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One may program the robot using 

coordinates and its own control lan
guage, or one can teach it, by moving 
the hand through a series of control 
points which the software is then in
structed to remember. There is some 
drift in the robot's precision over 
time, and it may be necessary to re
teach the machine at fairly widely 
spaced intervals--or if someone blun
ders into the setup and shifts the 
relative positions. 

The user must remember, though, 
that the robot is dumb and blind
depending instead on very precise 
positioning of everything it touches . 
And a number of factors can influ
ence the robot's precision . Positioning 
accuracy, for example, is inversely 
proportional to the moments on the 
robot's arm. Thus, the heavier the 
robot (or its payload) and the faster it 
moves , the harder it is to maintain a 
given level of precision and the more 
power the robot demands. 

WHAT IS A 
ROBOT? 

A robot's body determine the shape of 
its workspace and many of its perform
ance characteristics. The mo t common 
forms for laboratory robots are the cylin· 
drical (Zymate) and the revolute (Master· 
Lab). The construction of the robot's 
wrist governs the ample' orientation
roll, yaw, and pitch-though most robot 
wrists allow roU only, or roll and pitch. 

In general, laboratory robots are 
rated on two kinds of precision: accu
racy, the ability to find a pre-pro
grammed position ; and repeatability, 
the ability to return to the same posi
tion on each cycle. Accuracy is typical
ly within 2-3 mm and repeatability, 
l-2 mm. 

Robomation can also make special 
demands on laboratory design. 
Though smaller than people, robots 
demand more room. A robot for ster
ile work must fit entirely within the 
protected environment, necessitating 
a clean space larger that the glove box 
a human would find convenient. And 
the automata in general need more 
workspace that humans. Zenie esti
mates that 80 percent of his custom
ers need benchtops 3 X 6 ft or larger. 

Robot Senses 
Right now, laboratory robots need, 

at most, but rudimentary senses-
feedback from resistance in their ac
tuators to tell them whether they have 
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Top-down programming. An elegant ro
botic program, like an elegant computer 
program, is an economical hierarchy of 
nested procedures. (S. S. Jones, et al., 
Genetics Institute) 

indeed picked up a test tube, or 
whether a microplate is jamming as 
the robot attempts to feed it into a 
reader. Or perhaps a simple optical 
cell to confirm that the sample has 

Laboratory hand . pecialized grip~r 
for (left to right) gr1pping small n als, 
pipettin g, combination gripping and pi· 
petting, and large vial . (Zymark) 
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