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Problem-solving in laboratory 
automation 
Michael R. Kozlowski 

The presence of automation and robotics in the 

laboratory is becoming increasingly common. The use 

of these new tools is not, however, without its 

problems. For example, the first-time user is faced with 

the problem of how best to introduce automation. Even 

the experienced user may face recurrent, nagging 

problems in the use of automation. This paper discusses 

a range of problems that may be experienced by users 

and managers of automation, from the neophyte to the 

expert, and offers suggestions for practical solutions. 

T 
he application of automation and, in particular, 

robotics to laboratory operations offers man} ben- 

efits, including increased productivity, lower costs 

and higher reliability of experimental data 1. In 

some types of research, such as empirical drug discovery 

(e.g. high-throughput screening), automation can be indis- 

pensable 2. Many other research disciplines, such as combi- 

natorial chemistry3G molecular biology 5 and clinical diag- 

nostics 6, are also embracing  the use of automation.  

However, besides the benefits that automation brings to the 

laboratory, it also brings a unique set of problems. These 

can be daunting to the bench scientist or laboratory man- 

ager unfamiliar with the use of automation, and trying for 

even the experienced user. This paper  will discuss some of 

the more common problems and attempt to offer practical 

solutions. 

Arguably the most problematic aspect of automating lab- 

oratory procedures is the initial introduction of automated 

instrumentation to the task. Some of the most important 

decisions must, unfortunately, be made early in this process, 

and incorrect choices can lead to persistent problems in the 

laboratory and beyond. Three important decisions that must 

ahnost always be made are: 

• what to automate 

• how fully to automate it, and 

• what type(s) of instruments to employ. 

Which tasks to automate  

In considering the first decision, which tasks to automate, 

one should keep in mind that almost any laboratory pro- 

cedure can be automated if there is sufficient motivation, 

time, talent and money. For some tasks, the requirements for 

these commodities may be very high, but even then it may 

be prudent to proceed with automating if the benefits of 

automation are sufficiently great. It is crucial, therefore, to 

be able to estimate how difficult a task will be to automate. 

There are some general predictors of difficulty in auto- 

mation that can help in making a reasonable estimate. One 

'warning sign' is the degree to which discretion must be 

exercised in the execution of a task. The current state of 

robotic programming does not allow for much flexibility in 

the performance of tasks. If there are variables associated 

with the task (e.g. pipetting depth or speed, amount  of mLx- 

ing required, optimal duration of the assay), then automat- 

ing the task will be difficult. Another 'red flag' to easy 

automation is lack of robustness in an operation. A robot 

will not have the 'touch' of a good laboratory scientist. If, 

therefore, small changes in assay parameters (e.g. volumes, 

temperature, etc.) will greatly affect the results, the difficuhy 

of attempting automation is increased and the chance of 
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ultimate success small. If the task will not tolerate a small 

loss in precision or accuracy, it might also prove challenging 

to automate since there may also be  a decrease in the preci- 

sion or accuracy of measurements  from the automated 

assay. This decrease is not due to the automated equipment  

(e.g. pipetters being less accurate than the manual variety). 

Instead it is due to mistakes occurring during the perfor- 

mance of the task, which a scientist would correct but which 

an instrument might not. In the case of pipetting, this might 

be improperly filled tips or carried drops. A complicated 

procedure is also generally more difficult to automate. If, for 

example,  substantial manipulation is required to perform 

the task (e.g. removal of filters from filter-bottom plates or 

bagging of samples), automation may be unusually difficult. 

If it appears  that a task will be difficult to automate and 

one still wishes to proceed, certain pilot studies can be done 

to establish the probability of success. In the most trivial 

case, and assuming suitable equipment  is available on-site 

or can be supplied on a trial basis by a vendor, a direct test 

of automation of the assay can be undertaken. If empirical 

testing is not an option, another way of establishing whether  

a task can be automated is to try performing the assay in the 

same way that a robot would. This can be accomplished by 

having the task done by someone  unfamiliar with it, guided 

only by a written protocol. Manipulations made by this per- 

son should involve the thumb and forefinger of one hand 

only, whenever  possible, to approximate the capability of a 

robotic hand. While this test of ease of automation is sim- 

plistic, it can be effective in identifying potential trouble 

spots, Finally, one may rely on past experience to judge how 

difficult a task will be to automate. If such experience is 

not available locally, it can be obtained through auto- 

mation consultants such as Consultants for Automation 

and Robotics in Drug Discovery (CARDD; e-mail: 

Discovery4@aol.com), or through organizations with 

automation expertise such as the Society for Biomolecular 

Screening (SBS, 36 Tamarack Ave, Suite 348, Danbury', 

CT 06811, USA). 

How fully to automate  
The second question, how fully to automate a task, may 

occur in two different contexts. First, after it has been  

decided that a task is amenable to total automation as dis- 

cussed above, one should still ask whether  it is beneficial to 

automate all of the steps involved in the task. The underly- 

ing question is whether  the time and expense spent in 

automating a given step in a procedure is justified by the 

savings that will result from its automation. This point can be 

illustrated with an example. Suppose that a given microtiter- 

plate-based assay involves a number  of steps, each of which 

can be accompl ished  at s tandard au tomated  stations 

between which the plates are passed by a robotic arm. 

Automation of the final step, however, requires the purchase 

of a specially designed quantification instrument (e.g. a 

luminometer or scintillation counter) that is able to interface 

with the robotic arm. This instrument is expensive and is not 

accessible to other (e.g. manual) users because of its special 

design. Given these conditions, it may be more efficient sim- 

ply to have the robotic arm place the plates into a rack 

before this final step and then have a scientist load them into 

an available manual instrument. The question of gain in effi- 

ciency through automation should be asked of each step in 

every procedure that one intends to automate, just as it was 

asked of the procedure as a whole. 

Alternatively, if it is decided that a task is too difficult to 

automate completely, automating parts of it may still be sen- 

sible. Thus, if an assay has both rote and variable steps, it 

may be advantageous to automate the rote steps while leav- 

ing the performance of the variable steps to the scientist. 

The same applies if some of the steps require unusual 

manipulations. By constructing a flow" chart of the task 

showing both the automated and the manual steps, the ben- 

efits of partial automation can be determined. For example,  

if with partial automation a scientist is required to attend to 

an instrument every five minutes (e.g. to move microtiter 

plates) and is thereby precluded from accomplishing other 

work, this partial automation may not be efficient. On the 

other hand, if the instrument accomplishes a step during its 

five-minute cycle that would require 15 minutes to do manu- 

ally, then partial automation may be effective. 

What type of automation to use 
The final question in the introduction of automation into the 

laborato W is what type(s) of instrument to employ. Over the 

past five years the number  of suppliers of automated lab- 

oratory equipment,  including robots, has increased dramati- 

cally. Although this wealth of suppliers is positive in terms 

of offering variety and encouraging suppliers to continually 

improve their instruments be'cause of competition, it makes 

the choice of the 'correct' instrument more difficult. In 

choosing an automated pipetting station, for example,  there 

are over a dozen alternatives, many of which have similar 

characteristics (e.g. x-y-zarm, nmhipipetting capability, menu- 

driven software, etc.). With this number  of alternatives, a 
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side-by-side comparison becomes impractical. Similarly, the 

number  of choices of robotic arms is increasing. To compli- 

cate matters further, a number  of 'unitized' automation sys- 

tems are also now being offered 6r. These systems are com- 

posed of automated stations already integrated with a 

robotic arm (e.g. a 'pick and place'  robot to move samples 

between stations) and supplied with proprietary software. 

These can be contrasted with 'component '  systems in which 

each automated instrument, as well as the robotic arm, 

might be purchased from a different supplier and then inte- 

grated into a single system 8. 

There are a number  of practical steps that can be taken to 

help choose the best automation solution. When deciding 

which system is best, both hardware and software should be 

considered. First, one should make sure that any system 

under consideration can actually accomplish the required 

operation. This means seeing the actual task performed suc- 

cessfully on the actual instrument. The supplier should be 

able to arrange to have a 'demo'  instrument brought in for 

you to use, or for you to visit the site of an operational 

instrument. Never assume that an instrument can perform a 

desired operation just because other people  have done 'simi- 

lar tasks' or because the documentation indicates that it 

should be possible. 

Second, the question of user friendliness must be  

addressed. Any automated instrument will require some 

user intervention. This may consist of changing the pro- 

gramming to accommodate  modifications of the task, rou- 

tinely adjusting the programming to correct for 'drift' or 

wearing-in of the instrument, fixing instrument crashes or, 

ultimately, programming the instrument for new tasks. It is 

naive to expect that all of these functions will be carried out 

entirely by others (e.g. contractors) and will not require any 

attention of the operator. 

User friendliness can be established in a number  of ways. 

The opinions of other users or consultants should always be 

sought first. Information from the instrument supplier, par- 

ticularly a demonstration of the use of the equipment,  is also 

helpful. The best method is to gain practical experience with 

the instrument before purchasing it. Most suppliers of instru- 

mentation offer training for new users. When a decision has 

been  reached on the purchase of an instrument, it may be 

wise to undertake the training before the actual purchase. In 

this way, the question of user friendliness can be answered 

directly. If the instrument's user interface is unsatisfactory, 

the only loss is a modest  amount of time and money. A 

much greater penalty is incurred if the discovery that the 

instrument is difficult to work with is made after the pur- 

chase. 

A third criterion for selecting the best instrument is adapt- 

ability to other tasks that it may be required to perform. 

Seldom do laboratory operations have a sufficiently long 

life that an automated instrument will be used for only one 

task. In an industrial setting, projects start and end, often 

abruptly. 

Furthermore, once an automated instrument, particularly 

a robot, is on site, other applications for it are usually found. 

These additional or alternative uses need to be anticipated 

before the purchase. For example,  after it has been  estab- 

lished that a system can successfully accomplish its primary 

task, demonstrations of other capabilities of the system 

should be requested, particularly those relevant to other 

tasks being carried out in the department,  even if there is no 

immediate need for their automation. The availability of 

both unitized and component  systems as alternatives for 

automation was mentioned earlier. Often, anticipating alter- 

native uses of an instrument is the deciding factor be tween 

these two types of system. 

Unitized versus component automation systems 

Uni t ized systems, as the name impl ies,  are p rov ided  as fu l ly  

integrated instruments with most or all components  pro- 

duced by a single supplier. They often include storage racks, 

a liquid handling station, an incubator, various types of plate 

readers, a robotic arm (often on a track system), and menu- 

driven software. The requirement for the successful use of 

one of these instruments is that the task can be accom- 

plished with the stations available from the supplier, and 

using the existing preprogrammed steps. A major advantage 

of unitized systems is that they are fast to set up and offer 

friendly user interfacing. Some of these systems can be 

installed and functioning the day after they are received. 

Their major drawback is that they are not as adaptable to 

new tasks; especially tasks not anticipated by the designer. 

Although non-standard stations or programming steps can 

be added to a unitized system 1, it is certainly more difficult, 

and the result less satisfying, than adding functions to a sys- 

tem built up from components.  Unitized systems are also 

generally more expensive than component  systems because 

of the investment that the supplier has made in integrating 

the parts. 

Assembling a system from components  may involve 

obtaining a robotic arm from one supplier, a pipetting sta- 

tion from another, an incubator from a third, and then 
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integrating them, or having them integrated, into a single 

system. This type of system can have several advantages 

over the unitized system. First, since it does not need to 

come from a single vendor, the best instrument can be cho- 

sen for each component  of the system. For example, the 

best manufacturer of robotic arms may not produce the 

finest pipetting stations. In a unitized system one might have 

to settle for a suboptimal pipetter in order to get the best 

robotic arm, but with the component  system the best of both 

platforms can be had. Second, a component  system is more 

easily expandable. New stations can be added at will with- 

out having to depend on a third party to build them, inte- 

grate them into the system, or write the appropriate pro- 

gramming for their use. Finally, the component  system is as 

flexible as the operator is clever, although this advantage is 

also the main drawback to this type of system. The operator 

must be capable of programming the system and of inte- 

grating the different parts or, at least, of overseeing these 

processes. This generally means that these systems require 

more time and labor to be installed and reach functional sta- 

tus. Generally, the suppliers of the individual components 

can aid in this process. For example, suppliers of pipetting 

stations often have experience in interfacing them with a 

number of robotic arms. 

A growing trend is the availability of systems that might be 

considered hybrids between a component  system and a uni- 

tized system. Such a quasicomponent system might consist 

of a robotic arm from one manufacturer combined with 

automated instruments made by a number of other suppli- 

ers but modified to interface with the robot, and tied 

together by a proprietary software package written by the 

actual vendor of the system. These systems can become 

almost as flexible as the true component  system as the ven- 

dors integrate more and more instruments and robotic arms 

using their proprietary software. These systems require 

more user intervention and time spent in setting them up 

and learning how to operate them than the unitized systems, 

but not as much as the component  systems. Likewise, they 

are intermediate in flexibility between the other types of sys- 

tem. An advantage of this type of system over the other two 

is that experts have selected the components from among 

the best available and already integrated them in an efficient 

manner. There is, of course, a price to be paid for the use of 

their expertise. 

Unitized systems are generally preferable if the tasks to 

be performed are longqived, if future tasks are likely to be 

of a similar nature, if the procedures do not involve unusu- 

ally complicated steps, if rapid set up is required, or if one 

does not wish to become too involved in the automation 

process. 

Component systems are usually better for short-lived, 

diverse, or complicated tasks, due to their greater flexibility. 

They will also generally be less expensive. More time and 

effort will be involved in the installation of component  sys- 

tems, and in using them. There is generally a return on this 

commitment, however, in enhanced appreciation of the 

capabilities, and limitations, of automation. For tasks that are 

intermediate in either lifetime or complexity, a quasicompo- 

nent system may be best. Even for diverse and complex 

tasks, a quasicomponent system may be superior for less 

experienced users of automation. 

Software considerations 
In addition to the user friendliness and flexibility of the 

hardware, the software should also be assessed for these 

same qualities. Most software is now written in high-level 

languages that only require one to 'click' buttons or enter 

values in order to develop automated routines. This makes 

learning the use of automation easier. The drawback is that 

only the steps programmed onto the buttons or into com- 

mand lines can be executed by the user. Other systems are 

programmed in a computer language or similar looking type 

of code. These systems require more time to learn but offer 

more flexibility in how the instrument may be used. The 

decision as to which type of language is best depends upon 

the complexity" of the tasks being programmed as well as 

upon the experience of the user. For simpler tasks and/or 

less experienced users, the high-level languages may be bet- 

ter. Advanced programming features such as scheduling and 

multitasking should also be considered. Scheduling pro- 

grams allow for the most efficient use of the robotic system. 

In a microtiter-plate-based procedure, for example, the 

steps required to process a single plate, as well as the num- 

ber of plates to be processed, are entered into the program. 

The program then determines the most efficient method of 

processing the plates. This will often involve staggering the 

starting and finishing times of the plates. In addition to a 

gain in efficiency, scheduling can also improve the results 

from the procedure by eliminating the long delays that can 

occur when operations are performed in a batch mode. 

Multitasking programs allow a number of procedures to be 

run on an automated instrument or system at the same time. 

Thus, if a robotic system is running a task that has a long 

pause (e.g. an incubation step) in it, another task can 
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be undertaken during this free period. Since obtaining 

these features can entail additional expense, it should be 

considered that, although these programming features will 

be beneficial to any user, they will be of most use to those 

with more experience in automation, or with more compli- 

cated tasks to perform. 

How to build the automation team 

As with any laboratory function, automation needs over- 

sight. The equipment  will need to be installed, programmed,  

adjusted, maintained, serviced and upgraded. In addition, 

new automated equipment  will probably need to be added 

over time, and this will have to be integrated with the exist- 

ing system. There are a number  of options for accomplish- 

ing these functions. The first is to rely on contractors. This 

approach may work better for unitized systems. Its advan- 

tages are that no expense is incurred unless one of these 

functions needs to be performed and there is no need of 

increased personnel within the group. The disadvantages 

are that contractors are expensive (high overheads), not 

always immediately available and relatively unfamiliar with 

the tasks being automated. This last disadvantage is of the 

greatest concern. Familiarity with the task is, as we have 

seen, necessary in selecting and applying automation. 

Likewise, familiarity with the task is helpful in keeping it 

functioning properly under  automated conditions. For 

example,  one task that was automated in my laboratory 

experienced intermittent failures. The service person for the 

automated pipetting station being used for this task checked 

it over thoroughly and found it to be performing properly. A 

scientist familiar with the procedure analyzed the failure 

from a biological perspective and was quickly able to diag- 

nose the problem as a reagent being carried over by the tips 

used by the pipetter. 

A second support  option is to assemble an in-house 

automation group. Ideally these people  should have a sci- 

entific background. The advantages to this approach are 

rapid response to automation needs and problems, some 

familiarity by members  of the team with the tasks and pro- 

cedures involved, and the ability to use the group as a core 

resource. The members  of this group can concentrate on 

automation and thus gain the experience and training to 

become experts. In addition, the expense of maintaining the 

group can be divided with other departments that share the 

use of automation. The disadvantages to this option are the 

increased expense, because the automation team members  

are employees  and, again, the unfamiliarity of the auto- 

mation team with the tasks being automated. This latter 

problem is less severe than when  using outside contractors 

because the team members  will have more access to propri- 

etary information and to the scientists performing the task, 

but it can still be substantial. There are numerous examples 

of non-functional equipment  that was built or purchased by 

automation experts who  had spoken with the appropriate 

scientists and thought that they understood the tasks for 

which the equipment  would be employed. I can think of at 

least one such non-functional instrument that stood for 

many years as a monument  to this type of error since it 

weighed several hundred pounds and could not be  moved  

through a normal doorway. None of us would like our 

names inscribed on such a monument.  

A third and, in my opinion, preferred method of building 

an automation team is through cross-training. In this case, 

some of the scientists who  perform the task are also trained 

to be automation specialists (or vice versa). The disadvan- 

tages to this approach are that: 

• extra training must be given to the scientists who will be  

involved in automation; 

• these scientists, because of their other duties, may never 

become true automation experts; 

• talents in science and in automation are not necessarily 

correlated. 

Thus, care must be exercised in selecting members  of 

such a group. The advantage to this approach is that, 

because of their familiarity with automation, scientists are 

quick to apply it to their procedures. Programming a pipet- 

ting station becomes  as routine as using a manual pipetter. 

As an example of this, my group was charged with a large 

one-time task involving pipetting. Instead of performing it 

by hand, which would have been very time-consuming, 

they were able to quickly program an automated pipetting 

station to complete the task. This approach also leads, in 

many cases, to better ideas about how" to automate a task 

since the scientists have a good acquaintance with both the 

task and the equipment  available for automation. 

Problems in the routine use of automation 

Once the automated instruments have been installed in the 

laboratory and the automation team is in place, the real fun 

starts. As with any complicated and sophisticated undertak- 

ing, unexpected problems can occur. This can happen  even 

when  the automation has been carefully applied to a task 
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Figure  1. A robotic arm (XP TM robot, Zymark Inc., 
Hopkinton, MA, USA)placing a microtiterplate onto 
an improvised filtration station (see text for  details). 

F igure  2. The same station as in Figure 1, with the 
robotic arm shutting off the vacuum by changing the 
position of  a three-way valve attached to a pipet. 

F igure  3. A device for  allowing a microtiterplate to 
be pu t  into a horizontal rack in a vertical orientation. 

because running in pilot mode  and running at full through- 

put place different constraints on the system. The three most 

common start-up problems are: 

• discrepancies in results obtained with manual operation, 

• 'crashes', and 

• the 'you can't get there from here' dilemma. 

These problems can also occur sporadically in automated 

tasks even after months of trouble-free operation. 

Discrepancies in results be tween running the task in an 

automated format and performing it manually are often 

found after sufficient amounts of data have been collected. 

These are usually caused by seemingly insignificant differ- 

ences between the two versions of the task. If this problem 

occurs, the most straightforward solution is to examine the 

effect of automation of each step on the final results of the 

procedure. For example,  starting with the fully automated 

version of the task, a single step can be done manually and 
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the effect on the results observed. This can be repeated for 

each step until that step is found which, when  done manu- 

ally, causes the results to agree with those of the completely 

manual procedure. The reason why automating this step 

changes the results of the task can then be determined. 

Variations on this theme can also be employed.  Common 

causes of these types of discrepancies are variation in incu- 

bator temperatures or tolerances (if different incubators are 

used for the manual and automated procedures),  different 

volumes being pipetted (never trust an instrument to pipet 

the amount  it says it will), changes in the order or duration 

of certain steps in the procedure,  and interactions of 

reagents with instrument components.  

Crashes can be defined as unanticipated events that make 

it impossible for the instrument to complete its task success- 

fully. These are the easiest problems to handle. Most crashes 

occur early in the implementation of automation and result 

from 'user error'. They can usually be avoided by automat- 

ing a procedure in small stages, rather than in one fell 

swoop,  and observing the effect of each increase in auto- 

mation on the performance of the task. Later crashes can be 

caused by normal wear on the instrument. For example,  

rack positions on a pipetting station or robot movement  

coordinates may drift over time, eventually producing an 

instrument failure. This type of crash can be avoided by 

periodically checking the alignments of the instruments. 

Visitors to the laboratory can produce crashes by inadvert- 

ently altering the positions of automated stations (i.e. bump-  

ing into things). This type of crash can be prevented by 

checking equipment  positioning after visits by tour groups, 

service people,  etc. 

Often crashes can be fixed through operator intervention. 

In programming a system, it is usually a good idea to insert 

commands  that cause the system to check on the perfor- 

mance of a task and pause, but not terminate, if an error is 

detected. This gives the operator a chance to correct the 

problem and then continue the operation rather than having 

to restart the procedure. For example,  when  a robotic hand 

is required to pick up a plate, a checking step can be 

inserted to make sure that it has done so. If the operation 

has not been  completed successfully, the robot can pause 

and wait for the operator to correct the situation. In some 

cases the robot might be programmed to re-try the task 

before pausing. Some platforms terminate their operation 

when  an error is detected. Getting the procedure to con- 

tinue after the problem has been  corrected can be exceed- 

ingly difficult with these systems because it often involves 

altering the programming to initiate the task part of the way 

through. In order to minimize the effect of crashes that occur 

when  an instrument is not being observed, such as outside 

normal working hours, a 'babysitting' system should be 

installed. These systems monitor the operation of the instru- 

ment  and detect any pauses, usually as missed switch clo- 

sures ( 'button pushes').  When a pause occurs, the babysitter 

alerts the person who  is 'on call', often by phone or through 

a pager. More sophisticated systems are being designed with 

additional remote capabilities that may allow correction of 

some problems from off-site (Visualan, e-mail: bwatson@aim- 

net.com). 

The 'you can't get there from here' di lemma occurs when  

a particular piece of equipment needed to perform part of a 

task is not available. Even in the best case scenario, in which 

the equipment  exists elsewhere, obtaining it involves delays 

and expense. In the worst case, the equipment  might need 

to be designed and built at an even greater expenditure of 

time and money. For example,  in an automated procedure 

being run in my laborato W, the insertion of a filtration step 

was needed. No device was available that could perform 

this step for the robotic platform being used. In another 

case, the orientation of plates on an automated pipetting sta- 

tion needed to be changed from horizontal to vertical. 

Although a device had been developed to perform this 

operation, there would be a long delay in obtaining it (it was 

not off-the-shelf) and it was relatively expensive. 

When these types of problems occur there are at least four 

possible solutions. The first is to try to perform the task in 

another way. For example, it might have been possible to 

replace the above filtration step with centrifugation and 

washing steps, for which equipment  was available. The sec- 

ond is to try to adapt available equipment  to the task. For 

example,  a robotic arm can be used as a mixer by program- 

ruing a number  of short, jerky movements.  I don't  recom- 

mend  this approach. A third solution is to buy or have built 

the necessary equipment  and absorb the delay and expense. 

This option may not be practical for smaller companies,  

which have smaller budgets and shorter time lines. A fourth 

possible solution, and the one that I recommend,  is to 

improvise. 

Devices were built in-house to solve the problems men- 

tioned above, as well as others, and have been described in 

detail elsewhere 1. They were constructed with the most 

basic of materials using a few simple tools. The filtration sta- 

tion, built from a dot blotter (Bio-Dot TM, Bio-Rad, Hercules, 

CA, USA), empty  pipet tip racks, hanger wire (for robot 
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'friendlies'), tubing, a three-way valve and a pipet, was 

assembled  and operat ional  in a few hours.  A robotic arm 

places the plate onto  the dot  blotter using the hanger-wire 

friendlies as locators (Figure 1). The robot  arm then rotates 

the three-way valve by pushing the at tached pipet  to direct 

the v a c u u m  to the blotter. After filtration, the valve is 

re turned to its original location to release the v a c u u m  

(Figure 2) and the plate is removed.  The device for altering 

the orientation of  plates on  a pipetting platform was  built 

f rom two microtiter plates and a pipet  tip rack cover, and 

took  only minutes to construct. These 'guides '  are placed in 

the rack of  the pipetting platform in the normal  horizontal 

orientation, but w h e n  in place form a vertical rack (Figure 

3). They  can be installed and removed  by a robotic arm just 

as ordinary microtiter plates wou ld  be. 

There are several advantages  in being able to build simple 

devices quickly and inexpensively to solve automat ion 

problems. The first is the obvious  savings in time and 

money.  A second  is the greater flexibility that this allows: 

one  can assemble a system to a c c om m oda t e  the optimal 

configurat ion of  the task rather than trying to alter the task 

to fit the system. A third advantage is that one  can try vari- 

ations in a task that might  not  be under taken if the delay and 

expense  of  purchasing special equ ipment  was a factor. This 

is a great b o o n  to optimization of  the task. 

There are also disadvantages to building one 's  o w n  

equipment .  The first is that improvised equ ipment  is often 

not  as reliable as that des igned and built by  commercial  sup- 

pliers. The second  is that it requires a 'tinker' attitude that 

not everyone  possesses. Help in this area can be obtained 

from consultants, organizations with expertise in auto- 

mation, and companies  (or groups  within one ' s  organiza- 

tion) with scientific engineering capability (e.g. Tomtec Inc., 

Orange,  CT, USA). Finally, the resulting creations can be an 

eyesore  w h e n  giving tours of  one ' s  state-of-the-art auto- 

mat ion facility. The advantages  to improvisation, in my  

opinion,  greatly outweigh  these disadvantages.  

General comments 
Automat ion  in some form is likely to be involved in 

most  aspects of  laboratory work  and, thereby, the life o f  

most  scientists at least until the next  innovat ion comes  

along. Because of  this, it is important  for laboratory person-  

nel to gain some measure  of  familiarity and comfort  with its 

use. This paper  has a t tempted to aid this cause by address- 

ing some of  the more  c o m m o n  problems associated with 

the use of  automat ion and offering suggestions for their 

solution. It is h o p e d  that these ideas will embo lden  the 

automation neophyte  and give heart to the exper ienced user. 
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