























Silicon Labs’ energy harvesting reference
design accommodates a wide range of
harvested energy sources. An on-board
bypass connector gives developers the
flexibility to bypass the solar cell and tap
other energy harvesting sources such as
vibration (piezoelectric), thermal and RF.
The system is available and priced at
$45.00.
www.silabs.com/pr/energyharvesting
(10582-1X)

Class-G headphone and
Class-D speaker amplifiers
balance audio power
versus battery life

Designers of mobile devices, such as
smartphones, tablets/multimedia internet
devices (MID), and portable media players,
are faced with the challenge of making the
small speakers in their devices sound louder
and better, while minimizing impact on
battery life.

To meet this challenge, Fairchild
Semiconductor developed the FAB1200
stereo Class-G ground-referenced
headphone amplifier with integrated buck
converter, as well as the FAB2200 audio
subsystem with stereo Class-G headphone
amplifier and 1.2 W Class-D mono speaker
amplifier.

The FAB1200 features a charge pump which
generates a negative supply voltage that
allows the headphone output to be ground-
centred and capacitor-free, eliminating up
to two external capacitors. An integrated
inductive buck regulator provides direct
battery connection and adjusts the supply
voltage between two different levels based
on the output signal level resulting in
reduced power consumption. The result
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of these features is reduced systems cost
and extended battery runtime, while
maintaining a high level of audio quality.
The device, available in a 16-bump, 0.4 mm
pitch, 1.56 mm x 1.56 mm WLCSP package,
offers excellent audio performance for
better sounding audio headsets and is ideal
for mobile handsets, tablets/MIDs, MP3 and
portable media players.
The FAB2200 is an audio subsystem that
combines a capacitor-free stereo Class-G
headphone amplifier with a Class-D speaker
amplifier. A proprietary integrated charge
pump generates multiple supply rails for a
ground-centred Class-G headphone output
significantly reducing power dissipation
when compared to Class-AB design
implementations, while offering high power
supply rejection ratio.
The filterless Class-D amplifier can be
connected directly to a speaker without
the need for two external filter networks,
reducing the overall solution systems
cost. The device also features Automatic
Gain Control which limits the maximum
speaker output levels to protect speakers
without introducing distortion. It can also
dynamically limit clipping as the battery
voltage falls.
The FAB1200 and FAB2200 mobile audio
ICs make handsets, tablets/MIDs, and other
portable audio applications sound louder
and better while reducing overall systems
cost and minimizing the impact on battery
runtime.
The FAB2200, available in a 25-bump,
0.4mm pitch, WLCSP package, is ideal for
cellular handsets, notebook computers and
tablets.
www.fairchildsemi.com/ds/FA/FAB1200.pdf
www.fairchildsemi.com/ds/FA/FAB2200.pdf
(110582-XI1)

OC series antenna delivers
higher gain

Antenna Factor is pleased to introduce the
OC Series antenna. The 1/2-wave dipole
antenna delivers higher gain than a standard
whip antenna, increasing the range and
reliability of wireless links. Using loaded
coil technology, the OC Series antenna
minimizes the length that would typically
be required to achieve omnidirectional
gain. Its articulating base tilts 90 degrees
and rotates 360 degrees. The antenna’s
internal counterpoise eliminates the need

NEWS & NEW PRODUCTS

for an external ground plane and maximizes
performance. Available in 916 MHz and 2.4
GHz, the OC Series antenna attaches with a
standard SMA or Part 15 compliant RP-SMA
connector. The antenna costs less than
$7.00 in production quantities. Custom
colours and logo options are available for
volume OEMs.
www.antennafactor.com
(110582-XIV)

Lightweight Fanuc M-1ia
compact robot

Q Corporation, a leading global supplier
of SMT production solutions, debuts the
new Fanuc M-Tia Robot. The M-Tia is a
lightweight, compact robot designed for
small part handling, high-speed picking and
assembly applications.

The unique parallel-link structure of the
M-Tia provides higher speeds and accuracy
compared to traditional assembly robots.
The system is available in two models
(4- or 6-axis) for various applications and
can be installed in multiple orientations.
Additionally, the system is available in
three configurations including robot only
(no stand), desktop mount with stand, and
ceiling and angle mounting. The system also
can be mounted to Q Corporation’s taping
equipment for fast, accurate component
placement.

The M-1iA 4-axis design enables part
feeding from the sides of a work zone,
increasing the useable workspace. The

































ELECTRIC PROPULSION

The Dream of Electric

By Ernst Krempelsauer (Editor, Elektor Germany)

The dream of silent, pollution-free flying is now a reality. The first type-certificated aircraft with electric

propulsion has been in production now since 2004 and the Airbus parent company EADS has recently

tabled a radical design concept for future commercial airliners powered by electricity.

We take a look at the emerging technology and the NASA-funded (now also Google) ‘Green Flight

Challenge’ eco-aircraft competition, with prize money of 1.65 million dollars up for grabs it promises to

be the most rewarding aviation contest yet devised.

The fossil fuel debate invariably focuses on the motor car because
this is where the biggest differences can be made. Up in the sky
however there is also a quiet revolution going on. Electrically pro-
pelled flight actually predates (by almost 20 years) the Wright

Figure 1. Pure innovation: The
airship ‘La France’ in 1884, it was
the first steerable airship, the first
to have electric drive and the first
to use Redox flow Batteries. Image:
Wikimedia Commons/Photo
(1885), 2001 National Air and Space
Museum, Smithsonian Institution.
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brothers first heavier-than-air flight. Back in 1884 the airship ‘La
France’ lumbered through the sky propelled and steered by an elec-
tric motor driven by a battery.

From electric airship to electric flight

The airship ‘La France’ that Charles Renard and Arthur Krebs built
close to Paris (Figure 1) was powered by a 5.6 kW (later 6.3 kW)
DC-Motor [1] from energy stored in a 435 kg zinc/chlorine flow bat-
tery. The battery which Renard invented was the first example of a
‘Redox flow battery’ [2] and was to be reinvented in the 1950s. It
is still in use today to smooth demand peaks in power networks.
After ‘La France’ made its last voyage the electric motor as a primary
means of propulsion made an exit from our skies and 70 (noisy)
years passed before it reappeared.

The model aircraft designer Fred Militky made many attempts to
build electrically powered models before his ‘Silentius’ [3] was intro-
duced in kit-form in 1960 by Graupner. The power to swing the large
folding propeller was provided by a 2 to 4 V coreless motor-gearbox
(Micro T 03/15) from Faulhaber drawing a current of 1.5 A, i.e. little
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Flight

more than 5 W with an efficiency of just 70 %. Energy came from
two sealed 2 V lead/acid batteries from Rulag. The 140 gram model
can still be built from the plan and after 51 years the original motor
is listed in the current Graupner catalogue! [4]

We need to wait now until 1973 to witness the first ‘heavier than air’
manned electric flight; again the initiative came from Fred Militky.

E-Motorglider

In October 1973 Fred Militky became the first to pilot an electrically
powered aircraft [5]. The flight took place in Wels (Austria) using a
motorglider type HB-3 airframe (designed by Heino Brditschka).
A 10 Kw Bosch DC motor [6] was shoehorned into the space nor-
mally filled by a four-stroke VW engine. Power came from a bank
of VARTA NiCd rechargeable batteries weighing 125 Kg, giving suf-
ficient energy to lift the aircraft up to 1500 feet for the 25 minute
flight. This achievement was not matched until 1981 when a team
working with the pedal powered Gossamer Condor covered one of
the flimsy aircraft with solar cells to produce a craft powered by
solar energy.

While electric drive using power derived purely from solar cells is
still experimental, in combination with today’s rechargeable cell
technology it is a good solution for some applications. In particu-
lar together with a retractable motor/propeller it provides gliders
with a self-launch capability, attaining sufficient altitude to allow
several hours soaring. In addition it can be deployed to provide a
boost between thermals and to assist the homeward leg to the air-
field. Conventionally a small, low power (15 to 50 kW) two-stroke
or Wankel motor with a tiny fuel tank would be used but the electric
motor has a number of advantages: reduced noise and vibration,
more reliable engine starting and running, no requirement for com-
plex systems such as an electric starter, propeller brake or parking
system to ensure the propeller retracts into the fuselage. For sure an
electric motor provides a more elegant solution here. This is how-
ever not true of the energy storage system: a full 20 litre petrol tank
stores enough energy to supply 175 kWh, a similar volume Li-lon
battery pack can only store around 5 kWh and is also much heav-
ier. A modern motor and regulator unit can however achieve over
90 % efficiency and this, despite the relatively poor energy density
of rechargeable cells is sufficient for the needs of a glider. Given the
advantages of electric drive its success will depend on cost.

The first commercial electric motorglider (the AE-1 Silent) with
retractable propeller built by Air Energy [7] of Aachen (Germany)
began developmentin 1991 and made its maiden flightin 1997. In
1998 it became the first electric aircraft to gain type certification
(with 12 m span and 195 kg empty weight it qualifies in the ultra
light category). The motor produces 13 kW and weighs 8.5 kg, The
Li-lon batteries weigh 35 kg and store 4.1 kWh.

The first high power electric glider was the ‘Antares’ from Lange Avi-
ation [8], which was also employed by DLR as a test bed (Figure 2)
for their research into fuel cell technology [9]. The Antares has been
in production since 2004 and was the first to use the EM42 electric
motor developed by EASA (at the time it was the only one available).
The EM42 is a brushless DC motor with a rotating outer casing. It
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Figure 2. The Antares 20E from Lange Aviation — shown is the DLR-
Version with hydrogen tank and fuel cell in pods slung beneath the
wing. Image: DLR.

measures 25 cm in diameter and 27 cm long, operating from 190 to
288 V producing 42 kW (peak) and drawing 160 A. Weighing in at
29 kg (plus around 10 kg for the control electronics installed in the
fuselage) the production version operates at an efficiency of over
90 % giving a maximum torque of 216 Nm. The motor and electron-
ics [10] were developed at the HTA (University) in Biel Switzerland
(now renamed BFH Tl Bern) between 1996 and 1998. A useful fea-
ture of the stepper motor operation is that it allows the prop to be
exactly positioned before the unit is retracted.

Energy is stored in 72 type VL41M Li-lon cells made by SAFT [11].
Each individual cell is rated at 44 Ah at 3.7 V; in series they pro-
duce 266 V and 12 kWh. With this amount of power on tap the
Antares climbs to 1000 m in around four minutes and after 13 min-
utes has reached its maximum of 3000 m! Assuming no assistance
from any thermals, this altitude is sufficient for over 1.5 hours fly-
ing time covering a distance of 150 km. The electronic system pro-
vides motor control, battery supervision (including telemetry via
GSM modem) and a built-in battery charger (nine hour recharge
cycle from 230 VAC or 115 VAC). The SAFT cells are good for over
3000 cycles and can be expected to last around 20 years at 20 °C.
The batteries have a guaranteed availability up until 2031.

This power drive technology from Lange has also been used to pro-
vide a self-launch capability for the high-performance two-seater
Arcus sailplane designated the Arcus-E and produced by the Ger-
man company Schempp-Hirth Flugzeugbau [12], its first flight was
in 2010.

The prize for the first two-seater electric aircraft must however go
to the Taurus Electro from Pipistrel [13]. Based in Slovenia the com-
pany first flew this craft in 2007. The production version has been
flying this year and is provisionally classed as an ultralight aircraft.

21






CAFE (Comparative Aircraft Flight Efficiency Foundation) [19] will
take place from the 25th September until the 3rd October 2011 in
Santa Rosa California.

The competition rules do not stipulate any particular method of pro-
pulsion. Team aircraft must fly 200 miles (322 km) in less than two
hours using the energy equivalent or less than 1 gallon of petrol or
33.7 kWh (the equivalent energy) per occupant. Everyone seated
in the aircraft counts as a passenger so for a two-seater the upper
limit of fuel consumption is 2.36 1/100 km while a single-seater is
allowed just 1.18 1/100 km!

The equivalents for electric aircraft are 21 kWh for a two-seater and
10.5 kWh per 100 km for a single-seater.

Thirteen teams have qualified for the competition (Table 2), dem-

Number of seats
Wing span

Empty weight (no batteries)

Battery weight

Empty weight (incl. batteries)

Payload

Max. weight

Max. power
Battery

Capacity

Battery voltage
Cruising speed
Max endurance
Operating range

* Provisional figure

ELECTRIC PROPULSION

Elektra One

1
8.6 m

100 kg

100 kg max
200 kg max
100 kg

300 kg

16 kW (22 HP)
LiPo

n.a.

n.a.

160 km/h
>3h

500 km max

Table 1. Comparison of Elektra One and Yuneec E430

Yuneec 430

2

13.8m
171.5kg
83.5kg
255kg
175kg
430kg

40 kW (54 HP)
LiPo

100 Ah
133.2V

95 km/h*
ca.2h*

ca. 190 km*

Table 2. The Green Flight Challenge Teams and aircraft

Aircraft
No. | Team
(name) seats
] Einar Enevoldson Elektra 1 :
PC Aero (Germany)
Gene Sheeh
o | eneoneehan Team Feuling GFC 1
Feuling GFC (USA)
Gregory Cole
3 Goshawl 2
Windward Performance (USA) osnawi
L S
4 awrencv? peer Greenelis PXLD 2
Green-Elis (France)
5 Mike Stude Wings of Salvacion 1
Michael Stude (USA) 9
Richard Anderson
EcoEagle
6 | Embry-Riddle Aeronautical 2
University/Stemme (Germany) (Stemme 510)
7 John W. McGinnis Svner 6
Synergy (USA) ynergy
Greg Stevenson .
8 ) Econo-Cruiser 3000 2
GSE-Aerochia (USA)
Ira Munn
9 SERAPH 1
IKE Aerospace (USA)
Eric Raymond e-Genius
10 | e-Genius/University of Stuttgart 2
(Germany)
J|m Lee PhoEnix
11 . . 2
Phoenix Air (Czech republic) (Phoenix)
Scott Sanford
12 o Yuneec E 1000 3
Yuneec (China)
kL |
13 JackLangelaan Taurus G4
Penn State University/Pipistrel
enn State University/Pipistre (Taurus)

(Slovenia)

* contestant witdrawn, see text
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No of

Wingspan
8.6m (28.2ft)
51m (16.7ft)
15.5m (51.0ft)
10.8m (35.5 ft)

5.1m (16.7 ft)

23m (75.0ft)

9.8m (32.0ft)
14.7m (48.3ft)

4.6m (15.0ft)

16.9m (55.4ft)

14.4m (47.3ft)

17.0m (56.0 ft)

21.0m
(69.1 ft)

Max power
16 kW (21 HP)
16 kW (21 HP)
n.a.
30kW (41 HP)

32kW (44 HP)

100 kW (136 HP)

142 kW (193 HP)
15kW (20 HP)

30kW (41HP)

60 kW (82 HP)

44 KW (60 HP)

120kW (163 HP)

145 kW
(197 HP)

Power source

electric

electric

electric

Biodiesel
(Smart-Diesel)

ethanol

Biofuel-hybrid
(Rotax 914F)

Biodiesel

Biofuel-hybrid

Biodiesel-hybrid

electric

electric

electric

electric
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Figure 7. Pipistrel from Slovenia has combined two Taurus
motorgliders together with a 145 kW electric motor to make this
twin-fuselage entry for the GFC. Taking advantage of the ‘per
passenger’ calculation of fuel allowance. Image: Pipistrel.

ers and motorised parachutes [22] a practical proposition. With
further development like the E-Genius and the Elektra 1 it is likely
that a market will open up for passenger motorgliders and ultra-
lights. Linked together with solar PV modules fitted to the aircraft
hanger (PC-Aero/SolarWorld), transport trailer (Taurus-G2/Pipistrel)
or a wind turbine (Arcus-E/Windreich) to charge the batteries. The
dream of emission-free flying using totally renewable resources is
now reality.

An aircraft using hybrid technology is also conceivable such as the
design proposal by Flight Design [23] and EADS/Siemens/Diamond-
Aircraft [24] which have already been demonstrated.

The next step can only come when improvements to battery tech-
nology make it possible. The Slovenian manufacturer Pipistrel has
the vision and faith to have designed not only a hybrid passenger
aircraft but also a pure electric version called the Panther [25]. The

Figure 8. Originally the ‘Hydrogenius’ this fuel cell concept
e-Genius from Stuttgart University is a very efficient electric
flyer competing in the GFC contest. Image: e-Genius-Team, IFB
University Stuttgart.
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Table 3. The e-Genius specs:

No of seats 2

Wing span 16.9m
Payload 180 kg
Max. weight 850 kg

Power continuous/peak

60/100 kW (82/136 HP)

Water cooled permanent
magnet synchronous motor

27 kg/25 cm[28 cm
2.2m

Motor configuration

Motor dimensions

Prop diameter

Batteries Lithium-lon/56 kWh
Vl\/IV;)itgohr,t battery and controller 336 kg

Motor controller efficiency >90%

Cruising speed 140to 235 km/h
Max. climb rate at 850 kg 4.5m/s

Flight duration 4 h approx

Range >400 km

water-cooled 145 kW electric motor is already used in the GFC Tau-
rus-G4 (Figure 7).

Scaling things up a bit the Airbus mother concern EADS has pro-
posed an electric ducted fan unit to power future commercial air-
craft. This VoltAir concept [26] published in May gives a optimistic
glimpse into what may be the future for air travel. The design envi-
sions a system using easily interchangeable Lithium/air batteries
with an energy density of 1000 Wh/kg. The electric engine employs
super-conducting materials cooled with liquid nitrogen (Figure 9).
With a projected 7-8 kW/kg the power plant would have a better
power to weight ratio than contemporary turbo prop designs. It
could be within the next 25 years that we at last realise the dream
of quiet, emission-free, economical and more comfortable long-
haul flying compared to the ecological nightmare of our present
day technology.

(110496)

Figure 9. A look into the future according to EADS (Airbus parent
company). Using super conducting materials, liquid nitrogen and
(much) better batteries, condensation trails will be just a faint
memory. Image: EADS.
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JTAG INTERFACE

Testing using the JTAG Interface

By Rob Staals, |TAG Technologies (The Netherlands)

Testing printed circuit boards by hand is
difficult, if not impossible, when using
complex ICs and multilayer printed circuit
boards. Fortunately most of these ICs now
contain special logic which allows extensive

testing of the chip’s internal connections and the

interconnections on the circuit board. This is achieved by using

the internationally standardised JTAG-interface.

Once the assembly of a prototype or final product is complete, you
want to know as quickly as possible whether the circuit is working
correctly. The power supply is connected and you wait with sus-
pense what is going to happen. A prototype usually does not work
the first time or perhaps works only partially. Where is the problem,
isit the design or is it because a few parts aren’t mounted correctly?
Quite quickly you will reach for an oscilloscope or multimeter to
verify whether the signals are correct or to check the connections
between parts. These days, with multilayer boards containing fine-
pitch and[or BGA components this is practically impossible how-
ever. So how can you test these boards?

A frequently used method is a functional test. Using special soft-
ware test-routines the functionality of the board is examined. An
important prerequisite of this is that the core of the circuit is func
tional; if it is not, then you cannot proceed with a functional test.
Diagnosing the actual fault using a functional test can be difficult.
For example, the test may indicate that there is a problem with the
memory section, but you don’t know which pin specifically is caus-
ing the problem.

You can also choose to do a structural test.

If all the components on the circuit board are correctly intercon-
nected, then the circuit has to work, unless there is a fault in the
design. This approach makes the assumption that all the compo-
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nents used are okay. In other words: the objective is to demonstrate
that all components are soldered correctly. The simplest method is
to use a multimeter to carry out a continuity test between all com-
ponents (see Figure 1).

The main advantage of such a structural test is that the exact loca-
tion of the problem will be known. A pin that’s not soldered properly
or is shorted to another pin is immediately discovered. In order to
obtain substantial test coverage and to be able to arrive at the cor-
rect diagnosis it is necessary to test a large number of points. For
this purpose, test pads are often added to the board. However, test
pads cost money and require space.

So modern designs with high component density have an immedi-
ate problem. On a multilayer-board with fine-pitch or BGA compo-
nents there is no room for test pins. Even worse, test pins can easily
create a short between component pins (Figure 2).

To solve this problem, during the eighties, the Boundary Scan
(Bscan) technique was developed.

The Boundary Scan architecture

Take a microcontroller as an example. In addition to the core, which
provides the actual functionality of the chip, the silicon also accom-
modates the necessary hardware for Bscan. This additional hard-
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TEST & MEASUREMENT

Time Domain Reflectometry

Sure, an ohmmeter is a handy instrument

for checking wires and cables for opens and

shorts. But finding an open or short is not

easy when the cable is long, or if the fault

is hidden inside a wall or under a street.

Finding partial opens or shorts, or just bad

connections, is sometimes even tougher.

That’s where TDR comes in useful.

By Peter A. Stark (USA)

TDR stands for two things — the process of
Time Domain Reflectometry, or the device
that does it, called a Time Domain Reflec-
tometer. There is also OTDR, which is Opti-
cal TDR for optical fibers. The basic idea is
to send a signal, usually a pulse, into the
cable or optical fiber, and then see whether
a problem in the cable reflects some or all
of that pulse back to the input. The nature
of that reflection gives us an idea of what
the problem is, and the time it takes for the
reflection to get back to the input tells us
how far away the problem is located.

TDR test instruments are generally quite
expensive, and not found in the typical
enthusiast’s workshop. Even many com-
mercial labs can’t afford one. But if you’re
willing to make do, you can make useful
TDR measurements with just a pulse gen-
erator and an oscilloscope. A useful pulse
generator can be easily built with little
effort, and the oscilloscope need not be
expensive. Obviously the better it is, the
better your results will be, but even a
15-year-old 10 MHz scope is good enough
— that’s what we used for the photos in
this article.
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Transients and steady-state

The circuit in Figure 1 is simple — with the
switch open, there’s no current. But close
the switch, and Ohm’s Law says that a cur-
rent of 0.1 ampére (10 volts divided by 100
ohms) flows in the circuit.

But let’s make the circuit a bit more inter-
esting: let’s make the wires from the switch
to the resistor very long — for instance
186,000 miles long. To keep things sim-
ple, assume the wire is perfect and has zero
resistance. Now what? Ohm’s Law doesn’t
care how long the wire is — it says that [ =
VIR, so the current is still 0.1 A. But there is
more to the story!

The reason we picked 186,000 miles for the
wire is that light travels 186,000 miles per
second. If we’re at the switch with a tele-
scope, looking at the resistor, it takes the
light 1 second to reach us. What we see is
not what’s there right now, but what was
there 1 second ago. When we close the
switch, we can’t even be sure that that resis-
tor is still there! Suppose there was some
practical joker out there who swapped out
that resistor for some other value, or even
disconnected it, just before we closed the
switch? We won’t know until a second later.

So how can we know (or better yet, how
can the battery know) that it’s supposed to
send exactly one-tenth of an ampere down
the line to the resistor when you close the
switch?

The answer is that it doesn’t. The cur-
rent that starts down the wire depends on
the wire, not the load. Even though we’re
assuming that the wire has no resistance,
it does still have some inductance (even
though it isn’t wound into a coil) and some
capacitance between the two wires. This
inductance and capacitance limits the
inrush current to some value. In our case, it
will take that current somewhere over one
second to get to the resistor (because cur-
rent in wires travels slower than the speed
of light), but if the cable happened to be
infinitely long, that current would continue
going in forever.

Knowing the voltage and current, we could
calculate an equivalent resistance which
would cause the same current to flow.
That value is what we call the characteristic
impedance of the cable. The symbol for that
is Zg. (We call it an impedance, even though
it behaves like a resistance, just to be more
general.)

For instance, the coaxial cable used for
many antennas has a characteristic imped-
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TEST & MEASUREMENT

Figure 3. Pulse generator output.

Figure 4. Pulses reflecting from
a 100-Q resistor.

Figure 5. Reflection from a short circuit.

coaxial cable, any kind of cable would do.

Figure 3 shows the generator’s output
when fed directly into a scope and no
cable. The scope was set to a vertical sen-
sitivity of 5 volts per division, and a hori-
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zontal sweep speed of 0.1 us per division,
so the pulses are about 0.1 us wide, and
about 0.9 us apart.

Let’s now connect 100 feet of RG-58U 50-Q
coax cable, with the 100-Q resistor at the
far end, which gives us Figure 4. We see
two things: our original pulses have gotten
smaller because the cable’s characteristic
impedance is loading down the generator,
and there is now a small third pulse in the
photo.

That new pulse (second from the left in the
photo) is the reflection of the first pulse
from the open end of the cable. It took the
pulse about 150 ns to travel to the far end
of the cable, and another 150 ns to return to
the scope, so the total delay is about 300 ns
or 0.3 ps. So the reflected pulse shows up
about 3 divisions to the right of the outgo-
ing pulse. (If the scope screen was wider,
we could see a reflected pulse to the right
of every outgoing pulse.) Since we calcu-
lated the reflection coefficient as 1/3, the
reflected pulse is about 1/3 the height of
the outgoing pulse. There is some loss in the
cable, so the returning pulse will generally
be a bit smaller than you’d expect.

Let’s look at the delay a bit closer. The scope
was set to 0.1 us per division, and the dis-
tance between the two pulses is about 3
divisions, so the round-trip time was about
0.3 us, which translates to 300 ns. To know
whether this is right, we need to know how
fast electric signals travel in that particular
cable (the speed depends on the cable).
Looking up the specs for normal RG-58U
coaxial cable, we see a parameter called
the velocity factor of 0.66. This means that
signals in this particular cable travel at
0.66 times the speed of light. Since the
speed of light in a vacuum is 186,000 miles
per second, this translates to 186,000 times
0.66, or about 123,000 miles per second.
We multiply by 5280 to convert miles to
feet, which gives us about 648,000,000
feet per second. This works out to about
648 feet per us, or 0.648 foot (about 7.8
inches) per ns. Therefore the 300 ns delay
in Figure 4 works out to 300 times 0.648
feet, or about 194.4 feet. Remember —
that’s the round-trip length, which is about
right for a 100-foot cable. If we could meas-
ure the delay more accurately on the scope,
we could use this method to measure the

length of the cable quite accurately without
ever unrolling it off its spool.

There’s a catch, of course —we need a good
calibrated scope, and we also need to know
the exact value of the velocity factor. But a
commercial TDR instrument can still do a
fairly accurate job at it.

What about other loads?

Besides the 100-ohm resistor, there are
another three values that are of interest —
a short (0 ohms), an open (infinity ohms)
and a resistor exactly equal to the cable’s
characteristicimpedance (i.e., Z, =Z;). Let’s
take a look at those three cases:

A. If the end of the cable is shorted, Z is 0,
and so the reflection coefficient is

(Zu-20) [ (Z+Zp) = (02 -50Q) [ (0Q +
500)
-0Q/50Q=-1

This means that 100% of the outgoing pulse
is reflected, but the voltage is negative so
the polarity is reversed. This is shown in
Figure 5.

B. If the end is open, Z, is infinite, and so Z; is
so tiny in comparison with the huge Z, that
we might as well forget it:

(ZL_ 509) / (ZL + 509) ZZL/ZL= +1

The reflection coefficient is plus 1, which
means that the entire pulse is again
reflected, but this time the polarity is the
same. This is shown in Figure 6.

C. Finally, suppose the resistor at the end
of the cable is equal to the characteristic
impedance. Now we have

(ZL-Z0) [ (Z.+ Z) = (50Q - 50Q) [ (50Q +
500)
=0/100=0

This time the reflection coefficient is 0,
so there is no reflection at all. This case is
shown in Figure 7, where | put a 51-ohm
resistor at the end of the 50-ohm cable.
(There is a slight bump after the outgoing
pulse, caused by my 100-foot cable actually
consisting of two 50-foot lengths coupled
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ZIGBEE TRANSMITTER/RECEIVER

2.4 GHz Transmitter and
Receiver for Model Aeroplanes

By Michel Kuenemann (France)

For a number of years now,
remote radio control systems

for models that operate in the
2.4 GHz band have been available.
This technology is highly robust
against interference and offers
the option of telemetry which
was not permitted with the older
technology which, depending

on the country, uses the low VHF
27 MHz, 35 MHz, 41 MHz or other
allocated bands. The project

described here offers the option of effortlessly expanding a lower VHF system with 2.4 GHz SHF technology.

Because this is a fully open system, it can, to a large extent, be adapted to suit your own needs.

Figure 1 shows the block diagram of the
system.

Transmitters for remote model control have
a connector which includes the standard-
ised PPM-signal (Pulse Position Modulation),
which contains the information about the
channels that are being controlled by the
transmitter. This connector is normally used
when training new pilots or for connection
to a flight simulator on a PC. In our appli-
cation this signal is connected to a sepa-
rate enclosure which contains a 2.4 GHz
transmitter. This enclosure also contains a
battery and an LCD, which turns it into an
autonomous subsystem. In this design the
pilot can continue to use the transmitter for
35/41 MHz with older model aeroplanes but
also have the option of switching to 2.4 GHz
operation quickly and easily.

The receiver built into the model aeroplane
consists of a circuit board to which are con-
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nected one or two receiver batteries and
the servos. An important advantage of the
2.4 GHz technology is that the relatively
long wire antenna, which was often a source
of problems with model aeroplanes, is no
longer necessary. This project is an open,
experimental system which includes the
following communication interfaces: serial
(UART), CAN-bus and I12C-bus.

Technology

The design and implementation of a well-
performing transmitter- and receiver-mod-
ule operating at 2.4 GHz is unfortunately
outside the reach of most enthusiasts and
even many professional electronics engin-
eers. Fortunately, a large number of mod-
ules are available commercially, which
makes this 2.4 GHz technology readily
accessible. We chose the recently intro-
duced module MRF24J40MB made by
Microchip [2]. This standardised module is

compact, generates enough RF power and,
moreover, is affordable. It is therefore an
ideal choice for our project. A PIC18LF2685
microcontroller, clocked at 24 MHz, pro-
vides effortless control of the various
peripherals.

To simplify the realisation of this project,
the design decision was made to use only
one PCB and one program for both the
transmitter and the receiver. By fitting a
jumper, the board is configured to operate
as a transmitter. Without this jumper the
board functions as a receiver.

The schematic

The PCB contains all the power supplies that
are necessary to satisfy the various require-
ments of both the transmitter as well as the
receiver (Figure 2).

The transmitter is powered from a sepa-
rate lithium-polymer (LiPo) battery. For
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Table 1: Overview of the measured quantities and their characteristics.

Display line Measured quantity
1 Tx Batt.
1 TxRSSI
2 Rx Batt. A
2 Rx Batt. B
2 Rx RSSI
3 Rx current
3 Rx usage
4 Batt. drive voltage
(future expansion)
4 Batt Drive current (fu-
ture expansion)
4 Batt. Drive usage

(future expansion)

author. This part of the software is essen-
tial for obtaining the ‘flow’ and reaction
speed that is required for this application.
The kernel and accompanying services are
described in a (French language) file that is
included with the software package.

Construction and test

You have to work carefully when soldering
the MCP23008 and the LTC6106, because
these have a pin pitch of only 0.635 mm.
The LCD-module in the transmitter is con-
nected via 10 wires to CN8. If your micro-
controller is not already programmed then
you can do this via the ICSP-interface (CN1)
and a programmer from Microchip or one
that is compatible with it (ICD2, PICKit or
similar).

Resistor R13 determines the contrast of the
display. The value depends on the exact
type of LCD that is used.

Once everything is mounted, visually check
the quality of the soldering, put jumper CN5
on the board and connect a power supply
voltage 4.2 V to pins 1 and 2 of CN11. LED
HL1 will now light-up briefly and the current
consumption has to be around 60 mA. The
buzzer will initially sound two short beeps
and a welcome message appears on the dis-
play. Check whether the power supply volt-
age is correctly indicated on the first line of

elektor 10-20m

Measuring range Measuring
grang resolution
0-12.65 10 mV
0-99 1
0-12.65 10 mV
0-12.65 10mV
0-99 1
0-3300 3 mA
0-9999 1 mAh
0-25.00 10 mV
0-200 1
0-9999 1

Figure 4. This is what the display shows
when powering the transmitter from 4.2 V
and the receiver from two 8.4 V batteries.

Figure 5. Author’s prototype connected to
four servos and two LiPo batteries.

. Alarm

Unit threshold

\ <3.8V

% Not applicable

\ <7.6V

\Y <7.6V

% Not applicable
mA Not applicable
mAh Not applicable

\Y TBD

A Not applicable
mAh Not applicable

the display. Now lower the power supply
voltage to 3.8 V. After about 20 seconds
the buzzer will sound about 20 short beeps
and on the fourth line of the display there
will be the message ‘No PPM signal’. Con-
nect the trainings connector of your trans-
mitter to connector CN9, switch the trans-
mitter on and check that the error message
goes away.

The only thing left to test is the battery
charger. Connect a voltage of 9 V to CN10
and limit the current to 1 A. Check whether
the voltage on pin 3 of CN11 does not go
above 4.2 V. Connect pin 3 of CN11 to
ground and check that the current drawn
by the circuit does not exceed 250 mA.

At this stage a large number of the vital
components of your transmitter have been
tested. The 2.4 GHz module will be tested
in the next step.

In the same manner, assemble and test a
second board, where you replace the buzzer
with LED1. You can also omit the compo-
nents for the battery charger. First test the
board in transmitter mode. Then remove
the LCD module, remove the configuration
jumper CN5 and connect a power supply
voltage of 8.4V, first via CN12 and then via
CN13. After the power supply is attached,
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Figure 6. The built-in receiver.

LED1 will begin to flash excitedly (at about
20 Hz) at the beat of the reception of the
command frames. The display should now
look like that shown in Figure 4. Table 1

shows an overview of the measured quan-
tities and their characteristics.

The fourth line of the display, which is not
used at the moment, is intended for telem-

ure 7. The author’s Christen Eagle
with 2.4 GHz receiver built in.
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etry information from the main drive bat-
tery of an electric model. But this may be a
subject for a future article in Elektor.

If you power the receiver from just one
battery then you can ignore the voltage
reading from the battery which is not con-
nected. Check that the receiver switches off
when connector CN14 is shorted. For both
batteries check also that the alarm sounds
when the battery voltage drops below 7.6 V.
Check that the measured values for the volt-
age and current from the receiver are cor-
rect and then connect a few servos to the
receiver (Figure 5). Move the control levers
on the transmitter and check the move-
ment of the servos.

The transmitter board, the display and the
battery now need to be mounted in a non-
screening plastic enclosure that you can
attach to your transmitter in a clever way.
Provide a switch with a mechanical latch
(for safety) and a charging connector. If you
would like to attach a small whip antenna
to your transmitter housing then you can
replace the MRF24]40MB module with an
MRF24j40MC.

Before you build the system into a model
aeroplane (Figures 6 & 7), take the time to
once more carefully check all solder con-
nections and all power supply voltages. If
you have even only the slightest amount
of doubt then make sure that it is removed
before you take off.

(110109-1)

Internet Links
[1] www.elektor.com/110109

[2] 2.4 GHz modules from Microchip:
www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en027752

[3] www.elektor.nl/080253

[4] ZigBee network analyser — ZENA:
www.microchip.com/stellent/
idcplg?ldcService=SS_GET_PAGE&nodel
d=1406&dDocName=en520682

[5] Website of the author:
http://breakinbench.free.fr/
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tst_
dsp.

Ist, which is

in plain text. Warn-

ings emitted by during

the assembly process can be

ignored: they are mostly caused

by instruction pipeline timing conflicts

detected by the assembler. The conflicts

are removed by the addition of no-opera-

tion instructions to the program, which the

assembler will do automatically. When you

become a more experienced hand at DSP

programming, you will want to reorgan-

ise the program so that the no-operation

instructions are replaced wherever possi-

ble by instructions that do useful work. The

object code file contains everything the DSP

device needs to run. The debugger is now

started up and the following sequence of

commands given.

force r (force reset of the DSP)

load tst_dsp.cld (loadthe object
code into the DSP)

go O (run the program start-
ing from address 0)

force b (put the DSP into the
debug state)

disp x:$200 (display the content of
X memory starting at
address $200)

disp y:$200 (display the content of

Y memory starting at
address $200)

And that’s all there is to it! Figure 1 shows
how the debugger user interface looks after
the last of these commands is executed.
The left-hand part shows the DSP program,
the debugger commands and the DSP 1/O
registers; the right-hand part displays the
selected areas of X and Y memory and the
contents of the DSP’s registers. We have
selected fractional display mode (‘[FRA]’)
for the values in the memory and register
displays: alternatively, the values can be
shown in decimal, hexadecimal or binary,
orin graphical form.
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Figure 1. User interface presented by the Domaintec debugger.

Itis possible to make the DSP switch to the
debug state to allow access by the debug-
ger from within the program itself, using
the assembler instruction debug. This has
the same effect as issuing the command
force b from within the debugger as
shown above.

Symphony Studio integrates an assembler,
a simulator and a debugger along with a
C compiler and more besides. It is based on
the open-source integrated development
environment Eclipse, which was originally
developed for writing Java programs. It is a
considerably more modern-looking product
than Suite56. Eclipse is used as the basis for
many other professional development envi-
ronments for other processors: it is clearly
highly worthwhile to learn how to use this
system, which is on the way to becoming an
industry standard. The biggest advantage
offered by Symphony Studio is its support
for team working, including file synchroni-
sation and version control. It also works per-

fectly well on 64-bit versions of Windows.
On the downside the user interface is com-
plex and there is a large number of configu-
ration settings. If, because of a bad configu-
ration setting, the program does not react
to a command quite as you expect, it can
be very difficult to work out what is wrong.
Also, many operations are not particularly
intuitive.

The Eclipse interface is based around spe-
cific components, views, editors and per-
spectives. Wikipedia contains an informa-
tive description, from which we have sum-
marised some of the information below,
adapted where necessary to the particular
configuration used by Symphony Studio.

A ‘view’ is a small window dedicated to a
particular function. Examples of views in
Symphony Studio are the ‘navigator’ and
the project directory structure display.
These views can be rearranged at will by
dragging: they can be arranged in the form
of tabs, activated by a click of the mouse,
in the form of permanently displayed win-
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Figure 2. Installation path.

dows, or as ‘fast views’, which appear as
icons on bars that can be placed almost
anywhere. Clicking on the icon makes the
view appear. ‘Editors’ are used to display
source code, with syntax highlighting. A
‘perspective’ is a complete arrangement
of menus, icon bars, views and editors. The
arrangement is highly configurable, and
user-defined perspectives can be saved and
loaded. Symphony Studio includes two per-
spectives, the ‘C/C++’ perspective for set-
ting up and working on projects and for
assembling source code, and the ‘Debug’
perspective in which the simulator and the

Figure 4. Starting a new project.
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Figure 3. Installation options.

debugger can be used. The user can switch
between the two perspectives using a ‘tog-
gle switch’ in the upper right corner of the
user interface. The simulator and debugger
are both considered as debug tools, differ-
ing essentially only in whether they require
the presence of a DSP board. This is a sensi-
ble decision, and a consequence of it is that
the simulator does not have a perspective
to itself.

We will now look at how to install Sym-
phony Studio and run it on a small exam-
ple program. The steps given are by way of

example only: there are other ways to
achieve the same effects, and it will prob-
ably take you a little while to find the
workflow that you find most comfort-
able. Freescale offers a manual [2] and
application notes [3] with more detailed
information.

After registering on the Freescale web-
site the Symphony Studio software (SYM-
PHONY_STUDIO_IDE.zip, approxi-
mately 55 MB) can be downloaded and then
installed. Since it uses the Eclipse environ-

Figure 5. Giving the project a name.
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ment, the Java Runtime Environment (JRE),
version 1.5 or later, is also required. If the
JREis not already installed it can be obtained
from [4]. Figure 2 and Figure 3 show two
dialogue boxes from the installation pro-
cess. Note in particular that the FTDI driver
must be installed (do not untick the check
box in the dialogue shown in Figure 3!) as
it is needed to use the USB adaptor. When
first run the welcome screen appears: click
on the ‘workbench’ icon on the right-hand
edge. In the window that now appears click
on ‘Open Perspective’ towards the top right
and then select ‘C/C++ Perspective’.

In Eclipse software is always developed in
the form of ‘projects’. We can create and
initialise a new project by clicking on File ->
New -> Project -> Managed Make ASM Pro-
ject. Figure 4 shows the ‘New Project’ win-
dow. Give the project a name, for example
the name of the test program, as shown in
Figure 5. We now need to specify the type
of project: Figure 6 shows the settings that
we need. The project is set up in ‘build auto-
matically’ mode, which means that when-
ever the source code is changed and the
edits confirmed by a “Save’ command, the

Figure 6. Selecting the project type.
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assembler will automatically be invoked.
The next step is to specify the directory
for the source code, by clicking on File ->
New -> Source Folder. Figure 7 shows the
how the project subdirectory is entered:
we have simply called it src. The subdirec-
tory is now set up, and we can use Windows
Explorer to copy the source code file tst_
dsp.asm and paste it into the prepared
subdirectory . . .\tst_dsp\src in the
‘Project’ window (‘View Project’). We can
open the source code file using ‘Open File’
in an editor. Under ‘File’ click on ‘Refresh’,
which will cause the assembler to be run on
our source code. Alternatively, we can make
a trivial change to the source code and then
the assembler will be invoked when we tell
the editor to save the file. The assembler will
produce a listing file, which we can load into
an editor from the ‘Project View’. Figure 8
shows the appearance of the C/C++ per-
spective with the program source code dis-
played, including colour highlighting of key-
words, along with the listing file tst_dsp.
Ist. On the left-hand side in the ‘Project
View’ we can see the directory structure of
the project, including a subdirectory called
‘debug’, about which more later.

The

Debug perspective is used for simulation,
loading code into the DSP, and debugging.
In the SDE plug-ins such as the simulator
and debugger are called ‘External Tools’,
which reflects the fact that they are sepa-
rate programs independent of the Eclipse
environment. In order to use one of the
external tools, a connection must be estab-
lished to it. This gives a way for data to be
transferred to and from it, and for it to be
configured. In this case data communica-
tion is done over a TCP/IP port. Configura-
tion depends on the hardware that is con-
nected: Symphony Studio knows about the
Freescale Soundbite board, the special-pur-
pose DSP56371 signal processor, and the
DSP56300 family, to which our DSP56374
belongs. To configure the debugger for our
hardware take the following steps.

Switch to the Debug perspective (upper
right corner of the window) and click on
the drop-down menu item Run -> Exter-
nal Tools -> External Tools.

Select the external tool ‘OpenOCD GDB
Server’.

Press the ‘New Launch Configuration’
button, which looks like a piece of paper

Figure 7. Adding a source directory to the project.
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Figure 8. Project, source code and listing views in the C/C++ perspective.

with a yellow plus sign. Alternatively, the
same effect can be achieved with a dou-
ble click on ‘OpenOCD GDB Server’.
Select ‘DSP56300’ from the device list
and ‘soundbite’ from the dongle selec
tion list.

Connect the hardware to the PC via

the adaptor. Windows will take a few
moments to find and load the correct
driver.

When the hardware has been recog-
nised and is ready, press the ‘Run’ but-
ton to open the debugger. If this is suc-
cessful the status line should give the
message ‘Info: openocd.c:82 main():
Open On-Chip Debugger’ and there
should be no error messages. If an error
does occur, it is usually best to go back
to step 1 and try to establish connection
again from scratch.

Before beginning the debugging session
we have to select the project that we
wish to debug. Go to the C/C++ perspec
tive and click on the project directory

tst_dsp. A blue background confirms
the selection.

Return to the Debug perspective.

To start debugging click on the Run
->Debug menu item. As before select
‘Freescale 563xx’ for processor and cre-
ate a new debug configuration using
the ‘New Launch Configuration’ but-
ton (piece of paper with a yellow plus
sign). Alternatively, the same effect
can be achieved with a double click on
‘Freescale 563xx’.

A new debug configuration bearing
the name of the current project will be
created.

As the error message ‘Program not
specified’ under the heading ‘Create,
manage and run configurations’ indi-
cates, we have still not yet indicated
what program we want to load into
the DSP. Locate the object code file
tst_dsp.cldonthe machine using
the ‘Browse’ button or more simply use
‘Search Project’.

Click on ‘Apply’ to store the configura-
tion settings and then ‘Debug’ to run
the debugger.

In the Debug view the program can

be started and stopped using Run ->
Resume and Run -> Suspend. Break-
points can be set and cleared by double-
clicking in the left edge of the disassem-
bly view. The view showing the proces-
sor’s registers is the most important
debugging tool. Clicking on the plus
symbols allows particular groups of reg-
isters to be displayed.

Using Run -> Step Into (or just pressing
function key F5) single-steps the DSP
program. This allows the effect of each
instruction on the contents of all the
registers to be examined.

Less than satisfactory is the way that the
register group display closes after each
instruction is executed. With multiple
mouse clicks on the register view it is possi-
ble to move it so that it remains open.
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If debugging is to be repeated then the
stored ‘External Tools’ and ‘Debug’ config-
urations can be recalled. These configura-
tions are available from the ‘External Tools’
and ‘Debug’ menu items and icons.

When a debugging session is complete the
OpenOCD connection must be shut down
properly, or it will not be possible to estab-
lish the connection again when restarting
the debugger: click on ‘Terminate’.

To run the simulator take the following
steps.

Switch to the Debug perspective (upper
right corner of the window) and select
the drop-down menu item Run -> Exter-
nal Tools -> External Tools.

Select the external tool ‘Simapi GDB
Server’.

Press the ‘New Launch Configuration’
button (piece of paper with a yellow
plus sign). Alternatively, the same effect
can be achieved with a double click on
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Figure 9. Configuring the debugger.

‘Simapi GDB Server’.
Click on ‘Run’.
In the Console view the title ‘DSP56720
Simulator [SIMAPI GDB Server]’ should
appear, along with a path, and ared
‘stop’ button which is used to stop the
simulator server.
To use the simulator follow the same steps
(from step 7) as for the debugger given
above.

The term ‘dongle’ used in Symphony Stu-
dio corresponds to our use of ‘adaptor’.
The selection of ‘soundbite’ in the fourth
step of the debugger instructions given
above is also the correct choice when
using the author’s USB adaptor. Care
will need to be taken if a different adap-
tor is used: suitable alternatives were dis-
cussed in the second article in this series.
The author uses two USB adaptors that he
designed himself, one for Suite56 with the
Domaintec debugger and one for Sym-

phony Studio, which appears as a ‘sound-
bite dongle’.

The author’s Suite56/Domaintec adaptor
consists of an OTP (one-time program-
mable) 68HCO5-family microcontroller
and an FTDI device to convert the USB
signals to a serial form compatible with
the microcontroller. The unit converts
between RS-232 format communica-
tions on the PC side and the five signals
for the synchronous serial ONCE port on
the DSP side. The FTDI FT232BL appears
on the PC as a virtual COM port operat-
ing over USB. If the operating system does
not already have a suitable driver avail-
able, the VCP (virtual COM port) driver
must be downloaded from the manufac
turer’s website [5] and installed. Since
the author cannot accurately estimate
the demand from Elektor readers for the
adaptor, he has arranged only to make
a small number of printed circuit boards
and programmed microcontrollers avail-
able. Should demand be sufficient, it will
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Figure 10. Audio signal paths.

be possible to arrange for assembled units
to be made available.

The Symphony Studio adaptor uses an FTDI
USB-to-parallel converter without a micro-
controller. This makes the unit simpler, since
only a few additional components around
the FTDI device are required. The author has
had a number of these adaptors made and
can supply them to Elektor readers.
Readers interested in one or both of the
adaptors should contact the author at [6].
As mentioned in the second article in this
series, adaptors are also available from
several different manufacturers. Even the
old-school parallel port adaptor, which
is easy enough to make yourself, can be
installed and used in conjunction with
Symphony Studio. It is worth noting that
although the USB-to-parallel port con-
verters that are used as a substitute for
the bidirectional parallel ports that used
to be common on PCs are ideal for inter-
facing to older printers, they are not suit-
able for use as a programming and debug-
ging adaptor.

Finally, please note that an OnCE/JTAG
interface developed by Elektor will appear
in a future edition. This interface can be
used in conjunction with Symphony Stu-
dio for programming the DSP board. Like
the DSP board, the interface will be sup-
plied ready-assembled.

With the board assembled and the power
supplies working properly (the current con-
sumption is a little over 130 mA) we need
to test the various parts of the circuit in
the signal processing chain. These are the
ADC and the DAC along with their support
components on the analogue side, and the
SRC and the DSP on the digital side. The
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DSP is hard-wired as the master controller
for all parts of the circuit: this simplifies the
design and programming, but it does mean
that nothing on the board can work without
code running in the DSP. This goes for test-
ing the hardware too, of course, and so we
have written a suite of five test programs.
The numbering of the programs indicates
a sensible order in which they can be run,
but sticking to this order is not compulsory.
The ideal instrument for testing the hard-
ware is an audio analyser with analogue and
digital interfaces. However, it is likely that
very few Elektor readers will have such a
unit lying idly around, and so we propose a
simpler (although admittedly less accurate
and reliable) approach employing the PC
that we already have to hand. The follow-
ing lists what is required.

A CD or DVD player to be used as an ana-
logue and digital signal source. We mainly
need sine waves with various (but known)
amplitudes: WAV files containing suitable
test signals can be downloaded from the
internet and burned onto a CD or DVD, or
waveforms can be created using an audio
editor. We can feed these signals into the
ADC in analogue form or into the SRC in
digital form.

A waveform editor. Wavelab is profes-
sional commercial software for this task,
or free software such as Audacity can be
used. The editor will be used as an ana-
logue or digital oscilloscope to display
signals in the time domain (as a wave-
form) or in the frequency domain (using
FFT analysis). Wavelab can perform these
functions ‘online’; other editors may have
to be operated in ‘offline’ mode, whereby
a WAV file is captured and subsequently
analysed. Alternatively, an internet search
will turn up free audio oscilloscope pro-

Figure 11. Spectrum of the digital output in test 5.

grams that use the sound card in a PC.
A conventional oscilloscope can also be
used for testing the DAC, although (unless
it is a digital instrument with an FFT fea-
ture) it is practically impossible to see
small distortions in this way.

A simple USB sound card. These are avail-
able very cheaply and can also be used to
generate test signals. For testing the SRC it
is useful to be able to generate a test signal
with a sample rate different from the 48 kHz
used by the DSP test program. It is for this
reason that we prefer to suggest using a
CD or DVD player as an asynchronous sig-
nal source.

The test programs (see Table 1) are avail-
able for download along with their associ-
ated files from the Elektor website [7]. The
extra files include program code such as
the interrupt service routines that drive the
audio interfaces, useful definitions, byte
sequences for configuring the SRC and the
sine wave signals for test programs 2 and 4.

Test program 1, tst_dsp.asm:

test the DSP

This test program computes the product
of two complex numbers a*b=c, where
a=0.1+0.2i, b=0.3+0.4i and hence c=-
0.05+0.17i. We will hold the values of a, b
and c in consecutive memory locations
$200, $201 and $202, with the real partsin
X RAM and the imaginary parts in Y RAM.
When the test completes and the DSP
enters the debug state we can look at the
DSP’s registers and memory areas using
the debugger and check that the values are
as follows: x0=0.3; x1=0.1; y0=0.4; y1=0.2;
a=-0.04999...; b=0.1000...; r0=$200;
r1=%$202;r4=$201; X:$200=$0CCCCD (rep-
resenting 0.1); X:$201=$266666 (repre-
senting 0.3); X:$202=$F9999A (represent-
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Figure 12. Spectrum of the analogue output in test 5.

ing -0.05); Y:$200=$19999A (representing
0.2); Y:$201=$333333 (representing 0.4);
Y:$202=$0CCCCD (representing 0.1).

Test program 2, tst_dac.asm:

test the DACs

This test program works with switch set-
ting 3 in Figure 10 and generates two sine
waves: one at a frequency of 1 kHz on the
left channel, and the other at a frequency
of 2 kHz on the right channel. In each case
the amplitude of the wave is 0.5 FS. At
higher output levels the DAC introduces
noticeable distortion. Both sine waves
should be checked at the analogue out-
put using either an oscilloscope or head-
phones. If using headphones they should
have as high an impedance as possible, and
a series resistor should be used to limit the
output volume.

To assemble this program some changes
to the project settings must be made
because of the include files it uses. A ded-
icated directory in the project for all the
required include files makes things tidier,
and naturally enough we call this direc-
tory include. This can be done in Win-
dows Explorer, or it can be done in the
same way as we did for the src direc
tory above. We now copy the relevant
files into this new directory (see Table 1).
The new directory has to be added into
the project, which can be done using the
‘Refresh’ command. Any error messages
that appear in the console can be ignored.
In the tab ‘C/C++ Projects’ (in the C/C++
perspective) find the subdirectory src
and click with the right button on test_
dac.asm. Then click the right button on
‘Properties’ and select ‘C/C++ Build’. Then
in the ‘Tool Settings’ tab select ‘Options’
and scroll down to ‘Include File (-1)’. Click
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on the small green plus sign and then find
the right directory using ‘File System’.
Now the three asm files must be excluded
from the assembly process. Go to each of
these files in turn in the include subdi-
rectory (still under the ‘C/C++ Projects’
tab) and click on it with the right mouse
button. Again select ‘Properties’ and then
‘C/C++ Build’. Under ‘Active Resource
Configuration’ tick the check box labelled
‘Exclude from build’. When this has been
done for all three asm files you should see
in the console that the assembly process
has been successful and that the file tst_
dac.cld has been created.

Test program 3, tst_adc.asm:

test the ADCs

Now that we have verified the operation
of the DACs using test program 2, we can
move on to testing the ADCs. This test pro-
gram works with switch setting 1 in Fig-
ure 10, which loops the signal from the
ADCs directly into the DACs. A signal fed
into the analogue input port, for exam-
ple from a signal generator, should also be
found at the analogue output port.

Test program 4, tst_src1.asm:

test the SRC, input side

Next we can test the SRC, which is in
charge of both the digital audio interfaces.
This test program works with switch set-
ting 3 in Figure 10 and generates two sine
waves: one at a frequency of 1 kHz on the
left channel, and the other at a frequency
of 2 kHz on the right channel. In each case
the amplitude of the wave is 0.5 FS. The
test program first resets the SRC and then
configures it. The two sine waves gener-
ated by the DSP should be found on both
the analogue and the digital outputs. To

Byte sequence for configuring the SRC

Sine wave signals, 1 kHz and 2 kHz,
192 kHz sample rate

Entries in the interrupt vector table:
audio interrupts

Audio interrupt service routine:
4 input channels, 2 output channels

More readable names for the
DSP’s 1/O addresses

test the digital output interface we recom-
mend using a PC with a (USB) sound card
that has a digital input.
Test program 5, tst_src2.asm:
test the SRC, input and output sides
This test program works with switch set-
ting 2 in Figure 10, which causes the digi-
tal input signal to be routed to the digital
outputs and to the DAC. Any digital source
signal, for example from a CD player, con-
nected to the input should be found on
both the analogue and digital outputs. Fig-
ure 11 and Figure 12 were obtained using
an audio analyser (a Prism Sound dScope
Series Ill) and show the spectra at the digital
and audio outputs when a 2 kHz sine wave
is applied to the digital input.
If you choose not to store the test program
files and the other auxiliary files listed in the
table in their own directory, the ‘include’
directives in the DSP program must be suit-
ably amended.
Once all five tests have been successfully
carried out, we can proceed to writing our
own programs.

(110004)

Internet Links

[1] www.domaintec.com/ftp/domtech/
e30x_331.zip

[2] www.freescale.com/files/dsp/doc/
user_guide/DSPSTUDIOUG.pdf

[3] http:/[cache.freescale.com/files/dsp/
doc/app_note/AN3754.pdf

[4] www.oracle.com/technetwork/java/
javase/downloads/index.html

[5] www.ftdichip.com/Drivers/VCP.htm
[6] signum.dsp@gmx.de

[7] www.elektor.com/110004
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Floating-point numbers

Even measurements of electrical quanti-
ties often require precision spanning a
range of several orders of magnitude.
Our two byte mode, with just ten bits
(plus sign) available, cannot cope with
such a high dynamic range. For such
cases we can use four bytes to repre-
sent a reading or setting. The figure
shows how an individual sensor or ac-
tuator attached to a node is addressed

using the channel bits C2--C0 in the first byte, as described in the

BIT BYTE
7 6 5 4 3 2 1 0
0 | 0 ovenonat ! R
AON | — msoN M3 | WMZ | M1 MO
O wrow + Di8 D17 | D6  Dis D14  HicH
0O D13 D12 DN D10 D9 | D8 D7 MobLe
0O D6 D5 D4 D3 D2 | D1 | DO Low
10428-18

text. The bytes labelled ‘High’, ‘Middle’ and ‘Low’ carry the actual

of the last byte indicate the scaling factor.
Bits SO to S3 specify the exponent (power
of 10) used: with the addition of the sign
bit we cover the range from 10-15 to 10+15.
We suspect this might be enough for most
applications our readers can dream up!

In our example, where we send a resistance
value measured in ohms, the table tells us
that the third and fourth bytes should be
12hex and 00pex. The whole command is thus
28-C1-12-00}4-

Demonstration software

As usual, we have prepared some demon-
stration software which can be downloaded
for free from the web pages accompanying
this article [3]. In contrast to earlier ver-
sions of the software, the master control-
ler node, at address 10, is responsible for
alarger number of messages: previously it
was only responsible for sending acknowl-
edge messages. This node is therefore also
now prompted to transmit data by the
scheduler at regularintervals. In the inter-
ests of simplicity the command that trig-
gers the master node to send its messages
is simply placed inside the scheduler loop in
the code running on the PC. This is clearly
not the ‘right’ way to do it, since it treats
the scheduler and master as bus nodes inde-
pendent of one another. However, the trick
saves us from some fiddly thread program-
ming and timing adjustments.

When the appropriate check box in the user
interface is ticked (see screenshot in Fig-
ure 5), the master controller node sends the
byte sequence 28-C1-12-00y, to the sensor
node and then receives a readings from the
sensor node expressed in ohms. The byte
sequence 28-C1-12-00,, resets the node
to sending raw data. The BASCOM firm-
ware calculates the resistance of the light-
dependent resistor without using floating-

elektor 10-20m

point arithmetic, which helps keep the code
size down. The value of the fixed resistor is
specified in the line that starts ‘Resistor=".
Unfortunately, resistance values of greater
than 1023 ohms cannot be communicated.
Two-byte mode cannot really offer the pos-
sibility of floating-point values (as on an
autoranging multimeter, for example).
However, it is in principle feasible in four-
byte mode: the text box gives some ideas,
butwe will not pursue them further in this
article.

Everything under control

At the beginning of this article | promised
that we would be looking at a real control
application. How about a simple security
light that is automatically turned on when
the ambient light level falls below a speci-
fied value? The comparison against the
threshold value could in principle be done
in the master controller, but here we choose
a better approach, making the sensor into
a slightly more intelligent device. At some
point as evening draws in we take the cur-
rent reading and program it back in to the
sensor as a threshold value. From then on
the sensor will emit a special ‘alarm’ mes-
sage when the ambient light level falls
below this lower threshold, and a further
special message in the morning when the
ambient light level rises above an upper
threshold.

Figure 6 shows the format of these mes-
sages. Two bytes are needed, and as with
all special functions these two bytes can
appear at any position within the payload.
The sensor that is reporting the threshold
alarm must include the relevant channel
number in the first of the bytes (in bits C1
and C2). The values that can occur in the
second byte are D1, to indicate that the
reading is below the lower threshold, D2,,.,

value. High.6 is set to indicate that the
bytes represent a floating-point value;
High.5 gives the sign of the mantissa.
MSIGN, M3, M2, M1 and MO give the ex-
ponent (as a power of ten), and the re-
maining fourteen bits (D13 down to D0)
give the magnitude of the mantissa. The
largest number that can be represented
(without using the scaling feature) is
+16383%10+15.

If High.6 is clear, 19 bits are available to represent a value directly.

to indicate that the reading is above the
upper threshold, and DOy, to indicate that
thereadingisinthe ‘comfort zone’ between
the two thresholds.

The same message format is used by the
master controller to instruct a sensor to
store the current reading as a lower or
upper threshold value for future use: in this
case ‘SetBit’ equal to 1 toindicates that this
is a control value rather than a reading. In
our example, setting a lower threshold on
channel 0, the alarm message comprises
the bytes 48-D 1y and the command to
set the threshold value is 68-D1,,,. In the
interests of reliability the master controller
acknowledges the alarm with the sequence
58-D1},e, and the sensor acknowledges the
setting of its threshold with 78-D1;,, (the
acknowledge bit being set in both cases).
As one of the first reader applications has
shown, this feature can come in very handy:
see the text box.

In the next part of this series we will look at
how thresholds can be defined freely, rather
than by simply storing the current reading.

The first actuator

The demonstration PC software reports
the crossing of the lower threshold by dis-
playing the work ‘Alarm!” in a text box. The
threshold itself can be set by clicking on the
‘Set Limit’ button, and the current thresh-
old value is shown in another text box. How-
ever, this does not yet amount to a control
system.

The next step is to connect the simple cir-
cuit shown in Figure 7 to node 1. Pin ADCO/
PCO on the header is used to drive a small
5V relay via a transistor. Figure 8 shows an
overview of the system configuration. The
same firmware is used in nodes 1 and 2, the
variable ‘Devicemode’ (programmed into
the EEPROM at address 006) determining
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Fan-Flash Alternative

This project is based on the ‘Fan-Flash’

published in the December issue of 2010

[1], a circuit that gives the illusion of

stopping the blades of a running fan in

a PC by using a flashing light. Prompted

by a number of remarks that the

educational value of this project would be

much higher if the circuit was implemented

without a microcontroller, we hereby present

a circuit with almost the same functionality, but

built using digital logic only.

By Raymond Vermeulen (Elektor Labs)

The principle of the circuit has remained the
same: we give (a number of) LED(s) a num-
ber of pulses for each revolution of the fan,
which corresponds to the number of fan
blades. The schematic describes our circuit,
which was designed for a fan with a rota-
tion speed of 750 revolutions per minute
(rpm) and nine blades. If you want to use a
fan with a different number of blades then a
few things will have to be changed.

LEDs

Take into account the amount of current
you are going to run through the LED(s).
Choose a suitable value for R1 (see Fig-
ure 1) based on the desired current. A good
rule-of-thumb for ‘ordinary LEDs’ is 20 mA
continuously or a maximum of 500 mA per
pulse. For the forward voltage drop we
assume a value of 3.5 V. This calculation is
done for the fan that we used and using four
white, 5-mm LEDs, which are connected in
parallel as follows:
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The total current through the LEDs amounts
to

(12V-3.5V)[12Q=0.708 A.

During a pulse there is therefore 0.177 A
through each LED. The fan rotates at
750 rpm = 12.5 Hz, and with nine (number
of blades) pulses per revolution. From this
follows that there are 12.5 x9 =112.5 pulses
per second. One single pulse is 0.11 ms
wide (see section ‘The NE555’), so that
the total pulse-width per second amounts
to 112.5%0.11 ms = 12.38 ms. This estab-
lishes the duty-cycle as 1.238 %. The aver-
age current that each LED has to handle
comes to 177 mA x 0.01238 = 2.19 mA.
Both current values therefore fall well within
the maximum current ratings.

The type of LED that you can use is, just as
in the original article, entirely up to you.
The circuit is easily adapted for either power
LEDs or for a pair of 5-mm diameter LEDs
connected in parallel. Note that in the latter
case these LEDs must all of the same type

and preferably all from the same batch, oth-
erwise there is the risk that the current does
not divide nicely (equally) across all the
LEDs and that some LEDs will be brighter
and others dimmer.

MOSFET

From the schematic you can see clearly
that the part that carries the high currents
is mostly the same. The differences are that
a different MOSFET was selected and that
the 3-pin fan connector is not connected to
the motherboard but connected directly to
the circuit. For this purpose there is a pull-
up resistor between the tacho-signal and
the 12-V line.

The MOSFET does not necessarily need to
be an IRF3704 either. If you choose some-
thing else, note that it has to be an N-chan-
nel type and which can be properly turned
with a signal of 4 V. A Vy, of, for example, less
than 2.5 V will work well. A tip: Look in the
datasheet for the graph with V4, on the hori-
zontal axis and l4 on the vertical axis. Choose
the 4-V line (or the line closest to it), follow
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Figure 1. In this schematic we hail the ‘old-fashioned’ design of a digital circuit.

this to V4= 12V and read the corresponding
value of 14. The curve has to be flat and I3 has
to be greater than the peak current which
we intend the run through the LED(s). Allow
plenty of margin just to be sure.

Also note whether the rise and fall times are
adequate. Typically accept a value of less
than 10% of the pulse time, so that the pulse
shape is preserved nicely. Most MOSFETS will
have absolutely no problem with this.

Digital logic

Now continuing with ‘the brains’ of this cir-
cuit. To tune the frequency of the flashing
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LED(s) to the rotational speed of the fan, as
measured with the tacho signal, we use the
services of a PLL (Phase Locked Loop), the
4046 (1C3). This IC compares the frequen-
cies of the signals at pin 3 (CIN) and pin 14
(SIGN) and subsequently adjusts the fre-
quency of its output signal on pin 4 (VCO)
until there is no difference between both
these input signals. By using a frequency
divider (IC1 together with IC5) in a feedback
loop, we actually make a frequency multi-
plier. This works as follows:

Assume that a signal of 1 Hz arrives at
pin 14. At this time there is not yet a sig-

nal at pin 3 (frequency is 0 Hz). The output
(pin 4) attempts to correct this difference
and begins, for example, to generate a sig-
nal of 1 Hz. This frequency is then divided
by a certain number (in our case that is
18) by the counter and flip-flop. The differ-
ence with the frequency at the input sig-
nal on pin 14 has become smaller, but it is
still not 0. So the frequency at the output
increases some more. This continues until
the frequency on both inputs is the same.
Since the counter and flip-flop divide the
output signal by 18, at the output of the PLL
is a signal that is 18 times the frequency of
the input signal at pin 14. So we now have
adjusted the pulse frequency to the fan that
we used.

Incidentally, the flip-flop (IC5A) is necessary
because there are short pulses at the out-
put of IC2B (because of the way the feed-
back works to the reset of the counter with
IC2B). The flip-flop turns this back into a sig-
nal with a duty-cycle of 50 % (and divides
the pulse frequency by two). IC2B adds an
additional delay to ensure that IC1 is not
reset too quickly.

At the tacho-input D-flip-flop IC7 halves the
pulse frequency of the tacho-signal. This is
necessary because IC1 can only divide the
frequency by a whole number. Because
IC5A halves the ‘reference frequency’, this is
therefore also done at the input (with IC7B).
At 750 revolutions per minute the tacho-
signal from the PC fan gives 1500 pulses
per minute. The tacho-signal therefore has a
frequency of 25 Hz. This is divided by 4 and
then multiplied by 18, so that at pin 4 of IC3
we have afrequency of 112.5 Hz.

The NE555

This frequency we then convert into a
pulsewidth modulated signal for driving the
LED(s). We use the celebrated 555 (1C4) for
this, which has been configured as a mono-
stable for this purpose. The pulse at the trig-
ger input is not allowed to be wider than
the pulse that the 555 is to generate. As a
consequence of the low frequency and the
50 % duty cycle the 112.5 Hz signal has to
be capacitively coupled (C11). The result is
a spike at every falling edge, which is small
enough for the trigger input of the 555. The

10-20m elektor












READERS PROJECTS

The output filter
The outputfilteris )
- configured to pass a band X2 ((UA’? X+ R% -0
of frequencies beyond X
®) : - o y
R2 : which the signal is greatly
& R _c attenuated. This may be X — (@M)? + 1 J(GJZMZ)Z 4R}
$ L3 ¢z ™% $ achieved by connecting 2 2X, V Xlz
) a capacitor across the

secondary winding as shown

in the circuit diagram.

It can be shown that the
input impedance looking into the primary terminals is given by:

Zi1=Ri+jX1+2Z,

@M)’R,  (@M)’Xe
B+X, ~ RB+X

With the secondary resonating at m, we have

2 =R +jX +

2
7= Ri= i+ 00
R

Thus just above @y, I,.is proportional to 1/c.
Now consider @ considerably higher than o,

But X; = X;(Vi/N\;)2 and remembering the expression for Qas well as
noting Ly/L, = (Ny/N,)2, we have (for Q>>1):
Xo=k2 Ry Q

For the transformation from series to parallel we have
R, = RJQz, where R, is the resistance in the primary and &, thatin
the secondary.

Either X5=0,
R
or Xp= —pkz
Q
or Xp=k’RQ

Thus at a second transition, substituting X; and noting that the im-

Xi- @M X (@M)’R,
R2+X2 ﬁ+/"2

H=R+j

At a second resonance

_(@M)?X, _

———==0
R§+X2

X

output voltage of 25-26 V. IC11 and IC12
form a £15 V symmetrical supply for the
operational amplifiers, and IC1 is a stand-
ard 5V regulator for the logic. Schmitt trig-
ger gates IC15A and IC15B form a power on
reset (POR). Capacitors CA and CB are ‘off
board’ parts because of their size — their
value has to be established experimentally.
The prototype of the inverter worked best
using two Evox/Rifa 22,000 pF, 25V electro-
lytic, aluminium can capacitors with stud/
nut mounting.

The thicker lines in the circuit diagram indi-
cate PCB tracks, pads and connectors suit-
able for carrying DC currents up to 32 A.
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aginary part is zero

=R

+%
Rx(1+ K%

Therefore I, is roughly proportional to 1/? for @>>,, which is very

desirable.

Practical matters

The introductory photo shows an early pro-
totype of the inverter, which is being devel-
oped further aiming to go into actual pro-
duction. The power FETs in the bridge are
secured to a Type SFP100 heatsink which
acts as the top side of the case. Two nuts
on the side panel secure the large electro-
lytics CA and CB, which are electrically iso-
lated using special materials the author is
willing to share.

A circuit board was designed by the author
and the artwork files (silk screen and cop-
per track) may be downloaded from [1],

along with tooling data for a Type KOH10-
KOR2-160-ME-SL enclosure from Fischer
Elektronik (UK distributor: Dau Components
Ltd.). PCB tracks carrying high current (refer
to circuit diagram) should be strength-
ened by soldering 1.5 mmz2 c.s.a. (approx.
16 AWG) massive copper wire along their
paths.

(100677)
Internet Link

[1] www.elektor.com/100677 (PCB design
and case drilling data)
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FET Driver

Modern microprocessors can
deliver respectable currents
from their 1/O pins. Usually they
can source (i.e., deliver from the
power supply) or sink (i.e. con-
duct to ground) up to 20 mA
without any problems. This
allows the direct drive of LEDs
and even power FETs. It is suffi-
cient to connect the gate to the
output of the mP (see Figure 1).

Driving a FET from a weaker driver
(such as the standard 4000 series)
is not recommended. The FET
would switch very slowly. That
is because power FETs have sev-
eral nF of input capacitance, and
this input capacitance has to be
charged or discharged by the
mP (microprocessor) output. To
get an idea of what we’re talking
about: the charge- or discharge
time is roughly equal to Vx C[ I or

5Vx 2x109/ (20x10-3) = 0.5 ms.

Not all that fast, but still an
acceptable switching time for a
FET. However...

Not every FET is suitable for this.
Most FETs can switch only a few
amps with a voltage of only 5V
at their gate. The so-called logic
FETs do better. They operate well
at lower gate voltages. So take
note of this when selecting a FET.
To make matters worse, many
modern mP systems run at 3.3V
and even a logic FET doesn’t really
work properly any more.

The solution is obviously to
apply a higher gate voltage. This
requires a little bit of external
hardware, as is shown in Figure
2, for example. The mP drives
T1 via a resistor, which limits the
base current. T1 will conduct and
forms via D1 a very low imped-
ance path to ground that quickly
discharges the gate.
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When T1 is off, the collector
voltage will rise quickly to 12V,
because D1 is blocking and the
capacitance of the gate does not
affect this process. However, the
gate is connected to this point via
emitter follower T2. T2 ensures
that the gate is connected quickly
and through a low impedance to
(nearly) 12 V.

In the example a voltage of 12V is
used, but this could easily be dif-
ferent. Note that if you’re intend-
ing to use the circuit with 24V, for
example, that most FETs can toler-
ate only 15 or 20 V of gate voltage
at most. Itis therefore better not to
use the driver with voltages above
15-V.

We briefly mentioned the 4000
series a little earlier on. There are
two exceptions: the 4049 and 4050
from this series are so-called buf-
fers, which are able to deliver a
higher current (source about 4 mA
and sink about 16 mA). In addition
this series can operate from volt-
ages up to 18 V. This is the reason
that a few of these gates connected
in parallel will also form an excellent
FET-drive (see Figure 3). Whenyou
connect all 6 gates (from the same
IC!) in parallel, you can easily obtain
20 mA of driving current.

This looks like anideal solution, but
unfortunately there is a catch. Ide-
ally, these gates require a voltage of
2|3 of the power supply voltage at
the input to recognize a logic one.
In practice it is not quite that bad.
A 5V microprocessor system will
certainly be able to drive a 4049 at
9 V. But at 12V things become a bit
marginal!

(060036-1)
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The Chaos Machine

By Maarten H. P. Ambaum and R. Giles Harrison (Department of Meteorology, University of Reading, UK),

Jan Buiting and Thijs Beckers (Elektor Labs)

The analogue computer we set out to describe in the previous
instalment was constructed from separate computation modules
for multiplication, integration, summation and scaling, combined to
represent the Lorenz 1963 equation system (ref. part 1). The circuits
for the modules are largely based on suggestions in Peyton and
Walsh, Analog Electronics with Op Amps: A Source Book of Practical
Circuits, where more details on their functionality can be found. We
found the use of breadboards very suitable for this project but have
also made a soldered version that travels better.

Modular approach to Chaos

Figure 1 provides an overview of how the computational modules
are combined, in terms of the signal paths and Figures 2a
through 2g provide individual circuit schematics for each of the
computational modules required. A summary of their function is
given below, but first the

Block diagram (Figure 1). This figure shows the combination
of computation modules required for the complete analogue
computer. Triangles represent function modules, each with a set of
inputs and a single output.

> D

DD

mss 1

Figure 1. Block diagram of the Chaos Machine. Each function
shown corresponds to one of seven basic circuits from Figures 2a
through 2g, solving the Lorenz equations.
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Symbols (+) and (-) are used to denote non-inverting and inverting
inputs, and (x) multiplication. A thin rectangle on the input side
of the triangle denotes an integrator. The gain-8 scaling amplifiers
(ident: ‘D’) are included to ensure that the voltages in each wire do
not exceed the stated maximum amplitude of £10 V in any of the
op amp input stages and the multiplier chip.

Output voltages are available at the three nodes markedV,,V,, V,,
for use with an oscilloscope having an ‘xy’-display mode and ‘z” axis
(intensity) modulation.

This model has a control (in module ‘A’) tovary the Prandtl number
(parameter o inthe Lorenz equations) between 0 and 20, to display
the different regimes of the Lorenz equations.

A: Differential Amplifier (Figure 2a). Input voltages V, and V, are
buffered by dual op amp stage A1, subtracted in op amp stage A2.A,
and then amplified by an inverting amplifier stage A2.B with gain G
(up tox -20). Function: V.= G (V, -V,).

B: Inverting Integrator (Figure 2b). Input voltage V,, referred to
the signal ground, is buffered by op amp stage A2.A, and then
integrated by stage A2.B. A dual op amp package provides both
amplifiers. Function: V,, =V, dt[ (3.3 x 10*s)

C: Inverting Scaling Amplifier (Figure 2c). Input voltage V,,
referred to the signal ground, is buffered, and applied to an
inverting amplifier stage with variable gain G (up to x -5) set by
the 100 kQ potentiometer. Function:V_ = -GV,.Top C: G=-3.5;
bottom C: G=-2.7.

D: Non-inverting Scaling Amplifier (Figure 2d). Input voltage V,,
referred to the signal ground, is buffered, and amplified by a non-
inverting stage with a fixed gain of 8. Function: V, = 8V..
E: Inverting Summer Amplifier (Figure 2e). Input voltages V, and
V, are buffered, and added in the third, inverting, stage. A dual op
amp package provides both input amplifiers, and a further package,
the summation stage. Function: V= =(V, +V,).

F: Non-inverting Summer Amplifier (Figure 2f). Each of the
three input voltages V,, V,, and V, are buffered, and then added
in a summation stage. Two dual op amp packages can be used.
Function: V=V, +V,+V,.

G: Multiplier (Figure 2g). A function chip (type AD633) is used to
determine the product of two input voltages, with a further non-
inverting stage contributing a gain of x10 to establish a scaling
voltage V; of 1 V. Function:V_ =V, xV, [V,
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GERARD’S COLUMNS

Trusting Your Instruments

Here we extend a hearty welcome to
Gerard Fonte from the US of A with the
first installment of his series of
columns aptly called Gerard’s
Columns! This month Gerard looks

at faulty thinking in a crisis.

Meltdowns Happen

At four o’clock on the morning of March

28, 1979, the Three Mile Island Nuclear

Power Plant in Harrisburg Pennsylvania experienced a problem. As
the morning progressed the problem got worse and worse and it
became imperative to determine the actual temperature of the
reactor core. The very experienced instrumentation engineer, lvan
Porter, grabbed a couple of technicians and decided to directly mea-
sure the thermocouples that were built into the core (with long
wires leading out of the core).

The first few thermocouples they measured indicated about 700
degrees, which was just below the high temperature limit. Then
they got some over 2000 degrees. This was decidedly not normal.
There was even one that showed 3700 degrees. And then there
were a couple that said 200 degrees — way too low. They re-mea-
sured the high readings with a different meter and method, and
they were consistent at over 2000 degrees.

Ivan Porter says, “That’s impossible. That data is no good.” and
leaves. (Ref. “The Warning” by M. Gray and I. Rosen, 1982, WW
Norton & Company).

Mr. Porter didn’t trust his instruments. He refused to believe that
the reactor was melting down in front of his eyes. And, surprisingly,
this is not that uncommon a reaction in a crisis. I'm sure that the
stress of the previous few hours was a factor, as was his long associa-
tion with the facility. Nevertheless, this accomplished and compe-
tent engineer couldn’t accept or properly interpret what the mea-
surements meant.

The point is not to criticize Mr. Porter, but rather to show that any
engineer or technician may encounter a situation where it’s easier
to deny reality rather than to accept it. It’s important to recognize
this in advance, so that when a crisis event does happen, you will be
prepared to handle it better than Mr. Porter. (It’s like thinking about
an accident that submerges your car in water. It probably won’t ever
happen, but if it does, you know what to do.)

Situational Awareness

When you are faced with important measurements that seem
impossible, you absolutely must stop and think it through. It’s easy
to doubt the readings. We’ve all seen instruments say things that
don’t make sense. But just because something has failed in the past,
doesn’t mean it’s failing now. If you don’t believe your meter, you
must stop and ask yourself why. Why is the meter wrong? What
could possibly cause these unbelievable measurements? If you can’t
answer it, then you have to consider that the readings are correct.
And even if you do come up with an answer, you have to think about
the likelihood that your answer is correct. And lastly, what if the
readings are correct and you dismiss them? What happens then?
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It’s also important to think about the big

picture. What would you expect to see

if the reactor is melting down?

It seems self-evident that you

would expect abnormal readings. If

part of the core was under water

and being cooled, that area would

have temperatures that would be rea-

sonable. If part of the reactor was

out of the water and not cooled, it

would be very hot. And it is not unreasonable to think that some of

the thermocouples in the hot area would fail. They were designed to

operate in a “normal” core environment. If there is too much heat or

physical damage to the core, it seems like common sense that some

of the thermocouples would not function properly. (Fundamentally

you can’t escape the argument that if the core is operating properly,
ALL of the thermocouples should indicate normal temperatures).

The next step is to think about the possible failure modes of ther-
mocouples. If you doubt your readings, ask yourself: “How can a
thermocouple indicate too hot a temperature?” A thermocouple is
just two wires of different metal connected together that generate
asmall voltage according to the temperature. If there was a break or
shortin the wires, it makes sense that the reading could be low. But
there is no failure mechanism that allows for a higher voltage than
normal. Somehow, a voltage would have to be impressed into the
thermocouple. There is no way that can happen in a normally operat-
ing reactor core. And given that multiple thermocouples show very
hot temperatures makes any contrived possibility incredibly unlikely.
Finally, thermocouples are not complicated machines. They’re very
reliable, simple, robust and maintenance free. These are ideal char-
acteristics for use in a reactor core. They are buried in the core itself.
There is no better way to monitor the core temperature at specific
points. So, in order to dismiss their information, you need to show
why they are unreliable. That’s a hard thing to do.

Trust is a Must

The simple axiom of engineering is that you must trust your instru-
ments unless you have a very specific and clear reason not to. This
also means that you must know how your instruments work and
their limitations. You have to understand what you are measuring
and how different things could affect those measurements, as well.
Distrusting instruments is a common theme in crisis situations.
It repeatedly happens in aircraft accidents. People get caught up
in the moment and create a mind-set that focuses on only certain
things. They react instead of think. And if you don’t think, it’s easy
to dismiss critical information that doesn’t fit your idea of the situ-
ation. Quite simply, people who don’t think, fail.

Hopefully you will never be in a crisis event. But if you are, stop and
reason things out. Try not to let circumstances run over you. Being
correct is usually much more important than being fast.

Of course, all of this is much easier said than done.

(110558)

10-2011  elektor
























COMING ATTRACTIONS NEXT MONTH IN ELEKTOR

OnCE [ JTAG Interface

For the DSP Programming Course, Elektor Labs developed a DSP board built around a
Freescale DSP56374 chip. A JTAG interface is available on the PCB to allow DSP program-
ming and debugging. For this, Freescale provides its own 14-pin connector, called OnCE
(On-Chip Emulation). For easy connection to PC a small USB-to-OnCE/JTAG-interface was
created, designed around a Hi-Speed Dual USB UART | FIFO IC from FTDI. The interface is
also useful for other DSPs from Freescale and acts as a Symphony Soundbite adapter.

Low-cost Bat Detector

Unfortunately we did not have a PCB ready in time in support of the annual European Bat
Night on Friday August 26, 2011, but that should not affect the general appeal of the cir-
cuit. We’re talking about a simple frequency changer employing division to shift the ultra-
sonic sounds emitted by bats into the audible range for us humans to hear. The circuit is
all built from standard components and can easily be mounted inside a piece of PVC pipe.

RGB - YPbPr Converter

Many satellite or Internet television receivers and/or decoders still don’t have HDMI
outputs, but do offer a good old SCART socket. Besides, the majority of high-definition
flat-screen TVs, as well as high-quality video projectors, are fitted with inputs referred
to as ‘component’ or more appropriately YPbPr (sometimes incorrectly called YUV). But
although the SCART socket is often able to supply the video signals for the three primary
colours red, green, and blue these can’t unfortunately be fed directly to the Y/Pb/Prinputs
of TVs and video projectors. We decided to solve this problem with a DIY circuit.
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