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i techmcal Indid i a moee Sendus way.

Even though | knew nothing about industnal rabotks, |
was lasiosd wath explormg implementations of robolics
for use n our manufaclurng processes, as well as space
apphecations for our customer, NASA. Thete were the days
win many companés wanlted 1o be part of the new “robotcs
revoiubon.” | quickly discovered that wriling and delvenng a
paper at a conference not only granted me free entrance to
the conferences, but alko coaned Rockwell nto sending me
there. As a result, | was sent on yearly trips to the annual
RISSME (Robolics International of the Sodety of

Manufactunng Engineers) conferences that alternated
between Detroit, MI and Chicago, IL each year to delver
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| papers on my space robotics projects and to
gather information about other developments
| by other comparees and universities, The most
enjoyable trips were to all the university and
government labs that | visited on the side, but
I met the most dverse and miterestng groups
af people at these conferences

| remember well the moment when | first
saw the Odex robat in the sprng of 1983 |
sow the conference sesson title on the
program: and  deckded that it sounded
interesting. The picture showed Odex
standng 1, hke a metal, soclegged oclopus
(or would that make it a sextapus?). | wornosd
my way inie the room along wath about a
hundred other people — most of whom had
manufacturing backgrounds

After 4 dhorl mtroduction by an Odélics
pakesperson, the room darkened and the
prefentation began. This o quste often a
dgnal for some pecple to begin 10 nod off after getting a
good meal below the hatches, bul ot the trne, | sbill remémber
the images of ths human-sized, grant spider walking off the
back of a small pick-up truck. A feser minutes later — wath the
help of an Lshaped brackel attached 1o the treck's bed — it
actually hifted the back end of the 2,100 pound truck off the
floor by peessng 115 head against the ocutstrétched arm of the
bracket (Fguee 1),

Holy Cow! No ene nodded off during this sesson. Other
wiewss showed the robot stridng across the floor at a man's
pace, The Odex could change the arrangement of its sx legs
and easily. pass through a door. It could dimb into and out
of a ruck bed and walk up inchned ramps. There was no
tether; it was all sei-contamed. Most of the attendees were
farrdiar with one ton industnal robots that could maneuver a
40 pound welding head around a ¢ar’s frame, but not a 370
pound robot that can easidy lift four times its weight,

Figure 2 <hows one of Odex’s developers, Robert Drap,
holding one of Odex’s arms.

A LITTLE BACKGROUND

Fobol expenmenters have long been fasonated with
walking machines, Many of the robot kits avadable today are
based on hexapod — sx legged — platforms. These su legs
are usually arranged on two sides of a rectangular base, not
cqually spaced about a arcular base, This seems to be an odd
means of movement to us; when we think of ways 10 get
from one point to another, we naturally think of the way that
we humans and animals traverse the surface of the earth
The catly robots of scence fiction movies were always
walkers, even though the “walking™ was accompished by a
person i a “robot suit.”

Several major corporations developed watking robots,
such as the huge, fourdegged, gasoline engine-powered
"robot walking truck™ built by General Electnic. Sony's AIBO
senes and the 10ybie are very popular fourdegged robot



dogs. Yes. there afe some wery umque bipedal robots
made by Honda, Sony, and other Japanese manufacturers,
but very few large walking robots have over made such a
technological “splash®™ as Odetics’ Odex

Odetics, formed in 1969, became wellknown and
respecied for qualily audho, digitd, and wideo recording
equipment. They wore partcularly proud of the fact that
they had captured ower 70% of the world’s market for
spacebome magnetic dagital tape recorders. This market
dried up after the advent of tofd state, Flash, and other
memory devices, but Odetics tuengd to other venlures, such
as large, automatic tape retneval libraries. These machines
reminded me of a huge XY chart recorder where a robolic
“handd™ coukd be programmed 10 rapidly GO 10 8 specihe
compariment and retneee a video lape casselte and then go
10 3 commércial VCR and place the tape in the VCR for

playback. This and many other Odetxcs peoduwcts are an
oftihoat af the Odéx disvelopment.

Odetcs inténded the robot 1o be part of a néw éra in
the growing robatics industry in the carly 19805, Not a bt
simidar 10 Unimabon's early "tank turret™ manipulators that
weire used in mary automoine and other lypes of faclones,
the Odex was inlénded 10 <erve anolher purpose. Odetics
management savw the unit as a robot that could perform the
typical 1asks ascribed 10 industry, yet walk away from the job
site and do tasks in another area of the {actlory. Later varsons
of the Cdex were configured 1o perform tasks in areas that
were hazardous 10 humans or inaccessble 10 conventional
lracked of wheeled vehiles, The debul of such a ungue
robol Caught industry anahysts by surprse, as nd one in the
rabotics fiekd had ever heard of Odetics

Odex 1 began as a wson of robot expenmenter Steve
Bartholet, who happenad 1o work for Odetics as a mechanical
engineer. With a degree in mechanical engineenng from
Washington State University, it was a natural tendency for
Steve 10 become interested in robotics as a hobby, He had
seen many of the “typikal® wheeled robots that had been
built by others, but he longed for a robot that could traverse
uneven ground and carry a very large koad. The robot had to
have the abihity to change its profde (to be able 10 ckmb stairs
o go through narrow openings), in addition to aglity in its
movements, strength, stability, and a self-contained power
source, Walong robots seemed 10 be the answer. He worked
through several leg conhgurations belore deading upon the
final design used in the Odex 1. Fguze 3 shows the plywood
mockup of the "articulators” — of egs — on the Odex

Steve’s robot design ideas reached Cdetics management,
particulardy Joel Slutzky, the company presscent. The two
taleed about the possibality of Odetics actually constricting
Steve's design. Unbiloe most comparses that take an existing or
potential customer’s request and present a propasal, Odetics
decided w0 “go it alone.” Odex 1 was designed and bult
without specific applicabions of customer requirements — a
major gamble for a small company. Skitziky wanted 1o peotect
the company’s competitiveness and longterm growth

Steve satl oown 10 determine pist what attnbules he
waanted 1o incorporate nto his unigue robol. It was a manor
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departure from any exsting industrial machine in existence at
that time = or even today. Instead of being mounted in a
fmed posibion In an Jutomated assembly Iine or even beng a
mobie AGV (Automated Guikled Vehile) that was
programmed to follow a speafic path to delver parts or mail,
this robol had to be flexidie in many envwonments. Odetcs
gave it the moniker of “Functionoid™ due 80 its marry functions.
The Odex also had 10 have unprecedented strengthsto-weight
capabidiy, a5 well a5 extreme agaty. These were tall geders.

Let's getl into the dewgn of Ocdex. Figure 4 thows the
conhgueation of cach of the ux “artcuiaions.” These are the
keys 10 the overall design of the Odex. It s a great mechanical

sign of basc smplicity. The Z4haped honzontal arm piece

swretls from a foisd point betow the structune and i fastened
1o the top of the leg. The second Lashaped piece s fastened
0 the same ponl and ©§ connecled to the exlension
actuator 1o cause the lég to move outward and imward. The
third &g clemeént £ the honzontal peece that takes most of
the force and B connected to the leg & bit below the top.

The largest of the thece motors on each leg 5 the
vertscal motoe. [t s conneédied 1o a leadsoréw/nul assemixy to
créalé the iftng force. A queck look al the dravang shows
the end of the vertical actuator arm fastenad about onehifth
of the way cut from the povot pont. To create a force of 300
pounds at the end of the swiwel arm holding the leg, the
ACLUALOr must exert 5 x 300 — or 1,500 pounds — of force
and that & with the end of the leg directly below the end of
the swwvel arm. Thatis a great deal of torce for a small linear
actuatorn, &ven with wnat appears 10 be a 3!/ gear rabo.
A much hgher rabd would not have alowed the quxk
movements reguired of the artcufators.

The second of the leg actuator motors s the extension
motee that 5 a self-contamned gearmotor/lead screw
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assembly, This motor does ndt needd to be as Lwge as the
vertical motor, as it only needs to move the leg in and out.
OF course, the appeoomately 2:1 ratd in the Lbracket
requires twaice a5 much force from the actuator, but the
horizontal movement is also twice as much. When the
actuator 15 at full extension, the longest part of the Lam 5
forded honzontal and aliows the V actuator 10 draw the leg
upward to a compact stowage configuration, That is the
roason for the Z in the honzontal piece — to afow the top of
the keg to be pulied dose to the robaot’s body.

The third of the Odex's actuator matars 5 the swang
actuator. Since the Odex has a arcular arrangement foe its six
legs. cach of the legs cannot swing fore and aft at the same
rate o amount a5 5 done by the legs in a typecal héxapod
robot with a rectangulsr leg arrangement= theee by three. It
depends on whach deection the robol 8 commanded 1o
go and where the legs e onented at the point of the
command. Again, the € & smaller motor than the wertical
M0, 45 it Goes nat confront fordes a5 great as the Eting
forces and, in Fa¢1, 1 the same type of motor used o the
extension actuatoe. From an mformational drawang, 1 also
Appeas 1o have a 37 gear arrangement.

The initadl peototypes uted external power through a tether,
but the dessgn team desired sell-contaned pawer in the final
model. With some of the kung capaates in mind and
the motors sefectad, S1eve deaded 10 use a 24 volt, 25 AHr
arcralt battery to cul down on wire <2es and be able 1o ute
boweer currenl drever Gircurtry. Placed how down in the central
canly, Ihe baltéry added Bt wesghl rélatne 10 115 pdvwer
capacty. With the great force capatsiities of the Odex in mind,

A
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it is amazing that the robot ondy required 450 watts in active
mode and 2 watts n the stand by mode, For the initial concept
gdemonstrator, the aircraft battery suppled all the power Steve
required. Even 50, the battery had to be recharged after an
hour’s use. Later vers:ons used different batteries and these
déberent chemstnes browght greater capacihies

With the physcal charactenstics and owerall leg design
completed, Steve was now faced with an cven larger
problem. There was no way that an operator coukd toggle 18
DPDT polanty reversng swilches queckly of a<curaledy
enough to be able 1o contrl the Odex through a simple
senies of movements. Just for a leg 1o mowe forward for a
sngle step, af three motors must be used. Even for the Odex
W0 twirn on it ans, overy leg cannol ust turn on its swang
molorn a5 the length of each leg changes from a radii 10 a
tangentud distance, all of the legs would have to extend a bat
just 1o kiep the feet at the same points

Computér control wat réequeared wath A0Curdie encoder
tepdback. The was i the days before miceodontrollers
costed and only 8 and 16Dit microprocessors were
avaiable. As a mechanical engineer, Steve enlisted the help
of Robert Drap (Fgure 2) to develop the software reguinsd
and o select the computér hasdware, Robert chose the Inted
8086 processor used in the fest IBM PCs. The "Odex
Operating Systéem,” as it was later calied, was an embedded
type Ol real time prodesung package,

Robert had been in charge of solftware development al
NASA's Johnson Space Center (J5C) in Houston, TX. Much of
s Dackground had 1o G0 vath méchansm control — gréat
expenence for a new style of walkng robot. After 3 stint a1
JSC, he did some contract software engineering for Hughes
and other ckents before making the move to Odetxs in 1982,
He immedately began working wath Steve on the Odex
prosect o develop the gaits and walking algonthms,

Fobert explaned to me that the Odex Operating System
consisted of a core of highly optimzed B086 assembiy
language primitees. These prmitives were “threaded”
together 1o function in 3 multi-lasking operating system in a
sngle 8085 CPU to control the Odex robotl. The coce
primitives provided the Bbrary for all aspects of the software
envircnment, indluding multiple mains, iMerupt sericing,
dlgonthm processing, /O devce drwvers, communcation
quewes, as well as an embedded compder and assembler,
When the core pnmwives were threaced together, the
operating system became layered into the application. The
1o1al obiect code size was 48X bytes, The communications
link for the remote control was an FM telemetry radio that
used FSX modulation with an Intel HDLC communications
controler, They used 6809 processors in each leg servo and
implemented PID servo loops for the actuator motors

We have peocessors these days that are so fast and can
address so mch memory that desgners of today do not
havwe to squeeze every bit of protessing power out of
modern chips. 1t was a litthe bt different 20 years ago for the
Qdetics team, Much like the NASA Apalo command madule
and the lunar excurson module computers that operated
with as lttle as BX bytes of memory, Odex performed its



algonthms with 48 KB of memary in real time on an 8 MHz
80856, There was no remote mainframe of minicomputer
invohwed in algorithm processing, Bike there was with SRI's
Shakey, which | wrote about in the April 2004 wsue of
SERVO. This software impressed many people of the 19805,
inchuding the Smithsonan Institution.

To perfect the required gaits, the team decided to
suspend the base and articulators abave the flooe for ease of
cbserving the cifferent motions. Just as with most hexapod
robats buill by expermenters today, the Ocdex uses a tnpod
gait. To move forwaed, the robot pecks up theee leégs, which
are arranged in 3 triangle. and moves them forwaed as the
other three legs remain touching the floor and mave in a
tranghe reanvard, With computer graphics in color (not bad
for 19805 XTs and ATs), it was casy to see if Al the articulators
wWere in Sync and provided 3 great debugging tool. They called
the three articulator legs that moved forward “trandators™
and the three load-carrying kegs 4l on the floor “drokérs.”

When Odex was perfected, it was able 1o walk through
cpenmgs 85 narrowy 35 21 inches. It could chimb steps as high
as 33 inches each. It could fold sl Inlo a compact,
“tuckied” foem only 48 inches high by 27 inches wide at the
base. At full speed, it could walk as a5t as 3 person’s brsk
pace. in the "1al" peofile, it could rase itsell 1o 78 inches in
height. 11 could actually walk wath ns articulator begs spread
out 10 72 inches between bag tips and s heght only 36
inches above the floor. 1t could it 2,100 pounds with all legs
on the flooe or carry a koad of 900 pounds at nonmal walking
speed. We usually think of the typecal industrial robot that |
mentioned earber as being farly weak {or sts weight. It might
have a light mass at the end effector, but it can move
that wesght — be it a welding head or pamt sprayer — very
quckly and accurately. Odex was fas!, accurate, and capable
ol really carrying a very g load.

Needless to say, Odex didn't go up 10 a set of staws or
the back of a truck bed and just dimb in like 3 giant spider.
The operator at hs control panel pedestal would enter an
algonthen mode for the particular articulator, which was
numbered from zero 1o five for operator identification from
a distance. Many demonstration “feats” were choreographed
ahead of tme by having the operator examine distances,
areas, and heights beforehand and dial in articulators and
mations on thumb wheels on the contred panel. A simple
ystick on the control paned was all it 100k 1o control the
Odex in traversing mode with the direction of the tilt of the
poystck corresponding to Odex’s mation,

After development and testing over a penod of 18
months, Odelics put cut feelers for potential users. After
so0ing cemonstralions al vanous locations, many customers
came 0 Odetics first, NASA was quite interested, as was
the Department of Energy, who considered the Odex for
hazardous nuclear power plant applcations. The Savannah
River Labs of the DOE made use of a second version — Odex
2 — and made severad significant changes to it. An Odex 3
model that was significantly more powerful with extendible
degs was sold to the French CEA = their version of our Atomic
Energy Commission. This unit was cable<controlied and also
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derved its power through the cable.

in my opimon, ndthing has yet 1o come cose to the
Odetics Odex series in terms of versatile walking robots. Yes,
modern computers running 400 times as fast with 10,000
times the memory coukd allow the Odex 1o do even more
amazing things. New accelerometers, it sensors, GFS, and
gyros added o a modern package could do wonders. There
15 0 doubt in my mind that these machines would create just
as much awe today as they did two decades ago, without
ary modern additions. Odetics should be commended for
siricng out on its own 0 create suwch an amanng proaf of
concept machine as the Qdexs. SV

A SPECIAL THANKS

I wis particolerly asheactoned to find out that Steve Bartholet had |

| padsed away from brain cancer in 1999, | would Mg fo deahcsle bhs
| grtiche [ his memary, It was i ingpiration thal brocght the Oclex (o We
| and e was very Concial 1o me when, In 1981 he geve his valabic time
80 thom e the Iwo Odexs and talk sbout thewr development. Mary
Rudsell who was Director of ngineering and Jool Sutsky, then the
| Presigent of Oetics, S0 Spent & Iof Of time with e in 1983 and | thank
| them. | am alio indebled 1o Joel who s now President of lieris, Robert
| Brap, co-cieveioper of Odex (roftware ), Ginny Tayior and Cathry Stcper of
immrmmmnﬂmmmmmmw
| o helesng oo On B prcsect. These peopie combed Ehroaah many files
| and heloed me chate dowmn the poopie [ noecied to speak with.

Looking for a Little

www.robodyssey.com
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