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The Electronic Kit Specialisfs Since 1993

Computer Controlled /| Standalone Unipo-
lar Stepper Motor Driver .
Drives any 5-35Vdc 5, 6 or
8-lead unipolar stepper
motor rated up to 6 Amps.
Provides speed and direc-
tion control. Operates in stand-alone or PC-
controlled mode for CNC use. Connect up to
six 3179 driver boards to a single parallel
port. Board supply: 9Vdc. PCB: 80x50mm.
Kit Order Code: 3179KT - £15.95
Assembled Order Code: AS3179 - £22.95

Computer Controlled Bl-Polar Stepper
Motor Driver

Drive any 5-50Vdc, 5 Amp
bi-polar stepper motor us-
ing externally supplied 5V
levels for STEP and DI-
RECTION control. Opto-
isolated inputs make it ideal for CNC appllca-
tions using a PC running suitable software.
Board supply: 8-30Vdc. PCB: 75x85mm:.

Kit Order Code: 3158KT - £23.95

Assembled Order Code: AS3158 - £33.95

Bi-Directional DC Motor Controller (v2)
Controls the speed of
most common DC
motors (rated up to
32Vdc, 10A) in both
the forward and re-
verse direction. The
range of control is from fully OFF to fully ON
in both directions. The direction and speed
are controlled using a single potentiometer,
Screw terminal block for connections.

Kit Order Code: 3166v2KT - £22.95
Assembled Order Code: AS3166v2 - £32.95

DC Motor Speed Controller (100V/7.5A)
Control the speed of
almost any common
DC motor rated up to
100V/7.5A. Pulse width
modulation output for
maximum motor torque

at all speeds. Supply: 5-15Vdc. Box supplied.
Dimensions (mm): 60Wx100Lx60H.

Kit Order Code: 3067KT - £18.95
Assembled Order Code: AS3067 - £26.95

Most items are available in kit form (KT suffix)
or assembled and ready for use (AS prefix).

Web: www. quasarelectromcs com

8-Ch Serial Isolated /O Relay Module
Computer controlled 8-
channel relay board. 5A
mains rated relay outputs. 4
isolated digital inputs. Useful
in a variety of control and
sensing applications. Con-
trolled via serial port for proagramming (using
our new Windows interface, terminal emula-
tor or batch files). Includes plastic case
130x100x30mm. Power Supply:
12Vdc/500mA.

Kit Order Code: 3108KT - £69.95
Assembled Order Code: AS3108 - £84.95

Computer Temperature Data Logger
4-channel temperature log-
ger for serial port. “C or °F.
Continuously logs up to 4
separate sensors located
200m+ from board. Wide
range ot tree software applications for stor-
ing/using data. PCB just 45x45mm. Powered
by PC. Includes one DS1820 sensor.

Kit Order Code: 3145KT - £19.95
Assembled Order Code: AS3145 - £26.95
Additional DS1820 Sensors - £3.95 each

Rolling Code 4-Channel UHF Remote
State-of-the-Art. High security.
4 channels. Momentary or
latching relay output. Range
up to 40m. Up to 15 Tx's can
be learnt by one Rx (kit in-
cludes one Tx but more avail-
able separately). 4 indicator LED 's. Rx: PCB
T7x85mm, 12Vdc/6mA (standby). Two and
Ten channel versions also available.

Kit Order Code: 3180KT - £49.95
Assembled Order Code: AS3180 - £59.95

DTMF Telephone Relay Switcher
Call your phone num-
ber using a DTMF
phone from anywhere
in the world and re-
motely turn on/off any
of the 4 relays as de-
sired. User settable Security Password, Anti-
Tamper, Rings to Answer, Auto Hang-up and
Lockout. Includes plastic case. Not BT ap-
proved. 130x110x30mm. Power; 12Vdc.

Kit Order Code: 3140KT - £74.95

Assembled Order Code: AS3140 - £89.95

projects, modules and publications Discounts for bulk quantities

Infrared RC Relay Board )
Individually contral 12 on- @j
board relays with included

infrared remote control unit.

Toggle or momentary. 15m+

range. 112x122mm. Supply: 12Vdc/0.5A
Kit Order Code: 3142KT - £59.95
Assembled Order Code: AS3142 - £69.95

New! 4-Channel Serial Port Temperature
Monitor & Controller Relay Board

4 channel computer
serial port temperature
monitor and relay con-
troller with four inputs
for Dallas DS18S20 or
DS18B20 digital ther-
mometer sensors (£3.95 each). Four 5A
rated relay channels provide output control.
Relays are independent of sensor channels,
allowing flexibility to setup the linkage in any
way you choose. Commands for reading
temperature and relay control sent via the
RS232 interface using simple text strings.
Control using a simple terminal / comms
program (Windows HyperTerminal) or our
free Windows application software.

Kit Order Code: 3190KT - £69.95

PIC & ATMEL Programmers

We have a

Programmer Accessories:

40-pin Wide ZIF socket (ZIF40W) £14.95
18Vdc Power supply (PSU120) £19.95
Leads: Serial (LDC441) £3.95/ USB
(LDC644) £2.95

USB & Serial Port PIC Programmer
USB/Serial connection. Header cable for
ICSP. Free Windows XP software. Wide
range of supported PICs - see website for
complete listing. ZIF Socket/USB lead not
included. Supply: 16-18Vdc,

Kit Order Code: 3149EKT - £49.95
Assembled Order Code: AS3149E - £59.95

USB 'All-Flash’ PIC Programmer
USB PIC programmer for all
‘Flash’ devices. No external
power supply making it truly
portable. Supplied with box and
Windows Software. ZIF Socket
and USB lead not included.
Assembled Order Code: AS3128 - £49.95

See website for full range of PIC & ATMEL
Programmers and development tools.

Secure Online Ordering Facilities » Full Product Listing, Descriptions & Photos » Kit Documentation & Software Downloads




POWERLINE COMMUNICATIONS:
The Home Network’s Invisible Secret R ERIeL

What this piece states is that the proliferation of home network communications

and networking technologies in the home are an unstoppable trend.

We've hit rush hour on the Information Highway, as telecommunications operators building next-generation broadband infrastructures converge with
utilities and other service providers offering IP-based smart grid applications to maximise energy efficiency. Traffic's spiking inside the home, too, where
networks are now evolving to manage this information surge. Simply sharing a web connection or printer between computers is no longer enough. Sawy
consumers now need their home network to coordinate three distinct tasks:

1 Connect consumer entertainment devices and allow access to music libraries, photography archives and high-definition (HD) movies, anywhere, anytime.
I Automate home security and monitoring.

I Manage home energy consumption.

In the entertainment sphere, cable, satellite and IPTV service providers have traditionally enabled consumers to view or listen to digital content sourced
from outside the home at one or more locations inside the home. This can be thought of as an access extension, and the technology of choice varies by
geography. In the US, typically larger homes may already contain some cable, so coax-based access extension technologies are popular. These technologies,
such as Multimedia over Coax Alliance’s MOCA deployed by Verizon, and the HomePNA Alliance’s HomePNA deployed by AT&T, connect the access point
to one or more set-top boxes. Elsewhere in the world, powerline communication technologies such as the Homeplug Powerline Alliance’s Homeplug AV,
now an IEEE standard in form of IEEE 1901, have proven successful for communicating HD IPTV services from the home gateway to the set-top box.

As Homeplug AV/IEEE P1901 products proliferate, they can be used to create self-installable entertainment home networks which seamlessly incorporate
operator-provided access extension. Other technologies have also been used on a smaller scale, including CAT-5 Ethernet or passive optical cable and —to a
lesser extent — WiFi. In the energy-management sphere, two technologies have risen to the top in smart grid trials and deployments: IEEE 802.15.4 wireless-
based solutions (the most prevalent being Zigbee) and powerline communications. US utilities, understanding that 100% coverage is crucial to smart grid
success, encouraged the Zigbee and Homeplug Powerline alliances to create the Smart Energy 2.0 profile, which combines the flexibility of wireless (Zigbee)
with the coverage of powerline (Homeplug) communications.

The third sphere — home automation, also known as the “domotic” sphere — has used a variety of wired and wireless technologies to control lighting,
doors and windows for security, surveillance systems and other devices. These technologies include Zigbee, Z-wave, Bluetooth and a variety of low-frequency
narrowband powerline communications technologies such as X10 and Lonworks. Going forward, a unified home network is needed that facilitates intra-
sphere communication and interoperability between all devices, whether tethered to a power cable such as a home gateway, or “nomadic” such as an iPod,
or unpowered in a fixed location such as a window sensor. The network’s underlying technologies must deliver the ubiquity of WiFi combined with the
performance of CAT5 Ethernet, without requiring that new wires be installed. To do this, they must use all available media: air, power lines, and coax and
phoneline (if they are there). They also must be capable of intelligently switching between channels

according to channel conditions and the traffic's quality of service (QoS) requirements, and they must be FU RTH ER

capable of bonding all channels together for ultimate performance. Further developments are needed to

embrace nomadic and low-bandwidth automation devices. To this end, the Homeplug Powerline Alliance has DEVE LOPM ENTS
announced a suite of three interoperable standards that greatly expand powerline channel capabilities and will ARE N E EDED TO

enable, for instance, an entertainment device inside a home gateway to communicate with an energy-management
device in a heater control. E M B RAC E
Homeplug GP (Green PHY), the low-power/bandwidth/cost solution for energy management, automation and NOM ADIC AN D
plug-in electric vehicle applications, is complete and products will be available later this year. Building on the tried
and trusted Homeplug AV compliance and interoperability program, certified I[EEE P1901 products are already out. LOW- BAN DWI DTH

Homeplug AV?2 is the solution for multiple streams of HDTV and the specification will be completed this year. AUTO MATION
Michael Wilson is Vice President of Corporate Business Development at Gigle Networks and Vice DEVI CES

President at the Homeplug Powerline Alliance
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ADI's Devices Go Into

Antarctic ‘Ice’

Telescope

to Find Neutrinos

Buried two kilometers under solid ice on
one of the coldest continents on Earth,
Analog Devices’s data converters and
amplifiers are helping scientists at the
South Pole build the world’s largest
telescope to search for the smallest
subatomic particles known.

The innovative “underground”
telescope project is called IceCube and
uses a cubic kilometer of pure, ultra-
translucent ice at the South Pole as a
telescopic “window" or particle detector
to search the universe for neutrinos.
These are subatomic particles that lack an
electric charge produced by the decay of
radioactive elements and elementary
particles. Neutrinos travel at near the
speed of light and, due to their size, can
typically pass through solid matter
without colliding with any atoms.
However, when neutrinos collide with an
atom, light energy is emitted that can
help detect the presence and direction of
these sub-atomic particles.

IceCube will search for neutrinos from

The ‘IceCube’ telescope modules will
reside up to 2.5km under water in the
Antarctic

6 | August 10 - Electronics World

the most violent astrophysical sources,
including events like exploding stars,
gamma ray bursts and cataclysmic
phenomena involving black holes and
neutron stars. The IceCube telescope is a
powerful tool to search for dark matter
and could reveal new physical processes
associated with the enigmatic origin of
the highest energy particles in nature.

IceCube uses Antarctica’s ice sheet as
the largest instrumented volume of
ice/water in the world. Neutrinos passing
through the ice sheet collide with atoms
creating a blue light at impact that can be
detected by IceCube’s Digital Optical
Modules (DOMs).

Analog Devices’s data converters and
amplifiers are installed in more than 5,000
of these DOMs. The DOMs are 13 inches in
diameter glass pressure spheres and are
deployed under the ice on a cable at
depths of up to 2.5km. Over the next 25
years while embedded in ice, the DOMs
will detect and transmit experimental
data about particle collisions.

“We needed low-power, reliable
products capable of providing the
longevity needed for this project,
especially on the main board in the
DOM:s. Design teams at Lawrence Berkeley
National Laboratory (LBNL) and the
University of Wisconsin-Madison used ADI
data converters and amplifiers that fit our
needs and requirements,” said Jerry
Przyblski, LBNL design engineer. “We
used ADI products, such as analogue-to-
digital converters, DACs and amplifiers, in
the DOMs and the communications
system. So far, IceCube’s scientists have
gathered data equal to thousands of
DOM years of operation.”

The construction of the IceCube
underground telescope will be completed
in 2011. The National Science Foundation
awarded the University of Wisconsin lead
responsibility in building IceCube. The
project is a collaboration among
researchers from around the world,
including Belgium, Germany, The
Netherlands, Switzerland, Japan, the
United Kingdom, New Zealand and
Sweden.

Novero’s communications-enabled
jewellery will be made of precious metals
and stones

A German company called novero has used
fashion trends to create a fashionable and
artistic set of communications devices.
Entitled the Victoria collection, the ‘jewellery’
series consist of Bluetooth-enabled devices.

The initial line will be crafted from precious
metals and stones, but for those who require
something more ‘special’ there’s the
“premiére édition” with some items reaching
a price tag of over £100,000, where each piece
can be custom made with fine jewels. The
pieces will be available at select retail stores
later in the year.

“This is the dawn of a new era,” said
Razvan Olosu, novero’s CEO and founder.
“The Victoria line showcases beauty’s victory

over cold technology. We
have created pieces of
delight that open the
mind to the
possibilities of the
future - where
devices deliver far
more than pure
functionality. No

longer will those

who appreciate the
finer things have their

sense of style disrupted by unattractive
accessories. But make no mistake, this is just
the beginning.”

Among the materials used to ‘jazz up’ the
Bluetooth devices will be gold, silver, pearls
and lapis lazuli.
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XILINX UNIFIED FPGA SERIES

Same architecture allows different Xilinx 7

FPGA families to scale up or down

Xilinx 7 Series FPGAs
Reach 2 Million Logic
Cells But At 50% Lower
Power Consumption

Programmable logic devices vendor Xilinx
has introduced the industry’s first FPGA
series with total power consumption
reduced by 50% on previous devices and
increased capacity of up to 2 million logic
cells. The devices are implemented on 28nm
process technology, courtesy of Taiwanese
foundry TSMC.

By default a smaller node size delivers
more transistors per square cm, which in
turn causes problems such as gate leakage
or static power and increased power
consumption and heat dissipation. To avoid
these, the partners combined a high
dielectric constant to reduce gate leakage
and a form of clock gating (in the
hardware as well as customer selectable
through the tools) to reduce dynamic
power.

Xilinx now says that its new generation
devices will help designers take full
advantage of 2 million logic cells at clock
speeds of up to 600MHz, up to 4.7TMACS
in DSP performance symmetric mode
(2.37TMAGCs in non-symmetric mode) and
up to 2.4Tbps high-speed connectivity, all
while staying within their power budgets.

There are three new families part of the
Xilinx 7 series: Virtex-7, Kintex-7 and Artix-
7. They are tweaked differently for power
saving, cost saving and gate and memory
capacity among others, which will appeal
to different design projects, but ultimately
they all share the same architecture (logic
fabric, Block RAM, clocking technology, DSP
slices, SelectlO technology) and, hence, are
fully scalable up or down.

Technology Innovation Fund
Gives UK Businesses Access to
Measurement Expertise

The National Physical Laboratory (NPL),
the UK's measurement Institute, is calling
for businesses to apply for support
through its new Technology Innovation
Fund (TIF), providing access to NPL’s
unsurpassed leadership in measurement,
innovation and scientific research.

The new fund will help the UK'’s
growing high-tech industries speed up
route to market by improving their
products, cutting costs and meeting
standards.

Highly accurate measurement is critical
to the success of many new products and
innovations. It ensures that standards are
met, that new product parts fit together
and optimises efficiency in the
manufacturing process.

TIF offers UK businesses three different
levels of support to service a range of
measurement issues. It is designed to help
companies benefit from measurement to
quickly take ideas to market with
minimised business risk. It achieves this by
providing a successful mix of world-class
research and development expertise with
proven commercial insight.

The new fund is inspired by the
successful Measurement for Innovators
(MFI) programme. This was developed in
response to a government innovation

In a follow-up to its multi-tiered design
and development environment introduced
in May this year (see Electronics World's
June issue), RS Components has now
announced the launch of DesignSpark, the
centrepiece of its initiative to provide an
authoritative online design environment
for engineers.

DesignSpark is an online gateway that
aims to give engineers trusted and reliable
information and resources, bringing
together design information, user
generated reviews and new free-of-charge
tools to speed up their design processes.

"DesignSpark is more than just a
website...,” said Glenn Jarrett, Head of

report and introduced many businesses to
the expertise available at NPL for the first
time. It provided participants with
business benefits worth almost £10m
through over 400 secondments,
consultancies and joint industry projects
over a five-year period.

Solderability testing of electronic
components

Electronics Marketing at RS Components,
“...it provides the electronic engineering
community with an environment where
they can not only find design tips and
reviews that help inform the start of new
designs, but also connect with partners,
exchange ideas and contribute to a variety
of valuable information sources available
from across the Internet which are
relevant for the whole design cycle.”

Part of this launch is a free, fully-
featured PCB design tool called
DesignSpark PCB. It is available to all
registered members of DesignSpark.

Users can now access this site at
www.designspark.com.

www.electronicsworld.co.uk



IQUARTERLY ANALYST COLUMN

THE CYCLES ARE DEAD..
LONG LIVE THE CYCLES

Malcolm Penn is CEO and chairman of market
analyst firm Future Horizons, based in the UK

BARING A CATASTROPHE, 2010 is a done deal, with
virtually everyone now agreeing chip growth will be in the 30% range.
The big question now is: “What happens next?”

Despite perceived wisdom, the chip cycles are not over, tamed or
moderated, nor will they ever be; all the while demand lead-times are
measured in weeks and supply-side changes much longer, amplified by
the fact only a small handful of players invest counter-cyclically. As such,
the industry is obliged to suffer the full ravages of Hog and Cobweb cycle
dynamics.

Hog cycles will continue because of capacity lead-times lag changes in
market demand by a minimum one quarter (the fab and assembly cycle
time); one year if additional production equipment and capacity is
required.

Cobweb cycles exist because firms have to decide
how much capacity to build several quarters before
the product goes to market. As a result, they are
planning to make parts without really knowing
what the actual demand will be.

Forget all of the intellectual arguments about
expanded geographical customer base, broader
application range and the smoothing effects these
would produce, the Hog and Cobweb dynamics
mean supply and demand are impossible to
balance. The cycles are dead ... long live the cycles!

After five quarters of growth, the industry now
finds itself in the full flood of a classic upturn.
Capacity is strained, lead times are up, inventories
are low, with current order books clearly reflecting
real demand, inventory replenishment/build and
double ordering.

Replenishment started in Q2-2009, due to the
severe inventory over-depletion in Q4-2008/Q1-
2009, and was over by Q4-2009 to be replaced by
inventory building in 1H-2010, driven by lead-time
extension. Typically every week of extra lead-time
adds at least half a week to WIP.

slow-down.

"FORGET ALL OF THE
INTELLECTUAL
ARGUMENTS ABOUT
EXPANDED
GEOGRAPHICAL
CUSTOMER BASE,
BROADER APPLICATION
RANGE AND THE
SMOOTHING EFFECTS
THESE WOULD PRODUCE,
THE HOG AND COBWEB
DYNAMICS MEAN
SUPPLY AND DEMAND

ARE IMPOSSIBLE TO
Double — even triple — ordering (due to supply

, : BALANCE"
shortages) only really started in TH-2010 and is
definitely getting worse. We can expect many more announcements, as
recently with Alcatel-Lucent and Nvidia, blaming component shortages for
missing quarterly numbers.
It is not as if any of this is new or different. The really smart OEMs
would have started building inventory and double ordering in Q4-2009,

stream in 2010.

8 | August 10 - Electronics World

given a capacity crunch was clear and inevitable, but as so often with this
industry, few firms even acknowledged there might be a supply risk
potential, aided and abetted by the traditional Q1-2010 seasonal demand

So, for this cycle at least, history will again repeat itself. We can expect

it to replicate its historical roller coaster
dynamics. Put another way, when you are in the
growth side of the cycle, the inevitable next step
is down, the only questions being: how long will
it take to reach the peak of the cycle, how low it
will drop and how fast will it fall?

One of the real problems that the industry
faces is its very poor visibility into what real
demand actually is (we desperately need a trade
association to gather and publish this data) not
helped by the fact that the WSTS no longer
publishes bookings and the book-to-bill ratio,
hence industry now has no structural way of
knowing just how much orders and sales are
getting out of synch.

That said, double ordering is just that — double
ordering. It has not yet fed through to
shipments, i.e. sales because there is not enough
capacity to meet real demand let alone the
inflated demand caused by inventory build and
double orders. Given the current capacity
situation, this is unlikely to change until Q4-2010
at the earliest.

The industry went into this recession in Q3-
2008 with supply and demand more or less

balanced and overall capacity utilisation at 90%. Since then, capacity has
been cut back by an unprecedented 15%. Given the derisory low levels of
Cap Ex spend in 2009 there will be minimal net new capacity coming on

Granted current Cap Ex is now running twice its 2009 level, but this will



not impact capacity until Q4-2010 at the earliest, more likely 1H-2011. It
is also too little in absolute terms. Whilst past track record shows the chip
industry always does a good job at ‘squeezing’ capacity, the extent of the
current (lack of capacity/underinvestment) problem is so great that it will
not be resolved until Cap Ex spend is at least doubled again.

Even the most optimistic calculations show only a 15% capacity
increase in 2010, all of which will be late second-half year loaded and,
therefore, unable to seriously impact IC unit sales until Q1-2011 at the
earliest. Also with Q1-2010’s capacity down 15% on its Q3-2008 peak, a
15% increase does not even take Q1-2011's capacity back to where it
was two and a half years previously. At the same time, 2010’s real IC unit
demand will be up 10-12% on Q3-2008's peak, meaning industry will be
running tight on capacity throughout most of 2011.

But, no up-cycle lasts forever. Bust will follow boom, with the bust cycle
triggered, as always, by overcapacity caused either by over-investment or a
sudden fall in demand, which in turn is triggered by an economic crisis or
inventory correction. It is the combination of lower unit growth and
collapsing ASPs that combine to make market collapses so steep.

Economic collapses will always be unforecastable, so there is little one
can do about this other than react fast and batten down the hatches.
Likewise with inventory correction but there will be an early warning sign
namely when delinquency and lead-times stabilise. Once this happens,
customer cancellations and rescheduling will inevitably kick in but this
always happens so fast its usefulness is poor.

Excess capacity is much more foreseeable as there will be up to three
quarters early warning of this (four quarters actually less the one quarter
delay in publishing the stats). Just keep a very watchful eye on Cap Ex

‘Continual Development P

- making the best, even better. ”

NEW MODEL The New Atlas ESR Plus, Model ESR70

This new model of the famous Atfas ESR offers all the
great features of the ESR80 but with extended
measurement range and audible alerts.

This is the Atlas ESR Plus!

electronic design Itd

spending (the three quarter out indicator), ASML’s advanced litho
shipment trends (the two quarter indicator), TSMC's sales and orders (the
one quarter indicator).

Based on current Cap Ex trends, the over capacity trigger for the next
industry down cycle will not be fired until Q3-2011 at the earliest. This,
therefore, leaves one big unanswered question. If prices fall so
precipitously when supply exceeds demand, why is it prices take so long
to increase when demand exceeds supply?

Most of the time the chip industry runs on over-capacity putting
pressure on pricing. This is clearly no longer the case, there is no spare
capacity, yet (memory aside) ASPs have barely changed. This is economic
and industry madness. It's time for industry to ‘double’ prices now. If
(when) customers complain, remind them of the past five years or more of
ASP decline, doing more for less, and the need for the chip industry to
rebuild its cash and profits if it is to recover and survive.

Then sit down for a serious price negotiation selling capacity, not
chasing purchase orders based on a minimum five year rolling contract
with cast iron, non-cancellable commitments. That way industry will
finally have long-term order commitments, capacity planning can be
improved and investment risks shared. The alternatively adversarial ‘chip
business as normal’ model simply exasperates the cycle dynamics to the
detriment of everyone. The chip cycles are dead ... long live the cycles! B
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The Common Grid Gain Stage CGS

Burkhard Vogel presents a series of short features with general remarks on triodes in audio applications

Figure 1: CGS circuit

R.L

AS STANDALONE gain stage, the CGS is rather rarely used in
the audio world. In most cases, as a second stage in conjunction with a
CCS, it forms a cascode gain stage (CAS) that can play a very high gain
role for very low level audio signals. The discussion on this type of
double-triode gain stage will be the task of the next issue’s part.

There are only a few triodes on the market being capable to work as
CGS. The basic CGS circuit is given in Figures 1, 2 and 3, and it shows
the respective small signal equivalent circuit. In contrast to the valve gain
stages that also allow bypassing the cathode resistor by a capacitance,
here we have the gain stage’s input at the cathode and the output at the
anode. Consequently, the source resistance R plays a specific role too.

Generally, the CGS is a gain stage with a very low input resistance R;
and an output resistance Ry, like the one of a CCS. In contrast to the
CCS the CGS gain is independent of the cathode resistance R. and there
is no 180° phase shift between the input and output signals. However,
its output resistance R, depends on the source resistance Rs, which is
not the case for the CCS.

One of the major advantages of a CGS comes from the fact that the

Miller capacitance doesn't play a role; the input capacitance Cgc

between the grounded grid and the cathode is very low. In conjunction

with the very low input resistance R; at the cathode Cgyc doesn't play any

role in audio applications. That's also an ideal situation to be widely used

in high frequency applications.

As function of the output load R; and with rg = infinite the general

gain equation for the CGS becomes:

G(Ri_)zv_0=(l+l-l)k—ﬂ1 (1)
b4 ,+R, +, R, R,

and the R_ dependent input resistance Ri(R)) at the V1 cathode can be
derived as:

By )

=1
T, +(R;t+RL__! ) +(1+;1) R,

R, (R )=R, Q)

Ri(Rp) is also the resistance parallel to Cc in Figure 2 in last issue’s Part 2.
Now, with a corner frequency f. (should be << 20Hz) we can calculate
C, of Part 2 too:

C (R )=[2nf,R, (RI.)]—I 3)

The CGS input capacitance Cs(R,Rs) depends on R, and Rs. It thus
becomes:

1
Cs (Rg, Ry )=[2af, (Rg+R; (R )] 4)
We can derive the output resistance Ry(Rs) at the anode of V1 as

function of the source resistance Rs and the anode resistance R,; we
obtain:

(o) (7 +R5')

Figure 2: Equivalent v.gc*g.m
circuit of Figure 1 —————

v.ac

——
e

Rn (RS'Ra)=Ra 1 (5)
ra+Ra+{1+p.)(R;|+R§|)
— - In the CGS case (and also in the CAS case) the
i.o input and output capacitances C; and C, have their

own indication in data sheets. However, even an
additional stray capacitance Cyyay = 10pF at the
input and the output won't hurt the flat frequency
<—| and phase response in B,qgx. Hence, in audio

applications we can ignore C; and C,,
vo Ro |::| RL With a constant Va = 250V for the circuit of

Figure 1, we can plot graphs (see Figures 3-9) for
the example triode EC92/6AB4 (note: with a
constant V; a constant Ry means automatically a

changing V. for a changing |, “¢" indicates the
number of the ten I, values from 1TmA to 14mA). |
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Figure 3: CGS gain G with vs. anode current
L, (R, = TMQ, R, = 100kQ)
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Figure 4: CGS gain G vs. output load R,
(I, = 10mA, R, = 100kQ)
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Figure 5: CGS output resistances R, vs. anode
current I, (Ry = 100kQ, Rs = 5k0)
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Figure 6: CGS output resistances R, vs. source
resistance Rs (I, = 1T0mA, Ry = 100kQ, Rc = 2000)
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Figure 7: CGS input resistances R; vs. anode
current Iy (Ry = 100kQ, R, = TMQ)
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Figure 8: CGS input resistances R; vs. load
resistance R, (I, = 10mA, R, = 100kQ, R. = 2000Q)
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Figure 9: CGS input impedance Zi(f) vs. frequency f (I, = T0mA,
Re = 2000, R, = TMQ, R, = 100kQ)
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Coming in the next issue is Part 4:
‘The Cascode Stage CAS".

If you missed any of the previous two parts,
you can order them online by going to
Electronics World’'s website at

www.electronicsworld.co.uk
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IINSIGHT

MINIATURISATION -
‘SMALLER IS BETTER’

Jeff Bierman, Senior VP at Volex Group, says
that component manufacturers can transform
product performance and deliver the innovation
required to achieve real market differentiation
by embedding their expertise and experience in
the core design

FEW MANUFACTURERS are maximising the value
component suppliers can deliver early in the design phase to both
optimise technology and inform logistics decision-making.

Why are laptop manufacturers, for example, willing to spend several
hundred man years on design, yet only consider the issue of connecting
the screen to the laptop well into the design process? By contrast,
those manufacturers that have embraced signal interconnect expertise
early in the design process have not only been able to deliver
significant performance improvements through the use of highly
innovative technologies that are designed in tandem with the core
product values, but also reduce environmental impact and improve
product safety. Critically, they have achieved a better design with fewer
iterations, less cost and faster time to market.

Integrated, end-to-end supply chains are a fundamental component
of modern manufacturing processes. But where should this supply
chain start: from day one of product manufacture or during the design
phase?

Considering the design implications of signal interconnects and cable
assemblies early in the process is proving to be increasingly essential
across a range of products from MRI scanners to laptops and mobile
basestation equipment. This is a complex marketplace and one that
offers significant challenges for product design teams. New ISO
standards are continually being developed, whilst environmental
regulations, which vary from country to country, have a growing
influence on the design process.

As such, growing numbers of manufacturers are now looking to
leverage the expertise and experience of component providers not just
in delivering slick logistics but also underpinning product design
expertise.

Apple, for example, has interconnect experts in its design team in
California to ensure the key issue of cable assembly technologies are
considered from day one of product design. With this approach the
company knows that every aspect of the power cable product is
created to match Apple’s stringent and innovative design criteria;
ensuring components are the right size, shape, style and quality.

But just how cost-effective would this approach be for other
manufacturers with a less design-conscious approach to product
specification? In fact, this strategy is not just about delivering the most
innovative design and a better performing end product — although that
is certainly a core outcome; it is also about minimising design iterations
to drive down costs. Producing the exceptional data-rates and signal
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quality required to show high definition (HD) movies on a laptop, for
example, requires acute attention to the interconnect cable to the
screen. Failure to incorporate an interconnect capable of this
specification will not only compromise product performance, but incur
heavy costs for late redesign and even replacement of malfunctioned
units that could have been otherwise avoided.

By failing to effectively pre-empt these issues as part of the core
design process, manufacturers are also failing to maximise the available
technology. For example, the right signal cable and/or interconnect will
minimise resistance and, hence, use less power. Leveraging this
technology within the core design will enable a laptop manufacturer to
advertise a greater battery life to customers, while organisations
running large data centres can minimise the cost of cooling systems
and meet CSR objectives, and financial institutions can reduce latency
to further improve time-sensitive deal-making.

Obviously this technology is available at any time. Any manufacturer
can decide to incorporate halogen-free cables, for example, to support
consumer-led initiatives for greener technology, or ensure technology
that may be used by children does not include any carcinogenic
materials. But at what cost in both additional design requirements and
slower time to market?

Opportunities should be taken as soon as they present themselves
early in the design phase. Product designers should be enabled to
consult component experts as part of the day to day design process
that a manufacturer can maximise these differentiation opportunities,
minimise product iterations and get new, innovative solutions to
market earlier and at a lower overall cost to design.

Too often companies are developing amazing, innovative new
products with an assumption that interconnect cable assemblies are



INSIGHTI

“PIECEMEAL DESIGN STRATEGY RESULTS IN A SIGNIFICANT BUSINESS COST, BOTH
IN ADDITIONAL DESIGN WORK AND THE LOST OPPORTUNITIES ASSOCIATED WITH
A DELAY IN GETTING A PRODUCT TO MARKET”

just standard components that can be simply plugged in. As a result,

issues from signal integrity to safety concerns and environmental

demands leave the manufacturer either facing an expensive custom
design from a component supplier or a significant redesign of the core

product.

This piecemeal design strategy results in a significant business cost,
both in additional design work and the lost opportunities associated

with a delay in getting the product to market.

The key thing is that whilst organisations are looking to improve
safety, meet environmental regulations and deliver design innovation,
cost will always be the fundamental consideration. It is by extending
the supply chain to include component suppliers at the very beginning
of the design process that manufacturers can exploit technologies to
maximise product differentiation, achieve even more agile
manufacturing processes and deliver products to market faster and at a
lower cost than ever before. B
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KEEPING A CLEAN INTELLECTUAL PROPERTY

Katherine Chin Quee, Legal
Consultant at Protecode,
endeavours to demystify
open source software by
explaining how it works
and provides a primer on
some of the most
frequently used open
source licences and their
obligations

IN 2008, the open source community saw
the year end with a headline catching lawsuit,
the Free Software Foundation files suit against
Cisco for General Public Licence (GPL)
violations.

Not to be outdone, 2009 also ended with a
bang. Best Buy, Samsung, JVC and eleven
other consumer electronics companies were
named in a copyright infringement lawsuit
filed on December 14, 2009, by the Software
Freedom Law Center (SFLC) on behalf of the
Software Freedom Conservancy. The scope of
this lawsuit is unprecedented as it includes
fourteen defendants.

The suit alleges that the defendants have
distributed products containing the Software
Freedom Conservancy’s product BusyBox in
violation of the terms of its GPL Version 2
licence (the General Public Licence Version 2
superseded Version 1 in 1991, and is still
widely used despite the creation of Version 3
in 2007).

Specifically, the Software Freedom
Conservancy alleges that the defendants have
not made BusyBox's source code available to
downstream users. BusyBox is a tool that
combines many UNIX utilities into a single
executable and is commonly incorporated into
household electronic devices. The Software
Freedom Conservancy was seeking damages,
injunctive relief and legal fees.

BusyBox has been at the centre of several
other, high profile, GPL violations; the SFLC
has in the past settled on behalf of BusyBox
with Extreme Networks, Monsoon Multimedia,
Xterasys Corporation, High-Gain Antennas and
Verizon.

The Software Freedom Conservancy was
not the only one to file a lawsuit for GPL
violations as 2009 drew to a close. On
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December 2, 2009, Artifex Software filed a
lawsuit against Palm based on Palm’s alleged
unauthorized copying and distribution of
Artifex's muPDF, a PDF interpreter that can be
integrated with PDAs. The muPDF s licenced
under the GPL or under Artifex’s standard
commercial licence for companies that are
unwilling or unable to comply with the terms
of the GPL. Artifex alleges that Palm has
neither obtained a commercial licence nor
complied with the terms of the GPL.

These enforcement actions drive home the
importance of taking inventory of what open
source software is included in each product,
what licensing obligations apply to each
component and compliance with these
obligations.

Open source licence compliance is
particularly important, given the growing

“ENFORCEMENT ACTIONS
DRIVE HOME THE
IMPORTANCE OF TAKING
INVENTORY OF WHAT
OPEN SOURCE SOFTWARE
IS INCLUDED IN EACH
PRODUCT, WHAT
LICENSING OBLIGATIONS
APPLY TO EACH
COMPONENT AND
COMPLIANCE WITH
THESE OBLIGATIONS”

ubiquity of embedded computer systems — the
impugned products in the lawsuit against Best
Buy et al include Insignia Blu-ray Disc players
and Samsung LCD HDTVs.

WHAT IS OPEN SOURCE SOFTWARE?
Open Source Software (OSS) refers to
software in which, among other things, the
source code is made available to the public.
This is important because the open source
community and various ecosystems can
modify, improve and incorporate the code into
other works. Whereas with proprietary
software, usually only the machine-readable

compiled code is made available.

It is important to clarify the concept of
“free”. OSS is often referred to as free. While
most OSS is indeed free of charge, it should be
noted that “free” does not necessarily mean
free of charge but rather refers to the freedom
to use, modify and redistribute the source
code, so long as certain conditions are met.
Conversely, a product that is free of charge is
not necessarily open source.

Many assume that the open source
movement runs contrary to the concept of
Intellectual Property (IP) rights. This, however,
is a myth. The open source movement is
actually made possible by IP rights. In most
jurisdictions, such as the United States and
Canada, software is automatically protected by
copyright as soon as an original work has been
created.

Copyright law grants copyright owners the
exclusive right to reproduce, prepare other
works based on the protected work, distribute
and publicly display the work. In general, open
source licences use these exclusive rights to
ensure that the code remains open and
accessible so that successive developers can
innovate around it. Anyone violating the
conditions of the licence may be held liable for
copyright infringement.

There are many benefits to using OSS. Users
can edit the code, fix programming bugs and
even tailor the program to fit their specific
needs. OSS is also significantly less expensive
than proprietary software. In Jacobsen v.
Katzer, the United States Federal Court of
Appeal recognized the substantial benefits of
distributing copyrighted works under public
licences. The Court noted that program
creators may generate market share for their
programs by providing certain components
free of charge. Similarly, a programmer or
company may increase its national or
international reputation by incubating open
source projects.

The Court also noted that improvement to a
product can occur rapidly and free of charge
from an expert not even known to the
copyright holder.

WHAT ARE OPEN SOURCE LICENCES?
The Open Source Initiative (OSI) is a public
benefit corporation that refers to itself as the
stewards of the open source definition (OSD).
The OSl is a community-recognized body for
reviewing and approving licences as OSD-
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“MERELY MAKING THE SOURCE CODE AVAILABLE DOES NOT NECESSARILY MEAN
THE LICENSOR HAS PERMITTED YOU TO MODIFY OR REDISTRIBUTE THE SOFTWARE"

conformant. A licence must comply with the
OSI's ten distribution terms in order to be
approved as open source. The three major
requirements include royalty free redistribution,
available source code, and the licence must
allow for modifications and derived works.
Derived works are essentially works based
upon the licenced work. The OSI's website lists
all of the approved open source licences. You
should also be aware that source code that is
made available but is not approved by the OSI
is still often referred to as open source. Merely
making the source code available does not
necessarily mean the licensor has permitted
you to modify or redistribute the software. The
OSI has criticized companies that have
advertised their software as open source when
the licence was not approved by the OSI
board. Such software might be more
accurately described as source available
software.

Open source licences ensure that others are
generally free to use, modify and redistribute
the OSS. More generally, licence agreements
are a type of contract. There are, however,
subtle differences in the interpretation of
licences and contracts that can have harsh
implications for a party that is caught offside
the licence.

A licence gives a person permission to use
another’s IP in a way that would otherwise
constitute infringement. A licence will set out
the conditions of use and if the user violates
these conditions the licence allows IP owners
to exercise their property rights. This is an
important distinction because it is easier to
obtain an injunction when one’s property
rights have been violated, e.g., copyright
infringement, than it is for a breach of
contract. An injunction orders a party to refrain
from the infringing activity and can halt
business operations, whereas the ordinary
remedy for a breach of contract is damages. In
2008, the United States Federal Court of
Appeal in Jacobsen v. Katzer confirmed that if
a licence is limited in scope and the licencee
acts outside the scope, the licensor can bring
an action for copyright infringement.

WHY CARE ABOUT OPEN SOURCE
LICENCES?

In all likelihood your company has
encountered OSS. OSS is becoming ubiquitous
as companies that initially cast a wary eye on it
have now realized its numerous benefits,

including its ability to drive down development
costs. It is now difficult to find commercial
software that does not incorporate OSS in at
least some areas.
While open source offers many benefits, it
also heightens the probability of code
contamination or unclean IP. Code
contamination occurs when content is brought
into a development project without regard for
the licensing or copyright obligations.
The value of a company and its product
often depend on the cleanliness of their IP and
not solely on the protection of it. Disregarding
licence obligations can have surprising and
costly consequences for many stakeholders. In
any merger and acquisition or funding deal,
uncertainty over clean IP can:
® Generate risk and threaten successful
closure.
® Increase product time to market.
© Affect software IP valuation and overall
business valuation.

® Result in a litigation that can drag on for
years draining company resources.

® Produce negative press and public scrutiny.

One of the most well-known examples of an
open source surprise attack comes from Cisco
and Linksys. Linksys routers used chipsets
supplied by Broadcom, and Broadcom
outsourced development of these chips to an
overseas developer. In 2003, Cisco acquired
Linksys for $500m.

After the acquisition, the Free Software
Foundation (FSF), an organization that actively
seeks companies that violate open source
licences, determined that the chips contained
copyrighted code under the GPL and that
Cisco was distributing the product in violation
of the licence. Cisco agreed to remediate the
situation by releasing the source code. As a
result, the software Cisco believed to be
proprietary when it conducted its business and
IP valuation of Linksys was now freely available
to the public.

In 2008, the FSF sued Cisco for copyright
infringement claiming that Cisco never
completed the compliance process. In 2009,
Cisco paid an undisclosed amount to the FSF
and settled.

THE MAIN OBLIGATIONS OF OSS
LICENCES

Despite the many benefits of OSS,
companies often shy away from it because
they do not fully understand the obligations of

various licences. There is fear that using OSS
will require a company to give away all of its
software for free — this is not accurate.

This section will explain the primary
obligations of some of the most frequently
used open source licences. As you will see,
open source licences can be diverse and can
range from quite permissive to quite restrictive.
Some of the most frequently used open source
licences that will be reviewed are:
® GNU General Public Licence (GPL) 2.0;
® GNU General Public Licence (GPL) 3.0;
©® GNU Lesser General Public Licence

(LGPL) 2.1;
® New BSD Licence;
® Apache Licence 2.0;
©® Mozilla Public Licence (MPL) 1.1.

The table on the next page follows groups
together six of the most frequently used open
source licences based on their salient
obligations. Please note that this is not an
exhaustive explanation and it should not be
construed as legal advice; you should consult
with an attorney.

LESSONS LEARNED

GPL violations and other open source
licence violations occur on a regular basis,
even if unbeknownst to the offender. The
lawsuits in 2009 demonstrate that licencees
cannot simply ignore their open source
licensing obligations. As seen in this article,
licensors are willing to enforce the terms of
the licences in a court of law.

The lawsuit against Best Buy et al highlights
the importance of understanding what OSS s,
taking inventory of what OSS is included in
each product, what licensing obligations apply
and compliance with these obligations. This
process can be facilitated by IP audits, now
made easier with automated source code
scanning tools that analyze and identify the
presence of open source code, IP ownership
and what type of licence applies.

It's become common in many industries for
products to contain hundreds and thousands
of software components, so companies will
increasingly seek assurances of clean IP. The
Cisco-FSF saga described above serves as a
cautionary tale to acquirers, targets and other
stakeholders in the software food-chain that IP
audits should be conducted not only during
the due diligence phase preceding a closing,
but also throughout the product life-cycle from
conception. M (see over for Table 1)
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IFOCUS

LICENSE \ OBLIGATIONS

| PLAN ON USING THE
LICENSED SOFTWARE
INTERNALLY ONLY

There are no restrictions on
use if the GPL licensed
software is used internally
and is not distributed
outside the organization.
You may even combine GPL
licensed software with
proprietary licensed
software.

CAN | DISTRIBUTE THE
LICENSED SOFTWARE
UNMODIFIED?

Yes
If the unmodified licensed
software will be conveyed
outside the organization,
there is an obligation to
make the source code
available to downstream
users and publish the
original copyright notices
and warranty disclaimers.
You may not impose any
further restrictions on the
recipient’s rights.

Table 1: What's needed to keep a clean IP license

DO | HAVE TO RELEASE
THE SOURCE CODE OF MY
MODIFICATIONS?

Yes
If the modified code will be
conveyed externally, there
is an obligation to make the
source code for all original

and modified portions of the
licensed code available to

all downstream users.

You must prominently notify
users what files have been

modified and the date of
change.

Include all original copyright
notices and warranty
disclaimers.

You may distribute the GPL
licensed software for a fee,
but purchasers have the
freedom to release it to the
public without a fee.

CAN | DISTRIBUTE
LICENSED SOFTWARE
(MODIFIED OR
UNMODIFIED) THAT HAS
BEEN COMBINED OR
LINKED WITH CODE
COVERED BY ANOTHER
LICENSING MODEL?

Maybe
Any software that contains
GPL code or is derived from
GPL code must be licensed

as a whole under the GPL

terms. What this means is

that in order to distribute
software that has combined
or linked GPL code with non-

GPL code, the licenses must
be compatible. For example,

GPL v.2 is not compatible
with GPL v.3. (See
http://www.fsf.org/licensing/I
icenses)

The GPL does not explicitly
state that linked files create
a work derived from the
GPL code. However, it is
generally understood that
static linking, which
modifies the code of one
program, creates a
derivative work and
therefore must be licensed
under the GPL. It is less
clear whether or not
dynamic linking creates a
derivative work. Dynamic
linking does not necessarily
modify any code. As this
issue has not been litigated,
it might be prudent to
assume that under the GPL,
statically or dynamically
linked files both create
derivative works.

CAN | USE THE LICENSED
SOFTWARE AS PART OF A
TECHNOLOGICAL
MEASURE?

Yes
No specific restriction

No restrictions on internal
use as long as your license
otherwise remains in force.

Yes
If the unmodified licensed
software will be conveyed
outside the organization,
there is an obligation to
make the source code
available to downstream
users and conspicuously
publish on each copy the
original copyright notices,
warranty disclaimers, and
give all recipients a copy of
the license.

You may not impose any
further restrictions on the
recipient’s rights. However,
you may remove additional
permissions and place
additional permissions on
material added by you.

Yes

If the modified code will be
conveyed externally, there
is an obligation to make the
source code for all original
and modified portions of the
licensed code available to

all downstream users.

You must prominently notify
users what files have been

modified and the date of

change.

Include all original copyright
notices and warranty
disclaimers. Prominently
notify users that the work is
released under this license
and of any additional
permissions.

Maybe
Please see the above
explanation for GPL v.2 and
refer to
http://www fsf.org/licensing
/licenses for a more in
depth look at license
compatibility.

Maybe
The US Digital Millennium
Copyright Act and similar
non-US laws prohibit the
intentional circumvention of
technological measures
designed to prevent
unauthorized use/access to
copyrighted works. (Note:
Canada does not currently
have any anti circumvention
laws)

The GPL v.3 does not
stipulate what you can and
cannot program. However,

it does state that the
licensed software shall not

be deemed part of an
effective technological
measure. When you
distribute the licensed work,
you waive any legal power
to forbid circumvention of
the technological measures.
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No restrictions on internal
use.

LGPL v.2.1

Yes

If the unmodified licensed
software will be conveyed
outside the organization,
there is an obligation to
make the source code
available to downstream
users and publish the
original copyright notices
and warranty disclaimers.

You may not impose any
further restrictions on the
recipient’s rights.

Yes
If the modified code will be
conveyed externally, there
is an obligation to make the
source code for all original
and modified portions of the
licensed code available to
all downstream users.
You must prominently notify
users what files have been
modified and the date of
change.
Include all original copyright
notices and warranty
disclaimers

Maybe

LGPL code to non-LGPL
code, without violating the
license and without
requiring source code
disclosure of non-LGPL
files.
The license describes a
library as a collection of
software functions intended
to be conveniently linked
with application programs
to form executables.
A program that is designed
to work with the LGPL
licensed library by being
compiled or linked with it,
and does not contain a
portion of the licensed
library, is a work that uses
the library, and is not a
derivative work and
therefore outside the scope
of the LGPL. Any
modifications to the
licensed library itself or any
work that contains portions
of the licensed library is
considered a derivative
work and therefore covered
by the LGPL.

The LGPL has an exemption
that allows for the linking of

Yes
No specific restriction.
However, with LGPL v.3
licensed software you waive
any legal power to forbid
circumvention of the
technological measures
when you distribute the
licensed work.

No restrictions on internal
use.

New BSD License

Yes
No obligation to disclose
source code.

Redistribution of source and
binary code must retain the
copyright notices, and you
must not use the name of
the licensor to endorse or
promote products derived
from the software.

No

No obligation to disclose the

source code of your
modifications

Yes
No restrictions

Yes
No specific restriction.

No restrictions on internal
use.

Apache License 2.0

Yes

No obligation to disclose

source code. You may
redistribute the original or
modified code as open
source or proprietary.

You may copy and
distribute the software so
long as you provide a copy
of the license and retain the
copyright, patent,
trademark and attribution
notices from the originating
file.

No
No obligation to disclose the
source code of your
modifications.
Prominently notify users of
any modified files.
You may add your own
copyright statement and
license terms to your
modifications so long as
you do not remove any of
the original license
requirements.

Yes
No restrictions.

Yes
No specific restriction.

No restrictions on internal
use.

Mozilla Public
License (MPL) 1.1

Yes
Include a copy of the
license with every copy of
the source code you

distribute.

Duplicate the notice
contained in Exhibit A in
each file of the source

code.

Maintain a file documenting

Yes

You must make the source
code of your modifications
available.

modifications, date of the
change, and a prominent
statement that the
modification is derived from
the original code, and
include the name of the
initial developer in the
source code.

MPL may be combined with
code not licensed under the

MPL source code and any

Yes
Unlike strong copyleft
licenses, code under the

MPL. When such a larger
work has been created,

modifications thereof must
remain under the terms of
the MPL, however non-MPL
code remains non-MPL.

Yes
No specific restriction.
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It's just +5V,

specifications to consider

when selecting a low-power wireless module. Size constraints,
power dissipation, radio performance, transmitter power... the
list goes on and on. Unfortunately, when | read customer
enquiries or discuss possible applications, the one simple
parameter that gets overlooked or ignored most often is
perhaps the most important: the supply rail which powers the
device.

To be fair, absolute power consumption is rarely overlooked
(although all too often it just gets specified as 'very low’ with
no further thought about the radio’s actual task) but what gets
forgotten is the actual supply
voltage, where it comes from
and any restrictions or
peculiarities associated with it.

There is no solid rule regarding
the nature of a radio module’s
supply:

Some designs require external

regulated rails (usually 3V or

5V).

Some have limited ranges of

input voltage, for example

2.2-4V or 3.1-9V.

Others have ‘full’ regulation

and can accept a wide range

of voltages, i.e. 3.1-15V.

A few have wide operating voltages, but are restricted by

thermal dissipation limits, such as “4-15V but 4-9V

recommended for 100% duty cycle”.

Most modules will draw a fairly constant current, irrespective
of the voltage (inefficient at the upper end of the range), but a
few will employ much more efficient switching supplies, which
draw a constant power. However, an unseen problem here is
that, as input voltage falls, the current rises, making them very
vulnerable to problems with supplies having a high effective
series resistance (such as batteries, especially as they age).
Current variations in normal module operation can also be a
problem. As transmitter sections switch on and off the current
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can rise from next to nothing to (for a 500mW module) over
400mA in tens of milliseconds. Again, a high ESR power source
will fail, as it will be unable to maintain voltage as the
transmitter keys up. In the worst case this will cause a
potentially damaging low frequency oscillation: transmitter
keys up; power supply voltage droops; transmitter resets;
supply rises again; transmitter tries to key up again. Repeat ad
infinitum. This is sometimes referred to as ‘motorboating’.
And then there is the vexed issue of ‘automotive’ power
supplies. A car or van's main supply is usually “12V’, although
in practice this is really 11-14V, with 13.8V as a good median
guess. Unfortunately, it also suffers
periodic glitches, interruptions and
brown-outs (as the engine is
started, or high current utilities such
as headlights are switched) and,
most damaging of all, it can suffer
alternator load dump transients of
45-60V or more for several
milliseconds (see footnote).

A simple module designed to
operate from, for instance, 7-15V is
unlikely to survive connection to
such a supply, unless it has been
specifically designed with over-
voltage tolerant circuitry and good
brown-out watchdog/reset

behaviour in mind. If the supplier isn’t specifying “automotive
supply” then it's best to err on the safe side.

Frequently, the easiest solution is to build-in a separate
voltage regulator to provide a cleaned-up, safe supply rail for
the radio; many semiconductor suppliers have parts specifically
rated for automotive applications and there are some effective
‘supply conditioning’ modules available.

So, how can supply problems be avoided?

Match your module spec to your available power supply

(obvious, but I've seen some obvious mistakes made).

If your module requires a regulated supply, then give it a

separate one of its own. Ideally from a low noise linear



FOOTNOTE 1:

Automotive supplies, while nominally 12V (closer to 13.8V actually) suffer
short voltage spikes up to 45-60V under ‘alternator load dump’ conditions.
An alternator load dump is what happens when the connection to the
battery is broken and the alternator alone is supplying the 12V bus. The
alternator output voltage then peaks, reaching 45-60V for a few
milliseconds as the energy in the magnetic circuit of the device is dumped,
before the regulator circuits bring things under control.

regulator (‘regulated supply needed’ infers ‘sensitive radio
circuits connected directly to supply pin’). These radios will
be intolerant of digital or switch-mode noise on the rails.
Allow adequate current capacity and sufficient voltage
headroom, over all possible operating conditions. Do not
take risks with this parameter.

If using a battery supply, design for the worst case (cold,
almost discharged batteries). And test the design with such a
power supply.

Provide some extra supply decoupling — low resistance series

THE TROUBLE WITH RF...

inductors, large and small decoupling capacitors. It's easier to
delete it later if not needed than shoehorn it in when it is.

And finally, as I've said often before, test everything. Supply
issues are easier to diagnose than some of the more awkward
RF related faults. A lot can be done with a basic oscilloscope. If
the voltages aren’t what they ought to be, or there are odd
looking waveforms where there should be clean DC, then a
power supply fault is likely.

Myk Dormer is Senior RF Design Engineer at Radiometrix Ltd

RELIABLE LOW POWER RADIO MODEMS
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* Addressable point-to-multipoint
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* No additional software required
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The Solution to FM DISTORTION
due to Multipath Transmission

Part |

Archie Pettigrew from Ampsys Electronics Ltd revisits the issues behind
receiving the perfect FM broadcast radio signals

LORD KELVIN once said: “You only
understand something when you can
measure it; only when you can measure it,
can you improve it".

It is now sixty-five years since Murlan
Corrington published his seminal paper on
the problem of distortion caused by radio
echoes in broadcast FM. Sadly, no real
satisfactory progress has been made in the
intervening years to remedy this situation.
Diversity reception, DAB or satellite radios
have not provided an acceptable quality

and cost-effective solution to this problem.

This is especially so since the FM car radio

is the primary means of mobile public
communications and this takes place most
commonly in urban areas.

In this environment, distortion due to
echoes or multipath transmission is
exceedingly common. Despite all the
advances in this period in receiver and
transmitter design, this malfunction is as
prevalent today as it ever was.

Anomalies, Enigmas and Fallacies
Multipath distortion (MPD) is a problem

that occurs in many locations, with the

highest likelihood of happening in highly
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Figure 1a: The top trace is the flat envelope FM carrier and the lower trace is the
envelope when in a zone of severe distortion. It shows the square root carrier envelope

passing through zero at a fixed repetition frequency of 38kHz
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populated urban areas. One common
location where an MPD zone is experienced
within a moving vehicle is at traffic lights.
The surrounding buildings block the line-of-
sight transmission, causing the radio waves
to refract around buildings or reflect off
adjacent buildings. The resulting radio
reception sounds almost unintelligible,
provoking the listener to switch the radio
off. Yet as soon as the vehicle moves, even
a small distance, the fault clears and good
reception and audio quality returns.

A common enigma is that MPD can occur
when the carrier strength is quite strong
and well above the threshold point of weak
signal reception. It is thought that it is the
spike noise of threshold reception that
causes the crackles and spits.

Improvements in low noise amplifiers
over the decades should have reduced this
nuisance. Indeed, the threshold level of
modern tuners is ten times lower than the
valve amplifiers of 1945. The problem still
persists despite this twenty-decibel
improvement in the threshold point.

Perhaps it is time to look at the problem
afresh and see if some important principle
has been overlooked in the science of FM
transmission and reception.

Corrington Paper on FM Distortion
Corrington measured multipath distortion
by sending an FM signal down a long
coaxial cable and adding the output of the
cable to the original signal. Unfortunately,
he used a length of coax measured in
kilometres starting from about 2km to
about 10km. This resulted in a series of
sharp spikes at a specific difference
frequency. This difference frequency
increased with the increasing delay
distance. In a small leap of imagination,



Delay Line (5ns lang)
R ' 4 o

i A AN ERE ’ r +
;,: o \?VT 100okm [ VDIJtpLIt
5 d 100 Ohm- 5e-003 5 & B
17 8mYy_rms |
TakHz i é RZ dma.ﬁred
DDeg 1000hm REIED
pY be called into question because FM

= demodulation is a highly non-linear process
in the transfer from modulated carriers to
demodulated signal. There is the so-called
Figure 1b: The top trace is the flat envelope FM carrier and the lower trace is the envelope GRS R UEIRECINOR IRV TIIINe}1
when in a zone of severe distortion. It shows the square root carrier envelope passing two carriers to be suppressed and the
through zero at a fixed repetition frequency of 38kHz stronger to be demodulated. In multi-

100 MHz Flat Fi catrier

|||_

incident cartier

carrier reception conditions, it is only the
dominant and the sub-dominant carrier

Tel T @ 4cq Complete B Pos: =1.8000s CLURSOR that are of any concern. All the other
e carriers can be discarded as of little or no
Thpe importance.
Measuring FM Distortion Outside the
I Source Laboratory
CH1 During the evaluation of a new
demodulator, in a car park surrounded by
at 21,2008 some three and four story buildings, some
=3 47 17kHz new observations were made. Severe
=8 0004 distortion could be heard when the car was
Cursor 1 positioned in certain locations. At all other
—2200% times, the audio quality was normal.
2 A0 Observing the IF carrier on a portable
oscilloscope, amplitude modulation was

1+ Lursar 2 seen, while triggered by a new waveform
: 4 —alllns called the corrective time function (CTF).
2, 240V This waveform gives a spike tip exactly
CH1 S00m% CH2 100mY B 10.00s CH2 1.0 where the FM carrier envelope is at zero so
d-%ep-03 03:42 =10Hz the envelope shape was seen easily.
With the car placed in the centre of the
Figure 2: The upper trace shows the FM carrier converted to double sideband suppressed distortion zone, the envelope was that of a
carrier amplitude modulated FM when in an MPD zone. The lower trace shows the square root function. This occurs only when

demodulated audlio signal with distortion spikes

two sidebands are present (at minimum)
and there is no unmodulated carrier, like

these spikes were ascribed to be the cause ascribed to Corrington is the use of the double sideband-suppressed carrier AM. In
of the distortion. The enigma here was the Rayleigh distribution to describe the the short intervals when there was no
sound made by the high difference characteristics of an ensemble of FM audio modulation on the carrier, there was
frequency was not the same as the snap carriers arriving at the antenna with a distinct frequency of 38kHz and nothing
crackles and pops on road tests. different amplitudes and phases. This line else (see Figure 1a).

No attempt was made to examine short of reasoning probably came from the Where did this difference frequency come
delay distances, say equivalent to one half intensely mathematical work of S. O. Rice from and why was it always the same? Why
wavelength or 1.5m at 100MHz carrier of the Bell Laboratories in the 1950s. was there an abrupt change from severe
frequency. The fallacy that cannot be The use of the Rayleigh distribution must  distortion to perfect reception over a short
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microseconds. With 100kHz peak deviation
and 19kHz modulating frequency, the
original signal and the delayed signal were
simply added together. The result was a
carrier with a square root envelope at a
repetition frequency of 38kHz.

By halving the modulating frequency, the
amplitude of the output halved. The
situation seemed simple enough to apply

distance of say five to ten centimetres?
Something was happening that had never
been predicted in the laboratory.

Unlocking the Door

Armed with no more than these two
observations, a simulation was prepared
where a carrier at T0MHz was applied to a
delay line of length equivalent to 50

standard and Multipath FM for m = 0.83
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Figure 3: This image shows the simulation of the effect of multipath distortion on the FM
carrier. The trace shown in grey represents the ideal FM carrier. The blue trace represents

the same FM carrier affected by multipath
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some elementary trigonometry. Using the
standard FM carrier equation and the same
function delayed by T seconds, both
functions were added at equal amplitude
and rationalisation performed.

This results in the fundamental equation
describing FM multipath distortion for a
half wavelength carrier delay with a loss-
free reflection. The carrier at, say, 100MHz
has been removed, leaving all the
sideband pairs of the original FM
modulation combined with amplitude
modulation of the differentiation of the
modulating signal. The combination is
then scaled down by the ratio of /Wy

This then explains why the envelope
repeated at twice the input modulation
frequency and why the shape was that of
a square root function. In simple terms,
the flat envelope of the FM transmitter is
transformed into a double sideband,
suppressed carrier, amplitude modulated
FM signal. In the car park, the 38kHz was
simply double the 19kHz pilot tone for
decoding the stereo signal.

A further observation was made that as
the delay increased from m to (2n-1)m, the
output increased by this amount at least
until the small angle approximation starts
to break down. This fundamental yet
elementary analysis has been overlooked
for some sixty-four years, certainly since
the Corrington paper. Many if not all the
enigmas, anomalies and fallacies start to
be explained.

The Door is Opened

Using the typical broadcast frequency of
100MHz and a peak modulation of
100kHz for arithmetic simplicity, the FM
delay (FMD) equation predicts an
attenuation of 100kHz/100MHz multiplied
by 7 giving 3.142mV output for an input
of 1.00V. This output rises as the delay is
increased by another wavelength. This
process continues until the output almost
doubles at about 500 wavelengths or
1500m. It then reduces in the same
manner and returns to the original value
measured at one half wavelength, namely
3.142mV. This occurs at 1000 wavelengths
or 3000m.

In the FMD equation, the phase of the
carrier is changed by 180 degrees as the
modulating signal passes through zero.
This abrupt discontinuity causes a large
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AMPLIFIER RESEARCH
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33320H DC-18GHZ 11db

33321G DC-18GHZ 70db

Many others available
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DD demodulated signal for m=0.83
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Figure 4: An example of a demodulated 20kHz signal showing large distortion

spikes at every zero crossing due to the 180-degree phase-change as the
modulation changes sign

spike at the output of the demodulator
that makes the audio barely intelligible. At
last, here is the explanation for severe
distortion occurring even when the carrier
was well above threshold. There is a
double fault, the composite carrier is
attenuated, but there is also a destructive
spike that destroys the signal, independent
of the original carrier strength.

If the delay distance was offset from the
180-degree point, the spike pairs move
towards each other either in the positive
or negative half cycle. Eventually they
meet at the peak, coalesce and vanish. It
is at this point that the distortion
disappears. The amplitude of the output
doubles in size to become 6.284mV. The
change in the delay distance from the
original 1.500m can be seen to be 1.5mm
or Acar/2 multiplied by Wog /Wearr-

This is the length of the distortion zone
for the first half wavelength, or 3mm from
start to finish. The zone increases by the
factor of (2n-1) up to 500 wavelengths
and then reduces again to 3mm at 1000
wavelengths. The length of the zone at
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500 wavelengths is approximately 1.0m.
These zones are now defined as multipath
distortion (MPD) zones.

An approximation can be made as to the
probability of being caught in an MPD
zone. It will be the summation of the
discrete lengths of every MPD zone up to
1000 wavelengths. The total length —
3000m — will divide this.

The value of m, the ratio of the
reflected wave to the incident, must now
be factored in. Observations have been
made that if the value of m is less than
0.6, there is negligible nuisance. But
between 0.6 and 1.0 there is serious
distortion. This would mean factoring in a
probability of (1-m) or 0.4. However,
distortion can occur equally badly if the
reflection is greater than the incident
wave. So the factor must be doubled to
give the final combined probability of 0.8
times the first probability.

There are clearly a number of
simplifications including the angles of
attack of the two rays, but greater analysis
is beyond the scope of this article. There is

a further point concerning compound
reflections or more than one echo. For an
MPD zone to exist the two waves must be
approximately the same size and 180
degrees out of phase. If a third wave
occurs, then it must be in phase with the
existing reflection and the combined
amplitudes must equal the incident wave
amplitude. These joint probabilities
become vanishingly small and may be
neglected for all practical purposes.

Reception can be good at small depths
of modulation. When the signal increases,
the distortion is suddenly intolerable. This
can be explained that at small signal
levels, the MPD zones are also small and
may lie just outside critical delay distance.
When the signal increases, the MPD zone
is breached and failure occurs.

Another phenomenon can be explained
whereby a moving object like a passing car
appears to cause distortion. This is due to
the m ratio changing to bring the
reflected wave nearer to the value of the
incident wave since the delay distances are
much more static.

While listening to music, especially
classical, the distortion was clearly evident
and when the track was played, yet almost
disappeared entirely when the programme
returned to the studio announcer. This
defied explanation.

Examining this condition, a sub-carrier
at 38kHz was added to the normal audio
signal to simulate the left minus right
stereo signal. It became clear that
distortion was proportional to the number
of zero crossings and, therefore, spikes in
the output. By some non-linear mixing
process, these spikes produce the crackles
in the audio spectrum, which cannot be
filtered. When the track was being played,
the stereo signal became fully active and
MPD was heard. When the announcer
returned, the sub-carrier modulation
stopped and the distortion disappeared.

Referring back to the words of Lord
Kelvin, we are now in a position to
measure the MPD zones, explain the
anomalies, enigmas and fallacies. Now FM
distortion is more comprehensively
understood, are we in able improve the
situation?

This article continues in the next issue of
Electronics World magazine.
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The SPECTRUM Anomdaly

Barry McKeown from Datod Ltd explains some of the challenges that need
to be met to have an interference-free FM broadcasting

IN THE DECEMBER 2006 edition of Electronics World magazine,
appeared an article by Dr Pettigrew entitled “A New Approach to
Demodulation”. Wherein, Dr Pettigrew outlines details of his current
understanding of the phenomenon of multipath propagation and
interference. This work follows on from a previous article in Electronics
World in 1996 relating the separation of two interfering FM signals
occupying the same transmission frequency bandwidth; subsequently
criticized by E Forster, also in 1996.

One would think that after nearly 100 years of development in the
science of demodulation that the nature of radio wave propagation would
be understood. Sadly it is not, as OFCOM can also testify in “Tomorrow’s
Wireless World: 7/5/08": though we are only manipulating the parameters
of frequency with respect to amplitude, phase, polarisation and time in
various combinations.

| believe that Dr Pettigrew has performed the telecommunications
industry a service by his determined pursuit of this technology. There is,
however, a barrier that Dr Pettigrew has overlooked, namely politics and
the finance associated with spectrum auctions and the question as to
whether governments want a solution to be in the public domain or the
interference problem solved.

With the current migration from 3G to 4G and the larger bandwidth
requirements for wireless data traffic, especially healthcare applications,

utilising devices such as tablets and improved smartphone technologies,
something will have to give or the networks shall go into gridlock.

The Interference Barrier

The logic behind spectrum auctions is the premise that when a
secondary transmitted signal occupies the same transmitted frequency
spectrum already occupied by a primary wanted signal, this results in what
is perceived as interference by the telecommunications receiver (see Figure
1). Accordingly, governments and international standards agencies have
sought to regulate “the spectrum” as a shared resource worldwide to
mitigate this interference effect.

The issue at stake is the “erroneous assumption that the spectrum is
finite”.

The electromagnetic spectrum is an incomplete mathematical model of
physical reality. Another Scotsman, James Clerk Maxwell, the originator of
this model, stated this aspect quite clearly. In the field of wireless/radio
there is a vast literature devoted to this historical problem of interference,
ranging from the work of Corrington to Rice, where each researcher has
provided differing mathematical models of physical reality, but with each
advanced mathematical model developed, none have overcome this
interference issue.

What most people have not appreciated is that if you deployed
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The following schematically illustrates the datod demodulation scheme when applied to two independently-modulated
FM or PM transmissions. Here, two baseband signals x, and x, independently modulate carrier waves of the same
or similar carrier frequency. At the point of reception, these carrier waves combine to give a received waveform V(t).

| square > datod message signal x;(t)
wave vy(t) process
Y
combined received datod analog
wave V(1) system decomposition
A
wave v,(t) | standard frequency/phase | datod
a demodulation process o process message signal x,(t)

Figure 1: Datod FM/PM Demodulator Interference susceptibility scheme

interference-free technology tomorrow, you have not solved the
interference problem. All technology subsequently could be interference-
free but what is known as the incumbent spectrum users would still have
their deployed systems susceptible to interference. This is known as the co-
existence problem.

There are a number of issues to be addressed. First, you need to begin
with a basic measurement instrumentation capability to ascertain the level
of susceptibility of the incumbent demodulator technology to interference
exactly. Datod has developed the basic signal processing algorithms for
such an instrument (see Figure 2 and 3). Second, you require a managed
migration from the existing analogue technology to digital technology,
with inherent interference, then another migration to a digital without
interference era. This transition can only be achieved and managed
through governments and the International Telecommunication Union (ITU)
— over a twenty year timeframe, at least. We are currently going through
this analogue to digital switchover period.

Demos

In article of 2006, Dr Pettigrew tackles the multi-path problem, a less
onerous variant on the interference problem, where you are dealing with
reflections due solely to the original transmitted signal, but in the article Dr
Pettigrew is still advocating an experimental approach and applying
simplistic mathematical modelling arguments. He also is still using offsets in
his designs.

With respect to this article the following specific points should be noted.
The context in which the Rayleigh model applies to multi-path and, in
particular, the concept of “Rayleigh Fading”, does not appear to have been
fully understood.

The multi-path signals do not appear like Rayleigh noise at the antenna,
rather, fading occurs when multiple reflections of the carrier combine in
such a way that their resultant wave approaches that of the carrier, but is
of the opposite sign to the carrier.

On the definition of suppressed carrier amplitude modulation on
frequency modulation SCAM-FM, it appears to me that Dr Pettigrew has
attempted to fit a heuristic model of what he believes is occurring
mathematically onto his experimental measurement data. Multi-path
distortion occurs when one or more reflected signals combine in such a
way that their resultant is of opposite sign to the primary received signal.

An FM carrier is not in general converted to an amplitude-modulated signal.

The first three equations cited in the article represent respectively:
(@) A carrier which is modulated by a sinusoid (‘pure tone’) signal;
(b) A reflected, and consequently delayed and modified in amplitude,
wave;
(c) The sum of (a) and (b) and is:

Viotal () = cos(wgt + fi sinomeqt )+ meos(w(t — ) + f sinwpeg(t - 1))

The article states that “after some basic trigonometry” that the equation
(©) reduces to:

Ymod
e

Viotar (£) = Bt COS tWpogf X c:os(wct + Bsinwpyt)

for the delay in the region of 1 radians.
[t does not. The correct summation is:

Viota (t) = A(t) coslog (1) + 0())
A =1+ + 2mcosg, (1)

. A fmsing, ()
0(1) = Bsine,f + tan (W)
and

¢, (t)=—m1 =2/ sin (mm %)cos w, (T =74)

where

In the case, where the incident and reflected signals are of equal
magnitude (m=1), the amplitude term becomes:

A \/2 (1+cosg, (1))

where the term g is given by:
¢, () =—wT+p [sin w, (I -T)- sincumt]

and, hence, only in the restricted case where (W, T) is an odd multiple of m,
the amplitude term can be written as:

Alt)= 2sin(%s'mwmrJ
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Figure 3: Datod Demodulator TesT Scheme with two sinusoid tone information signals

FM wave v,

WA

baseband

FM wave v,

WA

baseband

Y Y

square

datod process original x; (black) estimated x, (blue)

Received wave
V=wvi+v;

Combined received wave V

Wlh

datod

decomposition

RVRVIVRYA R

FM-demodulate

Observe that the presence of the quantity w.T in @4 means that the
amplitude term cannot generally be written in the form given in the
article. Also observe that it is the value of (w,,T) and not the value of T
itself, which determines the multipath distortion.

However, in the case of low-B (for example, values of B < 0.1, such as
that which would yield a maximum deviation of 100kHz on a 1T00MHz
carrier), the above amplitude might appear as the term Bsin(wpyt) — as it is
the case sinx = x when x is small.

This approximation clearly falls down when B is not small, as
illustrated in Figure 4. The combined waveform v(t) is shown in red,
the correct amplitude term A(t) as given in (*) is in black, and the term
coswmt, which is used by Dr Pettigrew, is plotted in blue. In this figure
we consider two cycles of a sinusoidal signal (that is w,,, = 2), and a
waveform which is the sum of the carrier wave and a reflected wave of

datod process original x, (black) estimated x; (blue)

equal amplitude. The delay considered here is such that the product
Wy T is an odd multiple of 1.

This small angle criterion is also the root cause of many
misunderstandings relating to phase noise and jitter measurements and
when it is appropriate to apply it.

The Digital Solution to Co-channel FM Signal Recovery

Whereas Dr Pettigrew has gone down the analogue path, Jon Hamkins,
a leading expert in spherical coding, at JPL went down the digital path. In
April 2000 he published a digital analytic technique solution, providing
both simulated and measured field data, which could separate more than
the two signals of the Platinum Ill; such as to accommodate 5 or 12 FM
crossing over signals.

Indeed M signals may be tracked using a trellis with 2A(M-1) states.
However, this technology is covered by the

B=0.1

B=20

mighty US International Traffic in Arms

Regulations (ITAR) Laws.

Further endeavours in the field of Interference
Cancellation Technology (ICT) by another JPL
engineer, John Thomas, the founder of
TensorComm, was published in the September
2006 issue of RF Design and indicated how to

maximise spectral efficiency in CDOMA and WCDMA
systems. Other effort is still currently underway

worldwide in this field.

US NTIA and FCC Regulatory Model and
the Test Bed

In the US, regulatory separation exists between
the National Telecommunications and Information

Administration (NTIA), charged with maximizing

Figure 4: The values of beta = 0.1,
0.5 1,2 5 10
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spectrum efficiency and arbitrating on technical issues, and the Federal
Communication Commission (FCC) who conduct and manage spectrum
Auctions. In the UK OFCOM has both remits.

In January 2008, the FCC began Public Auction 73 of the “700MHz
Band” spectrum licenses. With this event the worldwide rollout of the 4G
Wireless Telecommunication Network(s), agreed by the ITU the previous
October, began in earnest. This spectrum auction ended in April 2008,
rising over $19bn. We are still awaiting the UK 4G spectrum auction by
OFCOM.

Concurrently with this FCC spectrum Auction the NTIA began a process
of providing a spectrum sharing innovation test-bed of dynamic spectrum
access (DSA) technologies. The NTIA defines this as a technical capability
which “allows a radio device to (i) evaluate its radio frequency environment
using spectrum sensing, geo-location, or a combination of spectrum
sensing and geo-location techniques, (i) determine which frequencies are
available for use on a non-interference basis and (iii) reconfigure itself to
operate on the identified frequencies.” The critical issue is item (ii).

Furthermore, “The test-bed pilot program will evaluate the ability of DSA
devices employing spectrum sensing and/or geo-location techniques to
share spectrum with land mobile radio (LMR) systems operating in the 410-
420MHz federal band and in the 470-512MHz non-federal band. To
address potential interference to incumbent LMR spectrum users, the test-
bed pilot program will include both laboratory and field measurements
performed in three phases to characterize the interaction with DSA
enabled devices.”

The NTIA selected the following parties to participate in this test-bed
pilot program: Adapt4 LLC, Adaptrum Inc, BAE Systems, Motorola Inc,
Shared spectrum Company and Virginia Polytechnic Institute and State
University. Its first report was posted in May. The program is scheduled to
continue Phase | testing beyond October 2011. This project timescale
would optimistically enable DSA technology to be deployed post 2015.

The cardinal issue is how this DSA technology is positioned to upgrade
the 4G LTE network with its OFDMA and SC-FDMA modulation formats
and resolving the “spike” problem.

The Missing Ingredient

It shall come as no surprise by now that | disagree with this historical
approach. It appears to me that Dr Pettigrew and all the other
communication engineers have missed the point about “spikes”; they are
actually informing you about the composition not only of the signals present
but also the geometry and propagation characteristics of the channel.

FMI

Historically, scientists and engineers have sought to eliminate these
artefacts as interference effects, whereas | believe that, instead, you must
incorporate an analysis process which recovers and extracts the information
present, including geo-location, in the “spikes” before removing them.

| believe that the whole historical approach fundamentally ignores this
issue i.e. the textbooks cite the fact that “spikes” arise in FM demodulation
schemes but then proceed to discuss how to circumvent them or eliminate
them, as schemes for interference cancellation attempt to suppress an
unwanted signal. Similar arguments relate to the equalisation process in
current digital systems. Such an analysis stage could only be applied
digitally. It also would be required to manipulate fractional frequency
information which current FFT algorithms cannot process, especially in an
OFDM(A) environment for 4G.

A Way Forward

Rationalisation, regulated by the EU, in the telecommunications industry
is currently underway in the UK with spectrum allocation playing a major
consideration in merger negotiations between two parties from the major
five UK network carriers.

Unfortunately OFCOM, appears to me to, have a conflict of interest with
respect to raising another fortune on the new 4G spectrum auctions for
the Treasury and developing Reusable Spectrum Technology (RST)
solutions. The new government shall eventually address this anomaly in the
2003 Communications Act, along with other issues in the “Digital
Britain/Economy” program, as it reviews the remit of OFCOM.

The first 4G spectrum auction began in the US. The 4G spectrum
auction in Germany and India were completed in May and June
respectively. The OFCOM UK 4G spectrum auction is still currently awaited
and according to reports in the Financial Times, anticipated figures of
£4.4bn are expected to accrue.

| would submit that it is now an urgent necessity for the “NTIA functional
remit” to be striped from OFCOM, in order to free up some spectrum for
use as a UK test-bed program. Such that UK DSA candidate technologies be
permitted to evolve; be tested and further developed in public without
resort to secrecy or obsessive commercial confidentially considerations in the
national interest, instead of leaving everything to the US.

In the final analysis, | suspect history will look kindly and gratefully on Dr
Pettigrew for his persistence with technology which still has its place and
technical merit. | suspect that the same will not be said for governments
and spectrum auctions.

The ball is now in the new government'’s court. i
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George Lamb, VP of operations and support at Nextivity, goes in the detail of
how to tackle the problem of poor signal quality inside enclosed environments

Solving the Indoor Wireless
COVERAGE Cirisis Design

THE VAST MAJORITY of mobile phone use takes place indoors

but it's long been accepted that, in many homes and offices, signal
strength is less than perfect and call quality suffers accordingly. The
situation has been highlighted further with the advent of mobile
broadband services — despite the promise of multi-megabit connections,
very few mobile users experience the advertised maximum speeds. Sub-
megabit connections are common and a significant proportion of users
are simply unable to access a 3G network in their home or office.

The in-building coverage issues are well known in the industry and we
should expect to see more of it with booming sales of 3G smartphones,
dongles and netbooks/smartbooks. The owners of those devices are all
trying to access data-hungry services and for many the experience
disappoints. Operators that sort the issues out quickly will be handed a
huge competitive advantage but the solutions already proposed, including
femtocells to create an in-building ‘mobile cell’ and an increase in base
station density and capacity, have considerable capital and operational
implications and they will take some time to implement effectively.

The performance of any mobile device is directly related to signal
quality and that signal quality is influenced by distance from the base
station, receiver sensitivity of the access device and most critically, physical
obstruction — it’s a cruel irony that, although most mobile voice and data
connections originate indoors, mobile networks just don’t like walls,
floors, ceilings and windows. Today more than ever, the requirement for
high quality indoor wireless signals presents a huge challenge for cellular
network operators. With more than 70% of all 3G wireless voice and
data services being used indoors, the ability to penetrate walls ceiling and
floors with the higher frequency signals used in 3G networks is key.

Current Technologies

Until recently, although industrial grade signal repeaters have been, and
continue to be used in commercial applications, there haven’t been viable
and affordable solutions that solve the problem for individuals, homes and
businesses. User installable bi-directional repeaters, for instance, have
been outlawed in many countries due to the harmful impact that they can
have on wireless networks. The issues associated with this sort of device
were highlighted recently in the United States by a proposal to the FCC
from repeater manufacturer Wilson Electronics to Raise Cell Phone Signal
Booster Certification Standards. The proposal more than 500 written
responses and to quote the Cellular Telephone Industry Association (CTIA);
"...issues associated with ‘Self-Help’ unauthorized use of signal repeaters
have continued to grow. These devices widely disrupt mobile
communications and can overwhelm nearby cells which both blocks
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ordinary calls and disrupts public safety systems.” AT&T’s response to the
FCC supported that view; “...a single CMRS booster aboard the yacht
"Miss Penny” caused severe harmful interference that adversely affected
three AT&T cell sites with a peak interfering signal level of -69dBm
measured. Specifically, the CMRS booster on the ship caused interference
to three sites, resulting in approximately 3,055 blocked calls over a four-
day period.”

Clearly, the ‘raw’ and indiscriminate signal boosting characteristics of
traditional repeater technology isn‘t the answer but this demand for
network friendly improvements in indoor coverage has been the genesis
of a range of proposed solutions.

One solution; Unlicensed Mobile Access (UMA), which is also known as
Generic Mobile Access (GAN), works by placing a Wi-Fi transceiver into
the mobile handset. This additional radio can then be used for VolIP or
data transmission via existing 802.11 wireless networks, assuming one is
available. When 802.11 is not available the handsets operate over the
cellular network. UMA/GAN requires that the user purchases a special
handset and that the user has access to an 802.11 network.
Implementation of this system requires significant upgrades to the carrier
network and back office systems, but it does offer the advantage of being
able to work in areas where there is no cellular coverage.

Another solution being introduced places a miniature base station,
known as a femtocell, in the home or office which, like GAN solutions,
uses the consumer’s fixed broadband connection to backhaul the call or
data session to the mobile operator’s core network. Femtocells are a
relatively new concept which combines the functionality of a 3G Node B
and some of the functionality of a 3G Radio Network Controller (RNC)
into a single unit. The use of a femtocell assumes the existence of
broadband connectivity as the link between the femtocell and multiple
new network elements. The principle network elements are the Access
Controller and the Provisioning Management Server.

Both GAN and femtocells require significant operator investment in
network infrastructure, software integration and ongoing operating
expenditure (OPEX). Both solutions are also limited by the quality of
service provided in the consumer’s fixed broadband connection, thus
eliminating the promise of super high speed wireless data offered
through advances such as LTE. In addition, both GAN and femtocells
can have a significant impact on the signalling required to support the
movement of mobile users from the outdoors to indoors (hand-in) and
from indoors to outdoors (hand-out). GAN does have the advantage of
not causing the macro network interference that is of concern when
deploying femtocells.
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Being in Control

GAN and femtocell technologies inevitably mean the operator loses
control of at least part of the voice or data transmission and relies on a
third party network and it is that situation that inspired the Nextivity's
development of the Cel-Fi system. Cel-Fi, short for Cellular Fidelity, is
designed to be self installed by the consumer and, unlike GAN or
femtocells, does not require a fixed broadband connection to operate.

The Cel-Fi solution consists of a Window Unit (WU) and a Coverage
Unit (CU), each about the size of an ADSL router. The WU s placed in an
area of the home or office where at least some 3G signal exists (a single
‘bar’ is more than sufficient). The CU is placed somewhere near the centre
of the home or office. Signal from the macro network is picked up by the
WU and delivered to the CU where it is re-broadcast, thus ‘lighting up’
the building from the inside out.

A four sector antenna system built into the WU allows directionality
and selectivity without requiring the end user to “point” the unit in any
particular direction. The significant advantage of a directional antenna is
that it allows high gain from a targeted sector without bringing in the
pilot pollution from all the other three sectors. Thus the WU brings in a
cleaner signal at 5 to 7dB higher gain as compared to the omni-
directional, unity gain, antenna of a typical cell phone. This improved
reception not only provides more ‘bars’ throughout the building, but also
delivers a significantly improved signal to noise ratio, which can be directly

translated into improved data rates for wireless broadband service. Best
placement of the WU is made possible through the use of a familiar five
bar display on the front of the unit. The more bars shown, the better the
result.

The cellular signal is transferred between the WU and the CU, over the
5GHz unlicensed spectrum, using a proprietary protocol developed by
Nextivity. This protocol delivers significantly lower latency than traditional
802.11 protocols. In fact, the total end to send system delay of the Cel-Fi
systems allows it to fit easily within the 20ms window of the rake receiver
on both the handset or the NodeB (3G base station), thus making signals
received through Cel-Fi appear to the handset and the network as just
another multipath. As such there is no requirement for ‘hand-in" and
‘hand-out” and the significant increase in network signalling that goes
along with it.

Downlink gain on the CU is set automatically using the path loss
between the WU and CU; the higher the path loss (up to 100dB) the
higher the gain on the CU. This has the effect of automatically sizing the
coverage footprint. In a smaller space the two units are placed closer
together, thus creating a smaller sphere of coverage from the omni-
directional transmit antenna of the CU; in larger spaces the opposite is
true. Automatic feedback cancellation between the WU and CU means
that there is no requirement for a safety margin, back off on the CU gain.

Patented co-existence algorithms allow the Cel-Fi system to operate in
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Figure 2: Bridging the gap between base station and handset
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the same space as other 5GHz devices, such as Wi-Fi routers and baby
monitors. The system is also fully compliant with regulations for
automatic channel selection and real time radar detection required for
operation in the UNII 2 band of the unlicensed spectrum.

The combination of AGC and feedback cancellation on the on the
downlink enables a very simple customer interface to guide in the
placement of the CU. If the WU and CU are placed less one meter
apart a red icon shows that the units are too close to each other. If the
WU and CU are placed more than 100dB (approximately 20 meters
and 2-3 walls) apart, then a different red icon shows that the units are
too far apart. A green icon, coupled with a numeric gain indicator (the
higher the number, the better placement) indicates operational CU
placement.

Uplink gain is also automatically set. This is a key feature, as an
unregulated gain on the uplink could easily overdrive the front end of
the NodeB, thus raising the noise level and making reception of cell
edge users impossible. In Cel-Fi, uplink gain level is based on a real
time path loss calculation between the WU and the NodeB. The
transmit power level of the NodeB is transmitted as part of the system
information broadcast of the overhead message. The WU reads this
information and then performs a simple path loss calculation of TX
power level at the NodeB versus RX power level at the WU. This real
time path loss calculation is used to create a gain ceiling that is
automatically adjusted based on changes in the RF environment. In
order to further limit the impact to the network, the uplink path from
the WU is gated so that when there is no active device in the coverage
area of the CU, the uplink transmitters of the WU are shut down.

Carrier Specific

It should also be noted that the Cel-Fi system is carrier specific, thus
allowing subsidy protection to the operator who chooses to give it
away to gain a small business client or reduce churn in its higher ARPU
residential customers. The Cel-Fi system automatically selects a carrier
frequency from a range of frequencies provisioned at the time of
manufacture. To prevent use in other markets where the same carrier
frequency is re-used, the carrier network ID (PLMN-ID) is also pre-
provisioned and validated during use.

By eliminating the impact of the path loss associated with building
construction, and limiting the impact of noise on the uplink, the Cel-Fi
system has the specific advantage of increasing the number of users
who can be served simultaneously with a given amount of power on a
single channel. The less power required to serve each indoor user, the
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Figure 3: Internal network indicator panel
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Figure 4: Nextivity custom chip-set
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Figure 6: Window Unit and Coverage Unit

more power to share among other users. As such the higher the
density of Cel-Fi installations in a network, the higher the Radio Access
Network (RAN) capacity, as such making Cel-Fi a scalable solution.
Consumers get the benefit of decreased uplink power requirements
which can be directly translated into longer battery life.

Importantly, Cel-Fi dynamically manages bandwidth provisioning
within the home or office environment and actually increases the
capacity of the operator’s RAN (radio access network) making it

‘network safe’. The customer-friendly setup process makes this a
solution that can be mass deployed immediately, with no requirement
for additional network infrastructure or software.

The Cel-Fi technology is now being adopted by a range of operators
in multiple markets and is being further developed. The custom
designed chipset allows the design and deployment of a services
platform that could deliver more than the voice coverage and data
speed improvements already offered.
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Bassam M. Al-Mahadeen from the Tafila Technical University in Jordan,
Widad Ismail from the Universiti Sains Malaysia and Mokhled Altarawneh
from the Mutah University in Jordan present an early warning system describing

desert roads that also provides feedback to the local authorities and travellers to
avoid any road-related problems

A Wireless Image Sensors
Network for Monitoring Dust

on Roads in ARI

DESERT ROADS have casual dust
events in which the dust may completely cover
several kilometers of the road for several
hours and this usually causes breathing
problems and may deadly accidents for
travellers.

Here, we present an early warning system
describing such roads, which will also provide
feedback to the local authorities to take the
proper action and give travellers the current
status of the road to avoid such problems.

The system is based on a real-time analysis
to classify the activity of the dust of the
acquired images. The analysis is performed by
processing the images within the wireless
nodes and extracting information about the
dust events. The system output will be used to
generate a real-time alert to the authorities
and travellers in the event of an emergency
caused by dust.
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Traditional versus Modern Systems

Normal video surveillance systems need
continuous human monitoring for the
acquired images in real time and to alert the
authorities if any unusual events happen in
the scene that is being monitored. In desert
environments, it is hard to deploy traditional
video surveillance systems due to resource
constraints. As such, wireless sensor networks
would be more appropriate due to their
attractive features such as rapid deployment,
self-organization and fault tolerance.

Recently wireless image sensor networks
have become of a great importance due to
their wide application range such as video
surveillance, remote sensing, tracking, face
recognition and so on. A wireless sensors
network consists of low cost and low energy
sensors which are deployed in a region of
interest to observe a phenomenon, and send
the observations to a fusion centre or a base
station to make a global assessment. In a
wireless sensor network, communication
bandwidth and energy are a limited resource.
Hence it is very essential to limit the
communication between the sensors and the
fusion centre as much as possible, since not all
the data transmitted from all sensor nodes will
be useful always.

Desert roads have casual dust storm events
in which the dust may completely cover

Figure 1: A sample image of dust
storm on desert roads

D CONDITIONS

several kilometers of the road for several
hours and this usually causes breathing
problems and accidents for travellers.

Dust storm as in Figure 1 is a meteoro-
logical phenomenon common in arid and
semi-arid regions and arises when a gust-front
passes. It is unpredictable phenomena where
high winds lift dust or sand into the air,
creating suffocating clouds of particles and
reducing visibility to nearly nothing in a matter
of seconds.

System Model and Design

Our system is based on a real-time analysis
to classify the activity of the dust of the
acquired images to three levels: High, Medium
or Normal. The analysis is performed by
processing the images and extracting
information of dust events within the wireless
node.

To manage the huge flow of information,
to avoid sending useless transmission from
sensor nodes and local base-stations, and at
the same time manage the power very
efficiently for a long battery life, the sensor
nodes are made to transmit only useful results
of the analyzed images to the local base-
stations.

A wireless image sensors network consists
of image sensors or cameras as nodes. The
image sensors capture images at fixed




Figure 2: System architecture for a
wireless image sensors network

intervals of time. Instead of sending raw
image data from the wireless image nodes to
local base station, the nodes are required to
carry out simple image-features extraction
using local computations. These local
computations help the sensor nodes to carry
out local decisions. The local decisions at each
sensor are of the form of “2”, “1” or “0" for
a high, medium and no existence of dust
respectively. Hence, by sending such decisions
wirelessly to the local base station, the energy
consumption and the data transmission
between the sensor nodes and the base
station are reduced to a great extent.

The local decisions are relayed to a fusion

Image Mode

id—

&

—
— ]

Local Base Station

SENSORSI

Global station

centre which makes a final decision by
aggregation of decisions from all its sensors
and making a global decision. Usually RF video
transmitter-receivers are used to provide the
local base stations with information about the
ongoing status of the dust activity and
sending alert messages in the event of
emergencies based on the analyzed results of
captured images.

The proposed system has many attractive
features such as reducing the need for human
intervention to monitor and analyze the dust
activity, managing the energy and
communication bandwidth efficiently, and
providing the authorities with a real-time

Figure 3: System architecture for an
image sensor node
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status of dust event. The local base stations
wouldn’t be a significant bottleneck because
the image processing algorithm will run on
the wireless nodes, the wired back-end system
is responsible of making the final decision
based on the final results of the processed
images received from its local wireless nodes.

There are few processing steps that need to
be performed by a local sensor prior to making
a local decision. These steps involve the
implementation of image feature extraction
algorithms at the sensor level. The RGB image
color histogram and threshold are used to
extract the image features, and then three
thresholds levels are defined at the sensor level,
high, low and normal to define the existence of
dust event locally at the node level.

Figure 2 shows the proposed system
configuration. The installed surveillance
camera can be monitored in real time, the
dust intrusion can be checked and the
warning signal can be sent to right direction
to take the proper action.

Wireless Node Architecture

A prototype of wireless node architecture is
shown in Figure 3. The system architecture
consists of sensor nodes that perform
communication, computation and sensing.
They are typically deployed in sensor patches.
Depending on the application, they might
form a linear transect, a grid region, or a
volume of nodes for three-dimensional
monitoring.

Each sensor patch has a gateway that sends
data from the patch through a transit network
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Bhattachar.

Fig.1 Distance
Fig.1 0

Fig. 2 0.4322
Fig. 3 0.6818
Fig. 4 0.6488
Fig. 5 0.6751
Fig. 6 0.8333
Fig. 7 0.9492
Fig. 8 0.7712
Fig. 9 0.6718

chiSquared Euclidean
Distance Distance
0 0

0.5931 0.0644
1.1513 0.1233
1.0315 0.1108
1.1316 0.1157
1.6246 0.1791
1.9383 0.1614
1.4317 0.1527
1.1576 0.1024

Table 1: Values of Bhattachar., chiSquared and Euclidean Distance of the images in Figure 1

the critical factors. Generally, as seen in Figure
3, the sensor node is based on a
microcontroller and accessing an on-chip RAM.
An expansion interface is provided to support
multiple mid- and low-resolution image sensors
concurrently, as well as traditional sensors.

Wireless communication is also provided by
RF which operates in the 2.4GHz band and is
compliant with the IEEE 802.15.4 standard.
An integrated USB and serial debug interface
allows simple programming and debugging of
applications. The node can either be powered
by a stationary power supply if available or
battery-operated for mobile applications or
easy deployment. Flash memory card provides
sufficient and scaleable non-volatile memory
for temporary frame buffering or even image
storing.

Wireless Communications

In the proposed system, as shown in Figure
3, image sensor data flow from the wireless
nodes to a gateway using RF over the [EEE
802.15.4 protocol, then from the gateway over
a wired Internet back-end to centralized server,
and finally from the server to the travellers.

The maximum data rate of 802.15.4 is
250kbps, which is too low for wireless image
nodes to transmit images back to the server at
a high enough quality and frame rate for real-
time applications. The basic idea of the design
is to localize the computation within the
wireless nodes and send only post-processed
data in real time back to the centralized server
and travellers. The Zigbee sensor network
environment could be used, which is a low rate
and low power network technology for short
range communication.

Strategy Adopted and Experimental
Results

To classify dust events, each wireless node is
placed in a fixed position with respect to a road

sign, without any obstruction, to define the
target area being analyzed. The dust event will
be classified as a high (2), medium (1) and low
event (0).

Each wireless image sensor captures images
in fixed interval of time to minimize the
power consumption, to reduce the
communication between nodes and local
base stations. Each node should process and
analyze the acquired images locally and sends
only its final decision to the local base station
using RF in form of 2, 1, or 0.

A software tool for RGB image comparison is
implemented and used in each node to extract
certain features from the captured images,
without the need for human intervention. So, a
reference image is used in each node, then
each captured image should be compared with
the reference image and as a result a
Bhattacharyya Distance, Chi-squared Distance
and Euclidean Distance are calculated. The
threshold ranges for worst, fair and normal
cases are empirically defined, according to the
visual images.

The critical dust events can be classified or
the absence of any meaningful activity can be
notified. A road sign is placed in front of each
wireless image node with a distance that
represents the minimum possible vision that
should be between two consecutive vehicles.

As an example, Figure 4 shows the RGB
histogram comparison of images 1 to 9, where
image 1 represent the reference image that
shows the absence of dust activity and images
2 to 9 represent different levels of dust activity.
Table 1 shows the calculated values of the
Bhattacharyya Distance, Chi-squared Distance
and Euclidean Distance for the images in
Figure 4.

The classification algorithm uses three levels
of threshold values empirically defined and
based of these values dust event is classified to
high, low or normal. Once the event has been

classified, a suitable alert is sent to the locale
base station, then the base station collects the
alert messages from its wireless nodes to form
its local decision based on the incoming values,
and sends the local decision to a road sign
screen to notify the drivers as well as the
authorities to take the proper action in case of
dust event and its level.

Table 1 shows the values of Bhattacharyya
Distance, Chi-squared Distance and Euclidean
Distance for the images in Figure 4. The
threshold for event classification can be based
on any of these values, if the
chiSquaredDistance is selected, from the table
the threshold can be defined as follows: if the
chiSquaredDistance < 0.6 the dust level is
accepted (send value 0 to the local base
station); if chiSquaredDistance > 0.6 and < 1.16
indicates a mid dust level (sends value 1 to the
local base station), so an awareness message is
sent to travellers; and if the chiSquaredDistance
> 1.16 then the dust level is high (sends value 2
to the base station), so the road might be
closed or an alternative way might be
suggested for travellers.

If the classification of dust event should be
based on the computed values of Bhattacharyya
Distance, the threshold values for the
classification of dust event can be defined
empirically from the table as follows: < 0.44 for
the normal case, 0.44 to 0.675 for the mid dust
level and > 0.675 for high dust level.

As can be noted from the previous
discussion, the communication bandwidth will
be at its minimum level, also the power
consumption needed for the communication
will be very low and these are the main
important factors for the wireless image sensors
network system.

Early Warning System

This system is structured to work as an early
warning system describing the desert roads
status and to provide a feedback for the
authorities to take the proper action and to
give travellers up-to-date information about
current status of the road to avoid breathing
and vehicle accident problems.

The proper action might be closing the road
during the dust event or taking an alternative
way if possible. The basic idea of the system is
the in-node processing of the captured images
to reduce the power consumption and
communication bandwidth. By sending only the
final results to local base station inform of 2, 1,
or 0 local base stations are guaranteed to be
free of bottlenecks.
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Professor Dr Murat
Uzam from Nigde
University in Turkey
presents a series of articles
on a project that focuses
on a microcontroller-
based PLC. This article is
the last in the series and it
explains seven solutions
for the seven control
scenarios for a remotely-
controlled model gate
system described in the
last issue

IN THIS SECTION, we wil explain the
solutions to the seven control scenarios
described in the previous article for the remotely
controlled model gate system, namely
UZAM_plc_8i80o_exN.asm, N = 38, 39...44.

In order to test the example, you can
download the files from http:/host.nigde.edu.
tr/muzam/ and then open the UZAM_plc_8i80
_exN.asm, N = 38, 39...44 program by MPLAB
IDE and compile it. After that by using the PIC
programmer software, take the compiled file
"UZAM_PLC_8i80_ exN.hex" and with your PIC
programmer hardware send it to the program
memory of PIC16F648A microcontroller within
the UZAM_PLC. After loading the “UZAM_PLC_
8i8o_exN.hex”, switch the 4PDT in “RUN" and
the power switch in “ON" position. Finally, the
program is ready to run.

The ladder diagram for the first scenario is
shown in Figure 1 and its UZAM_PLC
representation, the program “UZAM_plc_8i8o_
ex38.asm”, is shown in Figure 2. In this
example, when BO (10.0) is being pressed, the
gate will open (Q0.0 will be ON). However, in
this case if BO is released then the gate will stop.
This means that the program does not
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Q0.0

Figure 1: Ladder diagram for the user programUZAM_plc_8i8o_ex38.asm

S

#include <definitions.inc>

1d I0.C
out Q0.C

;rung 1

Figure 2: The user program UZAM_plc_8i80_ex38.asm

remember whether or not the BO was pressed.

The ladder diagram for the second scenario is
shown in Figure 3 and its UZAM_PLC
representation, the program “UZAM_plc_
8i80_ex39.asm”, is shown in Figure 4. In this
example, once BO (10.0) is pressed, with the help
of NO contact Q0.0 that is connected in parallel
to the NO contact 10.0, the gate will open (Q0.0
will be ON). Here, the NO contact Q0.0 is a
“sealing contact”, which helps the program to
remember whether BO was pressed. The
problem here is that when the gate is
completely opened, the motor will not stop.

The ladder diagram for the third scenario is
shown in Figure 5 and its UZAM_PLC
representation, the program
"UZAM_plc_8i8o_ex40.asm”, is shown in
Figure 6. In this example, once BO (10.0) is
pressed, with the help of NO contact Q0.0
connected in parallel to the NO contact 10.0, the
gate will open (Q0.0 will be ON). Here, when
the gate is opened completely, the motor will
stop with the help of NC contact of 0.2 inserted
before the output QO.0.

The ladder diagram for the fourth scenario is
shown in Figure 7 and its UZAM_PLC
representation, the program “UZAM_plc_8i80_
ex41.asm”, is shown in Figure 8. In this
example, once B0 (10.0) is pressed, with the help
of NO contact Q0.0 connected in parallel to the

;basic PLC definitions,
#include <entet_mer_def.ine> ;Contact & Relay based macros

Jmmmm e ————— user program starts here =-----—=-----ecmmmeoanano

e n .- user program ends here

macros, etc.

NO contact 10.0, the gate will open (Q0.0 will be
ON). Here, when the gate is opened completely,
the motor will stop with the help of NC contact
of 10.2 inserted before the output QO0.0.

Similarly, once B1 (10.1) is pressed, with the
help of NO contact of Q0.1 connected in parallel
to the NO contact 10.1, the gate will close (QO.1
will be ON). Here, when the gate is closed
completely, the motor will stop with the help of
NC contact of 10.3 inserted before the output
QO0.1. The problem with this example is that if
both BO and B1 are pressed at the same time,
then both outputs will be ON. This is not a
desired situation. The solution to this problem is
given in the next example.

The ladder diagram for the fifth scenario is
shown in Figure 9 and its UZAM_PLC
representation, the user program
“UZAM _plc_8i80_ex42.asm”, is shown in
Figure 10. In this example, if the gate is not
closing (Q0.1=0) once BO (I0.0) is pressed, then
the gate will open (Q0.0 will be ON) with the
help of NO contact of Q0.0 connected in parallel
to the NO contact 10.0. In this case, when the
gate is opened completely (10.2=1 and therefore
NC contact of 0.2 will open), the motor will
stop with the help of NC contact of 10.2 inserted
before the output QO.0.

Similarly, if the gate is not opening (Q0.0=0)
once B1 (10.1) is pressed, then the gate will close



10.0 Q0.0

0.0

Figure 3: Ladder diagram for the user program UZAM_plc_8i8o_ex39.asm

#include <definitions.inc> etc.

f#include <cntct mcr_def.inc>

;basic PLC definitions, macros,
;Contact & Relay based macros

user program starts here

1d I0.0 ;rung 1
or Q0.0
out Q0.0

user program ends here

Figure 4: The user program UZAM_plc_8i8o_ex39.asm

Figure 5: Ladder diagram for the user program UZAM_plc_8i8o_ex40.asm

finclude <definitions.inec>
#include <cntet mcr def.inc>

;basic PLC definitions, macros, etec.

:Contact & Relay based macros

user program starts here

1d I0.0
or Q0.0
and not 10.2
cut Q0.0

;rung 1

user program ends herxe

Figure 6: The user program UZAM_plc_8i8o_ex40.asm

;basic PLC definitions, macros, etc.

;/Contact & Relay based macros

f#include <definitions.inc>
#include <cntct mer def.inc>

user program starts here

1d I0.0 ;rung 1
or Q0.0
and not 10.2
out Q0.0

user program ends here

Figure 7: Ladder diagram for the user program UZAM_plc_8i8o_ex41.asm

#include <definitions.inc>
#include <cntct _mer_def.inc>

;basic PLC definitions, macres, etc.
;Contact & Relay based macros

user program starts here

1d I0.0 ;rung 1
or Q0.0
and_not 10.2
out Q0.0
14 10.1 ;rung 2
or Q0.1
and_not I0.3
out Q0.1

user program ends here

Figure 8: The user program UZAM_plc_8i8o_ex41.asm

(Q0.1 will be ON) with the help of NO contact
Q0.1 connected in parallel to the NO contact of
10.1. Here, when the gate is closed completely
(10.3=1 and therefore NC contact of 10.3 will
open), the motor will stop with the help of NC
contact of 10.3 inserted before the output QO.1.
Therefore, once the gate is being opened we can
not force it to close, and vice versa.

The ladder diagram for the sixth scenario is
shown in Figure 11 with its UZAM_PLC
representation, the user program
"UZAM _plc_8i8o_ex43.asm” in Figure 12. In this
example, if the gate is not closing (Q0.1=0) once
BO (10.0) or RF transmitter button (10.5) is pressed,
then the gate will open (Q0.0 will be ON) with
the help of NO contact of Q0.0 connected in
parallel to the NO contact of 10.0. In this case,
when the gate is opened completely (10.2=1 and
therefore NC contact of 10.2 will open), the motor
will stop with the help of NC contact of 10.2
inserted before the output Q0.0. When the gate
is completely open (10.2=1), an on delay timer
(TON_8) is used to obtain (10x524.288ms) 5.24
seconds time delay.

After waiting 5.24 seconds, the status bit
TON_8QO of the on delay timer becomes true. If
the gate is not opening (Q0.0=0) and if the NO
contact of TON_8QO is closed (i.e. 5.24 seconds
time delay has elapsed), then the gate will close
(Q0.1 will be ON) with the help of NO contact
of Q0.1 connected in parallel to the NO contact
of TON_8QO. Here, when the gate is closed
completely (10.3=1 and therefore NC contact of
10.3 will open), the motor will stop with the
help of NC contact of 10.3 inserted before the
output QO0.1.

The ladder diagram for the seventh and last
scenario is shown in Figure 13a. The first rung
cannot be implemented as it is in UZAM_PLC.
Therefore, the ladder diagram shown in Figure
13a is modified. The UZAM_PLC implementation
of this ladder diagram is shown in Figure 13b,
and is provided as the user program “UZAM_plc_
8i80_ex44.asm” as shown in Figure 14.

In this example, if the gate is not closing
(Q0.1=0) once B0 (10.0) or RF transmitter button
(10.5) is pressed, then the gate will open (Q0.0
will be ON) with the help of NO contact Q0.0
connected in parallel to the NO contact 10.0. In
this case, when the gate is opened completely
(10.2=1 and therefore NC contact of 10.2 will
open), the motor will stop with the help of NC
contact of 10.2 inserted before the output Q0.0.

If the gate is closing (Q0.1=1) and the
presence of an obstacle is detected in the gates’
path (10.4=0), then the gate will open (Q0.0 will
be ON). When the gate is completely open
(10.2=1), an on delay timer (TON_8) is used to
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finclude <definitions.inc> ;basie PLC definitions, macros, ete.
flinclude <entet mer def.inc> [Contact & Relay based macros
mo B2 Q0.1 Q0.0
1 —I I— =t @ ] | Reeeemmmmetaies user program starts here ------------------------
0.0 1d 0.0 :rung 1
I— cr Q0.0
0.3 Q0.0 and_not 10.2
1.1 . 4 Q0.1 and_not Q0.1
5 L 1A IA ; + 0.0
2 | 4 4 Bl G "
0.1 id 0.1 ;zung 2
I— or Q0.1
and not 10.3
and_not Q0.0
cut Q0.1
Figure 9: Ladder diagram for the user | I ettt user program ends here

program UZAM_plc_8i8o_ex42.asm

Figure 10: The user program UZAM_plc_8i8o_ex42.asm

10.0 0.2 Q0.1
1 _II IA IA Q[I.I])_ #include <definitions.inc> /basic PLC definitions, macros, etc.
J vi Vi . #include <cntct mer _def.inc> ;Contact & Relay based macros
1.5 #include <tmr mcr def.inc>  Timer macros
—l ---------------- user program starts here -
0
$ 1d I10.0 irung 1
0.2 TON 8 :: ;g-:
3 _.I |— IN Q and_not 10.2
and_not e
qllL,— > CLK out gg .0
10 — tenst
T=524,288 ms 1d 10.2 ;rung 2
0 = num TON_§ 0,T10,.10
TO-\;s_Qﬂ llﬂf Qlf;l) Q0.1 1d TONS_QO :xung 3
{ or .1
. —Il i L4 B and not 32.3
L1 and_not Q0.0
out Q0.1
---------------- user program ends here -——
Figure 11: Ladder diagram for the user

program UZAM_plc_8i8o_ex43.asm

Figure 12: The user program UZAM_plc_8i8o_ex43.asm

10.0 0.2 Q0.1 Q0.0
1 R j— 1
10.5
_l 2
ﬁl].l]
0.1 10.4
_‘i | 1A
I vi
1.2 TONS
2 p——o--—~ e

T10

e T 3

T=524.288 ms g
) = num
TONS Q0 W.3 Q0.0 10.4 Q0.1
3 — 4

o

Figure 13a (left) and (b) right: Ladder diagrams for

the user program UZAM_plc_8i8o_ex44.asm

obtain (10x524.288ms) 5.24 seconds time delay.
After waiting 5.24 seconds, the status bit
TON_8QO of the on delay timer becomes true.

If the gate is not opening (Q0.0=0) and if the
NO contact of TON_8QO is closed (i.e. 5.24
seconds time delay has elapsed), then the gate
will close (Q0.1 will be ON) with the help of NO
contact Q0.1 connected in parallel to the NO
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0.1 10.4 AY (IN] #include <definitions. inc> :basic PLC definitions, macros, etc.
I_M— - #include <cntct_mer_def.inc> ;Contact & Relay based macres
#include <tmr mcr def. inc> :Timer macros
10.0 0.2 QO0.1 Q0.0 i
'—I e e = user prog starts here
1.5 1d Q0.1 srung 1
'_I and_not I0.4
_Olu'o out M0.0
1d 10.0 rung 2
”’l-“ oz 10.5
i} ar Q0.0
0.2 TON_3 and_not 10.2
T . and_not Q0.1
———— e or M0.0
-—iT[|“—,—>CLK out Q0.0
10 =] tenst 1d I0.2 ;rung 3
T=524,288 ms 0 =l ik TON_8§ 0,T10,.10
TONS Q0 0.3 Q0.0 W4 QO.1 d TONE_QO0 ‘rung 4
— or Q0.1
and not 10.3
0.1 and_not Q0.0
ﬁ and 10.4
out Q0.1
By 00 [Esessrasesass user program ends here
Figure 14: The user program
UZAM_plc_8i8o_ex44.asm

contact of TON_8QO0. Here, when the gate is
closed completely (10.3=1 and therefore NC
contact of 10.3 will open), the motor will stop
with the help of NC contact of 10.3 inserted
before the output QO.1. If the gate is closing
(Q0.1=1) and the presence of an obstacle is
detected in the gate’s path (10.4=0), then the
output Q0.1 will be switched OFF by means of

the NO contact of 10.4 inserted before the
output QO.1.

This is the last article in the series of the “PLC
with PIC16F648A Microcontroller” project. If you
missed any of the previous articles, you can
order them on line at
www.electronicsworld.co.uk
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ASSESSING THE POWER OF AN ATHLETE USING

A MCU-BASED

a person to perform any kind of physical work
depends on skill, muscle power and the speed of movement. Physical
work is performed through muscle contraction and such a contraction is
performed when biochemical energy is converted into mechanical energy.

In general, biochemical energy is classified in two groups: aerobic
energy and anaerobic energy. Aerobic energy involves activities of low to
medium intensity and energy is supplied to the muscles in the presence of
oxygen. Aerobic physical activities can be continued over minutes or even
hours.

Aerobic fitness is a characteristic of a person and does not normall