!orm:al af Cflmma!agrap&y, 122 (1976) .755—363 . oo
- @ Ekevxer Sqenﬁﬁc Pubhahmg Companv, Amstesdam Pnnted in The thherlands

: “CHROM. 9150

-:EEDE{"‘P AT AT DD nﬁncenr.)o AN TR ATTIARTAT ~ETDAKS A TAAD A
TEEPIECL - UD NPT NOUEISUDNLS ULN T ALALIVINAL, CIAIRUAVIA LR A

' PHY INSTRUMENTATION .~

ARTHUR T. LEUNG, JOHN V. ROCK aﬁé RICHARD A. HENRY

’ ‘.‘.f_pgcti'a-ijrsz'cs, Ine., 2905 Stender Way, Santa Clara, Calif. 95051 {V'.S.A4.)
and -

KLAUS DERGE and ROD McILLWRICK

Spectra-Physics G.m.b.H., Alsfelder Strasse 12, D 6100 Parmstadt (G.F.R.)

SUMMARY

This paper reviews the various design approaches using microprocessors for
uurema;agr&puy automation with emphasis on 2 new multi-channel data reduction
system using a unique architectural design. This new archifecture uses a distributed
network of microprocessors organized in a hierarchical scheme. This new advance in
chromatography automation is the result of recent technological achievements in
microprocessor development. The availability of low-cost, powerful microcomputer
clements has made it possible to assign a microprocessor to each chromatograph. The
result is a major improvement in performance by providing at the chromatograph a
control station and an input/output terminal. This allows the chromatographer com-
plete access to a powerful computer even though he can still distribute the cost of this
data reduction system over a large number of his chromatographs.

Possibilities of major improvements in analytical performance using micro-
_processors to replace analog control circuits are discussed. Advances yet to be made
in this direction can lead to more reliable analytical results with Iess mvolvem“nt of

the analytical chemist.

iNTRODUCHON

To a,large degree, the desxgn and performance of analytical instruments have
been afiected more by advances made in electronics thar any other technology. Re-
cent advances in microprocessor design have resulted in a technological revolution

_comparable in magnitude to that caused by the availability of transistors in the sixties.

Analytical instruments incorporating microprocessors in their designs have achieved
mgmﬁcantly improved performance at reduced costs*~3. With over 150,000 chromato-
graphs in use today, gas and liquid chromatography are the two most widely used
- techmques in quantitative analytical chemistry*. Design of new chromatography equip-
ment has been one of the most active segments of analytical instrumentation. Recent
“surveys®S have identified over 40 major manufacturers of gas and liquid chromato-
gzaphy eqmpment, Mtﬁ aver 150 dxﬁ'etent models avaﬁable.



In recent years, automation of chromatography Iaboratories has become an
economic necessity due to increasing labor costs and greatly increased sample through-
put. Automatic sample injectors alfow unatiended operation and automatic data re-
duction systems provide quantitative results more ragidly and with much higher pre-
cision and accuracy than manual techniques. Total automation of the chromatographic
analysis includes sampie handling, control of analyzer operating conditions, data re-
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-duction and the generation of a final analytical report.

This paper reviews the various configurations of chromatography automation
using microprocessor technology and describes a new architectural approach for the

automation of many chromatographs simultaneously.

SYSTEM CONFIGURATIONS

The basic equipment in a chromatography laboratory consists of a chromato-
graph and a recorder. As the sample load and the demands for accuracy and precision
increase, automation equipment is added. The design of most chromatographs allows
automatic repetitive analyses if samples can be iniected at regular intervais by an auto-
matic injector. Data reduction for the quantitation of each sample component is a time
consuming activity. This data processing task is most ideally implemented by micro-
processors. Typical automatic data reduction systems provxde most of the following

capabilities:

Analog to digital conversion of the detector output

Automatic peak detection, area integration, and baseline correction

Caiculation of component concentrations
Report of analytical results

Control of autosamplers, valves, gradient gencrators or recorders

The choice of automatic data reduction equipment typically depends on the
number of chromatographs in the laboratory. For laboratories with one or two chro-
matographs, a single-channel computing integrator is preferred. But laboratories
with a number of chromatographs can benefit from a multi-channel data system. The

trade-offs between these two choices are summarized in Table 1.

TABLE T
TRADE-OFFS BETWEEN SINGLE-CHANNEL AND MULTI-CHANNEL CO’\/IPUTING
INTEGRATORS -

Advantages Disadvantages
Singiechannel Low entry cost "~ Higher cost per channel

Dedicated to chromatographs in stand-alone design -

- Easily relocatable Limited memory capacity
_ Flexible -
Highiy reliabie due to simplicity
Optimized for one channel

Multi-channel

Low cost per channel
Supported by larger, more
sophisticated computer
Optimized for 4+ channels
Larger memory capacity -

High initial investment
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Fig. 1. Chromatography automation using a single-channel computing integrator.

The block diagram in Fig. 1 illustrates the use of a single-channel computing
integrator for automation’. Typical designs use a single microprocessor to perform
the tasks of peak detection, area integration, baseline correction, calculation of com-
ponent concentrations, and the reporting of analytical results. In addition to these
basic daia reduction tasks, the computing integrator can interact with the chromato-
graphic system by generating control signals at specified time intervals and by pro-
viding an attenuator controlled replicate analog record. Microprocessor-based single-
channel computing integrators now provide data reduction capabilities that can auto-
mate calculation procedures used by most laboratories.

The implementation shown in Fig. 1 results in two separate records, a printed
report and a chromatogram. The desire to combine these records in a single report
has led to 2 new innovative application of microprocessors®. In addition to chromato-
graphic data processing, significantly more computing power is available from current
microprocessors to provide complete logic control of thermal printer/plotter type
devices at very nominal costs. Thus, the technological evolution of microprocessors
~ and thermal printing devices has led to the development of the “Printer/Plotter” used

in chromatography automation for both the plotting of the analog chromatogram and
the printing of the final component concentration repert on a single sheet of paper.

A more recent development in the application of microprocessor technology
has led to the complete automation of the chromatographic analysis function®.
The chromatograph, with its many complex control functions (flow, temperature,
detection, etc.), is an ideal candidate for microprocessor implementation. The block
diagram in Fig. 2 illustrates an approach for total automation of sample handling,
analyzer control, data reduction and analytical reports. By integrating the many
control circuits and the data processing activities under one microprocessor, con-
siderable economy car be achieved. For example, the front panel switches, dials,
and meters necessary to select and monitor operating conditions are virtually elim-
inated. Operating parameters are entered by the use of the same keyboard control
and digital readout shared by the data processor. For applications where a new chro-
matograph is a necessary investment, the integrated approach offers total automation
at a cost comparable to that of a separate chromatograph, computing integrator and
recorder.



'F:g 1 Imegrated chromatugraph block dmgram.

ACTABUNG eral .

- The combmation of analyzer operatxon and result caiculatmn under a single
: zucroprooessor opens up the possibilities of performance improvement. Traditional
- Analog control techmques are being replaced by digital techniques capable of better
" accuracy and precision. The implementation of functional control of the: chromato-
»,graph_c analysis by an mtel_hgent microprocessor allows operanons such as:

- -Automatic sequenUal analysvs of mﬁerent sampie types usmg dlﬁ'erent analysxs-

parameters !
- Repetitive zmalysxs of selectea aamples

. Detection of malfunctions caused by equipment faxlme or operator errors

Optlmxzatmn of operating parameters
o Efaluatlon nf analytlcal results

" TABLEII

«"OMPARISON OF SINGLE-CHANNEL AUTOMATION APPROACHES
'. . 'f.Aivar:tages o L SR ;v,_Dzsadvm-rages B
) Singleééhii{hex " | .. Choice of most smtab!e .. .. Two separate records
" integrator and = - “chromatograph - j -Multiple vendors - ’
Lhromatograph " Easily" upgraeabl- BRI NRALC May notbecost-eﬁectxve :fsultable )

-Allows flexible eqmpment mn( m mugrated system 13 avaz!ab!e :

. Iaboratery

'Iﬁtegrzite‘év system - “For appropuate apphmtxon, most ' :Not azs:iy upg:adable PRI
R T *?';iLacks ﬂe.:tbﬂxtg fornon—routme

" __ cost-effective approach

. 1deal for routine’ usethhla:ge -’_5 . ope
. sample throughput .. -
.7 Single record fer mults

: ‘Smgievendo-' T
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"Fig. 3 Chromatography autoniaﬁon usihg a~mﬁlﬁ-channe! chromatdgraphy data syStem.

BRI A companson of several approaches to smgie-channel automatlon is sum-
:manzed in Table IL."The alternative most appropriate to any mdwxdual chromato-
'grapher is based upon ‘the followmg consxderatlons. .
= "The apphcatlons ptoblem to be solved (e.g., quahty control. methods develop-
F L mienty tesearch) and the sklll of the operator . »
- Reliability- - :
'Semceablhty
o Costjperformance - ‘ : : : »
'fEconormcs (wupxtai mvestment retum on mv=stment obso!esoence anci up-‘
B ~-:~:x’jigradabmty) ol ,
.;’Fxg 3 Lﬂustrat% a conﬁguratlon usmg a multbchannei data system suztable




w _the analog s;gnai mtc; dlgxta_ form. Thxs dlgxta.l s:gnal is transmtted and then. proc@sedf
_ by a central computer, which has sufficient powerto altomatea numbet of chromato-
- graphs. The interface modules can provxde control s1gnals ‘at- selected ume'in £ i'_vals
to control autosampler, valves, gradient oenetator< orf. recorders An‘ xsolated“ recoﬁderz'—'
» output is available to record chromatograms. -
_ - The multl-channel conﬁgutatlon allows the sharng of the central computer byf :
more. than one chromatograph resulting in a Jower cost per channel The: oentral",
computer may be a powerful minicomputer with sufficient memory. capac:ty to sup-"-
- port complete analytxcal reports with peaks identified by component names. -The
operatmg instructions can be written in a hlgn-level language and may allow modiﬁ-
’ 'catlons by the chromatographer Due to the hlgh cost uf the mxmcomputer and lts as-’

RN £

|
@“"’ O
' , " . | Keyboard | ferT |

. I AD R ESSNEES
CHROMATOGRAPH : Microcomputer . — Microcomputer |
: D/A : « = — -

, ) CENTRAL COMPUTER
Printer/Plotter S e e e

. REMOTE TERMINAL.

| Fig. 4. Hicrarchical chiromatography data system.
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) 'somated hardware, however, large data. systems are easxly justlﬁed onlyforiaboratories

- with mazzy chromatographs.

A NEW SYSTEM ARCHITECI'URE

- The ;pproaches summarized abo§e rei:résent an evolution of chromato graphic
automation that has been influenced by available technology, market acceptance and
design experience. Each has advantages and disadvantages in various applications.

‘The design of any ncw system should maximize the advantages of most importance

to chrorratographers which are:

Entry cost and cost per chromatograph

Best performance/cost for each module

Stand-alone, dedicated operation

Single, complete record of analytical results

Reliability

Flexibility

A new system architecture developed by Spectra-Physics and illustrated in
Fig. 4 maximizes these advantages and yet provides the chromatographer with a wide
selection of hardware configurations best suited for his individual requirements. The
new architecture takes advantage of the capabilities of low-cost, high-power micro-
processors for data processing and instrumentation control to construct an efficient,
flexible, multi-channel chromatographic data reduction system. The new system uses
a distributed network of microprocessors connected in a hierarchy of remote modules
supported by a central processor. The built-in intelligence of each remote module
provides an efficient but low-cost building block that can be repeated at each chro-
matograph. The dedicated microcomputer at each chromatograph is supported by a
large amount of computation power and logic decision capabilities at a central
computer. This hierarchical design provides each chromatograph with a dedicated
module that is capable of data reduction, analyzer conirol, and input/output oper-
ations. The microcomputer at the chromatograph communicates directly with the
central computer through a three-wire data transmission loop and has access to the
calculation procedures, report generating capabilities, and memory capacity of the

“central computer. The pooling of the data reduction tasks allows a powerful central

computer while still maintaining a low entry cost and low cost per chromatograph.
The major benefits provided by this approach are summarized below:
High performance/cost, expandable system supported by a sophisticated eom-
puter architecture .
Low costperchannel, additional automation provxded by adding datainterfaces
Allows chromatographer to keep or buy the most appropriate chromatograph
Back-up provided by separate recorder output
. Printer/plotter for each chromatograph to provide a single analytical record
Ability for each channel to control an autosampler and chromatograph
Power-fail protection using standard automobile batteries
The new system architecture uses four basic modules interconnected as shown
in Flg. 4, viz. data interfaces, remote terminazls, central processor, and disc memory.
-Asa stand-alone module at each chromatograph, the data interface with built-

Tin ﬁicm’con:iputer performs the following functions:”
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Converts analoc chromatogranhrc srgnals to argltal format S
- - Communicates with central prooessor by sendmg data and recervmg wlculated -
“results . -
Generates control srgnals for actuatmg autosampiers, valves and gradxent
gererators - , o
Provides an isolated recorder output thh attenuator controls :
A rémote termmal consisting of a thermal prmter/plotter and alnha-numenc

Leyboard can be added to each data interface. The microcomputerin the data interface

provides the computational power to’ control aH the functional logic operatxons of the

thermal printer/plotter which plots the chromatogram and generates a report. Data.

- reduction: parameters .are entered on the keyboard and displayed on the printer/

- plotter. For output only, the data interface can be eqmpped with a printer/plotter
without a keyboard. For data interface alone, reports can be routed to other printer/

. -plotters resulting in the sharing of these output devices by more than one chromato- '

. graph. -

. - Thus, at each chromatograph ;he user has the chorce of (i) Installing the data

 interface by itself to control the autosampler/chromatograph while still using a con-
ventional recorder for chromat grams or (ii) expanding his system with a remote
terminal for combined remote p..;rameter entry and report output.

The central processor supports the calculation requirements of the system. It
also functions as a central operator control station providing convenient access to the
operating parameters of every operating channel. These mput/output functions are
supported by an alpha-numeric keyboard and cathode ray tube (CRT) display.

The CRT feature of the central processor is particularly important because it
provides a significant improvement in operator convenience. In a large multi-channel
systern where a large amount of chromatographic information must be input to the
system, the ability of the CRT to display whole or large sections of file data allows .
the setup, review and ed:tmo of this information to be qmckly performed and con-
firmed.

The central processor operates on a prlonty interrupt scheme, which ailows
each device (data interface, CRT, teletypewriters) to access the central processor in a
time-shared mode. One such device of considerable value in automatic data reduction
is the disc memory module, which provides bulk memory storage capacity for param-
eter file libraries, sample information, and analytical reports. With the disc memory
rmodule it is also possible to store the data points of an entire chromatogram for re-

. processing. Controllers for specific components of the chromatograph (e.g., pumps
ovens, gradient generator) can be 1mp1emented by the use. of adchtxonal mterface cir-
cuits.

. In apohcatxons where power mterruptxons cannot be tolerated -an. extemal

' 24-V power source (two.12-V batteries) can be connected as a back-up supply. The
battery pack can continue to keep the central processor op-ratmg for several hours.

‘When ‘power is resumed, a'trickle-charge circuit will recharge the battery.. Sw:tch—‘ ,

- over to the battery is instantaneous. A summary of the hardware mpabxhtles of tius
cr.esrgn aoproach is summarized below: , . :

1. Standard full alpha-numeric keyboard -

2. CRT display of complete parameter files R

3 Thermal prmter/plotter to produce a smgle a.nalytrm. report '
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4. Expandable memory capacity (kigh speed orf bulk storage)
~-5. Multiple-channel operation -
_ 6. Simple three-wire parallel connection between remote modules and central
. processor
- 7. Accepts standard 1-V mput other input voltages optional
‘8. Remote input/output supported by printer/plotter
9. Optional interface to teletypewriters and other computers
10. Chromatographs can be up to 600 m away
11. Power fail protection using standard automobile batteries.

APPLICATION CAPABILITIES

Automatic data reduction requires two levels of operation. First, the area of
each peak must be determined and then the results calculated such that the chromato-
grapher can interpret the results within the context of his analyses.

In addition to providing standard calculation procedures, this new data re-
duction system can provide the following capabilities:

Bracketing of unstable samples with two calibration standards on either side

of the sample

Multiple-level calibration to compensate for non-linear detectors

Peak grouping according to homologous series

Simplified report of only those components outside acceptable values

Statistical analysis

Combination of multiple analyses results into a single report

Reporting of Kovats’ indices for component identification

Simulated distillation

Amino acid analysis using two non-linear detectors

Diagnostic programs for identification of operator errors and defective com-

ponents

Reprocessing using stored data points for entire chromatograms.
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