
GEMINI: Fitst of a New Breed



introducing the worldE first
autonomous personal robot ,.l
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HARDWARE

PROPULSION
4-Wheel Drive, Two DC Motors
Three 12-Vol t ,  6.5 Amp-Hour Bat ter ies

OEIIIIIII
THE SECOND WAVE

NAVIGATION
Head Sonars (3)
Door Edge Detect
Room Beacon Detect
Mot ion Detect

Head Rotates 359.

Sonar Control
Head Stepper Control
S igna l  Cond i t i on i no
(Voice,  Sound, Mot ion.
Temperature, Smoke. 

'

Barometer, Batteriesi

COMPUTERS
Propuls ion
Voice l /O and Sound
Ma in
(All CMOS-65C02S
92K  ROM,74K  RAM)

Your new robot will f ind its way around your home
and off ice, 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 ot
electronic sensors all integrated together to give it l ife-
imitat ing art i f ic ial  intel l  igence.

You' l l  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 wi l l  keep i tsel f
al ive whi le always monitor ing i ts mult ip le inputs for
your commanos.

Ready made, easy-to-use software will allow you
to demonstrate most f unctions 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. lmportant missions, too,
such as periodic reminders, wake-up calls,.storytelling
for the kids, remote control of appliances and more.

An enhanced f loat ing-point BASIC language wi l l
give you complete control of the robot. Commands
I iKe 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 l/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 intel l igence.

n Please send deta i ls  on GEMlNl .
!  P lease send dealer  in format ion.
!  In terested in  Club Demonstrat ion

Mail to: ARCTEC SYSTEMS, lNC.
9104 Red Branch Road
Columbia, MD 21045

To Remote

Microphones (3)

USER INTERFACES
Function Keys
40x8 LCD Disp tay
Tape or Disk
Posit ion
Keyboard
(Detachable Cord
or Cordless)
Joyst ick

coLLtStON
AVOIDANCE
Body Sonars (5)

Bumpers (8)

PORTS
RS-232
Printer
Dual Paral le l

aFcEe{=O=Eerns"
(301) 730-1237

ARCTEC SYSTEMSTM is a member of the ARCTEC GROUP. lNC..
United States and Canada.

See us at the WCCF Booth 935

Circle 3

Address

Zip-.



STEP COUNTERS
BY RAYIIOND CA COIF

'l'his month\ coler story (see p. 12)
hirs a picture ofthe Gemini robot ftom
Arctec, the llrst ofa nel! Eeneration of
rohol\. What makes this new genera'
tion different? Granted it ha^s more
proc€ssing po\\rer than previous com-
mercially alailablc robots (each sub-
function has ils own processor) and it
als0 has morc scnsory intbrmation
arailablc thrn aDrthing clse yct to aF
rive However this is not rlhat rates the
n(rxt €eneration lahel.

Ccminiis thc ilnit commercia-lh n|'ail-
able mlchinc b actuall t  morc lK)m
placr to place and gr) throullh d(x)rs
without counting steps. []p to nor{ tell'
ing a robot to molc irom onc ix)m k)
anothcr requircd thc robot to rcmcm-
bcr ho$ nrani strps it $,iL\ futl{'rrn thr
tro rrroms. ' l 'his could dri lc thf c()n-
tr()l soitu,lre nbs()lutely crazy $'hcn it
i)und an ohjrcl hlocking ib path.

At thc rrcert prrs(nrnl robotics srs-
si{)n it thr l{ohots'\\0st sho\i Crnc
Oldlield sprrke ahout atuLdiun tubot
systems. l l is belicf is that fohot pr(f
grammers should spcnd lcss time wor'
ning about r?r,ol{.lmu obJ.rt and spend
mot timc try-ing to drdm -qod/s. CcnLrs
idcal naligational goal is a dr){)ruay,. He
ohsened that pcopk moling about a
housc alurals aim at doors. A room
$ithout !isiblc doors is \ery disturhing
and can producc an une:rlr iceling in
many people-a fecling oi being
trappcd. Thus. Gene theorizes, a robot
should he designed to seek out doors
and move through thcm jost like a

This is $hat thc Cemini designers
have developed, a door seekrng robot.
The current design requires an active
infrared room beacon in each roon
and a pa-\si!e infrared reflector ai each
door. These are used to present con
venient room markers. People also
work Nith room markers. An_"'one rho

FAREWELL TO

ha5 walkcd through a hall of mirror:i
at an amusement park kn(lws the dis'
orientation that occurs when all the
rooms look identical and the doors are
difficult to find. At this stage of
technolog\'t a rohot operating \,!ithout
sontc sort of bcacons and door markers
is akiD to a person wcnding theif $ay
through a hall 0f mirrors.

Ycs. somcda) the r)bols will be so'
phisticated cnough to determine what
room thc!' are in just hy looking
around. Until then. w€'vc at l€ast seen
the next step in robot e\olution where
the] don't havc to kcep track of elery
step thcy have made. I nr glad the days
of thc stcp-counting robots are

This will be
coming to you

subscribe to
Radio-Electronics

.Erhdlb. ld
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PHOIO E$$AY: A FIRSI
OHIUIPSE AT OEMI]II

BY CARL HELI'1ERS

We recentJy had the opportunity to lisit
Jack kwis and his cre{, in Colunbia,
Maryland to !ie$ the first of a neu line of
autonomous robots. Given the name
"Cemini| this class of $'heeled canister
robots from Arctec Slst€ms, Inc. is a sig-
nifcant step forward in th€ practicnl design
of autonomous lehicl€s for research, prac,
tical p€rsonal use and expe mentation.
The Cemini-class machines will be of great
interest to those who $ant to leam about
and experiment with the us€ of t{xlay! con-
cept of th€ self.f€eding, self-povrered auton-
omous platform robot.

We observed Cemini in operation in
both protot',pe and finalforms, exhibitind
complicat€d and reliabl€ motion b€haviors,
includinll traNit iom one rooln to another
and retum b the startind point. This robot
uses principles of free vehicle navilhtion
derived from marine and aviation practice
rather than attcmpb to memorize an open-
loop trajectory on uncontrolled floor sur-
facer Using a beacon system iogether uith
door markers, Cemini can mea:iure posi-
tions, trianEulate and determine an at-
tempted path b reach a selected goal.
Burnp, collision and object-presence s€n-
sand allows it to seek paths around
obstalcles using feedback rather than a
memorized trajecto4r Cemini may be the
filst pnctjcal self-feeding robot as it njums
to a battery chaqer station always placed
under a specicc room marker b€acon,

An optical s)stem is used to sense
beacons. An active reflective infrared op-
ti€al system is us€d to locatc dr-ror marken.
When given the task ofgoine Fom room
N to room M, Gemini uses a stored con-
n€ctivity map to count door narkers rela-
tiv€ b room Nt beacon, then positions
iliel{ approxirnateb nenr the selected door,
sidles up to the licinity of the door to lix
the precise physical openinEiwith its sonar
does a final sbufile to make sure it is in
the nght place, and then cruises through
the doorway. This maneuver-all with ac
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tat'e sensors-tal{es several minutes to ac-
complish. The time is used mainly to ac'
complish mechanical scanning by the ro-
tating turret sensol (Clearly, an all-solid-
state sensing approach *ould improve the
speed by eliminating the m€chanical scan-
ning r€quir€ment. fucording to Jack, the
CMOS version ofa 6502 used in the navi-
gation problem is using only a f€w perc€nt
of itr computational band$idth. In radar
system engineerin€, the most advanced
rada6 use solid-shte scanning m€thods for
eJ€ctly that reason at a much higber
cost.)

The system concept for Cerhini is best
illusuat€d by photognphs. Phob la shows
the pre-production prototlpe of Cemini
with ib clothes on. Photo lb shoh6 Ccmini
with its clothes off, with Jack pointing to
one of the elechoDics boards. Th€ ma-
chine! computational des,lli uses a multi-
pruc€ssoI all CMOS approa€h to cons€rve

battery poser There are only a limited
number of watt-houls that can b€ stored
in the three batteries that Cemini us€s.
One 65C02 computer is the main com'
puter orchestrating all operations. A
backplane bus similar to the Apple II bus
allows one to plug in extra peripherals.
(The 'limilar" nature of the bus means d)at
care must be taken to pay attention to
po$€r requir€nents and inkraction with
a slightly differ€nt addr€ss-space alloca-
tion.)This computer interacts via an &line
by 4o{jhanckr LCD display and keyboard,
us€s a mass sbrage periphenl (3y{ in.
Roppy or endlessloop '\rafer" tape) and
generally senes as a MSIC oriented per-
sonal computer with loice I/O capability.
A s€cond 65C02 handles roice ou$ut and
speech recognition tasks A third 65C02
provides motor control,

Extensive software options allow (;enini
to vrork \,\,ithout having to l€am BASIC or

Photo r: i\,! vias ol the Cemini autononous robot, silh clolhes oD (a) dd nal€d (b). ln ra tne tubot
is shoM nestled up a€anst a cna4ine station lfrlt d on a black anti'static Dad belos a wall-nounted room
identficltion bcron. In lb w $e Genini! innards. Note the conlex bltt iy charger connecton rl thc
bottom ol lhe robot, desieDed to mat€ dth lie coftsponding pair of plats o. thc chatling stntion panall!



Pholo 2: I Rt\(,nc. oi Dhotos tn

trxf i|\ chr€( rtilrrug l[f ch]lfirrE fnrls a\ setriri.d h! th( lu) lrghl\ rdfd ,u

assembly language prcgramning. This rumembers and rcminds. But firr those oi
software includes a Scheduler package k) us sith pr()gramnming er(perimentation
orch$bak periodic and random beha\,i(rs pr{)clirities, Cenini adds a ne\d dimcnsion
ofthe beast using itr rual-timr clock. This to thc possible enj{)yment of this crait: rcal
is prohahly the single most practical ap- time and motion control.
plication f€ature of C€mini-a robot that M,'tion c,,ntr'l i'nd naliAation softwarc

oEilil EPECtFtCfiIt0t$
Each of Cemini:s main tunrtiorlr ir contrclled by a s€pante Rockwell 65C02 CMOS

microproces$oli Tle periphercl cornputers conrnunicate sith thc central pro{:€ssor oler
se/ial communications lines The central processor can save powr b de&rmining $hen
the peripheral computers ar€ turned on and off.

The c€ntral compuier ha! 64 Kb,tc, of r€ad'only memory and 56 Kbla of proglam'
mable menory pl$ comnunicatioru capabilities l,o all other proc€sson.

The loice inputloutput and sound computer hns 24 Kbytes of re.ad"only memory and
16 I{bJ,bs of proEarnmable memory The voice and sound g?nerahrs ar€ separated so
Cemjni can speak and nake music al the saoe tine. Thir boad al$ handl€s lhe \,oice
reco&ition mutine, for dodng commandr iom up to three u.iels

The propubion contol computer controls all mo\renents and cooidinatet th€ utFasonic
pocition !€nsn€ araE. An optional founh, remoE computer i! arailable tnat alot^6 Gemini
|t)rontrol asR contsoll€rs, modens, and othe €itenal d€vi.€s ol€r a rddio contol lire

Stanlard s€n5on irulude liglL sound, tenp€rnlx|r and bathry lohrde Senlors tur
bffometric p|e*ulE and rnoke lrc optionnl. Cenini aLso con€s with nine oftrdioDic col
.li on a$idance dd travidation $!!ro|. lhat hel] it mow iotn roorn to mom. Other stan.
ditrd hadrare includei a ehltim€ clo.k, 16 .hann€|, eightnit CMOS nnalod to dirit l
coorerEi an RS232 scnal comouricatonr pon. ! Crntsokr printer porl a hardw
random number &nenbd a iryrti.k contrglei and a.birgei Cehini! hrtdmr€ can

oi (lemin i allo\rcd us to $atch a naked pr(}
tot$e seek out it\ charging sinti r in the
presence of a wilst€b:$ket obstacl€. lhe
strti{}n (Phok)s 2a to 2c) is the object on
the lloor of thc d€monstration &om under
the "lloom ll beacon transmitter which
r,e sec mounted on thr w^ll.) In I'hoto 2a,
Gemini can src the hcrcon and hegins ap.
proachin€ it to sip the €lectric juice ofits
lifc. A\ it cruises forward Ccmini scnscs thc
$'ast€baskct obstacle. l'his causes it to
ponder about altematilt rnethods of reach.
rng its beacoD goal. As wc see in Photo
2b, adccision ha\ been madc tri go around
io the right. n'here a direct path io the
beacon and cha$er is possible. f}ecutinA
the direct path, the proto-Cemini is seen
happily imbibing at its clectronic food
irough in Photo 2c. The behavior is in-

Our obsenatiofls of (lemini were pre-
sented in thc enr'ironment oathe research
laboratories in which it Nas designed.
Based on what w€ observed of Ceninil
substance, engineering and hehavior, we
can hardlyuaitto gct our hands on apro-
duction !e6ion. Ihen sell do the ultimat€
t€st is Geminis behavior reproducible in
the real $,orld away from its birthplace?
More on this lat€r. I
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