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The Newsletter of the Seattle Robotics Society

Algorithms for Thoughtful Robots
"\'l That is the simplest robot that can
VV be built to autonomously navigate from a starting point S to a target
point T?
If there are no obstacles between S
and T, an obvious solution is for the robot to follow the straight line segment
connecting the two points. Even though
the robot may use position feedback
(say, from wheel shaft encoders), this
approach is fundamentally open loop
because no allowance is made for
obstacles.

Q

A more interesting-and usefulproblem to solve, then, would allow arbitrary obstacles to exist between S and
T. Because the mechanical elements
needed for planar mobility are well llllderstood and can be considered "off the
shelf' items, the question really boils
down to "what are the simplest sensing
schemes and motion control algorithms
required to deal with arbitrary obstacles
between S and T?"

successfully negotiate unknown
obstacles?
In short, yes. Two simple algorithms
created by Vladimir Lumelsky satisfy
the navigational needs of a robot
attempting to travel from any initial position to any target position regardless of
the obstacles in between. These algorithms are called, appropriately enough,
Bug 1 and Bug 2. If a path exists, these
algorithms will find it, and though the
path won't necessarily be optimum, it
will usually be good enough.
Assuming no prior knowledge of
the obstacles that might be in its way, a
robot with only bumpers for sensors can
only deal with an obstacle by running

into it and then attempting to skirt
around it Without knowledge of the
obstacle's shape or size, the robot has no
way of knowing which way to turn is the
"best", so an arbitrary direction to turn
must be chosen. To keep things simple
pick one direction and stick with it.
This preferred direction is called the
"local direction." If the robot always
turns left when it bumps into an obstacle,
then it is using_ a "left local direction"
rule (Figure 1).
Where the robot first hits an obstacle is designated a "hit point" and where
the robot leaves the obstacle to continue
on toward the target is called a "leave
(Please see Lumelaky continued on p. 7)

For any robot navigating in a domain with unknown obstacles, the
simplest sensor is the bumper contact
sensor. There are many electromechanical possibilities for bumper sensing. As
proof of the utility of bumpers, consider
that every animal in nature has some
form of tactile collision sense, even
those animals that possess incomparably
more sophisticated senses such as vision
or sonar.
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Some animals, insects in particular,
have almost no other sense than the tactile sense. Assuming we can build
suitable bumpers, can we program a
robot "bug" using bumper sensors to

by Bob Nansel

Figure 1. A left local direction robot path.
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On Creativity and Focus
Dear Editor:
If we knew what the end product was in robotic development, it would be
easy to decide what we should do to get there. It is easy to look back at an old
ention and "see" lww straightforward it must have been, and assume that
.. ture innovation would be straightfoward, too. But that isn 't the case.
We each think of what the future holds. Most ofus don't really know lww
the future will be. Even a visionary can't completely envision the future. Most
people in 1903 must have thought "How absurd, to build a bicycle with
wings!? Why don't Orville and Wilbur 'ruthlessly prune these diversionary
branches' lest their efforts become diluted and ineffectual. Making the automobile function well is 'more than adequate for the real job'."
Creativity is a valuable commodity. It is easy for the masses to build or
modify something from an idea, but to come up with the idea in the first place
is the trick. Most of us are creative, and chances are everyone in the Seattle
Robotics Society is more creative than average. It's the nature of the group.
Robotics is new and we all have an interest in developing the field.
Perhaps some robot builder/designers choose to concentrate on computer
intelligence. For them, sticking to a more established robot body design is
best so as not to "dilute their effort." But, what about a robot builder that
chooses to concentrate on pneumatics? That designer may wish to down-play
computer intelligence,for the time being.
Part of the development of robots is innovation, innovation stems from
creativity, creativity develops from many different ideas and approaches to
solving problems. Most creative ideas don't work, but a few do work, and that
makes it worth the effort to pursue all of them. After all, we don 't know which
are the good ideas until we try.
William Harrison, Woodinville, WA

" ... making wrong choices is the
same kind of game as making right
choices; there is often no a priori
reason to do one thing rather than
another, particularly when neither
has been done before. No bell rings
when the optimum design appears.
The principles and techniques of
engineering design can never be
fully articulated, however much
those promoting a 'design science'
may believe that a designer's
judgment can be incorporated in a
general-purpose computer
program.•
- Eugene Ferguson,
Engineering and the Mind's Eye

The Wrights tried various stabilizer/elevator configurations before they settled
on their "tail first" canard configuration.
Please note that this was not an arbitrary
decision on their part. Orville and Wilbur bad keenly followed the gliding
experiments of Otto Lilienthal in Germany until be was killed during a glide
in August of 1896.
After bearing of Lilienthal's death,
the brothers discussed and argued with
each other what may have been the cause
of the German pioneer's crash. Through
Lilienthal's published papers and eyt._••
witness accounts of the accident ti "
brothers identified possible causes: st.ail
and loss of lateral control.
Lateral control was to be Wilbur's
first concern. Lilienthal bad been able to
exert a small amount of lateral control in
his gliding experiments by shifting bis
body weight, the same technique used by
bang glider pilots today. His craft was
smaller and heavier than a modern hang
glider, giving him very limited control.
Lilienthal's notes emphasized that
wing spans greater than the twenty feet
were impractical because shifting body
weight was insufficient to maintain an
even keel when a gust of wind came up.

The Wright brothers did not know what their
machine would look like, but they knew
exactly what it must accomplish
In last month's editorial, I suggested it is
wasteful to pursue the design of legged
robots without having first solved the
problems of autonomous navigation. In
responding to my September Editorial,
Bill raises the important point that
building robots is primarily a creative
process, the results of which can't be
predicted. I agree with this, yet I don't
think it invalidates my main point.

Through a series of pasteboard models
and finally a five foot wingspan kite, in
1899 Wilbur Wright developed the idea
of wing warping to use aerodynamic
forces to control lateral roll instead of
weight shifting. This removed Lilienthal's limit on wing size and allowed
the brothers to build gliders with much
lower wing loading than was previously
(Please see Focus continued on p. 4)
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The President Says ...

T

he October meeting included the
club's latest HERO robot, which
brought its owner, Dan Mauch, along for
a visit The unnamed machine (how can
a 'bot work if it doesn't have a name??)
flexed its robotic arm and hand, moved
around the room, and spoke a few words
for us. Dan is still looking for a full operator' s manual for his HERO; can
anyone out there help him?

Dirt 'bot

0

Frank Haymes brought the frame
for his ATR (all-terrain robot), a treadbased machine nearly two feet long.
Frank bought the tread and motor system
as an RC hobby base and will add the
necessary computer and electronics later. The unit is very rugged, quite heavy,
and really built like a tank. Just what you
need for those outdoors events here in
the Pacific Northwest.
Someone (sorry, I didn't get the
name) brought in several copies of the
Technical Reference manual for the MIT
Mini Board. The Mini Board (or MB)
serves as the computer for the MIT Lego
robots used in the 600-level engineering
design course taught each year at the
Media Lab. The docs, compliments of
Fred Martin at the Media Lab, caused a
minor feeding frenzy. I have already
posted a request for board prices and ordering information to Fred through his
usenet address, fredm@media.mit.edu. I
will provide updates on the BBS and at
the next meeting.

"Hello, Central?"

Q

Marvin Green, creator of the linefollowing robot Zippy, visited us from
Portland and showed off a voice-recognition telephone he purchased from J. K.
Gill. The phone learns the names of
people you wish to add to its 50-number
directory, then automatically dials the

requested number when you speak a
name. The phone sells new for about
$125.
This phone, connected to a Radio
Shack walkie-talkie link to your robot,
would let you control your 'bot remotely, using your voice. For example, you
could teach the phone to send the touchtone digits 34 each time you spoke the
word FORWARD. These tones, transmitted through the walkie-talkie, would
then trigger your robot's computer to
start its motors going forward.
With a little bit of teaching and
some careful programming in the robot's
EPROM, you could create a very sophisticated and capable voice-controlled
machine. Not bad for $125!

Behold, P.A.R.T.S.
Marvin is trying to start a robotics
club in Portland (P.A.R.T.S., for Portland Area RoboTics Society). I support
him wholeheartedly in this, and encourage all of you to contribute an
article, attend a meeting, or show your
enthusiasm in some meaningful way. It
will help all of us in the long run.
One obvious benefit to a Portland
robotics group is the cross-pollination
that would take place. Marvin wants to
have the same types of robotics competitions we run here in Seattle. IBtimately,
this could result in the Pacific Northwest
Robo-Olympics, or suchlike. If Zippy's
high-quality performance at YOR '92 is
any indication, Marvin and his group are
going to give the SRS a run for their
money. Best of luck, Marvin!

The Encoder Troll
I want to put in a special word of
thanks to Bob Nansel for his yeoman
efforts over the past several months with
the Encoder. Bob has brought the SRS
newsletter to the point that it is probably

by Karl Lunt

the premier amateur robotics newsletter
in the nation. When you read the editorial copy or peruse the schematics,
remember that those valuable robo-bits
got there because Bob and his wife,
Karen, put in the long hours needed to
create, print, and distribute the Encoder.
And Bob's efforts go hand-in-hand
with the high-quality contributions made
each month by the readers and members
of the SRS. The club and its newsletter
reflect our efforts, goals and abilities.
Thanks to all of you who take the time,
now and then, to write a short article or
letter to the editor.
Those who want to contribute in
other ways to the success of the Encoder
should contact Bob and ask about
helping him fold and mail the newsletter.
I know he could use help with this, as he
is falling woefully behind on LIMBO,
his maze-runner. Two or three people,
donating a single evening each month,
would be appreciated. Give Bob a call at
782-5989 and help out
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(Focus continued from p. 2)

possible. Lower wing loading meant
slower-and safer-gliding speeds.
Second, the Wrights developed their
forward elevator specifically to combat
stalls. A stall occurs when the angle of
attack of a wing increases sharply,
causing higher drag that slows airspeed
which in turn causes sudden loss of lift,
the reason stalls are so dangerous.
The Wrights' forward elevator
would stall before the main wing, thus
dropping the nose of the flyer and maintaining airspeed. This, combined with
their glider's light wing loading, is the
reason the Wrights survived their early
flying experiments.
At every step in their progress from
kites to powered flight the Wright
brother's knew of the work of other aviation pioneers. This awareness allowed

them to clearly define the problem they
were attempting to solve. Note that
much of what other aviation pioneers
had to offer amounted to a catalog of
unsatisfactory approaches and design
dead ends. Lilienthal, for instance, believed a machine that flapped its wings
like a bird would be the ultimate flying
machine.
The Wrights clearly recognized that
the real problems to be solved were how
to build sufficiently light-weight aerodynamic structures, how to achieve
positive attitude control, and bow to
build a powerful yet light-weight engine.
The Wright brothers did not know ahead
of time what their machine would look
like, but they knew exactly what it must
accomplish. They responded to their design - in - progress by repeatedly

Spontaneous

by Lance Keizer

I

'm going back to basics long enough
to build my own digital trainer. I've
seen several digital trainer kits for sale,
$240 to $320 new, $ 130 surplus. I had no
real reason to get one until I started a
project requiring measurements in the
millivolt range. Then I found some of
my alligator clips produce a 100 mV
drop. I had to find a solution.
I have a 7" square proto board and a
±12 V and ±5 V power supply. Mount
these on a sheet of aluminum, add a
power indicator and all I need still is
rubber feet.

Adding a digital multimeter is the
next logical step. Other bells and whistles such as a function generator and a
pulse counter are appropriate in that order. An up/down pulse counter with
direction indicator would provide encoder position display. While I'm at it,
how about a built-in logic probe, LED
displays, etc. Sounds like what I've been
saving my junk bin for.
Yes, frequency counters are
available on a single chip, but there is
educational value to rolling your own.

modifying their means but not their goal.
Design is always a contingent process, and designers must make changes
when unforeseen conditions appear after
the big decisions have been made. Creativity is the designer's imagination, the
tool he uses to cope with contingency.
Creativity is learning how to accomplish
the desired result.
The Wright brothers did not make a
choice between building a flying machine and building an automobile. Their
goal was not mere transportation, but to
fly, and they made every decision in that
context. They did not pursue wingflapping or helicopter flight, even
though many models of both had flm,\11
long before Wilbur and Orville • J
their hands to flight As boys the} _J
even experimented with a helicopter-like
toy.
The Wrights decided what elements
were crucial to flight and they worked
only on those elements. What's crucial
to a mobile robot--the thing that separates mobile robots from all other mobile
machinery- is the ability to autonomously navigate in an unstructured
environment.
Until that problem is solved, legged
robots (or steam powered robots, or
flying, swimming, or burrowing robots)
can be nothing more than amusing mechanical tricks. They may be interesting,
they may even occassionally be profitable. If solving these peripheral
problems are your main interest, by all
means continue; the field of electro-mechanical gizmoidry will gladly absorb all
your efforts.
But if you want to make a serious
contribution to the more narrow field of
mobile robotics consider this: no robot
will ever be more than an expensive toy
unless it addresses the autonomous navigation problem. This is the soul of
mobile robotics, and it deserves our
highest priority.
The Editor
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P.A.R.T.S
Portland Area Robotics Society
Issue# 02

By. Marvin Green

(503) 656-8367.

Attention all Robot enthusiast, Portland Area Robotics Club is really talcing off. Spread the word!
Become an ACTIVE member. To find out what you can do to help, give me a call.

EYES FOR THE BLIND ... (ROBOTthatis.)
0

Computers are numb, deaf and blind. Adding sensors to a computer, making them mobile, and adding a bit of
programming, and you have a robot.
My robot Zippy had eyes that were facing down and could see a black line on white paper. These eyes worked
well in 'the lab' but in the real world of the YOR line following contest, Zippy had a bit of trouble seeing that
little black line. Zippy had digital eyes that could only see on or off. Zippy now has analog eyes. Using analog
eyes give the robot the ability to see in different or changing light conditions, and also see a gray scale. For
example, analog eyes can see a black line on brown paper.
This idea of using analog eyes was suggested by CBE-1, built by Karl Lunt,* the winning robot at YOR.

+s
Anyway the circuit here uses an OMRON reflective sensor that I
purchased from Digi-Key for $3.60. (Part #OR503 ). It is very small
and easy to build. A single five volt power supply allows the part to
detect the reflected IR signal off paper, and the range of about half
inch or more. One side of the eye is an IR LED light source, and the
other side is a photo diode. The analog signal out can be connected to
an AID converter chip or to an AID pin on an 68HC11
rnicrocontroller, like on ZIPPY. To make the sensor more accurate,
place it close to the paper, and shield it from other light sources that
may flood the sensor with too much light.
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The software could read the analog value and determine the difference between a dark line and white paper.
allowing the robot to 'see' a black line. This sensor can also be used for many other purposes like an obstacle
detector, maybe a hand sensor etc. The sensors small size allow to fit just about anywhere.

0
• President of S.R.S, and has a good series of robot articles in Nuts & Bolts Magazine.
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PADS.

Best Value!. 1-800-554-SALES ask for shareware PADS

PADS shareware version of their printed circuit design program is first rate, if a bit complicated. While it can
design a circuit board with the best of them, it's not easy to use for the first time PCB designer. The share ware
package is designed to entice professional PCB designers to purchase their software, not to help the first time
user or hobbyist. PADS does allow you to create PCB's from a schematic and it even does the auto routing with
lots of the bells and whistles. If you are serious about designing circuit boards, and can devote some time, the
package is worth while and has a great price ( FREE ).
I did run into a problem running the PADS demo program, it ate up all my
unused disk space on my hard drive (80megs). I contacted PADS tech
support, and they informed me that there is a bug in the demo shareware
software when running the PCB demo in 800X600 VGA mode. PADS should run fine in standard VGA mode
or 1024X768 mode. I have been running the program ( non-demo mode) just fine in 800X600 mode.

I BUG ALERT! I

Whiskers.

Angelus Research

(714) 794-8325

Whiskers is a robot designed by Don Golding of Angelus Research. This robot had been designed for the
hobbyist in mind. With a Motorola 68HC11 microcomputer running a version of FORTH with a complete
Robot Control Language built in. The hardware is expandable, comes with a microphone and speaker, LED
front sensors, rechargeable battery, and a host of other features.
I am looking forward to receiving and reviewing the Whiskers in more detail. For the list price of $399 this
robot looks a real winner, and Don has offered a special price of $349 to members of PARTS or S.R.S.

Other Stuff.

Stan Veit from the Computer Shopper wants to hear from people building
robots. Drop him a line at Computer Shopper, One Park Ave., 11th Floor, New York, NY 10016. Let him
know that robot builders are alive and well.
To quote NUMBER 5, " I need Input!" If you have any ideas for this news letter, any thing you want to share, any
thing you want to know about, build, sell, give away, please call me. Better yet - write!

Wish List-

I wish I found a Hero 2000 at a garage sale for $15. I wish my cable received the

Sci Fi channel, and I wish I had more time to work on my robot.

~ ~ ~ ~ (B~ (.,. wl,d, Dwt J,..JJ, t.,)
1. Build that robot.
2. Build that robot.
3. Build that robot.

Now Stop reading and start building.
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{Lumelaky continued/romp. 1)

point." Now that the terminology is out
of the way, lets look at the Bug
algorithms.

Bug1
1. From point Li- 1 (with Lo= S), move
toward T along the straight line
segment (S, T) until one of the
following happens:
(a) Tis reached; flag success & exit.
(b)An obstacle is encountered and a
new hit point Hi is defined; go to step 2.
2. Using the accepted local direction,
follow the obstacle boundary. If during
this process Tis reached, flag success
& exit. While traversing the boundary,
store the coordinates of the current
point Om located the closest to T. After
traversing the whole boundary (and
returning to H;), define a new leave
point LFOm and go to step 3.
3. If the straight line segment between Li

0

Figure 2. Robot path under BUG1 algorithm.

and T crosses the obstacle at point L;.
stop because the target is corry,lf!!tely
enclosed by the obstacle and is thus
unreachable; flag failure & exit. Otherwise, follow the shorter path along the
boundary back to L;. set i=i+ 1 and go

... these algorithms are at their best when
dealing with simple convex obstacles ...

to step 1.

The Bug 1 algorithm should be executed at every point along a continuous
path. The procedme can be implemented
with only three registers, R 1 , R2 and R3
to store intermediate information between hit points. When a new hit point is
reached, all three are reset to zero. R 1
holds the current coordinates of the point

Qm on the obstacle boundary at which
the distance to T is a minimum; R2 inte-

grates the length of the obstacle
boundary starting at Hi; R3 integrates the
length of the boundary starting at Qm.
The smaller of the values in R2 and R3
determines which direction to tum for
the shortest return path to Qm from Hi.

Q

The Bug 1 algorithm will also
function if the robot knows the direction
and range to T. By storing the minimum
(Continued next page)

Figure 3. Robot path under BUG 2 algorithm
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/Continued from previous page)

uistance Dm of the current point instead
of the absolute coordinates then the robot can compare its current distance to T
with that stored in R 1.

Bug2
1. From point Li_ 1 (with Lo= SJ, move
toward T along the straight line
segment (S, T) until one of the
following happens:
(a) Tis reached; flag success & exit.
(b) An obstacle is encountered and
hit point Hi is defined; goto step 2.
2. Using the accepted local direction,
follow the obstacle boundary until

Try OPAL Junior

W

ho's afraid of PALs? If your
upcoming robot design needs a
PAL for address decoding or whatever,
check out National Semiconductor's
OPAL Junior.
This is a public-domain (read
"free") PC-based program for generating
JEDEC PAL-programming files. You
can sit at home, developing your
equations, then take the finished file to
someone with a PAL programmer to
program a few chips for you. Or you can

by Karl Lunt

program your own P ALs with one of the
low cost units now on the market
The only drawback with OPAL
Junior: it doesn't accept test vectors.
This means you have to get the equations
right before you run out of PALs. Still,
the price is right.
Contact your local National distributor (Anthem in Bothell, for example)
and ask for a copy of OPAL Junior and
the accompanying manual.

(a) Tis reached; flag success & exit.
(b) The robot crosses line segment
(S, T) at Om where the distance Dm
from Om to Tis less than the distance from Hi to T, and the line

Upcoming Encoder Themes

segment (Om, T) does not cross the
current obstacle at point Om- Define
leave point LFOm set i=i+ 1, and go
to step 1.
(c) The robot completes traversing the
boundary and returns to Hi without
having defined the next leave point Li;
flag failure and exit because the
obstacle boundary completely
encloses T.

These algorithms are guaranteed to
find a path if one exists, though the path
may be quite long, especially for mazelike obstacles. Bug 2 is a bit less conservative than Bug 1 and will often give
shorter total pathlengths, but note that
Bug 2 is especially poor at handling
mazes. Both algorithms are at their best
when dealing with simple convex
obstacles.

I

n upcoming issues the Encoder will have themes on robotics hardware and
software technologies. We are looking for material for all of these themes so
you are invited to submit articles, schematics and code examples. Please note
the deadlines for each issue. If you have ideas for themes not listed here, drop
the editor a line and we' ll line up issues for the themes.

Nov/Dec '92
Deadline: 11/21/92
Hardware: Infrared Systems
Software: Line following

January '93
Deadline: 12/19/92
Hardware: Basic Motor Control
Software: PWM routines

February '93
Deadline: 1/16/93
Hardware: Robot Sumo Wrestling
Software: Open loop navigation

Reference
Lumelsy, V. J. and Stepanov, A. A.
"Path-Planning Strategies for a Point
Mobile Automaton Moving amidst Unkown Obstacles of Arbitrary Shape."
Algorithmica, 1987, pp 403-430.

March '93
Deadline: 2/20/93
Hardware: Ultrasonic sensors
Software: Range mapping
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Sumo Scrimmages

T

o encourage everyone to get an
early start on building robots for
Sumo competition, we've established a
schedule of Sumo scrimmages.
Scrimmages do not count as official
competition, but for those machines that
perform at one or both scrimmages we

will waive entry fee to official Robothon
competition in July.
Scrimmages will be held at NSCC,
room 1652 after the SRS meetings on the
following dates:
March 20, 1993
May 15, 1993

For Sale:
TABLETOP BANDSAW
Well built Dunlop tabletop bandsaw, motor recently replaced, $100.
OSCILLOSCOPE
Simple single channel oscilloscope, $40.
Tel# (206)-222-4515. Ask for Lance.

o

About the Seattle Robotics Society
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 journey and welcome you to join us.

Contributors
Editor
Bob Nansel
Circulation
Jeff Sandys
Contributors
Lance Keizer
Kari Lunt
Dan Mauch

Upcoming Events

0

November 21, 1992

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

December 19, 1992

December SRS Meeting.

January 16, 1992

January SRS Meeting.

March 20, 1993

First SRS Sumo Scrimmage

April M, 1993

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

April 22-25, 1993

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

May 15, 1993

Second SRS Sumo Scrimmage

July 22-25, 1993

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 Sandys, 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 Nanael @ SRS BBS
206-362-5267, 1200,/2400 8N1, 24 Hr

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