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FEBRUARY 1985 VOL. 7 NO. 2 ; $3.00 USA/$350 CANADA
THE Ju gl OF SENRELLGEN T WMNCHINWEDS

™




introducing the world’s first
autonomous personal robot . ..
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Your new robot will find its way around your home
and office, perform preassigned tasks, charge its own
batteries, talk to you and obey your spoken commands.

This remarkable life-sized robot is controlled by
three on-board computers, an unprecedented 92K
bytes of built-in software and a sophisticated array of
electronic sensors all integrated together to give it life-
imitating artificial intelligence.

You’ll know the moment you power up GEMINI
that you have a real robot. One that performs a self
check of its hardware while verbally and visually
informing you of the results. One that will keep itself
alive while always monitoring its multiple inputs for
your commands.

Ready made, easy-to-use software will allow you
to demonstrate most functions of the robot with single
keystrokes. Missions for the robot to accomplish at
future times can be asigned by anyone. No program-
ming experience required. Important missions, too,
such as periodic reminders, wake-up calls, storytelling
for the kids, remote control of appliances and more.

An enhanced floating-point BASIC language will
give you complete control of the robot. Commands
like SPEAK, GOHOME, MOVETO, RANGE, etc., pro-
vide you with a means to develop complex programs,
fast. Machine language level programs provide you
with many debugging tools that you would expect to
find on a real robot.

A high-level voice command language provides
voice access for up to three users. And the voice 1/O
and sound computer can store up to 256 words or
phrases, and dynamically update these as you con-
verse with the robot. Highly accurate text-to-speech
software and music programs with vocals are built-in.

GEMINI is ready for you now. Buy assembled or in
modular, learn-as-you-go form. Either way, don’t miss
out on the chance to participate in the exciting new
world of machine intelligence.

[J Please send details on GEMINI.
[J Please send dealer information.
[J Interested in Club Demonstration

! Mail to: ARCTEC SYSTEMS, INC.
i 9104 Red Branch Road
Columbia, MD 21045
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FAREWELL TO

STEP COUNTERS

This month's cover story (see p. 12)
has a picture of the Gemini robot from
Arctec, the firsl of a new generation of
robots. What makes this new genera-
tion different? Granted it has more
processing power than previous com-
mercially available robots (each sub-
function has its own processor} and it
also has more sensory information
available than anvthing else yet to ar-
rive. However, this is not what rates the
next generation label.

Gemini is the first commercially avail-
able machine to actually move from
place to place and go through doors
without counting steps. Up to now, tell-
ing a robot to move from one room to
another reguired the robot to vemems-
ber how many steps it was helween the
twor rooms. This could drive the con-
trol software absolutely crazy when it
found an object blocking its path.

At the recent personal robotics ses-
sion at the Robots-West show, Gene
Oldficld spoke about goal-driven robot
systems. 1lis belief 15 that robot pro-
grammers should spend less time wor-
rying about arofding vbjects and spend
more time trying to affain goals. Gene's
ideal navigational goal is a doorway. He
ohserved that people moving about a
house always aim at doors. A room
without visible doors is very disturbing
and can produce an uneasy feeling in
many people—a feeling of being
trapped. Thus, Gene theorizes, a yobot
should be designed to seek out doors
and move through them just like a
person.

This is what the Gemini designers
have developed, a door-secking robot.
The current design requires an active
infrared room beacon in each room
and a passive infrared reflector at each
door. These are used to present con-
venient room markers. People also
work with room markers. Anvone who
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has walked through a hall of mirrors
at an amusement park knows the dis-
orientation that occurs when all the
rooms look identical and the doors are
difficult to find. At this stage of
technology, a robot operating without
some sort of beacons and door markers
is akin to a person wending their way
through a hall of mirrors.
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Yes, someday the robots will be so-
phisticated enough to determine what
room they are m just hy looking
around. Until then, we've at least seen
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numbered.
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PHOTO ESSAY: A FIRST
GLIMPSE AT GEMINI

We recently had the opportunity to visit
Jack Lewis and his crew in Columbia,
Maryland to view the first of a new line of
autonomous robots. Given the name
“Gemini,” this class of wheeled canister
robots from Arctec Systems, Inc. is a sig-
nificant step forward in the practical design
of autonomous vehicles for research, prac-
tical personal use and experimentation.
The Gemini-class machines will be of great
interest to those who want to learn about
and experiment with the use of today’s con-
cept of the self-feeding, self-powered auton-
omous platform robot.

We observed Gemini in operation in
both prototype and final forms, exhibiting
complicated and reliable motion behaviors,
including transit from one room to another
and return to the starting point. This robot
uses principles of free vehicle navigation
derived from marine and aviation practice
rather than attempts to memorize an open-
loop trajectory on uncontrolled floar sur-
faces. Using a beacon system together with
door markers, Gemini can measure posi-
tions, triangulate and determine an at-
tempted path to reach a selected goal.
Bump, collision and object-presence sen-
sing allows it to seek paths around
obstacles using feedback rather than a
memaorized trajectory. Gemini may be the
first practical self-feeding robot as it retumns
to a battery charder station always placed
under & specific room marker beacon.

An optical system is used to sense
beacons. An active reflective infrared op-
tical system is used to locate door markers.
When given the task of going from room
N to room M, Gemini uses a stored con-
nectivity map to count door markers rela-
tive to room N’s beacon, then positions
itself approximately near the selected door,
sidles up to the vicinity of the door to fix
the precise physical opening with its sonar,
does a final shuffle to make sure it is in
the right place, and then cruises through
the doorway. This maneuver—all with ac-
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tive sensors—takes several minutes to ac-
complish. The time is used mainly to ac-
complish mechanical scanning by the ro-
tating turret sensor. (Clearly, an all-solid-
state sensing approach would improve the
speed by eliminating the mechanical scan-
ning requirement. According to Jack, the
CMOS version of a 6502 used in the navi-
gation problem is using only a few percent
of its computational bandwidth. In radar
system engineering, the most advanced
radars use solid-state scanning methods for
exactly that reason—at a much higher
cost.)

The system concept for Gemini is best
illustrated by photographs. Photo 1a shows
the pre-production prototype of Gemini
with its clothes on. Phote 1b shows Gemini
with its clothes off, with Jack pointing to
one of the electronics boards. The ma-
chine’s computational design uses a multi-

processoy, all CMOS approach to conserve

battery power. There are only a limited
number of watt-hours that can be stored
in the three batteries that Gemini uses.
One 65C02 computer is the main com-
puter orchestrating all operations. A
backplane bus similar to the Apple 11 bus
allows one to plug in extra peripherals.
(The “similar” nature of the bus means that
care must be taken to pay attention to
power requirements and interaction with
a slightly different address-space alloca-
tion.) This computer interacts via an 8line
by 40-character LCD display and keyboard,
uses a mass storage peripheral (3% in.
floppy or endless-loop “wafer” tape) and
generally serves as a BASIC oriented per-
sonal computer with voice [/O capability.
A second 65C02 handles voice output and
speech recognition tasks. A third 65C02
provides motor control,

Extensive software options allow Gemini
to work without having to learn BASIC or

Photo 1: Two views of the Gemini autonomous robot, with clothes on (a} and naked (bh. In la the robot
is shown nestled up against a charging station located on a black anti-static pad below a wall-mounted room
identification beacon. In 1b we see Gemini's innards. Note the convex hattery charger connection at the
bottom of the robot, designed Lo mate with the corvesponding pair of plates on the charging station partially

seen in la.
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Photo 2: A sequence of photos taken while an earlier development model of Gemini seeks its charging station in a demonstration room, We start at {a) where
Lhe robot sevs the charger station wad] beacon bul senses an obstacle in the way of a direct path. In our demongteation, the robot tested and probed for a while.
After o couple of false starts, it finally moved to o position where it found o direct path, as shown in (b, The end resalt of the demonstration was to move forwand
into its charger, aclivaling the charging process as significd by e two lights turned on.

assembly language programming. This
software includes a Scheduler package to
orchestrate periodic and random behaviors
of the beast using its real-time clock. This
is probably the single most practical ap-
plication feature of Gemini—a robot that

remembers and reminds. But for these of
us with programmming experimentation
proclivities, Gemini adds a new dimension
to the possible enjoyment of this craft: real
time and motion contral,

Mition control and navigation software

Each of Gemini’s main functions is controlied by a separate Rockwell 65C02 CMOS
microprocessos, The peripheral computers communicate with the central processor over
serial communications lines. The central processor can save power by determining when
the peripheral computers are turned on and off.

The central computer has 64 Kbytes of read-only memory and 56 Kbytes of program-
mable memory plus communications capabilities to all other processors.

The voice inputioutput and sound computer has 24 Khytes of read-only memory and
16 Kbytes of programmable memory. The voice and sound generators are separated so
Gemini can speak and make music at the same time. This board also handles the woice
recognition routines for storing commands from up to three users.

The propulsion control computer controls all movements and coordinates the ulrasonic
~ position sensing arvays. An optional fourth, remote computer is available that allows Gemini
. to.gontrol BSR controllers, modems, and other external devices over a radie control fine.
- Standard sensors inchude light, sound, temperature and battery voltage Sensors for

.-barometric pressure and simioke are optional. Gemini also comes with ning uitrasonic col-

. Jison awoidance and navigation sensors that help it move from room to room. Other stap-
- datd hardware includes a reabtime clock, 16 channel, eight-bit CMOS analog to digital

* converter, an R$-232 serial communications pert, & Centmms printer port, a hardware
+ randor. iumber generam muck conh’oller and a charger Ceminis hardwam can

of Gemini allowed us to watch a naked pro-
totype seek out its charging station in the
presence of a wastebasket obstacle. The
station (Photos 2a to 2¢) is the ohject on
the floor of the demonstration room under
the “Room #1" beacon transmitter which
we see mounted on the wall } In Phato 2a,
Gemini can see the beacon and hegins ap-
proaching it to sip the electric juice of its
life. As it cruises forward Gemini senses the
wastebasket obstacle, This causes it to
ponder about alternative methods of reach-
ing its beacon goal. As we see in Photo
2h, a decision has been made to go around
to the right, where a direct path to the
beacon and charger is possible. Executing
the direct path, the proto-Gemini is seen
happily imbibing at its electronic food
trough in Photo 2¢. The behavior is in-
credible to watch.

Our observations of Gemini were pre-
sented in the environment of the research
laboratories in which it was designed.
Based on what we ohserved of Gemini's
substance, engineering and hehavior, we
can hardly wait to get our hands on & pro-
duction version. Then we'll do the ultimate
test—is Gemini’s behavior reproducible in
the real world away from its birthplace?
More on this later. il
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