
A small laboratory automation  system has been  developed  by 
using the I S M  5100 Portable Computer in conjunction with the 
Research  Device  Coupler.  This  compact  system  provides  a  ded- 
icated,  high-level-language  computer and a versatile data  uc- 
quisition and control  interface for experiments in which data 
rates do not  exceed 9600 baud. Two experiments  exemplify  the 
use  of  the system. 

The Research  Device  Coupler  described in this  paper  is  a  proto- 
type of the ISM 7406 Device  Coupler. 

The IBM 5100 and  the  Research  Device  Coupler- 
A personal  laboratory  automation  system 

by H. Cole and A. A. Guido 

Scientists  and engineers who  use  computers as  part of their  test 
instrumentation normally choose  an  event-driven  computer, 
such as  the IBM System/7,  or  they  interface  their  equipment to a 
time sharing  system,  such  as TSO.' In either  case, it  is necessary 
for the experimentalist to have  acquired skill in programming. 
With time sharing systems,  this problem is alleviated somewhat 
by the availability of high-level languages such as APL,  BASIC, 
interactive FORTRAN, and PLlI. However, time sharing systems 
often are not  responsive  enough or available over long enough 
periods of time. These limitations become especially noticeable 
with experiments in which run time is extremely long or the na- 
ture of the experiment  requires  a  dedicated facility (for  example, 
when the sample is destroyed during testing, as in gas chro- 
matography). 

For many experiments in this  class,  requirements  for  data  cap- 
ture  and  instrument interfacing can be met using a small com- 
puter  and  a functional data acquisition and  control mechanism. 
At IBM'S Thomas J .  Watson  Research  Center, we attached  a 
portable  computer,  the IBM 5100, to  the  Research  Device  Cou- 
pler, an instrumentation  interface, to create  an  easy-to-use labo- 
ratory  automation  system  for the individual experimentalist. 
This  paper  describes  two  experiments which have been operated 
successfully with the 5 100 and the  Research  Device  Coupler. 
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Figure 2 The  Research Device Coupler 

The hardware modules provide  for  system  communications, 
program storage, digital and analog input  and  output,  and  tape 
storage.  Except  for  the  system  communication module and  the 
program storage module (a loadable local sequencer),  the mod- 
ules can be used in any combination. Each module is indepen- 
dently  addressable  regardless of its position in the cage. 

The system  communication module permits  the RDC to be inter- 
posed  between  the  terminal  and its modem, and, in  essence, 
provides  an  input/output  bus  for  the terminal. No hardware 
change is required  in the terminal or modem. The digital input 
module permits  the  attachment  and  operation of digital devices 
such as multichannel analyzers and digital voltmeters. The digi- 
tal output module can be used to turn lines on and off in order  to 
control  such  devices as steppers, lights, switches,  and  motors. 
The analog input module contains  an analog-to-digital converter 
for  direct digitization of analog voltage signals. The analog out- 
put module produces  two voltage outputs, used most often to 
drive  graphic plotting devices. The tape  storage module provides 
for local storage of data  on a  tape  cassette.  In  addition,  the RDC 
can include a highway status module, which has  indicator lights 
for  each line in the  interface highway. Detailed module specifi- 
cations  are given in references 8, 9, and 10. 

The RDC is activated by messages, which can be generated in 
any high-level language. The messages are made up of an  opera- 
tion code  (any of five characters), a module address  character,  a 
function digit (if other  than  the default function is wanted),  and 
whatever string of data  characters  the module may need. Data 
can range from none  to  a long character  string,  as  for  plotter 



Table 1 Examples of parameters  that can be passed to input/output devices by means 
of shared variables 

Device addres5 

BASlC APL u s e  Direction Function 

A08 31 Command OUT Passes output  data across 
input/output interface 

A04 32 DATA  OUT Passes output data across 
input/output interface 

A02 33 DATA IN Requests data input via 
inputloutput interface 

Table 2 Partial list of 5100 command options 

Function format Meaning 

I/N 

OIN 

R/N 

A/A or B 

K/T, M, I, or S 

Set input  buffer size in bytes, N 1 3 

Set output buffer size in bytes, N 3 3 

Set input/output communications rate, 
20 5 N 5 9600.5 baud 

Select input  and output translation 
tables ( A  = APL, B = BASIC) 

Select mode; S is required for RDC 
operations 

output.  The five operation  characters  are: 1 (write), H (write 
with function digit to  follow), R (read), $ or, in APL, [ (write 
transparent), and Q (start program storage module). Any of 16 
characters  can  be used for module addressing,  and  the numerals 
1 through 9 are used for module function  selection. 

As an  example,  assume  that  a digital input module has  the ad- 
dress B, and that we wish to read  it using module function 1 (that 
is, we wish to  transfer  into  the memory of the 5 100 the  contents 
of some digital device cabled to  the digital input  module). The 
activating message would be RB 1 ,  which would instruct  the RDC 
to  read data from module B as directed by module function 1. No 
data  are needed in this message. Function 1 causes  the digital in- 
put module permits  the  attachment  and  operation of digital de- 
vices,  then places itself in the WAIT state until the  external  de- 
vice returns a ready signal, then  transfers the digits via its input 
lines,  through the system  communication module, into  the 5 100. 
Up to 64 lines (1 6 hexadecimal characters)  can  be wired in paral- 
lel into  the digital input module. The  user  can  preset  the number 







Figure 3 Magnetometer  experiment using IBM 5100 and RDC 
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The action of reading and  the  execution of the function  are  not 
performed until the  system communication module detects  that 
the 5100 is prepared to accept  data.  At  that  instant,  the digital 
input module transmits  a pulse to  the multiplexer, causing it to 
step  to  the first position. The module then places itself in a WAIT 
state.  Upon completion of integration,  the digital voltmeter gen- 
erates  a DATA READY signal which satisfies the WAIT condition. 
The input  data  are  then  transmitted serially to  the 5 100. 

The process is repeated until all three  parameters  have been 
read and the digital input module's preset  count is exhausted. At 
that time, the  system communication module generates  an  end- 
of-text  character, which informs the 5 100 that transmission is 
complete.  This simple operation is repeated  a  number of times at 
each  temperature  setting.  At  the conclusion of a run,  the  user's 
program analyzes  the  data,  and, via the RDC'S analog output 
module, generates  a  graphic display on  an X-Y plotter. 

In applications of this  nature,  the digital output,  process  inter- 
rupt, and digital input processing are all performed by the digital 
input module in the RDC. Thus  the 5 100 is relieved of these 
tasks,  and application programming is greatly simplified for  the 
user.  After  the  data  have been captured,  analyzed, and stored on 
the 5 100 tape,  the 5 100 can  be  put in terminal mode,  and the 
data and  results  passed on to a  larger  system for  further  analysis 
and  storage in a data base. 



photoemission The second example application is an investigation of photo- 
electron emission electron energy distribution. An  important tool for prob- 

energy ing the  interactions between atoms is analysis of the  energy  dis- 
distribution tribution of electrons  ejected from the material by the  absorption 

of light. Much information can be obtained by using soft X rays 
to  eject  the  electrons,  and  an  excellent  tunable  source of soft X 
rays is synchrotron radiation. The number of synchrotrons is 
limited, however,  and  the  experimentalist  must  travel  to them to 
set up his experiment and acquire his data. 

The key element in this  experiment is capturing  the energy spec- 
trum. Typically this is done by using a multichannel analyzer, 
itself a small, special-purpose  computer. Moving the  data from 
the analyzer to a  general-purpose  computer  for data analysis  can 
be accomplished with the RDC. When the RDC is used in con- 
junction with the 5100, the whole apparatus can be transported 
readily to available sources of radiation. 

operation As with the  magnetometer  experiment,  the user’s program in the 
of the 5 100 establishes  shared-variable links to  the SIO adapter,  then 

photoemission issues messages to  the digital output module which are used to 
experiment select  the  desired  sweep voltage range and  speed  (see Figure 4 ) .  

These parameters are BCD digits which are passed via the digital 
output module to  the  sweep  controller. The program verifies the 
starting and ending voltage values by reading a digital voltmeter 
attached  to  the digital input module. The  data taking cycle is 
then started by issuing the  necessary  control signals, via the dig- 
ital output module, to  the multichannel analyzer  controls. 

After  several  hundred  sweeps,  the  averaged  data  accumulated in 
the  analyzer’s memory are  dumped  into  the 5 100 via the  analy- 
zer’s digital output and the RDC’S digital input module. A new 
data run is then  started. Typically each  run  requires 20 minutes 
or more. The use of the multichannel analyzer  frees  the 5 100 and 
the RDC so that  data from the  previous  run  can be analyzed  con- 
currently and displayed on  an X-Y plotter  attached to  the analog 
output module. Again, the  accumulated  data  and preliminary 
analyses,  stored on 5100 tapes,  can be passed on to a larger 
computer,  through  the terminal communication  feature,  for large- 
scale  calculations  and  report  preparation. 

System  limitations 

The RDC is capable of transmission speeds,  over  start/stop lines, 
of up to 50000 baud. It can hold any mix  of analog and digital 
input and output  up  to  the limits imposed by available module 
positions. Thus  the RDC can  provide up to  448 digital input 
points  or  148 digital output  points, or 56 analog input points or 



Figure 4 Photoemission experiment using IBM 5100 and RDC 

ELECTION ENERGY ANALYZER %! 
VOLTAGE 

SWEEP DVM 

SAMPLE 
- 

DETECTOR ' MULTICHANNEL ANALYZER 

LEGEND 

SI0 SERIAL INPUT/OUTPUT PSM PROGRAM STORAGE MODULE  HSM HIGHWAY STATUS  MODULE 
SCM  SYSTEM  COMMUNICATION  MODULE DOM  DIGITAL  OUTPUT  MODULE OVM DIGITAL VOLTMETER 
AOM ANALOG  OUTPUT  MODULE DIM  DIGITAL  INPUTMODULE 

The maximum input  transfer  rate is determined solely by the 
speed of the link between  the 5100 and the RDC. This link, the 
SIO adapter, is capable of speeds up to  9600  baud. Assuming 
that eight BCD or hexadecimal digits are  transferred  per mea- 
surement,  at  9600 baud more than 125 measurements  can be 
made per  second. With analog input (two  characters  per ten-bit 
conversion), more than 500 measurements can be made per 
second. 

For experiments in which the  next  step is directly  related  to an 
immediately preceding datum,  the s10 auxiliary processor im- 
poses  an  overhead of a third of  a second for line turnaround. 
This  responsiveness is completely predictable, unlike that of a 
time shared  system,  whose line turnaround  responsiveness  var- 
ies  somewhat  according  to load. 

In both of the  experiments  discussed  above, all data  transferred 
through the RDC are digital, so the reproducibility of the  experi- 
ments is related only to  the  characteristics of the  instrumen- 
tation itself. The analog input module could have been used 
instead of the digital input module in either  experiment. The mag- 
netometer  experiment already had a  satisfactory digital voltme- 
ter,  however, and cabling it to  the digital input module was less 
expensive  than using the analog input module. And in the pho- 
toemission experiment,  the  conversion  and  storage  speeds  re- 
quired during a sweep  were  faster than the  speeds  that could 
have been achieved at  9600  baud, so the multichannel analyzer 
was the  practical  solution. 



mation system. Programming is greatly simplified  by the availa- 
bility of a single high-level language, either APL or BASIC, to  per- 
form not only numerical analysis,  but  also data acquisition and 
control. The RDC, with its simple command structure,  provides 
for  a  variety of input/output  functions  directly  at  the  experiment 
interface. 

The  two experiments  described in this  paper, in which high reli- 
ability and availability are  primary  requirements, are intended  to 
exemplify the kinds of applications to which the 5 IOO/RDC sys- 
tem can  most  advantageously be applied. 

ACKNOWLEDGMENTS 

The  authors  express their thanks to L. Kreighbaum, designer of 
the  Research  Device  Coupler,  and  to S. Krasney, M. Lilie, and 
R.  Dubke  for  their  contributions  and  assistance.  In  particular, 
the  authors  thank H. Lilienthal, D. Eastman,  and J. Freeouf,  the 
experimenters,  for  their  assistance with the  descriptions of their 
experiments. 

Appendix-51OO/RDC programming formats 

Following is a brief review of input and output programming 
formats  for  the IBM 5100 when  operating in a stand-alone mode. 
APL is used in the  examples.  Output messages can be displayed 
on the 5100 screen by enclosing an  alphanumeric  character 
string in single quotation  marks, as follows: 

l 71  ‘ADJUST PWR SUPPLY VERNIER‘ 

The message is displayed when statement 7 is executed. If the 
message is defined as  a  variable,  the variable name in a state- 
ment causes  the  same  execution: 

C 71 A+’ ADJUST PWR SUPPLY VERNIER1 
C81 A 

In this  case,  the message is displayed when statement 8 is exe- 
cuted. 

Numeric  data  can be displayed in a similar manner: 

C41 A+3 x 11.1 
C5l A 



When statement 5 is executed,  the  product 33.3 is displayed. 

Messages  for  the RDC must be passed  to  the 5100's auxiliary 
processor  for  transmission via the SIO adapter. The first step in 
this  procedure is an offer to  share a variable between APL and 
the auxiliarv mocessor. For examde: 

The digit 1 above  refers  to auxiliary processor  number 1. The 
W O  function  offers  the  shared variable designated DCOUT. 
Acceptance or rejection of this offer is  signified by a return 
code.  A  second global variable, DCIN, could be offered with 
statement 1, as follows: 

E11 1 

or 

W O 2 5 p  ' DCOUTDCIN ' 

C11 1 W O  'DCOUT' 

It is now necessary to select  the command device  option  that 
informs the auxiliary processor  about  the  nature of the SIO 
connection.  Statement 3 selects  the command subaddress 3 1 .  

OUT indicates  that information is to be passed  to  the command 
device. TYPE=I indicates  that  the  data are in the form of a  char- 
acter string. Next,  statement 4 selects  the terminal option and a 
speed of 300 baud: 

Statement 5 closes the command device mode: 

E 5 3 DCOUT+x0 

At this point, ho communcation  exists  between  the RDC and  the 
5100. Therefore  the SIO path must be established.  This is ac- 
complished by issuing the following command to subdevice  ad- 
dress 32: 

CSl DCOUT+'OUT 32001 TYPE=I' 

Statement 6 opens  the SIO adapter  for  output  data,  either  char- 
acter or character string. The next  statement  issues  an RDC 
message to  the digital input module: 
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