 in the original Plug-o-(d)rama article is a bal-
anced 240-ohm antenna connector for radio, suitable for 3 and
4 mm holes; 3 mm
supposedly used for
VHF and UHF fre-
quencies, 4 mm for
VHF FM radio.

Connector #11
would be the chron-
ological successor
of #10. This polar-
ized connector
offers connections for an AM ‘antenna’ (vertical) and ‘ground’
(horizontal).

Suggestions came in that plugs #6 weren’t used for loud-
speaker connections unless they where the Bakelite version;
high impedance loudspeakers were often directly connected
to the anode, which could lead to dangerously high voltages
on the cables and connectors.

(120303)
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Let’s start at the end: the Pitot tube, the
detector, and the display.

Pitot tube anemometer

The pressure created by a fluid moving
around a solid is a function of its speed. The
Pitot tube (see inset) exploits this principle
for measuring the dynamic pressure of a
fluid. Since June 2009, when the Air France
Rio to Paris flight crashed over the Atlantic,
everyone is now aware that Pitot tubes are
used on aircraft.

Now our Pitot tube anemometer here isn’t
of course designed for aeronautical use, but
itis nonetheless suitable for air speeds up to
200 km/h (125 mph), i.e. a pressure differ-
ence of 1,882 Pa at the tube outlet (see the
Excel spreadsheet available from [3]).

Without making a habit of it, we’re going to
start by doing some soldering even before
we take a closer look at the electronics I'm
suggesting. To make our Pitot tube (Fig-
ure 1), drill four holes about 0.8 mm diam-
eter peripherally around the middle of an
8 cm length of 5 mm diameter brass tube,
as used in modelling. Flatten one of the
ends a bit, just enough to be able to insert
two 2.5 mm diameter brass tubes. To avoid

ual Hot-wire Anemometer

The slightest air leak in the shell of a building and poor adjustment of its ventilation
will ruin the costly efforts made to insulate it. If your home is fitted with a dual-
flow ventilation system with heat exchanger, but the sight of your heating bill sets
you shivering; if you’re suffering from noise pollution; if you’re worried about the
balance between fresh air input and extraction of humidity and pollutants — then

try tracking down the north wind and other unwelcome air currents.

it’s getting blocked when you solder it,
have the longer tube that passes all the way
through the main tube protrude by at least
1 cm at the far end. For the soldering, using
a plumber’s blowlamp and flux paste, make
sure you keep the pre-assembled Pitot tube
vertical. Solder just the bottom end, to
avoid the solder running down into the tube
by gravity. Now turn the whole thing upside
down to solder the other end. It is vital that
these two ends are soldered in such a way
as to completely close the gaps between the
small tubes and the main tube, otherwise
the static pressure measurement will be
affected by the dynamic pressure.

To finish off, cut off the excess inner tube at
the front end of the probe — and there you
have your Pitot tube.

Pressure and accuracy

For low pressures, the data sheet for the
pressure detector chosen, the MP3V5004G
from Freescale, gives an accuracy of 1.5 %
of the output voltage at 2[5 FSD, i.e.
27 mV for around 30 km/h. This accuracy
depends on the temperature, the linearity
of the detector, hysteresis phenomena,
and mechanical stresses. Unfortunately,
the most interesting parameter, the ran-
dom output deviation at low pressures, is
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for tracking down draughts, adjusting a dual-flow ventila-
tion system, or just for experimenting

not specified. So the data sheet does not
enable us to deduce the behavior at low
pressures (i.e. at low speed). Fortunately,
in practice we’ve found that if all mechan-
ical stresses are eliminated and we allow
the detector to stabilize, the random out-
put deviation is only of the order of a mil-
livolt or so. This is reasonable enough for
measuring speeds above 15 km/h.

Standard precaution: it is vital to power the
pressure detector from a separate 3.3V
rail, as any noise on its supply shows up on
the output signal. This 3.3 V rail will also
be the reference voltage for the separate
ADC used to convert the detector output
to a digital value. In this way, the analog
measuring circuit is totally separate from
the rest of the circuit.

For precision of the order of a millivolt,
we need at least a 12-bit ADC. | chose the
ADS1100, a 16-bit ADC with I12C interface
that provides eight samples per second. To
improve stability, we’ll be using the aver-
age of five samples per measurement, i.e.
one measurement roughly every % sec-
ond. If necessary, to improve speed, the
conversion could be limited to 14 bits. The
ADC’s 12C address is hard-coded on the
chip. I chose the label ADO with the address
b01001000. Other addresses are possible
by modifying the adc.h file and recompiling.

To make it easier to re-use it in other appli-
cations (modelling, level measurement,
and so on), the detector is a self-contained
module (Figures 2a & 2b). A solder bridge
between pads 2 and 3 on S|1 connects the
12C bus pull-up resistors to the 5 V rail. To
use 3.3V, you need to make the bridge
between pads 1 and 2 instead. Don’t forget
the via underneath the pressure detector;
use fine wire, very discreetly, and flatten out
the solder while it is still hot.

dsPIC for the display

For displaying the speed, I've recycled a
good old general-purpose board (Figure 3)
fitted with a dsPIC30F4011, developed for
another project. It has the advantage of
having a serial port, a liquid crystal display,
connectivity, and can be powered via an
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Figure 1. Used in conjunction with the pressure detector and the converter in Figure 2, this
home-made Pitot tube will allow the dual hot-wire anemometer (Figure 6) to be calibrated.
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Figure 2a. Along with the Pitot tube, this pressure detector, the pressure/voltage
converter, and the display (Figures 3 & 4) form an easily-calibrated anemometer.

Figure 2b. I've designed this double-sided PCB for the Pitot tube anemometer.
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Figure 3. Circuit diagram of the dsPIC display board for the Pitot tube anemometer.

FTDI TTL-232R-5V USB cable [1] or by an
external 9-12 V PSU. For this article, | built
a second prototype (Figure 4).

The dsPIC program is in two parts. First
of all, it handles the calibration and stor-
age in EEPROM of the reference param-
eters (value from the detector at atmo-
spheric pressure and with the pressure
from a 200 mm column of water). Then, in
normal operation, the program’s primary
loop interrogates the pressure detector,
then calculates and displays the speed.
It also adjusts the reference atmospheric
pressure value when the button is pressed.
For greater portability, the program is writ-
ten using the C compiler from Microchip
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and the code for each peripheral is imple-
mented in a separate file.

Display for the Pitot tube
anemometer

On the double-sided PCB, the display and
push-button are on the solder side. If you
don’t have a through-hole plated PCB, the
dsPIC and the LCD will have to be mounted
using individual pin sockets that can be sol-
dered on both sides of the board. If you're
unsure about doing this, here’s a little tip
for soldering underneath this type of pin
socket. Coat the PCB pads using a flux pen
[2] and insert the contact, leaving it stand-
ing 0.25 mm above the surface of the PCB.
Then apply the soldering iron tip to the

socket, and apply the solder on the other
side of the board in the 0.25 mm gap
between the socket and the copper pad: the
solder will be drawn in by capillary action
(a photo of this operation is available [3]).
In order to insert the LCD into the sockets
we’ve just soldered, it’s best to first mount
it in a male-male socket.

Implementation and
configuration

The MP3V5004G detector is quite noisy,
as it is very sensitive to handling. The sim-
ple fact of connecting a pipe to it and in so
doing applying mechanical strain on the
package will change the value measured. |
recommend using silicone tubing, as used
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for model aircraft hoses, carefully fixing the
tubes solidly so that there are no changes in
the mechanical stresses throughout the life
of the project.

Leave the circuit running for around 10 min-
utes for the MP3V5004DP to stabilize. Then
you can start the calibration (at the tempera-
ture you will later be using the Pitot tube at).

For the calibration, turn the power off and
on again, keeping the button pressed until
the message ‘config mode’ is displayed. The
system leaves the detector around 20 s to
stabilize, then reads the atmospheric pres-
sure value that is going to be used as a ref-
erence. Then the message ‘Put Column
200mm’ will prompt you to connect up a
200 mm column of water (Figure 5).

The next step is to arrange the pipe with
respect to the bottle in such a way that the
air/water boundary in the pipe is exactly
200 mm below the level of the water in the
bottle. Once the column of water has sta-
bilized, the message ‘Push SW when Rdy’
will prompt you to press the button again
to confirm the configuration and store the
parameters in the EEPROM. In operation,
the button can be used to recalibrate the
pressure detector zero. These parameters
are sent via the serial port (38400 baud)
when the circuit is powered up or following
calibration. In operation, the measurements
are sent.

By now, you have your Pitot tube for mea-
suring the air speed. Now let’s move on to
the dual anemometer proper.

Dual hot-wire anemometer

In a sealed building fitted with dual-flow
ventilation, a proper balance between the
incoming and outgoing air flows is essential,
indeed obligatory. This can only improve
the heat-exchanger efficiency, as well as
avoiding problems of over- or under-pres-
sure in the building.

Sadly, in most cases, people make do with
a single balancing when the installation is
first commissioned, and without any mea-
surement, if you please — just by adding
together the theoretical flow-rates for the
various inlets and outlets. Now over time,
any ventilation system goes out of balance,

elektor 09-2012

TEST & MEASUREMENT

Figure 4. The second prototype for my Pitot tube anemometer.

as the supply and extract filters get blocked
to a different extent. This is especially true
where the external air inlet filter is a pol-
len filter and the extract filter is an ordinary
one.

As the diameter of the ducts is the same for
both supply and extract, all we have to do
to find out the flow-rate is to measure the
average speeds. It is then possible to bal-
ance the flow-rates simply by adjusting the
motor speeds in the ventilation system’s
configuration menu.

The dual anemometer suggested here (Fig-
ure 6), based on the ‘hot wire’ principle, will
let you perform this adjustment successfully
or track down air leaks. The two anemom-

MP3V5004DP

200mm water column

water-air
connection

110343 - 16

Figure 5. Calibrating the pressure detector.

Figure 6. My prototype for the dual hot-wire anemometer for dual-flow ventilation,
with its two probes and the corresponding displays.
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Figure 7. Circuit diagram of the dual hot-wire anemometer.

eter probes are inserted into the supply and
extract ducts via small holes. My choice of a
100 % analog circuit is justified more by nos-
talgia and the intellectual pleasure of it than
by cost or performance factors. A microcon-
troller would do the job just as well — pos-
sibly better...

Thermistor probes

Our ‘hot wire’ is in fact a 68 Q negative tem-
perature coefficient (NTC) thermistor wired
in a resistive Wheatstone bridge and self-
heated by the current passing through it.

Temperature compensation is achieved in
the second branch by another thermistor,
this time with quite a high value (6,800 Q)
so it will not be heated up by the current
through it. The Wheatstone bridge output
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voltage will reflect the speed of the air cool-
ing the 68 Q thermistor.

The thermistor’s operating point @ 50 °C
and the thermal compensation of the whole
system has been calculated using a little
program [3] written using Mathcad. In addi-
tion to selecting the values for the bridge
bias resistors so as to ensure the 50 °C for
the ‘hot wire’, we also need to select values
forR2, R24 and R10, R23 to ensure the best
possible temperature stability. | did this by
successive approximation in Mathcad.

Op amp IC3A performs air-flow measure-
ment and temperature compensation for
the first anemometer. Its inputs are con-
nected to the Wheatstone bridge formed
by R2, R3, and the 6,800 Q2 and 68 Q therm-
istors (Figure 7). The values of R2 and R3

are chosen such that the bridge is balanced
with just the 68 Q thermistor at 50 °C. If
the 68 Q thermistor is cooled down by a
draught, the Wheatstone bridge becomes
unbalanced and the op amp reacts by vary-
ing the supply to the resistive bridge via T1.
The current in the bridge increases and the
68 Q thermistor returns to its temperature
of 50 °C. Hence the bridge supply voltage
reflects the speed of this draught. Clearly
the same goes for the second anemome-
ter, which uses IC1A. Resistors R17 and R18
are used to maintain sufficient currentin the
68 Q thermistor, while reducing the heating
inT1and T3.

The 68 © and 6,800 Q thermistors can be

seen in the photo of the anemometer probe
at the top of this article. They are connected
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up using fine insulated wire, long enough
to minimize any thermal coupling. For the
probes, | chose to use professional micro-
phone cable that matches the diameter of
the brass tube. The thermistors are fitted
into little pieces of 8 mm diameter brass
tube, with two holes for the air to circulate.
They are each held firmly in place by a little
disc of balsa, as thin as possible to reduce
thermal conduction. You can use a piece of
plastic tubing as a guide to help you insert
the thermistors with their discs (Figure 8).
| fixed the whole lot together by injecting

TEST & MEASUREMENT

Figure 8. Use a piece of plastic tubing to insert the thermistors, the wires,
and the balsa disc into the tube.

preceding stage (IC1A and IC3A) and to feed
the potentiometers (P1 and P5) that define
the overall gain of the circuit.

one in your bathroom! Zero adjustment
is by way of potentiometers P2 and P6,
depending on the input. Put the thermistor
anemometer probes in a closed box to pro-

Tracking down those draughts!

hot-melt glue via a hole near the small piece
of breadboard.

Here, the primary cause of errors is undoubt-
edly the thermal conduction of the wires
connected to the thermistors. Fine adjust-
ment was done by successive approximation
on the prototype by modifying R2 and R10.
The honour of the electronics engineer, sol-
deringiron in hand, is intact.

Two displays

To display the air speed, | decided to use
Velleman LCD voltmeter/display mod-
ules, which are ready-to-use, elegant, and
cheap. However, the downside is that they
are tricky to incorporate into a circuit where
we need to measure a voltage with respect
to the 0 V rail. Their differential input IN-
has to be maintained at least 1 V above the
display’s V- rail. T2 and T4 are wired as a
current source to provide a floating supply
for the voltmeter, allowing their IN- to be
connected to the 0 V rail (GND). As these
voltmeters are fitted with a configurable
input voltage divider, R, will be 100 kQ and
Rg, 10 MQ. A potentiometer is used for fine
adjustment of this divider.

The DC/DC converter IC2 provides the nega-
tive voltage required to produce the supply
for the voltmeters, as well as the negative
voltage for the op amps.

IC1B and IC3B make it possible to compen-
sate for the voltage offset introduced by the

elektor 09-2012

Calibration and conclusion

We now have our double anemometer and
our Pitot tube; all we need to calibrate all
this is a hair-dryer. We’re not going to build
this ourselves - you should be able to find

. .
C1 R16

C8
.
: @” C
[a4
& D2 C10 C4

us$s

tect them from any possibility of draughts.
Next, to calibrate the speed, place the Pitot
tubes and the anemometer probe at the
same height, so they all receive the same
air-flow (Figure 10). Turn the hair-dryer on

Figure 9. The PCB.
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Figure 10. For the calibration, make sure you place the Pitot tube inlet at exactly the same
height as the thermistors, so that the air-flow is the same for both anemometers.

(‘cold’ position). Set P1 and P5 so that the
twin displays indicate the same speed as the
Pitot tube. Tweak the voltmeter gain poten-
tiometers if necessary.

So here you are now, armed with the means
to track down that chilly north wind and
easily balance up your ventilation system.

Ventilating a building represents around
25 % of the energy expenditure. With a lit-
tle experience, preferably on a very windy
day, you’ll find that the north wind’s best
friends are the joins between walls and
window-frames, mainly in the higher parts
of the building and around the roof. But

Pitot tube

dynamic pressure
+ differential
pressure
sensor

fluid
static pressure
> Pitot tube —»
Vb - It
_> _> static pressure

COi i
;P%W = —»| of pressure
T at speed
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Principle for measuring speed using a Pitot tube and a pressure detector.

The Pitot tube is used for measuring the flow speed of a fluid by performing two pressure
measurements. One opening at the end of the tube makes it possible to measure the total
pressure, i.e. the sum of the atmospheric pressure plus the pressure resulting from the flow
of the fluid (static and dynamic pressures). Another opening on the periphery of the tube
makes it possible to measure just the atmospheric pressure (static pressure). From these
two measurements, it is possible to calculate the flow speed of the fluid using this equation:

Ve 2(p,-p)
P

V: speed;
Ps: static pressure

Pt: total pressure
p: density of the fluid

The equation is in exponential form: it will be difficult to measure low speeds because the

pressure variations are very small.
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About the author

Already as a baby, awoken in the middle
of the night by the rumbling of my fa-
ther’s windmills, | had realized that the
north wind and | would never be friends.
As an adolescent, my teachers criticized
me for preferring a soldering iron to a
biro. Only my science teacher thought |
set a good example. | studied as an elec-
tronics engineer, then in management,
and latterly as an energy consultant.

Married, 48, the father of two magnifi-
cent adolescents, and working for Belga-
com, | am now getting my own back and
recruiting allies among Elektor readers
so as to conquer this north wind!

this Mr North Wind also likes your sockets,
switches, skirting-boards, and so on. And he
hates you with your dual anemometer and
your silicone mastic gun!

(110343)

Links

[1] www.ftdichip.com/Products/Cables/US-
BTTLSerial.htm

[2] http://be01.rs-online.com/web/p/
products/2513637/

[3] www.elektor.fr/110343
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AVR Software Defined Radio (5)

By Martin Ossmann (Germany)

The aim of this series of articles

is to show that the popular AVR
microcontrollers are also suitable
for digital signal processing. In
this installment we use a variety

of decoding methods and filters

to convert the signals from various VLF time signal transmitters into

digital data.

In the previous installment [4] we devoted
our attention to the reception of digital
radio signals. Using the digital receiver
described in that installment, we received
signals from time signal transmitters such
as German DCF77 and from weather ser-
vices and decoded the received signals.
Now it’s time to examine a variety of
decoding methods. Along with transmit-
ting and receiving RTTY signals, we dis-
cuss the reception and decoding of signals
from DCF77 in Germany, MSF in the UK and
TDF162 in France. Finally, we describe how
to use a matched filter for bit decoding.
Sadly the author can’t even dream of ever
receiving WWVB at his location, but the
information supplied in this article should
enable Elektor USA readers to develop suit-
able decoding and demodulation algo-
rithms. WWVB transmits at 60 kHz.

Wireless data transmission at

125 kHz

If the level of the DDH signal at your receiver
location (see the previous installment in this
series) is too weak or absent altogether,
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you can build your own test transmitter.
The hardware is exactly the same as for the
DCF test transmitter described in the third
installment [3]. Asimple ferrite antenna and
a variable capacitor form a series-resonant
circuit that is fed from the square-wave out-
put of the signal generator. This arrange-
ment is shown in the photo at start of the
article.

The software for the transmitter is con-
tained in the EXP-SQTX-FM-RTTY-VO1.c file.
After configuring the reception software
in EXP-125kHz-RTTY-RX-V01.c for operation
at 125 kHz, you can start your signal trans-
mission and reception experiments. The
author obtained a range of over 5 m (15 ft)
(even through walls) with this simple sys-
tem. Among other things, this arrangement
could form the basis for a wireless remote
control system.

With the same software, you can also
decode conventional RTTY (‘telex’) signalsin
the amateur radio bands. All that is necessary
for this is to adjust the filters and the timing
to match the transmission parameters. For
testing, you can generate RTTY signals with

suitable PC software such as MMtty (down-
load from [6]) and a sound card.

Decoding DCF77

An oscillogram of the received and demod-
ulated DCF77 signal was shown in Figure 3
of the third installment of this series. Now
let’s see how you can recover the data from
the keying pulses. As the amplitude of the
received signal can vary widely depend-
ing on reception conditions, the first thing
you need to do is to define a threshold level
(as automatically as possible) for decid-
ing whether the instantaneous amplitude
is high or low. For the sake of simplicity,
you could set the threshold level at half the
average signal level. However, this requires
determining the long-term average value. If
we wanted to use a CIC filter to average the
signal, we would need a very large interim
buffer. This is why we use an IIR filter [7]
instead.

IR filtering
The abbreviation IIR stands for ‘infinite
impulse response’. This long impulse
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response (which corresponds to the averag-
ing interval) is obtained by using a recursive
filter. The computation formula for a simple
IR filter is:

Vi = axic*+ (1-0a) yi

Here y, is the output sample series, x is the
input sample series, and a is a number less
than 1 but close to 1. The new sample y;.
is the averaged sum of the previous sample
and the new input sample.

In this formula the factors a and (1 - a) are
normally numbers less than 1. This makes
it tempting to use floating-point operations
to compute the filter, but that would be
much to complicated. In our implementa-
tion (see Listing 1) the filter coefficients are
represented as fractions, with the denomi-
nator (65,536) being a power of 2.

Here a= (65536 - 50) | 65536 =0.999237..
.»and (1 - a)is accordingly 0.000763... The
computations are performed using 32-bit
integer numbers. The compiler coverts
division by 65,526 into simply selecting the
most significant 16 bits, which considerably
speeds up the computation. The result is a
highly efficient IR filter. The output of the
IR filter is the signal in binary form, and the
time of day can be obtained by evaluating
the pulse lengths.

In central Europe and the south-east of
the UK, DCF77 reception with decoding
requires the simple front-end or the uni-
versal receiver, along with the active ferrite
antenna tuned to 77.5 kHz. With the EXP-
DCFdecode-RX-V01.c software loaded in the
receiver microcontroller, you obtain a sec-
onds timer and the signal is output by the
PWM DAC. The signal strength and time of
day are also shown on the LCD module, and
the decoded data is output on the RS232 or
USB port.

Decoding MSF

There are several time signal and standard
frequency transmitters in Europe. One of
them is MSF [8] in Rugby, Great Britain,
which broadcasts at 60 kHz (coinciding
with WWVB in Fort Collins, Colorado, USA).
Its signal is relatively weak at the author’s
place of residence, so a bit more effort is
necessary. The amplitude of the MSF car-
rier wave is keyed at 1-second intervals

elektor 09-2012
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Figure 1. Carrier keying of the Rugby MSF signal.

Listing 1: lIR filter

#define ALPHA 50
#define BETA 65536
int32_t Threshold ;

Threshold=(ALPHA*(int32_t)Amplitude+(BETA-ALPHA)*Threshold)/BETA ;

if (Amplitude>Threshold) {
DCFlevel=0 ;
}

else {
DCFlevel=1 ;

}

|$ O z ’ z!

0,0,1,0,0,0,0,0,0,0....

> Z-1

one sample delay

ap,a1,a2,a3,a4, -

Figure 2. Signal paths in an FIR filter.

(see Figure 1). The carrier is keyed to a low
level for 0.5 s at the start of each minute.
At the start of each subsequent second,
the carrier is initially keyed low for 0.1 s.
The next 0.5 s is the time slot for the A bit.
The A bit is high if the carrier amplitude is
low in this time slot. The following 0.1 s is
the time slot for the B bit. The B bit is also
high if the carrier amplitude is low in this
interval. The A and B bits are used to trans-
mit time data, additional synchronization
data and error detection codes.

Our first attempts to receive the signal
yielded a severely distorted signal, which
could not be adequately filtered by a simple

CIC filter. We therefore needed a better fil-
ter with a cutoff frequency at around 10 kHz
and fairly strong attenuation. Another
requirement for the filter was that it should
not affect the waveform too much. These
characteristics can be achieved with a FIR
filter [9] of sufficient order.

For MSF reception you need the receiver,
the active antenna tuned to 60 kHz, and
the software EXP-RX-MSF60decode-V01.c.
With this arrangement, the signal strength
and time of day are shown on the LCD mod-
ule and the date and time are output on the
serial port. The structure of the fifth-order
FIR filter is shown in Figure 2. The input
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samples pass through a buffer, and the out-

Listing 2: FIR summation put sample is the sum of the samples in the

#define FIRLength 60 buffer weighted by the coefficients k.
All of this is implemented in the C code
prog_int16_t FIRCoeffs [1=( shown in Listing 2. Here again we use fast
112, 3, -17, integer arithmetic followed by division. This
52, . 12} routine filters the signal, which is sampled

at a rate of 250 samples per second. The

computation time (300 ps) is sufficiently

short for a filter order up to 60, since 4 ms

is available for each sample in this case.

Figure 3 shows the impulse response and
FIRcoef=pgm_read_word( FIRCoeffsl + k ) ; frequency response of the filter. The initial
FIRSum += (int32_t)FIRcoef*(int32_t)FIRBuffer[j] ; cutoff frequency is approximately 8 kHz,
j*+ ; if (j==FIRLength) { j=0 ; 3} and the attenuation above 15 kHz is around
} 50dB.

return FIRSum/0x10000L ;

FIRSUm=0 ;
j=FIRPointer ;
for (k=0 ; k<FIRLength ; k++ ) {

Figure 4 shows the demodulated and fil-

tered MSF signal (yellow trace). The min-

utes pulse with a duration of 0.5 s can be

seen near the middle of the image. A pulse

with A =1 and B = 0 can be seen two sec-
. onds before the minutes pulse, and a pulse
. with A =0 and B = 1 can be seen after the
n Frequency response minutes pulse. This is followed by several
. 10 Hasd Impuls response pulses with A=0and B = 0. A trace with a
sawtooth waveform is visible below the yel-
low trace. This signal can be used to keep
track of the timing.

The waveforms are shown in more detail in
Figure 5. The software has a variable called
SecondTimer, which recurrently counts
from 0 to 250 at a rate of 250 Hz. This clock
rate is the same as the sampling rate of the
demodulated signal. SecondTimer is reset
when the minutes pulse is detected, so it
always starts counting from the start of
a second. The SecondTimer count state is
output by one of the PWM DACs. The three
blue spikes show where the software evalu-
ates the received signal. This is where the
values of the A and B bits are determined.
After all the bits have been collected, they
are evaluated and the time data is output
to the LCD module and on the RS232 port.
Listing 3 shows an example of the output
data.

Decoding France Inter (TDF)

France Inter (TDF) also broadcasts time

data using a phase-modulated carrier.

Figure 4. Demodulated and filtered MSF Figure 5. The three spikes show where the ~ The signal waveforms for the low and high
signal and blue timing trace. signal is evaluated. states are shown in Figure 6. The data in
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Listing 3: Example data from the MSF transmitter

<200000000000000000010000000110010000010001110001001011111103>
<200000000000000000010000000110010000010001110010000011113103>
<200000000000000000010000000110010000010001110010001011111103>

this signal is coded in the same way as
the DCF77 signal. However, we encoun-
ter a new problem with the decoding. The
time code bit is transmitted at the start
of each second, but this is followed by a
lot of phase-modulated data that is used
for internal purposes. This means that the
receiver must first determine the exact
position of the seconds pulse. There is a
long modulation gap before the seconds
pulse for the null second, since the pulse
for the 59th second is mission. Once the
receiver has detected this gap, it looks
for the next peak in the phase waveform
(see Figure 6). This peak marks the exact
position of the desired seconds pulse. At
exactly one-second intervals from this
point onward, the receiver checks whether
the received signal indicatesa 1 ora 0.

A matched filter with CIC

If you want to evaluate the phase directly,
you don’t want to have any phase drift. Con-
sequently, you need to use a PLL to stabi-
lize the phase of the signal. However, this
is a bit complicated and control loops are
not always stable, so a different approach
is better. Instead of evaluating the phase,
we evaluate the frequency. The frequency
can be obtained from the phase by differ-
entiating successive samples and filtering
the resulting samples with a CIC low-pass
filter to clean up the waveform. To deter-
mine whether a 0 or a 1 has been transmit-
ted, we check whether the waveform cor-
responding to a 1 has been received at the
right time. If it has not, we conclude that a
0 has been received.

This leaves us with the question of how to
determine whether the signal waveform we
are looking for has actually been received.
A matched filter is often used for this pur-
pose in telecom engineering. The impulse
response of such a filter exactly matches
the desired waveform (although it is mir-
rored in time). Our 0 waveform consists of
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Figure 6. TDF162 signal waveforms.

a combination of three rectangular pulses.
This makes it fairly easy to implement a
matched filter in the form of a CIC filter,
since the impulse response of such a filter
— the response to a single 1 at the input —
is naturally a single rectangular pulse, as
described in [4].

The filter is shown schematically in Fig-
ure 7. Here the signal is sampled at a rate
of 500 samples per second. The first pulse
has a length of 25 ms and therefore cor-
responds to twelve samples. The second
pulse has a length of 50 ms and corre-

~

sponds to 25 samples. The final pulse, like
the first one, has a length of 25 ms. These
pulse lengths translate directly into the
required delay stages. This filter is ideal for
detecting the 0 waveform. As the 1 wave-
form is similar to the 0 waveform (consist-
ing of two successive 0 waveforms), we
can use the same filter and simply check
the output 50 ms later. This is exactly the
strategy that is used in the receiver.

The oscillograms (Figures 8 and 9) show
the corresponding waveforms. The yel-
low trace shows the state of the timer that

Multi-Comb-Filter

Z-12

Z-25

+1

bAL +

Integrator

Figure 7. A matched filterimplemented as a CIC filter.
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Figure 8. The output signal of the matched
filter when a 0 is received.

detects the gap for the 59th second. The
input signal is sampled at the points where
there is a sudden change in the yellow sig-

Listing 4: Example data from TDF162
TDF 162

000111000000000000101100110010001001111010110010000000100000:
000011000000000000101000001010001001111010110010000000100000:
000011000000000000101100001000001001111010110010000000100000:
000011000000000000101010001000001001111010110010000000100000:
000111000000000000101110001010001001111010110010000000100000:

Internet Links
[1
[2
3
[
[

www.elektor.com/100180

www.elektor.com/100181

4
5

] /
] /
] www.elektor.com/100182
] www.elektor.com/120088
] /

www.elektor.com/120089

Figure 9. The output signal of the matched
filterwhen a 1 is received.

nal, which is exactly where the peaks occur
in the received signal.
The zeros and ones are stored in an array.

After the final bit is received, the data in this
array is decoded and displayed on the LCD
module. It is also output at the same time
on the serial port at 19,200 baud. Listing 4
shows an example of the received data.

The final installment of this series will
appear in the next edition. In that install-
ment we will look at bit clock synchroniza-
tion and describe the ‘early late gate syn-
chronizer’, among other things.

Finally, we will decode the signal from the
BBC198 Droitwich transmitter and get
acquainted with several other decoding
methods.

(120089)

08:19 17.02 WEDNESDAY 2010 p00o
08:20 17.02 WEDNESDAY 2010 p00o
08:21 17.02 WEDNESDAY 2010 p00o
08:22 17.02 WEDNESDAY 2010 p00o
08:23 17.02 WEDNESDAY 2010 p00o

[6] http:/[hamsoft.ca/pages/mmtty.php

[7] www.dspguru.com/dsp/fags/iir/basics

[8] www.npl.co.uk/science-technology/time-frequency/time/
products-and-services/msf-radio-time-signal

[9] www.dspguru.com/dsp/fags/fir/basics

Elektor Products & Support

« Signal generator (kit with PCB and all components, 100180-71)
* Universal Receiver (kit with PCB and all components, 100181-71)

* Active ferrite antenna (kit with PCB and all components,
100182-71)
» Combo kit with all three component kits plus BOB FT232 USB to
TTL converter: 100182-72
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110553-91

¢ BOB FT232 USB to TTL converter, fully assembled and tested:

* Free software download (hex files and source code)

All products and downloads are available on the web page for this

article: www.elektor.com/120089
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FUNDAMENTALS

Electronics for Starters (7)

In the previous installment we worked with static flip-flops and Schmitt triggers. Now things get a bit

more dynamic, with capacitors providing the necessary feedback. You will see LEDs blinking and flashing

against an audio backdrop provided by signal generators. After all, making things blink and beep is one of

the main functions of electronics.

By Burkhard Kainka (Germany)

A bistable circuit that automatically and
continually switches states without any out-
side influence is called a multivibrator or an
astable multivibrator. Figure 1 shows an
example of an astable multivibrator circuit,
and as you can see right away, in this cir-
cuit the feedback is provided capacitors. If
you use electrolytic capacitors for this, you
must pay attention to the polarity because
the voltage on the associated collector is
(on average) higher than the voltage on
the opposite base. The circuit remains in a
stable state only as long as it takes for the
capacitors to be charged or discharged.
After this the circuit flips to the opposite
state and the process starts again.

A practical experiment with two 10 uF
capacitors yielded a fairly low LED blink-
ing rate with a period of around 1 second.
You can adjust the toggle rate of the multi-
vibrator over a wide range by changing the
capacitor values. Experiments using rela-
tively small capacitors and capacitors with
differing values are also worthwhile. With
a pair of capacitors having values of 100 pF
and 100 nF, the circuit generates short
flashes of light from one of the two LEDs.
With a pair of 100 nF capacitors it produces
rapidly flickering light.

Simplified multivibrator

The multivibrator circuit can be modified to
operate with just one capacitor. The circuit
basically needs two transistors operating in
common-emitter mode, each acting as an
inverter that changes the phase of its input
signal by 180 degrees. These two stages can
be directly coupled to eliminate one of the
capacitors, as shown in Figure 2.

To ensure reliable oscillation, this circuit
must be dimensioned to have an operat-
ing point in the middle of the character-
istic range in the absence of feedback.
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Otherwise the output transistor would be
either completely cut off or driven fully
on. The overall circuit would therefore not
have enough gain to start oscillating. In
this example, strong negative feedback on
the first transistor (provided by the 10 kQ
resistor between the collector and the base)
yields an operating point in the middle of
the range. However, the feedback via the RC
network is stronger than the negative feed-
back, with the end result that the output
transistor is alternately cut off and driven
into saturation.

It’s a good idea to first put together the cir-
cuit without the feedback capacitor. The
LED should light up dimly because the out-
put transistor is not fully switched on. With
the capacitor fitted, the LED will alternately
be full on or full off. With a 22 pF capaci-
tor, the LED blinks approximately once per
second. The circuit also works with smaller
capacitors, down to a value of 10 nF. As you
reduce the capacitor value, the blinking
gradually changes to rapid flickering. If you
connect an acoustic transducer to the out-
put, you will hear a clacking sound.

Figure 1. Multivibrator circuit.

LED voltage converter

Red LEDs need 1.5 to 2 V, while blue or
white LEDs need as much as 3 to 4 V. This is
usually handled by connecting three batter-
ies in series to provide 4.5 V. A series resistor
is then used to reduce the supply voltage
to the operating voltage. It would be better
to be able to manage with just 1.5V, which
means we need a voltage converter.

The key component here is a small fixed
inductor rated at 1.5 mH. This component
looks like resistor, but it has a small fer-
rite core and a wire coil under the protec
tive lacquer. If you wish, you can also make
your own inductor for this purpose. Around
200 turns on a ferrite rod will do the job.
The circuit shown in Figure 3 is another sim-
ple multivibrator. The current through the
inductor is switched on and off at a high rate.
Here the inductor acts as a magnetic energy
storage device. Each time it is switched off,
it generates an induced voltage that adds to
the battery voltage. The magnitude of this
voltage depends on the connected load. It
adapts automatically to the load, so a white
LED receives a higher voltage than a red
LED. Most voltage converters of this type

Figure 2. Simplified blinker circuit.
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NPN sawtooth signal generator

A sawtooth generator can also be built with a single transistor oper-
ated in a highly unusual manner. Here the NPN transistor is wired the
wrong way round in the circuit, with a positive voltage on the emit-
ter, and the base lead is left open. The voltage on the capacitor grad-
ually rises to approximately 9 V. At this point the transistor suddenly
starts conducting and discharges the capacitor to approximately 7 V.
The data sheet for the transistor doesn’t say anything about this,
and each transistor behaves somewhat differently. It’s worth trying a
variety of transistors in this circuit.

The discharge current pulse is strong enough to drive an LED. This
requires a supply voltage greater than 12 V. The circuit works very
nicely with a pair of nearly exhausted 9 V batteries. The LED keeps
blinking for a long time as it sucks the batteries dry, with a gradually
decreasing blink rate.

When operated this way with an ‘inverted’ voltage between the
emitter and the collector, the transistor has a characteristic curve
with a negative slope, which can easily be measured. The base-emit-
ter junction exhibits the well-known avalanche breakdown effect at
approximately 9 V. At this voltage the high electric field strength in
the thin reverse-biased junction region causes the charge carriers to
move so fast that they dislodge other charge carried from the crystal
lattice. As result the number of charge carriers, and with it the cur-

ELECTRONICS FOR STARTERS

+12V

10k

14444

100n
BC547B

rent, rises very quickly. This is the same as what happensina 9V Ze-
ner diode, but a Zener diode has a positive internal resistance.

There’s another factor involved with an inverted transistor. Here
the emitter and collector switch roles, but due to the essentially
symmetrical structure the transistor also operates in this inverted
condition. The operating principle of a transistor is that some of the
charge carriers that enter the base layer pass through the reverse-
biased junction on the other side. In this case avalanche breakdown
is occurring in the reverse-biased junction region, so there are even
more charge carriers available to dislodge additional charge carries
from the lattice. This results in a self-reinforcing avalanche effect.

also have a rectifier and a smoothing capaci-
tor. Here they are not necessary because the
LED acts as its own rectifier. A pulsating DC
current flows through the LED. The average
value of this current is somewhat less than
the battery current because the voltage is
higher. The overall efficiency of this circuit is
higher than with the usual approach of using
a higher battery voltage and a series resistor.

Audio generator

If we fit our simple multivibrator with a rel-
atively small-value capacitor, it will gener-

10k 100n

1V5

Figure 3. LED voltage converter.

elektor 09-2012

ate asignal in the audio frequency range. A
piezoelectric transducer (buzzer or beeper)
connected to this circuit with produce an
audible tone (Figure 4). A piezoelectric
transducer has some of the characteris-
tics of a capacitor and therefore affects the
audio frequency. As a diversion, you can try
a little experiment with this circuit. If you
touch the transducer with your finger or
with a hard object, the tone (frequency) and
the sound level both change. The vibrating
piezoelectric disc generates an AC voltage
that affects the signal generator. To a lesser

Figure 4. Driving a piezoelectric buzzer.

extent, acoustic echoes can also affect the
signal generator.

The frequency can also be modified by
adjusting the value of the resistor in the
feedback path. You could use a potentiom-
eter for this, or you could use a light-depen-
dent resistor (LDR). In the latter case the
audio tone depends on the amount of light
striking the LDR.

With the circuit shown in Figure 5, you can
distinguish not only the brightness of the
light, but also different types of light. Rap-
idly fluctuating artificial light modulates the

@"/
10n |
LDR

Figure 5. An adjustable audio signal
generator.
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100k

Figure 6. Using a multivibrator as a VCO.

frequency of the audio signal. Light from a
fluorescent lamp produces a raspy tome.
Light from a PC monitor also affects the
sound, due to modulation of the audio sig-
nal at the frame rate.

Voltage to frequency converter

You can use a multivibrator to build a volt-
age-controlled oscillator (VCO) as illustrated
in Figure 6. Here both base resistors are
connected to a common voltage input. The
capacitor charging current, and therefore
the oscillator frequency, is directly depen-
dent on the voltage applied to this input.

gol

An adjustable voltage divider can be used
to set the input voltage to any desired value
in order to set the frequency. This circuit can
also be used as an acoustic voltmeter with a
measuring range of 1V to 9 V. Among other
things, this is handy for quickly checking
various batteries.

NPN/PNP flip-flop circuit

You don’t necessarily have to use a pair of
NPN transistors. Figure 7 shows a blinker
with complementary transistors. As in the
previously described circuit, negative feed-
back from the collector to the base of the

Figure 7. A blinker circuit using complementary transistors.

NPN transistor establishes a stable oper-
ating point. The PNP transistor acts as an
emitter follower. A signal with the right
phase for the feedback can be taken from
the resistor in series with its collector.

The impedance of the feedback path of
this circuit is very high. As a result, it has a
period of around 1 second with a feedback
capacitance of just 1 uF.

Energy-saving LED flasher

In shops you sometimes see advertising
signs with a blinking LED that seems to work
forever from a single battery. The circuit

AAAA

15

10k

@I

100k 10k

Figure 8. Low-power LED flasher.
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Figure 9. Sawtooth generator.
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A voltage to frequency converter with the Tiny13

ELECTRONICS FOR STARTERS

The voltage to frequen-

cy converter described +5V
here is really handy

because it can be used

as an acoustic volt-

be downloaded from www.elektor.com/120007.

‘U/f Converter

100n

o N s N s $crystal = 1200000

PB2  PB1 PB0 $hwstack = 8

$swstack = 4
$framesize = 4

ATtiny13

PB3 PB4 GND

meter. Forinstance, a Vi
concert A could mean

that the battery volt- B
age is OK. Your ears are RES
also good at detecting ¢

slow changes. With the
microcontroller you can
implement a converter

ov..5v ™

Dim U As Word
Dim A As Word

-
=
-

with a linear relationship O
between frequency and
input voltage.

M 100n

* Start Adc

Here the ATtiny13 microcontroller operates with a 5 V supply volt-
age, which means that the measuring range of the A/D converter
extends to 5 V. The range is enlarged to 10 V by a high-impedance
voltage divider. A piezoelectric acoustic transducer is connected to
port B4. The software implements a simple direct digital synthesis
(DDS) function with square-wave output. An accumulator A is itera-
tively incremented by the input sample value until the most signifi-

cant bit flips, at which point the state of the output signal is toggled.

Ddrb.4 =1

Do
U = Getadc(3)
A=A+U

A = A And &HOFFF
If A >= &H0800 Then

Here the accumulator has a width of 12 bits. At the highest input

voltage the output state changes every four measurement intervals,
which yields a frequency of just under 600 Hz. The source code can

shown in Figure 8 is an astable multivibra-
tor with special properties. The 100 uF elec
trolytic capacitor is charged relatively slowly
by a small current and discharged quickly by
a short current pulse through the LED. This
also generates the necessary voltage boost,
since 1.5 Visn’t enough for the LED.

This circuit is optimized for low-power
operation, which is why the multivibrator
circuit is built with a pair of complemen-
tary transistors (NPN and PNP). This avoids
power losses from control currents. Both
transistors conduct only briefly when the
LED flashes. To ensure stable operating
conditions and reliable oscillation, there
is an additional stage with direct-coupled
negative feedback. Here again the circuit is
designed to work with very high resistance
values to minimize power consumption.
The PNP transistor only conducts during the

elektor 09-2012

Portb.4 =1
Else
Portb.4 = @
End If
Loop
End

very short pulses occurring every couple of
seconds. The output capacitor is charged to
nearly 1.5V between pulses. When the tran-
sistor is switched on, the voltage across the
capacitor adds to the battery voltage. This
produces an open-circuit voltage of nearly
3 V. Ared or green LED with a forward volt-
age of 1.8 Vto 2 V connected to the output
will flash brightly.

You can use the charging current of the
electrolytic capacitor to estimate the cur-
rent consumption. The average voltage
across the pair of charging resistors, each
with a value of 10 kQ, is 1 V. This means
that the average charging current is 50 pA.
Exactly the same amount of charge is addi-
tionally drawn from the battery during the
LED pulse. so the average current is around
100 pA. If you assume a battery capacity of

0...5V 0...600 Hz
$regfile = “attiny13.dat”

Config Adc = Single , Prescaler = Auto

2,000 mAh, the battery should last approxi-
mately 20,000 hours, which is over 2 years.

Sawtooth generator

Sawtooth signals, with their characteris-
tic jagged waveforms, can be generated by
periodically charging a capacitor to a spe-
cific voltage and then discharging it sud-
denly. Thisis illustrated in Figure 9. While the
capacitor is being charged, the PNP transis-
toris cut off and no base current flows to the
two NPN transistors. The discharge level is
set to around 5.1V (4.5V + 0.6 V) by a volt-
age divider consisting of two 10 kQ resis-
tors; above this level the voltage on the base
is 0.6 V lower than the voltage on the emit-
ter. This means that the transistor starts to
conduct when the voltage rises above 5.1V,
and this current is amplified to obtain a hefty
discharge current. This causes the voltage
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FUNDAMENTALS

Quiz

You want to use a simple voltage-controlled multivibrator as an
acoustic voltmeter with an 8-ohm loudspeaker. With a supply volt-
age of 9 V and a corresponding measuring range of 9V, you use

an oscilloscope to check out the circuit. At the moment when one
of the transistors of the multivibrator starts to conduct, the base
voltage of the other transistor drops to -9 V. After this the 10 nF
capacitor is charged by the current through the 100 kQ resistor to
around +0.6 V in approximately 0.65 ms, at which point the circuit
switches states.

1) What is the output frequency
with a measured voltage of +9 V?

Approximately 3.3 kHz

o >

Approximately 330 Hz
C Approximately 770 Hz

2 How does the frequency change when the supply voltage
drops but the measured voltage remains the same?

D The frequency drops.
E The frequency remains the same.
F  The frequencyrises.

3 If you want to increase the volume, what can you change?

G Reduce the value of the 4.7 kQ emitter resistor of the right-hand
transistor.

H Increase the resistor value.
| Replace the emitter resistor by a 100 uF electrolytic capacitor.

If you send us the correct answers, you have a chance of winning a

Minty Geek Electronics 101 Kit.

Send you answer code (composed of a series of three letters corre-
sponding to your selected answers) by e-mail to
basics@elektor.com.

Please enter only the answer code in the Subject line.

The deadline for submitting answers is 30 September 2012.

BC547C

All decisions are final. Employees of the publishing companies forming part of the Elektor Inter-
national Media group of companies and their family member are not eligible to participate.

The correct solution code for the quiz in the May
2012 issue is ‘ADH’. Here are the explanations:

Answer 1:

The BF245 provides a constant current of approximately 10 mA, so
choice A is correct.

Answer 2:

With a higher input voltage the current will rise quickly with a series
resistor, leading to high heat dissipation. By contrast, the FET holds the
current constant, so the dissipation is less. Choice D is correct.

Answer 3:

The electrolytic capacitor buffers the voltage under conditions of rapidly
changing load current and improves regulation at high frequencies.

For example, at 1 kHz the capacitor has an impedance of 1.6 Q, which
reduces the internal impedance of the voltage stabilizer. It makes a no-
ticeable contribution to maintaining the voltage for 1 ms, but not much
longer. Choice H is correct.

to drop to 0.6 V, at which point the transis-
tors are cut off and the next charging cycle
begins. The circuit shown in Figure 9 has
three transistors and is designed for very
slow charging. It produces a sort of metro-
nome signal: tick, tick, tick, ...

This circuit can be simplified somewhat by
omitting the left-hand transistor. In many
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cases the resulting circuit still works prop-
erly, but sometimes there are difficulties
with switching off this ‘DIY SCR’ (see the
previous installment for more informa-
tion). If the charging current is low, the
circuit may get stuck in the on state. This
doesn’t happen with the three-transistor
version, which works reliably over a wide

range of charging currents.

Another simplification is also possible. As

the piezoelectric transducer is effectively

a capacitor, you can omit the electrolytic

capacitor. This converts the otherwise slow

clock generator into a fast audio generator.
(120007)
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HOBBY

Model Aircraft Lighting

This design should gladden the heart of any model aircraft enthusiasts: it is a circuit to control the navigation

lights, landing light, anti collision beacon and wing tip strobes from a spare channel of a model remote

controller. The lights are switched remotely using any spare servo channel on the remote control receiver.

By Werner Ludwig (Germany)

Model servos are controlled by a PWM sig-
nal. The pulse width determines the posi-
tion of the servo output arm. A 1 ms pulse
will drive the arm to one end of its travel
(viewed from above servo fully anticlock-
wise) and a 2 ms pulse drives it to the other
end (fully clockwise).

The servo control pulse output signal from
the receiver plugs into connector K1. The
circuit consists of a pulse-width discrimina-
tor circuit which controls the lights depend-
ing on the length of the pulses from the
transmitter. The pulse-width discrimina-
tor is constructed using four NOR gates.
IC1.A and IC1.B are configured to form a
monostable flip flop which produces an
output ‘reference’ pulse width of 1.5 ms.
This pulse width corresponds to the servo
neutral position. When the input pulse
width is either longer or shorter than this
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reference pulse it will cause an output pulse
from either IC1.C (input pulse longer than
reference pulse turns on landing light plus

all other lights) or from IC1.D (input pulse
shorter than the reference pulse turns on all
lights except landing light). In the quiescent
condition IC1.C and IC1.D will both have a
zero output state. The resistor/capacitor
networks on the outputs of IC1.Cand IC1.D
smooth out the positive pulses to produce a

stable high level which switches either tran-
sistor T1 or T2 on. These driver transistors
will then switch the load. The transistors
used in the author’s prototype version are
capable of switching 2 A, making them suit-
able for driving low voltage filament lamps
as well as LEDs. T1 switches the aircraft
landing light, which is a high efficient white
power LED. Diode D1 at the output of IC1.C
performs a logic ‘OR’ function ensuring that
when the landing light is on all of the other
navigation lights will also be on. These are
shown in the first circuit as the navigation
lights (left = red, right = green and tail light
=white) the white wing tip strobes and the
anti-collision light (ACL beacon). The navi-
gation lights are switched by transistor T2
and the other branch from T2 switches an
earth return to the pulse generator stage to
flash the strobe and ACL beacon. The pulse
generator consists of IC2 (4060) which is a
14-stage binary counter with built-in clock
generator. The circuitry on the output of
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MODEL AIRCRAFT LIGHTING
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this chip provides a four flash output for
the strobe light and a double flash output
for the ACL beacon.

An alternative version of the aircraft light
controller is also included here. This one

circuit this one provides separate signals for
wing tip rear and forward strobes and tail
ACL beacon.

090144 - 11

give a more even light dispersion.

(090144)

Table 1: Circuit diagram
One final tip: LEDs are ideal for this sort of lamp designation

application, compared to filament lamps

. . 1 Landing light
uses a 10-stage decimal counter type 4017  they are physically smaller and much more - g. g -
to provide control signals to switch the  robust, using little energy and have a long 2 | Navigation lights
lights. This type of IC does not have aninter-  life expectancy. They also have quite a nar- 3 | Rearwingtip strobes
nal oscillator so a NE555 timerisincludedto  row beam width which in this application is 4 | Forward wing tip strobes
provide the clock signal. The counter out-  a disadvantage. This can however be rem- 5 | ACL beacon
puts uses transistor logic to gate the correct  edied by lightly abrading the LED front sur- rpr—
pulses to the LEDs. In contrast to the first  face and then painting with clear varnish to 6 | Tailstrobe
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COMPONENT TIPS

AS3935 Lightning Sensor

By Raymond Vermeulen (Elektor Labs)

austriamicrosystems’ new lightning sensor IC measuring just 4x4 mm landed on my desk like a stroke of lightning, thanks to a suggestion from my
colleague Luc Lemmens. If a suitable antenna is connected to the IC, a microcontroller linked to the device via SPI or I2C can calculate the distance
to the edge of a thunderstorm. That’s right — not the distance to the lightning, but instead the distance to the storm front. The range is 5 to 40 km

(approx. 3 to 25 miles).

(120405)

AS3935

The microcontroller connected to the AS3935 can also configure

a lot of settings in the IC. One of the really remarkable features of
the algorithm used in this IC is that it can determine whether the
received signals are man-made or naturally occurring. This means
that you can also use it indoors. What’s more, the noise floor level
can be adjusted in a register to allow the device to be used in a noisy
environment. An interrupt is sent to the microcontroller when the
received noise level rises above the configured noise floor, which al-
lows the microcontroller to raise the noise floor level if necessary.
The gain of the integrated amplifier also has a separate mode for
indoor use. Artificially generated noise can adversely affect the light-
ning detector, so the detection level can also be adjusted in a regis-
ter, although this reduces the detection sensitivity.

The recommended antenna is a loop antenna consisting of a par-
allel-resonant LC circuit with a Q factor of approximately 15 and a
resonant frequency of 500 kHz. As it is rather difficult to make an
antenna that perfectly meets these specifications, the IC has provi-
sions for tuning the antenna. There are register settings that allow
the microcontroller to read out the resonant frequency of the con-
nected antenna using a signal on the IRQ pin with a configurable
division ratio. The microcontroller can tune the antenna circuit by
adding 0 to 120 pF of capacitance in steps of 8 pF. Once the antenna
is properly tuned, the rest of the internal oscillators in the IC can be
calibrated. All interrupts are signalled by setting the IRQ pin high,
and the microcontroller can read a register to determine the specific
cause of each interrupt. It is also possible to configure the IC to sense
a minimum number of discharges in a 15-minute interval if you are
not interested in detecting individual sporadic discharges.

Description ‘ Condition
Supply voltage range EN_VREG =VDD
Supply voltage range EN_VREG = GND
Current in power-down mode VREG = OFF
Current in listening mode VREG = OFF

Current in signal verification mode

Austriamicrosystems AS3935 data sheet: www1.futureelectronics.com/doc/AUSTRIAMICROSYSTEMS/AS3935.pdf

Evaluation kit application note:
http://media.digikey.com/pdf/Data%20Sheets/Austriamicrosystems%20PDFs/AS3935_EvalManual_AN.pdf

As our readers are generally interested in weather-related projects, it
wouldn’t surprise me to see a circuit based on this device appearin a
future issue of Elektor.
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T 3 1
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Retronics BTl

The ‘Pansanitor’ (1928)

By Dipl-Inf Karl-Ludwig Butte (Germany)

Electrical muscle stimulation machines offer relief from aches and
pains, muscle tension, neuralgia and lots of other miscellaneous
ailments, using either low- or high-frequency alternating currents.
Generating these currents is bread-and-butter stuff using modern
semiconductor technology, but how was it done eighty years ago,
in a time when transistors, let alone integrated circuits and micro-
controllers, were not exactly off-the-shelf components? In this ‘Ret-
ronics’ article we take a rare opportunity to examine the practically
forgotten know-how from that period, with the help of an original
example of the ‘Pansanitor’, a muscle stimulation device dating
from 1928.

Muscle stimulation machines: use and operation

“The radiation from high-voltage and high-frequency currents is,
like the high voltages delivered by the electrophorus, believed to
have a soothing effect on the nervous system in general and on sore
nerves in particular.” These words appear in the book High frequen-
cies for the sick and the healthy: a medical companion [1], quoting
Prof Dr Opitz from his Gynaecology Handbook [2].

However, that was not the only application of electrotherapy.
Whether machines like the Pansanitor were used to treat the
metabolism, respiratory organs, or skin and hair, the patient was
soon restored to health (or at least that is what the books’ publish-
ers would have you believe).

Muscle stimulation machines are still used in medicine today, for
example in cases of myaesthenia and circulatory disorders, and in
general pain management. Thermal radiation is used in such cases,
which has a deeper penetration than for example infrared light.

«— _ Pansanifor

) &
v‘ 2 Mod IV

I G . Requlierung
Ersng Hochfrequenz T J

The historical context

The device we are examining dates from 1928, the year in which
Amelia Earhart becomes the first woman to cross the Atlantic, Alex-
ander Fleming discovers penicillin, and Coca-Cola becomes the first
commercial sponsor of an Olympic Games. Just three years earlier
the physicist Julius Edgar Lilienfeld had filed the first patent covering
the principle of operation of the transistor [3].

The basic technology that paved the way for the boom in muscle
stimulation devices was developed by Nicola Tesla in the last years
of the nineteenth century. In 1898 he published his research results
in The Electrical Engineer under the title ‘High frequency oscillators
for electro-therapeutic and other purposes’ [4]. Starting from an
ordinary spark coil, he described, more from the point of view of
an electrical engineer than that of a doctor, how his experimental
devices were constructed and then refined. A spark coil consists sim-
ply of a transformer, a capacitor, a ‘hammer’ interrupter and a spark
gap. For reasons of economy Tesla wired two capacitors in paral-
lel to reduce the potential difference between the secondary-side
connections and so save on materials. This had the disadvantage of
reducing the frequency of the alternating current, which he com-
pensated for by adding a so-called Tesla coil (see figure 4 in [4]).
For electrodes Tesla used evacuated glass bulbs, subsequently filled
with a gas that glowed violet while the machine was in operation.
From this the device came to be known as the ‘violet wand’. The
shape of the glass bulbs was modified to adapt the device to the
particular complaint or bodily part being treated: a selection can
be seenin Figure 1.

Retronics is a monthly section in Elektor magazine covering vintage electronics including legendary Elektor projects. Contributions, suggestions and
requests are welcomed; please send an email to Jan Buiting (editor@elektor.com).
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Description of the Pansanitor

The Pansanitor unit, along with all its accessories including cables,
electrode holders and its wide array of glass electrodes, came in a
handy carrying-case with a plush violet lining (Figure 1). The control
unit for generating the stimulation currents was built into a black
wooden housing, with a plastic ivory-colored top panel carrying the
legends for the two rotary controls and for the connection sockets
(Figure 2). The device’s logo also appears in large letters, of course,
along with the model number. It is interesting to note that there is
no indication as to the manufacturer of the device: | have searched
the internet for such information, but so far without success.

On the left-hand side are four pins in a T-shaped arrangement,
which were used to connect the device to the mains. The middle pin
on the leftis the neutral connection, while the other three allow for
operation from 110 VAC, 150 VAC or 220 VAC. We therefore know
that the manufacturer had an eye to the export market, intending
the unit to be used with different line voltages. It behoved the cus-
tomer to select the right pin for his AC voltage as there was no over-
voltage protection! Indeed, the unit is not even fused. Black plastic
caps were fitted over the unused pins.

The AC power cable on this example has been replaced by the pre-
vious owner, but the original porcelain plugs are still present and in
good condition (Figure 3).

Of the two large black rotary controls the one on the left functions
as an on-off switch while the one on the right controls the intensity
of the device’s output.

The glass electrodes are connected to the two central sockets on the
device using the cables on the electrode holder, which also acts as
a handle (see Figure 4). However, out of concern for my own safety
I have not dared to switch the machine on!

Circuit of the Pansanitor

Figure 5 shows the circuit diagram of the Pansanitor and Figure 6,
the insides of the machine. Coil L1 has two extra taps, to allow for
the various supply voltage options. This means that the whole
device is at mains potential! L1, together with the mechanical con-
tact WH1, forms the hammer interrupter; in conjunction with a cam
on the On-Off switch, this also controls overall power to the unit
(Figure 7). When the main switch is turned and power is applied, a
magnetic field builds up in L1 which attracts the switching contact
WH1. As a result the electrical circuit is broken and the large back
EMF from the coil begins to charge C1. C1 has a capacitance of 25 nF
and is rated (or perhaps it would be better to say ‘was rated’) for
operation at up to 2 kV. Given the antiquity of the component it is
probably best not to rely on that figure anymore!

With the supply voltage interrupted the switching contact WH1
returns to its original position, causing current to flow and the
whole process to start again from the beginning.

The high voltage thus produced is then converted to an even higher
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voltage by the Tesla transformer comprising a primary coil L2 and
a secondary coil L3. L2 consists of two series-connected windings
mounted one above the other (Figure 8). A pair of sprung contacts
between the two windings, which can be moved using the inten-
sity control knob, gives a certain amount of control over the final
voltage produced: the contacts simply act as adjustable taps on the
windings, much like a wirewound potentiometer.

The secondary coil L3 (Figure 4) is located in the handheld part of
the device into which the various glass electrodes are fitted, and is
connected to the main unit using a plug-and-socket arrangement.
L3 has just ten turns using doubled-up conductors (Figure 9).

The whole circuit is mounted on the back of the lid of the unit. In
terms of simplicity and elegance it is hard to beat.

Tesla transformer included!

Just as the microcontroller is the most interesting component in
the modern version of the circuit, so the Tesla coil commands cen-
ter stage in the 1928 Pansanitor. Microcontrollers are now part of
everyday life, and many Elektor readers will be on friendly terms
with them. The Tesla coil, on the other hand, now holds a certain
mystique that will attract any electronics fan. That must originate
not just from the charismatic personality of its inventor, Nikola Tesla,
but also from its best-known incarnation, Wardenclyffe Tower (also
called the ‘Tesla tower’) [5], which was sadly demolished in 1917.

~

<
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Pictures of enormous electrical discharges can easily be found [6].
The chief fascination of the Tesla transformer, however, is the fact
that itis not just the turns ratio between the primary and secondary
windings that is responsible for determining the magnitude of the
voltage produced, but that resonance between the two coils also
plays an important role [7].

(120177)
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*Target Size Compensation for Accuracy
+ Temperature Compensation ($4.95)
*Outputs now include TTL Serial

$3495 (MsrP) f www.MaxBotix.com

5 BP BusBoard www.BusBoard.us
Prototype
Systems BB400T

Many PCE styles
available - ;Fr:l;sd:éa;: rnc:

SB400
Solderable

BreadBoard - Build

/ and Tast

Available from:

JAMECO

amazon com (LASETE

MICROCONTROLLER KITS

LEARN
CREATE
EXPLORE

EX-MORSE-1

Pictured

ATRIA Technolog/es Inc

www.AtriaTechnologies.com

@ BUD Board

BUD is a compact Atmel ATmega640 microcontroller board
with a big extra: when a BOB-4 module is installed, BUD
easily generates complex text and graphics on TV monitors.
INTRODUCTORY PRICING THROUGH JUNE 2012!

www.decadenet.com
||n|| DECADE ENGINEERING
503-743-3194 Turner, OR, USA

LISTEN

TO YOUR MACHINES

Ethernet PLCs for OEMs

- Built-in Ethernet

- MODBUS TCP/IP

- Digital and Analog 1/0s

- PWM/PID/Stepper Control

Tel : 1 877 TRI-PLCS
web : www.tri-plc.com/ek.htm

% TRIANGLE
TR RESEARCH
INTERNATIONAL

TO BOOK YOUR SHOWCASE SPACE
CONTACT STRATEGIC MEDIA MARKETING INC.

Tel. 1-978-281-7708
Fax 1-978-281-7706

Email ElektorUSA@smmarketing.us
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INFOTAINMENT

Hexadoku

If you have the odd minute to spare after reading and doing all that electronics wizardry in this edition, try

solving this Hexadoku served fresh for your amusement. Enter the right numbers or letters A-F in the open

boxes, find the solution in the gray boxes, send it to us and you automatically enter the prize draw for one

of four Elektor Shop vouchers.

The instructions for this puzzle are straightforward. Fully geared to
electronics fans and programmers, the Hexadoku puzzle employs
the hexadecimal range 0 through F. In the diagram composed of
16 x 16 boxes, enter numbers such that all hexadecimal numbers
0 through F (that’s 0-9 and A-F) occur once only in each row, once

Solve Hexadoku and win!

Correct solutions received from the entire Elektor readership automati-
cally enter a prize draw for one Elektor Shop voucher worth $ 125.00*
and three Elektor Shop Vouchers worth $ 60.00* each, which should
encourage all Elektor readers to participate.

*Subject to exchange rate.

in each column and in each of the 4x4 boxes (marked by the thicker
black lines). A number of clues are given in the puzzle and these
determine the start situation. Correct entries received enter a draw
for a main prize and three lesser prizes. All you need to do is send us
the numbers in the gray boxes.

Before October 1, 2012,
send your solution (the numbers in the gray boxes) by email to:

hexadoku@elektor.com

Prize winners
The solution of the June 2012 Hexadoku is: 7924A.

The Elektor $125.00 voucher has been awarded to Thomas Raith (Germany).
The Elektor $60.00 vouchers have been awarded to Reino Anttila (Finland),
Michael Evans (UK), and Nuno Tavares (Portugal).
Congratulations everyone!

cl |9 E] |6 718lcls|B[Flo]1]E[9]3]6]2]D[4]A
7 B|C O AlF|3 5| [3]alelo]|7]9l2]8|c|p|B|4|5]6]F]|1
A6 4 0 7cl |a|plolB|s|e|cle|al2]F|1|0]3]7]8
E 2| '8 3| |p Alel [1]|F|2]elalD|3]a|0]|5]7]8|E|[Cc|9o]B
3 [8l2 TFla] TE[1] A slcle|t|[F[a[D]o]2]7]8]9|3]4]BE
FI3/4 0 '6 B A|E slo|pla|c|B|1]5|3][E|l6|F|o]Al2]7
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'8 | ] | | o | [e[4]o]8]2|c|[F|[Aa|s][B|o|D|6|7]1]3
Fl2 9 A C B 8 6 E D A|3|5|2|D|E|6|B|F|1|0|7|4|8|C|9
E|5/8 2 A4 0|F cl7/1|Flolals|o|6|3]|AalE|[D|B]|5]2
s| [Fl1 6|9 plc| |2 ple[Blol1|5|7|3|8lalc|2]|alE|0]|F
5/c 8 6 F| |4 2| FlslslclololalD|7][6][E[B[1]2]3]4
BlO 3 2 81| |2]1]4|el3|s|B|c|olo|s5|Aa]l7|F|D|6
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The competition is not open to employees of Elektor International Media, its business partners andjor associated publishing houses.
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Fascinated by technology’s impact on
the future?
Check out Tech the Future!

Computing power and global
interconnectivity are pushing tech
innovation into overdrive.

Pioneering technologies and creative
workarounds affect even the couch
potato 24/7. Tech the Future reports
on technology strides that shape

the future — yours included.

www.techthefuture.com

Follow Tech the Future

B ON

Elektor OSPV
Q Open Source Personal Vehicle

Last year we launched the Elektor Wheelie, a self-balancing

Important specifications:

Size: 147.2x18.5x18.5 inch (HXWxD)
Weight: 25Ibs

Maximum load: 200 Ibs

Motaors: DC2 x200 W

Wheels: Polyurethane, 5.5 inch dia.
Drive train: HDT toothed belt

Max. speed: 9.3 mph

Range: 5 miles

—

personal transport device. Our new Elektor OSPV is based
on the same concept, but with the difference that it’s for

A=

indoors, it’s easy to steer, it’s light and foldable and...

it’s open source. You can configure or modify it to suit
The kit comprises two 200-watt DC drive

motors, two 12-V lead-acid AGM batteries,
battery charger, two wheels Polyurethane
5.5inch, casing, control lever and fully
assembled and tested control board with
sensor board.

your wishes! The OSPV is primarily intended for moving
people, but it doesn’t have to be limited to that.

A variety of other uses are conceivable, ranging from an
electric wheelbarrow to a handy motorised shopping cart.
This is where the advantages of the open source approach

come to the fore!

Eektor

Further information, demo video and ordering at www.elektor.com[ospv

Art.#110320-91  $3576:60 $1280.00"

*Incl. VAT, excl. shipping costs




GERARD’S COLUMNS

Fighting Authority

By Gerard Fonte (USA)

“Everybody’s lost but me!” (Indiana Jones and the Last Crusade). It feels
that way when you're disputing a widely held belief. All the books say
you’re wrong. All your superiors say you’re wrong. Your mother thinks
you're right, but she doesn’t understand a word you utter. But you
know you’re correct. Should you give up, give in or fight on?

The Price is Right

Probably the first thing to determine is if the fight is worth the
effort. There are some contests that are a Pyrrhic victory at best.
For example, suppose you are with your boss and a lot of executives
and they’re talking about suicidal ‘Lemming Behavior’. It’s probably
not the best time to lecture all of them that this is just a myth cre-
ated a long time ago by a Walt Disney movie.

You can see why it’s important to look past the immediate situ-
ation to see what is accomplished by swimming upstream. Being
right for the simple sake of inflating your ego is generally a bad idea.
It irritates people and generates bad feelings towards you. On the
other hand, there’s the fairly common situation when some aspect
of safety is being ignored or overlooked. In this case, it’s important
to say something. It’s important to the person at risk (which may be
you). It’s important to your self respect. And it’s important to your
wallet, when the lawyers file their personal injury lawsuit.

Father Knows Best

Okay, that’s pretty straightforward. But what do you do when you
have an idea that contradicts the textbook? How do you contest
a well-known author or engineer or expert? After all, you’re not
an author or expert. You may not even be an engineer. Everybody
believes what is in the book. Why should they believe you?

The first thing to do is to be absolutely sure you fully understand
your own idea as well as the one you disagree with. You have to
become an expert in this area. How was the original idea developed,
what are its assumptions, its implications, its predictions? Compare
that to your concept. Determine what the important differences
between them are and figure out why they are different. This ‘what’
and ‘why’ will be the focus of your argument.

A classic example of this is a Master’s Thesis from 1939. Oscilla-
tors of the time were either very expensive or had high distortion.
Everybody knew that. The fundamental reason was the difficulty in
maintaining precise amplitude control in the feedback loop. This
23 year old student thought he had a better method. He identified
the reason for the distortion problem and created a simple method
to overcome it. It was literally an eureka ‘light bulb’ moment. The
‘what’ was an incandescent lamp used in the feedback loop. The
‘why’ was that the lamp had a large positive temperature coefficient
and stabilized the amplitude. The result was a very pure sine wave
oscillator with a very low manufacturing cost. The student’s name
was Bill Hewlett who co-founded Hewlett/Packard.

Aligning Your Ducks

Extraordinary claims require extraordinary evidence. The simplest
solution is to actually do what you say that can be done. It’s difficult

78

to argue with success. If you place your widget on your

boss’s desk and demonstrate to him that it costs half of the current
design while out-performing it, how can he deny it works?
However, it is important to realize that there are political consider-
ations that may trump technical ones. If your boss was the original
designer, you may have a hard sell. Some institutions have an aver-
sion to evolution. | remember the classic line, “I don’t care if your
idea can save the company a million dollars a year. We aren’t going
to change.” (They aren’t doing so well.)

If you can’t build your idea then you have to seriously collect and
develop alot of supporting evidence. Let’s be realistic, the first thing
someone will do is pull out their old textbook and say Dr. No says
it can’t be done that way. You have to be able to counter that argu-
ment with hard facts and figures. Again the ‘what’ and ‘why’ are
important. Being enthusiastic and waving your arms a lot, will not
convince many people.

Simulations are useful. But a simulation in isolation is probably not
enough. People know that simulations are not the real world and
that they can be adjusted to support any idea. A good simulation is
one that properly illustrates the conventional idea and then shows
how your idea is superior.

Yes, this is a lot of work. But swimming upstream takes energy. Peo-
ple rarely see the benefit of any new idea immediately. People are
doubters. And for good reason. We’ve all been bombarded with
fantastic and revolutionary concepts that just aren’t. Everybody has
ideas that don’t pan out. What makes your idea any different? And
why should anyone listen? There is a tremendous amount of social
inertia that must be overcome when you challenge authority. It’s
absolutely critical that this is understood. You can have a cure for
cancer. But until it’s tested and verified, and re-tested and re-veri-
fied, it won’t be accepted.

That doesn’t mean that you should give up or that your idea isn’t
a good one. Being tenacious is one mark successful people share.
What it means is that the world is not a happy place for unconven-
tional ideas.

The Impossible Truth
Simply because someone in authority says something, does not
make it true. Although, it’s probably true. And, as the authority
grows, the likelihood of it being true increases. But, if you think
you can do better, then give it a try. Innovation comes from chal-
lenging authority. Everyone in authority started out as a student or
hobbyist. Somebody just like you. They achieved their status with
hard work, attention to detail and a proper skepticism of the status
quo. As Arthur Clarke said: “The only way of finding the limits of the
possible is by going beyond them into the impossible.” Or as | put
it, nothing is impossible unless you believe it is.

(120498)
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-Mastering-
Surface Mounted
Technology

LabWorX 2

Mastering Surface
Mounted Technology

This book takes you on a crash course in techniques ,
tips and know-how to successfully introduce Surface
Mounted Technology in your workflow. Even if you are
on a budget you too can jumpstart your designs with
advanced fine pitch parts. Besides explaining metho-
dology and equipment, attention is given to parts
technology and soldering technique. Several projects
introduce you step by step to handling surface moun-
ted parts and the required technique to successfully
build SMT assemblies. Many practical tips and tricks
are disclosed that bring surface mounted technology
into everyone’s reach without breaking the bank.
Approx. 260 pages ¢ ISBN 978-1-907920-12-7
$47.60

A whole year of Elektor magazine

onto a single disk

DVD Elektor 2011

The year volume DVD/CD-ROMs are among the most
popular items in Elektor’s product range. This DVD-
ROM contains all editorial articles published in Vol-
ume 2011 of the English, American, Spanish, Dutch,
French and German editions of Elektor. Using the sup-
plied Adobe Reader program, articles are presented in
the same layout as originally found in the magazine.
An extensive search machine is available to locate key-

Vincent Himpe

LabWorX 2

words in any article. With this DVD you can also pro-
duce hard copy of PCB layouts at printer resolution,
adapt PCB layouts using your favourite graphics pro-
gram, zoom in / out on selected PCB areas and export
circuit diagrams and illustrations to other programs.
ISBN 978-90-5381-276-1 ¢ $37.90

More than 70,000 components

CD Elektor’s

Components Database 6
This CD-ROM gives you easy access to design data
for over 7,800 ICs, more than 35,600 transistors,
FETs, thyristors and triacs, just under 25,000 diodes
and 1,800 optocouplers. The program package con-
sists of eight databanks covering ICs, transistors, di-
odes and optocouplers. A further eleven applications
cover the calculation of, for example, zener diode
series resistors, voltage regulators, voltage dividers
and AMV'’s. All databank applications are fully inter-
active, allowing the user to add, edit and complete
component data.

ISBN 978-90-5381-258-7 ¢ $40.20

Elektor Linux Board

Embedded Linux

Made Easy

Today Linux can be found running on all sorts of de-
vices, even coffee machines. Many electronics enthu-

siasts will be keen to use Linux as the basis of a new
microcontroller project, but the apparent complexity
of the operating system and the high price of de-
velopment boards has been a hurdle. Here Elektor
solves both these problems, with a beginners’ course
accompanied by a compact and inexpensive popula-
ted and tested circuit board. This board includes eve-
rything necessary for a modern embedded project:
a USB interface, an SD card connection and various
other expansion options. It is also easy to hook the
board up to an Ethernet network.

Populated and tested Elektor Linux Board

Art.# 120026-91 » $93.30

A comprehensive and practical
how-to guide

Design your own PC
Visual Processing
and Recognition
System in C#

This book is aimed at Engineers, Scientists and en-
thusiasts with developed programming skills or with
a strong interest in image processing technology on
a PC. Written using Microsoft C# and utilizing ob-
ject-oriented practices, this book is a comprehen-
sive and practical how-to guide. The key focus is on
modern image processing techniques with useful
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and practical application examples to produce high-
quality image processing software. Analysis starts
with a detailed review of the fundamentals of im-
age processing. It progresses to explain and explore
the prac tical uses of two highly sophisticated and
freely downloadable, open source image processing
libraries; AForge.NET and Emgu.CV, utilizing dotnet
technology within the Microsoft Visual Studio envi-
ronment. All code examples used are available - free
of charge - from the Elektor website; you can easily
create and develop your own results to demonstrate
the concepts and techniques explained.

307 pages e ISBN 978-1-907920-09-7

$57.30

Free Software CD-ROM included
Elementary Course
BASCOM-AVR

The Atmel AVR family of microcontrollers are ex-
tremely versatile and widely used. In Elektor maga-
zine we have already published many interesting
applications employing an ATmega or ATtiny micro-
controller. The majority of these projects perform a
particular function. In this book we focus more on the
software aspects. Using lots of practical examples we
show how, using BASCOM, you can quickly get your
own design ideas up and running in silicon.

224 pages ¢ ISBN 978-1-907920-11-0

$56.40

elektor  09-2012
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Ultrasensitive wideband E-smog detector
TAPIR Sniffs it Out!

Attention boy scouts, professionals and grandfathers!
This ultrasensitive wideband E-smog detector offers
you two extra senses to track down noise that’s nor-
mally inaudible. TAPIR — short for Totally Archaic
but Practical Interceptor of Radiation — also makes
a nice project to build: the kit comprises everything
you need. Even the enclosure, ingeniously consist-
ing of the PCB proper! Using the TAPIR is dead easy.
Connect the headphones and an antenna and switch
it on. Move it around any electrical device and you'll
hear different noises with each device, depending on
the type and frequency of the emitted field.

Kit of parts, incl. PCB

Art.# 120354-71 ¢ $21.50

Circuits, ideas, tips and tricks

CD 1001 Circuits

This CD-ROM contains more than 1000 circuits, ide-
as, tips and tricks from the Summer Circuits issues
2001-2010 of Elektor, supplemented with various
other small projects, including all circuit diagrams,
descriptions, component lists and full-sized layouts.
The articles are grouped alphabetically in nine dif-
ferent sections: audio & video, computer & micro-
controller, hobby & modelling, home & garden, high

Bk L

frequency, power supply, robotics, test & measure-
ment and of course a section miscellaneous for eve-
rything that didn't fit in one of the other sections.
ISBN 978-1-907920-06-6 ¢ $55.70

Package Deal: 12% off

AVR Software

Defined Radio

This package consists of the three boards associated
with the AVR Software Defined Radio articles series in
Elektor, which is built around practical experiments.
The first board, which includes an ATtiny2313, a 20
MHz oscillator and an R-2R DAC, will be used to make
a signal generator. The second board will fish signals
out of the ether. It contains all the hardware needed
to make a digital software-defi ned radio (SDR), with
an RS-232 interface, an LCD panel, and a 20 MHz
VCXO (voltage-controlled crystal oscillator), which
can be locked to a reference signal. The third board
provides an active ferrite antenna.

Signal Generator + Universal Receiver +Active
Antenna: PCBs and all components + USB-FT232R
breakout-board

Art.# 100182-72 ¢ $133.00
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A professional PCB router

Elektor PCB Prototyper
This compact, professional PCB router can produce
complete PCBs quickly and very accurately. This
makes the PCB Prototyper an ideal tool for independ-
ent developers, electronics labs and educational in-
stitutions that need to produce prototype circuits
quickly. The PCB Prototyper puts an end to waiting
for boards from a PCB fabricator -- you can make
your own PCB the same day and get on with the
job. Further information, demo video and ordering
at www.elektor.com/prototyper.

Art.# 100619-71 e $4,900

Free mikroC compiler CD-ROM included
Controller Area

Network Projects

The aim of the book is to teach you the basic prin-
ciples of CAN networks and in addition the develop-
ment of microcontroller based projects using the
CAN bus. You will learn how to design microcontroller
based CAN bus nodes, build a CAN bus, develop high-
level programs, and then exchange data in real-time
over the bus. You will also learn how to build micro-
controller hardware and interface it to LEDs, LCDs,
and A/D converters.

260 pages ¢ ISBN 978-1-907920-04-2

$47.60

Associated 60-piece Starter Kit available
Fun with LEDs

This booklet presents more than twenty exciting pro-
jects covering LEDs, aimed at young & old. From an
Air Writer, a Party Light, Running Lights, a LED Fader
right up to a Christmas Tree. Use this book to repli-
cate various projects and then put them into practice.
To give you a head start each project is supported by
a brief explanation, schematics and photos. In ad-
dition, the free support page on the Elektor website
has a few inspiring video links available that elabo-
rate on the projects. A couple of projects employ the
popular Arduino microcontroller board that’s graced
by a galaxy of open source applications. The optional
60-piece Starter Kit available with this book is a great
way to get circuits built up and tested on a bread-
board, i.e. without soldering.

96 pages ¢ ISBN 978-1-907920-05-9

$38.00

Bridging Android and your electronics projects
AndroPod

With their high-resolution touchscreens, ample com-
puting power, WLAN support and telephone func-
tions, Android smartphones and tablets are ideal for
use as control centres in your own projects. However,
up to now it has been rather difficult to connect them
to exter-nal circuitry. Our AndroPod interface board,
which adds a serial TTL port and an RS485 port to the

g SRRl U 3

X

picture, changes this situation.
Andropod module with RS485 Extension
Art.# 110405-91 « $74.70

Meet BOB

FT232R USB/

Serial Bridge/BOB

You'll be surprised first and foremost by the size of
this USB/serial converter - no larger than the mould-
ed plug on a USB cable! And you're also bound to
appreciate that fact that it's practical, quick to imple-
ment, reusable, and multi-platform - and yet for all
that, not too expensive! Maybe you don't think much
of the various commercially-available FT232R-based
modules. Too expensive, too bulky, badly designed,
... That's why this project got designed in the form of
a breakout board (BOB).

PCB, assembled and tested

Art.# 110553-91 « $20.90

A highly-practical guide

Linux - PC-based
Measurement

Electronics

If you want to learn how to quickly build Linux-based
applications able to collect, process and display data
on a PC from various analog and digital sensors, how
to control circuitry attached to a computer, then even
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how to pass data via a network or control your em-
bedded system wirelessly and more - then this is
the book for you! The book covers both hardware
and software aspects of designing typical embed-
ded systems using schematics, code listings and full
descriptions.

264 pages ¢ ISBN 978-1-907920-03-5

$47.60

110 issues, more than 2,100 articles
DVD Elektor

1990 through 1999

This DVD-ROM contains the full range of 1990-1999
volumes (all 110 issues) of Elektor Electronics maga-
zine (PDF). The more than 2,100 separate articles
have been classified chronologically by their dates of
publication (month/year), but are also listed alpha-
betically by topic. A comprehensive index enables
you to search the entire DVD. What’s more, this DVD
also contains the entire ‘The Elektor Datasheet Col-
lection 1...5’ CD-ROM series.

ISBN 978-0-905705-76-7 ¢ $111.30

Processor design in the real world
Microprocessor Design
using Verilog HDL

If you have the right tools, designing a microproces-

elektor  09-2012
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sor shouldn’t be complicated. The Verilog hardware
description language (HDL) is one such tool. This
book is a practical guide to processor design in the
real world. It presents the Verilog HDL in an easi-
ly digestible fashion and serves as a thorough
introduction about reducing a computer archi-
tecture and instruction set to practice. You're
led through the microprocessor design pro-
cess from the start to finish, and essential topics
ranging from writing in Verilog to debugging and
testing are laid bare.

340 pages ¢ ISBN 978-0-9630133-5-4

$45.00

Dual-layer DVD: 165 mins. video

DVD Modern Valve
Electronics

This filmed seminar (presented by Menno van der
Veen) starts with a short discussion of the classic ap-
proach using valve load line graphs, followed by cur-
rent sources and current foldback techniques. Next,
the negative effect of cathode electrolytics is covered
as well as reducing supply voltage interference. With
the help of state of the art measurement techniques
the (in)correctness of feedback is proven, while also
clarifying what’s happening deep within the core of
the output transformer.

ISBN 978-1-907920-10-3 » $40.20

Improved

Radiation Meter

This device can be used with different sensors to meas-
ure gamma and alpha radiation. It is particularly suit-
able for long-term measurements and for examining
weakly radio-active samples. The photodiode has a
smaller sensitive area than a Geiger-Mdiller tube and so
has a lower background count rate, which in turn means
that the radiation from a small sample is easier to de-
tect against the background. A further advantage of a
semiconductor sensor is that is offers the possibility of
measuring the energy of each particle.

Kit of parts incl. display and programmed controller

Art.# 110538-71 ¢ $57.30

More information on the
Elektor Website:
www.elektor.com/store
Elektor

Regus Brentford - 1000 Great West Road
Brentford - TW8 9HH - United Kingdom
Tel.: +44 20 8261 4509

Fax: +44 20 8261 4447

Email: order@elektor.com

Eektor



COMING ATTRACTIONS NEXT MONTH IN ELEKTOR

Transconductance Amplifier

Although Analog Devices’ type AD844 opamp is primarily designed for current-feedback
applications, its special structure makes it also very suitable for alternative possibilities in
the field of controlled sources. For example, it allows a voltage controlled current source to
be designed with ease, for use in measurement technology. Next month we will describe
the operation of the AD844 and the construction of an instrumentation amplifier around
this opamp.

Cool! 7805 Drop-in

The 7805 is unquestionably the most widely used fixed voltage regulator. Unfortunately
this golden oldie has a habit of turning all the excess energy into heat. Wouldn’t it be nice
to have a switching power supply controller as a drop-in replacement for the 7805? The
switched device is sure to offer much higher efficiency as well as better specifications. In
the Elektor labs, a small printed circuit board was designed around a TPS62150 buck con-
verter capable of turning an input voltage of 5.5 to 17 Vinto a 5 V stabilized rail at up to1A.
By adjusting a number of resistance values other output voltages are also possible.

Extensions for Elektor Improved Radiation Meter

The radiation meter from Elektor November 2011 is used by many readers. The circuit is
especially useful in studies of weak radioactive substances and measurements over time.
The microcontrollerin this circuit has a bootloader, so the program can easily be tweaked.
Next month we will discuss some possible adaptations. In addition, we describe some
hardware changes to enable the measuring range to be extended.
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Copyright
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Comprehensive reading: at home and on the road

Read Elektor with the
premium PLUS membership!

Join now or upgrade: www.elektor.com/usa
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4-CHABINEL 3000 SERIES

200 MHz bandwidth
128 MS deep memory
1 GS/s real-time sampling

Advanced digital triggering
200 MHz spectrum analyzer
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Arbitrary waveform
& function generator

PioSope J404A 14048 34054 I 34058 4054 34068
Channels
60 MHz 00 e 200 Mg
Sampling gal tiin 1G5/%
Buffer memory A M5 BMs 16 M5 I 1i M5 &4 M5 126 M5
Resalution (erhanced) 4 bits (12 bits)

Signal Generaror Fundban Gersawer AW Funadon Gengraio: AWG Function Generator AWG
Part numbser 146 e 1" PPE4D | PRS0 PPast

Price FPEE F1124 1183 ST £1978 S2306

ALL MODELS INCLUDE PROBES, FULL SOFTWARE AND 5 YEAR WARRANTY. SOFTWARE
INCLUDES. MEASUREMENTS, SPECTRUM ANALYZER, FULL SDK, ADVANCED TRIGGERS,
COLOR PERSISTENCE, SERIAL DECODING (CAN, LIN, RS232, I2C, FLEXRAY, SPI), MASKS,
MATH CHANNELS, ALL AS STANDARD. FREE UPDATES.

FOR THE FULL PRODUCT RANGE CALL/VISIT
1-800-591-2796 or www.picotech.com/pco480

Advanced dlsplay modes





