MARCIi 199J

0
The Newsletter of the Seattle Robotics Society

Sonar on the Cheap

by Keith Payea

I

0

've always felt that SONAR-range detection the way bats
do it-is an important component of a complete robotics
sensor system. The basic idea is that you send out a "chirp" of
high frequency sound (usually 40 kHz) and measure the time to
receive an echo. Unfortunately, it can be expensive. The
Polaroid system runs about $75 per kit. Up until recently, I've
used the National Semiconductor LM1812 chip. A complete
set of parts is about $40, including the transducers and special
inductors. A better deal, but still not great.
The LM1812 has two major limitations. First, the transmiter oscillator and receiver filter share an LC tank circuit.
This means that even if you use separate transducers, you have
to wait for the tank to die out before you can get information out
of it. This effectively masks the first 6 to 10 inches of range.
Second, I was blowing them up left and right. At $10 each, that
gets annoying very fast.
At work, I am involved in a project that involves measuring liquid level with SONAR. The frequency involved is
much higher (> 1MHz), but the principle is the same. The designer of the circuit had not bothered with tuned circuits or an
actual oscillator since the transducer is a piezo crystal, and will
sing quite nicely at its natural frequency if you just "ping" it
with a short pulse. They just hit it with something near one half
of its natural period.
I realized that the same theory might work for me. I removed the LM1812 (blown, by now) from its socket and
replaced it with a header, to which I had soldered a power
transistor and a capacitor. The cap gave me a short pulse to
drive the base of the TIP122 power darlington. With this simulation I found that, sure enough the transducer would sing very
nicely right at 40KHz. This wouldn't work with the Polaroid
transducer, because I don't believe it is as resonant as the piezo

type.
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Armed with that information, I went back to the drawing
board. The result is shown in Figure I (see page 8). I replaced
the $10 LM1812 with a power darlington transistor, a dual opamp, a comparator, and a few resistors and caps. I had to keep
the driver transformer, but I got rid of the oscillator/filter inductor, saving a total of about $15. The circuit is also much
easier to tune and debug. Here's how it works:
Your other robot hardware generates a signal called "KEY"
which fires the transmitter. It then measures the time until
"ECHO" goes high, signalling an echo. You probably want to
time out after the equivalent of 10 or 20 feet.

The author demonstrates his latest ultrasonic range sensor,
a lower cost alternative to Polaroid or LM1812 systems.

I had been keying the LM1812 with a 250uS pulse. I decided to leave this alone; it gives me a good way to blank the
receiver while the transmitter is active. The transmitter centers
around QI and Tl. The "KEY" signal goes to the base through
R3 and C3. The values shown give me about a 12 uS on-time
for the transistor. Tl tsteps this pulse up by about 5 times to
give a nice loud chirp (well, bats would think so). Tl has a capacitor across the secondary so that it acts like a tuned circuit,
adding to the resonant effect. Once you get the circuit working,
Tl should be tuned to give the largest voltage applied to the
transducer.
The receiver is a little more complex. First, since I only
had a single supply to work from, I used an LM336-5.0 voltage
(Please see Cheap Sonar continued on p. 8)
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Why don•t most robots move?

W

hy are most robots bolted to
factory floors? Why haven't
mobile robots enjoyed the commercial
success of their factory brethren?
Mobile service robots are a harder
sell. It isn't easy finding truly economic
uses for mobile robots. Right now the
field is pretty much limited to office mail
delivery, hospital meal delivery, warehouse security, space and ocean
exploration, nuke plant maintenance and
bomb disposal. The common thread
among all of these is they are all
applications where:
a) cost isn't the overriding
consideration.
b) the robot's domain is controlled
and limited.
TSR of Connecticut, makes a machine called HelpMate for hospital meal
delivery. The HelpMate, about the size
of a washer, is one dazzling bundle of
technology. When I visited TSR's facility in Danbury, I was fabulously
impressed with the machine. Here
they've really solved some tough problems of autonomous navigation.

I know of no other system that can touch
the HelpMate. It costs something like
$60K. For their market, the HelpMate
will ultimately be successful because it
makes economic sense. But...
$60K is a lot of money. There are
few who can contemplate spending that
much for production models (not to
mention R&D) without an extremely
clear idea what the market is.
So. Mobile service robotics is in the
classic chicken-and-egg problem of
there being no money to develop mobile
robot technology until a market is established, but a market can't be established
until there are robots developed that do
something that folks need doing, and
developers (mostly) don't know what
that killer application might be, so round
you go.
What's freezing out most tinkerers
from whipping together a robot and
throwing it on the market to see what
happens is cost. If we can find an
application that inherently requires low
cost hardware, (say under $500), then
we'll see a level of experimentation and

What's freezing out most tinkerers from
whipping together a robot and throwing it on
the market to see what happens is cost ...
The only concession they make in the
environment for the robot's sake is to put
a foot long piece of 3-M reflective tape
on the ceiling at one location. The HelpMate uses that as a benchmark to fix its
position at the start of its rounds. It's designed to navigate a known environment
of corridors, elevators and doorways.
The robot can make freespace calculations (i.e. determine where there's
room for the robot to pass) in about 20
milliseconds. Yes, it navigates in real
time.

development that will allow us to eventually stumble onto the VisiCalc or
Desktop Publishing of mobile robotics.
What might that application be? My
guess is it will be some kind of robotic
sport/bobby. Consider the situation with
RC model cars, boats and planes. Here is
a market with millions of units moved
each year. The average RC modeler
sinks, say, $400 into one model,
probably owns more than one model and
will probably buy another model within
the coming year. If you doubt the

viability of this marketplace, thumb
through an RC modeling magazine
sometime or visit a hobby shop. Just the
number of retail hobby shops catering to
this market in any metropolitan area will
give you a feel for the size of the market
OK. The task then becomes finding
something that mobile robots can do that
is entertaining and exciting to watch. We
need something where a hobbyist can
spend a relaxing afternoon running
his/her robot, alone or with others, and
the machine should cost no more than
$500. All of the RC model categories
fulfill these requirements, but as of now
only robot-builder GearHeads (like me)
derive relaxation from fiddling with robots. True GearHeads don't mind
homebrewing everything, are tolerant of
their robots' shortcomings and are optimistic beyond reason.
Regular folks, however, need
something easier to get into and more
solid to enjoy. In order for a robot-ashobby market to take off, they would
need plug-n-play robot building block
modules that they could mix and match,
but most important they would need
something fun to do with their robots,
something that RC models can't do.
That something may well be Robot
Sumo Wrestling. A beginner can start
with very basic hardware yet achieve
something worthwhile, while the
possibilities for advanced systems are
limitless.
The important thing is these robots
are great fun, a real kick in the butt to
watch. I think a lot of other people will
agree once it becomes established in this
country. Once that happens, we will have
our first large mobile robot market.
The Editor
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by Karl Lunt

The President Says ...

I

0
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've written 10 Prez Sez columns
since talcing office as president of the
SRS; about time for a look back.
Paid dues have tripled in the last
year. This newsletter has become a polished, professional-looking effort of
which we can all take pride. Average
meeting attendance has reached the
"standing-room only" point. Each
meeting brings more examples of members' ingenuity and creativity. Finally,
the number of high-school (and younger!) attendees continues to increase.
My pride in these accomplishments
is not at all diminished by the fact I
played little part in any of them.
In the past 12 months, Bob Nansel's
blindingly green flyers, posted by several members in local stores and libraries,
have brought many visitors to our
meetings; visitors who stayed to become
members in good standing.
The BBS, watched over and cared
for by Mike Thyng, has grown to become a key distribution point of amateur
robotics information. I have really enjoyed the BBS posts from all across the
US and Canada.
The quality and variety of projects
presented each month still surprises me.
I hope you get a chance to see Dan
Mauch's three-axis CNC drill machine,
made of drawer-slides, threaded rods,
and stepper motors. He did a great job
using low-cost parts to achieve highaccuracy results.
Other projects that appeared over
the last year are equally inspiring. Anton
Staaf's optical room scanner, Bill
Harrison's CO2-powered Sumo robot,
Karl Brown's Albert robots, Marvin
Green's line-following Zippy, the various Hero machines, the Lego 'bots ... ;
the list goes on and on.
The support of its members kept
(and keeps) this club moving forward.
Zack Moore stepped up to handle the
purchasing of the club's Mini-Boards,
just as Mike Thyng and others put in so

much energy on Yards o' Robots last
July.
Thanks to Dan Mauch 's efforts, and
the donations from so many club members, we now have a club PC to use for
staging PC-based projects at our club
meetings. Perhaps now the club's software types can really strut their stuff at
meetings; how about a monthly CROBOTS competition?
Equally important are the many
presentations that took place at the
meetings. Karl Brown's talk about his
Albert robot, and the continued modifications made to Albert bases by
members such as Keith Payea, have encouraged many of us to keep plugging
away on our own 'bots.
We have also heard excellent talks
on motor drivers, cable construction, IR
sensors, printed-circuit board fabrication, and other robotics topics.
Certainly the most visible part of the
SRS is the club's newsletter, the Encoder. Bob Nansel has now added
photographs to these pages, so those of
you who cannot make the meetings can
at least put a face to some of the names
you read about. It isn't the same as being
there, but it's something.
I have enjoyed watching the SRS's
growth and progress over the last several
months. I really look forward to each
month's meeting, and I guess that is a
sign that everything is moving in the
right direction.
I received a phone call from Jeff
Firman, a reader from Baltimore, Maryland. Jeff has a tough time making the
meetings, but wanted to pass along some
work he had been doing with IR sensors
on his Hero 2000 robot.
Jeff attached a pair of Radio Shack
IR detector modules (276-137), one on
either side of the Hero's arm, so they
both look forward of the robot. He then
built up a small IR transmitter and tonegenerator that he attachs to, say, a beer

can.

Now, the Hero can swing its arm until
both sensors see the IR signal sent by the
transmitter. At this point, the beer can is
directly in front of the arm.
He then directs the robot to move
forward with its arm extended until an
LED-photocell arrangement mounted
across the gripper's opening indicates
that the beer can is actually inside the
gripper's working area. Finally, he signals the Hero to close the gripper, and
viola', Jeff has himself a beer!
Jeff wants to put several IR-signal
devices on various important objects
around the house, so his Hero can find
requested items or move smoothly
around fixed obstacles.
He also described how he has used
the IR detector modules as object-detectors, similar to Keith's YAIRS circuit
described in previous Encoders. He discussed using the IR-based autofocus
module from a defunct video camera as a
means of adding range detection to a
'bot.
Finally, he offered a pointer to the
Analog Devices Data Acquisition catalog, for a chip that could (he hasn't tried
this yet) translate the analog sine/cosine
outputs of a flux-gate compass directly
into 8- or 16-bit digital data. Those interested in pursuing this might look at
the Analog Devices AD2S20 family of
chips.
Keep on keeping on ...

Karl
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Motor Driver Basics, Part 3

L

ast time I showed two simple solidstate versions of H-Bridge motor
drivers. One used complementary PNP
and NPN bipolar transistors in a pushpull Emitter Follower configuration; the
other used complementary N- and PChannel power MOSFETs in Common
Source configuration. The Common
Source topology works fine, but PChannel MOSFETs are three times the
cost of their N-Channel complements. It
makes sense to ask if an H-Bridge could
be built using only N-Channel MOSFETs for both the high and the low side
switches.
The answer is yes, but there are
complications.
You could just make a straight substitution of N-Channel MOSFETs
(connected Common Drain) for the
high-side P-Channel MOSFETs
(connected Common Source) . You
would drive the low-side gate as before,
but the high-side MOSFET gate would
have to be driven with an inverted
version of the low-side gate signal (see
fig 1). The circuit is a little more complex than the complementary version,
but since inverters are quite cheap compared to P-Channel power MOSFETs,
this would seem a good tradeoff.
The problem with this circuit is that
the high-side MOSFETs can never turn
fully ON. To see why, consider that the
voltage on the source of the high-side
MOSFET will be zero when QI is OFF
and Q2 is ON. Keep DIR tied high so Q4
will always be ON.
As soon as you apply a low level to
DIRl , QI turns ON, Q2 turns OFF and
current begins to flow through QI into
the load. As the voltage across the load
ramps up, the relative voltage from gate
to source of QI will drop, increasing
QI 's ON resistance until an equilibrium
is established QI dropping part of the
voltage and the load taking what's left
over.
The Common Drain topology pre-

By Bob Nansel

vents the source of QI from aproaching
within closer than a few volts of the gate
voltage, B+, so the voltage seen by the
load will always be less than B+ by this
amount. The motor won't run at full
speed, and the high-side MOSFET will
dissipate more power. To turn QI fully
on so that the motor receives more nearly full B+ voltage, the high-side gate
must be driven with a voltage higher
thanB+.
There are many was to do this, including Inductive Bootstraps, Capacitor
Bootstraps, separate power supplies and
Transformer Isolation. These all come
down to providing a voltage supply (or
voltage pulses) higher than B+ to drive
the high-side gate. They all involve
some kind of level translation to allow
controlling that higher voltage with logic
level signals. Some use opto-isolators to
isolate high-side drive circuitry from
logic level inputs.
The simplest and cheapest, however, is the Capacitor Bootstrap method, as
shown in figure 2. This circuit is quite a

bit more complicated than the complementary MOSFET H-Bridge, but the
extra components are cheaper than PChannel parts. The extra circuitry also
performs input level translation so the
driver can operate from 5 volt logic level
inputs, unlike all of the previous HBridges in this series.
To see how this circuit works,
assume that both DIRI and DIR2 are
initally logic level high. Both low-side
MOSFETs, Q4 and Q6 will be ON, the
motor leads and the source connections
of the high-side MOSFETs Q3 and Q5 at
grounded potential. QI and Q8 will also
be ON, pulling the gates of Q3 and Q5
low thru D2 and D4, respectively, and
biasing Q2 and Q7 OFF. After the circuit
has remained in this state long enough
for transients to die down, the two bootstrap capacitors, Cl and C2, will have
fully charged through DI and D3.
Now, if we bring DIRI low and
leave DIR2 high, immediately QI and
Q4 will tum OFF. QI turning OFF
(Please see Motor Driver onp. 10)
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By Marvin Green
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Issue# 06

Put Your "Robot" Were Your Mouth Is ...

A

few days ago, I was speaking with a fellow robot enthusiast, telling him that it would be possible to build a
small simple robot using just one chip, and handful of other components. ( This could be done with the $15
Wonder Computer that I wrote about last month. ) The robot could be made to follow a bright light, wrestle, or follow
a dark line, or anything simple. I said it could be done. He said PROVE it.

0

I decided to stop talking and start working. Last weekend I put together a small circuit board with the 68HC11
chip, a crystal, power supply, and a couple of switches. The PCB board is about 3"x 2" and with the microcontroller on
it, still has some room to spare. Next I put on a couple of 1MOS transistors (Radio Shack #276-2074) to drive the
small motors. I found two small motors at a local surplus store a few months ago, only $5 each, I decided to use these
since I already had them on hand.
A nine volt battery will drive the robots computer, motors, and sensors. Size is the most important issue, and I
didn't want to add more batteries or more weight. A paper clip is used as the third drive 'wheel'.
Playing with the PCBUG software from Motorola, I tested the motors by toggling some bits. They worked. I then
cut a piece of plastic about 3"x5" as a frame to mount the circuit board and motor on. I purchased two 2" wheels from
a local RIC hobby store and used epoxy to mount the wheels. (They're
never coming off!)
A few nights later I decided to make this robot a line following robot
like Zippy, and call him Zippy Jr. I ordered some photo cells from DigaKey today, and expect them soon. By the time you read this, Zippy Jr's
software should be done
Although I just started Zippy Jr. , I've made some
good headway. If the parts show up soon, I could have
him finished by next weekend. For a total cost of about
$35. I found doing this small project very rewarding
because it doesn't take much time or money, and in the
end I have another small robot
My advice is to just plug away at it...find a reason
and just do it.

MARVIN GREEN
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Ultrasonics and Robotics, part 1

A

primary problem in mobile robot
design is endowing robots with
enough environmental awareness to
make intelligent movement possible
(like running slaloms or mazes). One
step toward solving this problem is to
acquire information about ranges and
bearings to nearby objects and to interpret that data.
Though there are many approaches,
they can be grouped into two categories.
The first are passive devices, such as
stereoscopic vision and swept-focus
ranging systems. The second are active
devices, such as laser, microwave and
ultrasonic rangefinding systems.
Our club robot, RSSCy, has been a
work horse for all kinds of experiments.
In this article we will cover what we've
discovered from experiments with RSSCy and other RSSC members' robots.
Since a 20° F temperature
differential contributes only 7 .8 inch
error in 35 ft we will ignore temperature
and altitude effects.

for their cameras to allow automatic
camera focusing. It determines the range
to a target by measuring elapsed time
between the transmission of a "chirp" of
pulses and the detected echo.
The one millisecond chirp consists
of four discrete frequencies composed of
8 cycles at 60 KHz, 8 cycles at 56 KHz,
16 cycles at 52.5 KHz, and 24 cycles at
49 .41 KHz. This pulse train is designed
to increase the probability of signal reflection from a wide range of targets.
Certain conditions and surface characteristics of the target can in fact cancel a
return of a single-frequency waveform.
This one millisecond length of the
chirp can also be a source of potential
error. Sound travels roughly 1100 feet
per second at sea level or about 13 inches per millisecond. The timing of the
transmit pulse to the echo always begins
at the start of the chirp. The uncertainty
and thus the potential error arises from
the fact that it is not known which individual pulse of the four frequencies

Sound travels roughly 1100 feet per second
or about 13 inches per millisecond.
We used ranging modules made by Texas Instruments for use with the Polaroid
electrostatic transducer because of their
low cost, high reliability, and ease of
interface.
Polaroid offers both the transducer
and ranging module circuit board for
only $40 (1993 pricing) a set when purchased in quantities of ten. Texas
Instruments developed an improved
version of the circuit board which greatly reduced the parts count and power
consumption, and simplified computer
interface requirements . Texas Instruments no longer produces the chips
but they can be obtained directly from
Polaroid.
The Polaroid ranging module is an
active time-of-flight device developed

making up the chirp is the first to return
to trigger the receiver.
The second important characteristic
of the Polaroid system is both the gain
and the Q of the amplifier increase as a
function of time following chirp transmission. This ensures a high signal-tonoise ratio by increasing receiver gain
levels to compensate for inverse fourth
power fading of echo returns.

By Jerry Burton
& Jess Jackson

disadvantages of both approaches.
The power and the real time constraints seem to make a mechanically
positioned sensor the less desirable of
the two concepts, because of the slew
time delay and energy used while the
sensor is being repositioned to provide
range in a new direction.
On the other hand, using multiple
transducers entails overhead in terms of
physical space, transducer power consumption, interface circuitry, and cost
Our club robot originally bad one
transducer on the head (355 degree rotation) with three other fixed position
transducers, one downward-looking at
the fore to detect dropoffs and two side
looking 45° collision detectors.
Our next effort was a hybrid six
transducer array. Two transducers
mounted on the robot's rotating head
platform can be panned ± 170° from
centerline and tilted ±75° from horizontal. The two transducers beams overlap,
allowing increased resolution by
"beamsplitting." Two similiar dual
transducer arrays cover the sides of
RSSCy. The scanning array complements the fixed arrays ensuring full
coverage.
Jerry Burton's new robot K9 uses
eight transducers which can be sampled
under software control. It is also a hybrid
(Please see Ultrasonic cont. next page)

Sequential Arrays vs
Mechanical Positioning
The ultimate goal is to obtain a
range map of objects surrounding the
robot To do this you must either sweep
the ultrasonic beam over the coverage
area, or you must have multiple transducers. There are advantages and

Figure 1
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(Ultrasonic continued from previous page)

sonic beams aren't like pencil
thin laser beams. At a distance
of 15 ft. from a flat target, with
an angle of incidence of 70 degrees, the theoretical error could
be as much as 10 in., since the
actual line of measurement intersects the target surface at
point B as opposed to point A.
The problem is further complicated for surfaces of irregular
shape.
Figure 2a

Figure 2a

The width of the beam
causes not only uncertainty in
the measured object range, but
also uncertainty in the angular
resolution of the object's position. A very narrow vertical
target such as a long wooden
dowel would appear to the
sensor to be a much larger obstruction. Using a 1-in. diameter
vertical dowel as a target, the
effective beam width of the Polaroid system was found to be
36 in. at a range of only 6 ft.
Worse yet, an opening such as a 36"
doorway isn ' t discernible at all to the
robot from 6 ft. away. At that distance
the beam is wider than the door opening
(figures 2a and 2b).
The width of the beam also limits
the ability of the acoustic sensor to look
deep into a comer. The return from the

0 L----------------with two transducers on moveable
"ears," plus one forward-looking transducer, one rearward-looking, and four
side-looking (two on each side).
To reduce K9's cost, Burt uses a
multiplexing scheme; only one transceiver board is required for eight
transducers. The Transmit/Receive signal of the transceiver board is
multiplexed through eight relays. We
chose TTL compatible reed relays because the pulse voltage to the transducer
is 300 volts or more.

side lobes are reflected first thereby reducing the range reading. Comers
become "rounded."

Focusing Acoustic Beam
Some experimenters have reduced
beam width by focusing the acoustical
transmission using various combinations
of reflectors, tubes and horns. The reflectors do work but they can be ten
times the diameter of the transducer, too
unwieldy for a small robot.
Tubes and horns also work and they
can be more compact. We've tried long
horns, short horns, funnels of many sizes, shapes, and aspect ratios. Our most
important discovery of this exercise was
that the horn or tube must be lined with a
soft felt material to attenuate the side
lobes of the main beam. By these techniques, the beam width can be reduced to
about 10 degrees or less.

Reduce Receiver Gain To
Narrow Response
The beam width can also be reduced
or angular accuracy increased by reducing the sensitivity of the receiver
circuitry. The side lobes of the transmitted wave (see fig 3) are about 30 dB
down in power from the main lobe.
Whith receiver gain reduced the angular
resolution can be increased by a factor of
two or more.
(Please see Ultrasonic cont.

The controller, a 68HC11 drives a 3
to 8 mux to select the appropriate relay
and transducer. We think that a PIC
could handle the specialized job of selection, timing, and 1/0 to the Robot
Main Processor, further reducing costs.

Potential Range Errors

0

With all these transducers, we ' ve
got the problem licked, right? Not
hardly.
Rarely does range measured
correspond to the distance along beam
centerline, as shown in Figure 1. Ultra-

1wtc&&.--fAtttM
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Figure 3: Polaroid transducer beam pattern
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(Cheap Sonar conl. from p. 1)

reference (D1) to generate a synthetic
ground.
The signal comes from the receive
transducer and goes through two stages
of gain {Ula, and Ulb). Because the opamp I chose has a gain bandwidth of
3MHz, I had to use two sections with
gains of 10 to get an overall gain of 100
at 40KHz. The caps between stages are
calculated to roll of the frequency response somewhere below 40KHz. The
filtering doesn't need to be any more
complex, because the receiver transducer is so frequency selective all by itself.
U2 is an LM311 comparator with a
little positive feedback or hysteresis.
The amplified return signal is applied to
pin 3. The threshold circuit is a little
complicated. First, to keep the polarity
of the ECHO signal the same as the
LM1812's, U2 is set up to detect the
negative side (relative to Vref) of the return signal. Second, objects which are
closer return a larger and sooner signal.
Objects which are far away take longer,
and return a smaller signal. All we care
about is the time to the returned signal,
so the threshold value varies with time to
help reject crosstalk and other spurious
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noise.
Asuming it has been a long time
(more than 25 mS) since the last transmit
pulse, the threshold is set to about 5 m V
by RIS and R19 with some small side
effects from RI 7 and Rl8. When the

transmitter gets keyed, Q2 turns on,
pulling the threshold away from the
baseline through R18. With the values
shown, it requires about a 2 volt signal to
trigger the comparator during this time.
(Cheap Sonar conlinues next page)
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(Cheap Sonar continued from p. 8)

Once the key signal goes away and Q2
turns off, Cll begins charging through
R17 and R18. This lets the threshold
voltage slowly rise toward its steady
state value. Basically, R18 controls how
far the threshold moves, and Rl 7 and
R18 together determine how fast it recovers. Because of this, you might want
to put, say, 50K pots in at both locations.
First set the voltage you want with R18
and then tune Rl 7 until you get the
decay you want.
You can also affect this part of the
circuit by varying the pulse width of the
"KEY" signal. Since the transmitter
only cares about the rising edge, the
pulse provided can be almost as wide as
you want it, up to the equivalent of the
minimum distance you want. You could
also eliminate C 11 and R 17, and reduce
the value of R18 so that the comparator
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Sources:
DigiKey 1-800-344-4539
Transmitter transducer PN P9934
Receiver transducer PN P9935
Transformer PN TK2002

(Ultrasonic continued from p. 7)

We have been toying with the idea
of generating a variable gain receiver,
driven from the processor. The program
would allow full gain until receiving a
response, then processor would reduce
gain to improve on the angular accuracy
of the response. The processor should be
able to determine if the return was from
the main beam or from a side lobe.

Specular Errors

0

was effectively "blanked" during the
transmit pulse. Without the capacitor,
the threshold would snap right back to its
normal level with no delay as soon as
"KEY" went inactive.
I haven't really explored the long
range performance of this circuit because I only really care about six inches
to four feet inside the maze. I do plan to
try this same scheme on my larger general purpose robot, so I' 11 tell you then
how it worked out.

Another significant error is specular
reflection, which occurs when the angle
of incidence of the beam falls below a
certain critical angle. Below the critical
angle the reflected energy does not return to strike the transducer (Figure 4).
This occurs because most targets are
mirror smooth at the 0.25 inch wavelength of ultrasonic energy.
In specular reflection, the angle of
reflection equals the angle of incidence;
in diffuse reflection, energy is scattered
in various directions by surface
irregularities. The critical angle is thus a
function of the operating frequency chosen and the smoothness target.

For the sensors used on RSSCy this
angle is approximately 65 degrees for a
flat target surface of unfinished plywood
such as would be encountered for maze
walls or for dividers in the wall
following contests. In Figure 4a the
ranging system would not see the target
and would indicate instead maximum
range, whereas in Figure 4b the range
reported would reflect the total round
trip through points A,B, and C as
opposed to just A and B.
Next time we'll show some techniques to deal with the coarse angular
resolution of ultrasonic transducers,
we'll talk about making range maps
from transducer range data and we'll
give details of our implementation of
transducer multiplexing.
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Figure 4a
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About the Authors
Jess Jackson is a Registered Professional Engineer and is the Editor of the
Robot Builder newsletter. Jerry Burton is the
president of the Robot Society of Southern
California (RSSC) and owner of Processing
Innovations, a company manufacturing
smart modems.

Figure4b
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ErvcodEn # 19

(Motor Driver cont. from p. 4)

allows resistor Rl to bias Q2 ON, providing a low impedance path to start the
gate of Q3 charging through D 1. This is
the level translation function of the
circuit at work.
As the gate of Q3 charges, its gatesource voltage rises and Q3 begins to
conduct. As with the H-Bridge in figure
1, the voltage across the motor ramps up
at the source of the high-side MOSFET,
but unlike in the former circuit, the relative gate-source voltage in this case
remains constant as Cl retains most of
its charge. As Q3's source voltage rises,
Cl forces the collector voltage of Q2 to
rise above B+, causing D1 to reverse
bias. This isolates Q2's collector from
the B+ supply and allows Cl to deliver a
portion of its charge through Q2 to the
gate capacitance of Q3.
As a rule of thumb, the bootstrap
capacitor must have a value at least ten
times the gate capacitance of Q3 to ensure the bootstrap has enough charge to

bring the gate to its voltage.
If the circuit is left in this state long
enough (many seconds), the charges on
both the bootstrap and the gate will leak
away, the gate-source voltage of Q3 will
diminish and eventually we'll be right
back to the situation of the circuit in
figure 1.
But, if we drive this circuit with a
PWM signal with a riod much shorter

than the charge decay time, the bootstrap
voltage will stay practically constant.
What happens during the time the
PWM signal is high? First, Q 1 and Q4
will turn on again. Ql discharges the
gate of Q3 through D2, turning Q3 OFF.
At the same time, Ql biases Q2 OFF,
isolating Cl and thus allowing it to retain it's charge until the cycle repeats.
The circuit as presented can handle
many amps of motor current. The
IRFZA-0 MOSFETs I used as the major
switching elements have a minimum ON
resistance of 0.028 ohms and even at
their maximum current rating of 35
- Amps they would drop less than a volt
each. With proper heatsinking you could
push this circuit out to 25 Amps, perhaps. I haven't tried it, but be sure to let
me know if you do.
Next time, I'll take a look at some
integrated H-bridge ICs that really pack
a lot of power handling capability into
small packages.
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Executive Council Nominees

E

lections for SRS Executive
Council Officers are coming up at
the April 17 meeting, so be sure to
attend. We voted to split up Secretary/freasurer into two officer positions
to spread the burden around more
evenly.
The following persons were nominated and seconded for the SRS
Executive Council offices (not all of the
nominees were present when nominated,
but that's what they get for missing a
meeting ...)

0

Treasurer
Karl Lunt
Jeff Sandys

Vice President
Keith Payea
Mike Tarrant
Mike Thyng

Secretary
Karl Lunt
BobNansel
Jeff Sandys
Anton Staaf

President
Frank Haymes
Dan Mauch
2'.ackMoore
Mike Thyng

About the Seattle Robotics Society

Contributors

The Seattle Robotics Society was formed in 1982 to serve those interested in learning about
and building robots. We are a diverse group of professionals and amateurs, highschool
students and college professors, engineers and tinkerers. Our passion is the creation of
cybernetic creatures that challenge the old definitions of life, intelligence and practicality. We
meet 10:00 a.m. to 12:00 noon the third Saturday of every month at North Seattle Community
College in room 1652. If you are building a robot or just planning one, come down and meet
the gang. We are on an exciting joumey and welcome you to join us.
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Upcoming Events
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March 20

SRS Meeting at NSCC, rm 1652, 10:00 am.

April 6-8

7th International Service Robot Congress
Cobo Center, Detroit, Ml;
Contact NSRA at (313) 994-6088

April 17

SAS Meeting.

April 22-25

Second International BEAM Robot Olympics
Ontario Science Center, Toronto, Ontario, Canada

May15

Second SRS Sumo Scrimmage

July 22-25

Robothon Northwest 1993
Mobile Robot Competition and Symposium
Contact:
Karen Nansel
Robothon Northwest, Dept. E
816 N. 105
Seattle, WA 98133
(206) 782-5989, 8am-5pm PST

Contacts
Membership $12 per year, February to
February. Make your check payable to:
Jeff Sandy•, Treasurer
Seattle Robotics Society
P.O. Box 30668
Seattle, WA 98103-0668

To electronically submit articles, letters
and news items for the Encoder, leave
E-mail on the SAS bulletin board:
Robert Hansel @ SRS BBS
206-362-5267, 1200/2400 8N1, 24 Hr

To submit hardcopy:
Bob Hansel, Editor
816 N.105
Seattle, WA 98133

Seattle Robotics Society
PO Box 30668
Seattle, WA 98103-0668
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In Upcoming Encoders ...
While we are always looking for general robotics related articles,
schematics, mechanical drawings and code examples, the following issues
we'll try to focus on the specific topics listed below. Please note the
deadlines for submission. If you have article ideas, drop the editor a line.

April '93

June'93

Deadline: 3/20/93
Hardware: ROBI Controllers
Software: Path-Planning

Deadline: 5/15/93
Hardware: Stepper Motors
Software: Stepper algorithms

May '93

July '93

Deadline: 4/17/93
Hardware: Shaft Encoders
Software: Dead Reckoning

Deadline: 6/19/93
Hardware: Embedded PCs
Software: CROBOTS

