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SOFTWARE FOR MICROPROCESSOR 
CONTROLLED HPLC: DATA ACQUISITION 

AND DISPLAY 

David B. Smoll and Ram P. Singhal 
Department of Chemistry 

The Wichita State University 
Wichita, Kansas 67208 

ABSTRACT 

Programs a r e  described f o r  the d i r e c t  computer-assisted 
dcquis i t ion  and d isp lay  of ChrOnldtographiC data from collverltiona~ 
Hplc equipment. The programs a r e  wr i t ten  f o r  a dual-rnicropro- 
cessor H p l c  con t ro l l e r  and provide the necessary u t i l i t y  routines 
t o  c a l i b r a t e  the instruments, a n d  t o  acqui re ,  d i sp lay ,  a n d  s t o r e  
chromatographic data in real-time. The data acquis i t ion  rout ines  
use d a t a  f i l t e r i n g  techniques su i t ab le  f o r  real-t ime datd acquis i -  
t i on  which remove spurious noise a n d  r i pp le  associdted with detec- 
t o r  arialog outputs.  The r e s u l t s  o f  chromatographies ind ica t e  only 

This  i s  t h e  t h i r d  paper i n  t h i s  s e r i e s  ( s e e  r e f .  7 and 8 
for f i r s t  two papers ) .  

Address a l l  correspondence t o  KPS. I n q u i r e  KPS f o r  avai-  
l a b i l i t y  of complete program l i s t i n g s  on f loppy d i s k  o r  hard copy 
(Tel :  316-689-3120). Program l i s t i n g s  a r e  a l s o  descr ibed  i n  t h e  
d i s s e r t a t i o n  of D. B. Smoll, i t  can b e  loaned from Ablah Library ,  
The Wichi ta  S t a t e  U n i v e r s i t y ,  Wichi ta ,  KS 67208. 

to-anal og; RPLC, Hplc, High-performance L i q u i d  Chromatography; 
DHC, d a t a  handl ing  microcomputer; see t h e  t e x t  f o r  o t h e r  
ah br e v i a  t i o n s .  

Inc .  and Explorer-85 i s  a r e g i s t e r e d  trademark of Newtronics 
Kesearch and Development, Ltd. 

Abbrevia t ions :  A/D, a n a l o g - t o - d i g i t a l ;  D / A ,  d i g i t a l -  

- Note: Apple i s  a r e g i s t e r e d  trademark of  Apple Computer, 
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2696 SMOLL AND SINGHAL 

negl ig ib le  d i f fe rences  between d a t a  acquired v i a  the coniputer 
equipment and data acquired d i r e c t l y  from Hplc de tec tors .  The 
s tored  data can be re t r ieved  f o r  fu r the r  computer-assisted 
ana lys i s .  

INTRODUCTION 

The chromatography o f  coniplex niixtures produces chroriiatogranis 

Retrieving information from these  which a r e  d i f f i c u l t  t o  analyze. 

chromatograms i s  tirile consuming t o  decipher by manual methods. 

Moreover, due t o  imprecision in manual measurement techniques, a 

s ign i f i can t  degree of sub jec t iv i ty  i s  introduced i n t o  t he  analy- 

s i s .  However, the  introduction of coniputers f o r  experii1:ental data 

ana lys i s  can eliminate many o f  these  d i f f i c u l t i e s  d n d  o f f e r  f a s t  

arid dccurate methods f o r  complete ana lys i s  of these chromatograms 

(1-6).  Though several computer-assisted chromatography systems 

a re  ava i lab le  corlirnercial l y ,  they often a re  n o t  v e r s a t i l e  enouGh t o  

permit use of ex i s t ing  equipment, and therefore ,  the  inves t iga to r  

ends u p  purcnasing several hardware and software Hpl c components. 

Furthermore, they of ten  lack the  f l e x i b i l i t y  desired f o r  s p e c i f i c ,  

unique research needs o f  the  inves t iga tor .  For example, the  

"Rapid Scan Detector" (LKB-Produkter AB, Broirirna, Sweden, model 

2140) requi res  a software pacKage (LKB 2140-250 wavescan) t o  

access a n d  s to re  the d a t a  in a n  I B M  PC computer. However, t h i s  

software s t i l l  f a i l s  t o  in t eg ra t e  the  peaks and process the  d a t d .  

For t h i s  processing, another software package (Nelson Analy t ica l ,  

Inc., CA,  model 3000) i s  required. 

This paper i s  the  t h i r d  paper in a s e r i e s  dealing with micro- 

coniputer-assisted Hplc. Ea r l i e r  a r t i c l e s  describe the  micropro- 
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DATA ACQUiSITION AND DISPLAY 2697 

cessor hardware, i n t e r f ace  hardware, a n d  operatiiiy systern software 

used t o  acquire a n d  dnalyze real-time chromatographic data and  t o  

provide a n  opera tor - in te r face  (7,8).  The oojec t ive  of t h i s  work 

i s  t o  f a c i l i t a t e  niicrocoinputer-assisted analys is  of chromato- 

yraphic d a t a  usiny ex i s t ing  chromatography de tec tors ,  s t r i p -cha r t  

recorders,  a n d  pumps. This paper deals with the software t o  

acqui re ,  f i l t e r ,  and 

described herein a re  

The f i r s t  s t ep  

the chromatographic 

d isp lay  chrontdtoyrapiiic data.  The programs 

executed e n t i r e l y  i n  real-t ime. 

n t h i s  e f f o r t  i s  the  acquis i t ion  2 n d  en t ry  o f  

a t a  in to  tile coiiiputer. The hardware, as  des- 

cribed in the previous papers, i s  designed s p e c i f i c a l l y  t o  

sinipl i f y  the  procedure by reducins the  proyrdmniing necessary t o  

se rv ice  the  in t e r f aces  and  automating data converter functions.  

Hence, d a t a  en t ry  i s  a straightforward procedure s ince  d a t a  i s  

read d i r e c t l y  from the  converters when the  conversion i s  completed 

(b ) .  However, s u f f i c i e n t  software control i s  maintained over the 

in t e r f aces  t o  provide progranming f l e x i b i l i t y .  This was e s sen t i a l  

t o  ensure v e r s a t i l i t y  of the data-handling microcomputer (UHC)  f o r  

fu tu re  appl i c a t i  ons. 

The use of conventional de tec tors  necess i ta tes  f i l t e r i n g  of 

t he  r d w  d d t a  t o  rerriove ncise a n d  other in te r fe rences  ( 9 ) .  

d i r e c t  connection of detec tors  t o  recorders,  in the pas t ,  has not 

required any signal conditioning sirice the  danipened response of 

most recorders serves as a bu i l t - i n  f i l t e r .  

tiiiie of the  e l ec t ron ic  hardware used here, being mucn f a s t e r ,  re- 

qu i res  some signdl conditioning t o  eliinindte undesirable elec- 

t r i c a l  s i y n d l  components ( 1 0 ) .  Although, use of such f i l t e r s  wds 

The 

However, the  response 
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2698 SMOLL AND SINGHAL 

r e s t r i c t e d  i n  o r d e r  n o t  t o  l i n i i t  a p p l i c a t i o n  o f  t h e  i n t e r f a c e  o r  

a f f e c t  t h e  accuracy o f  t h e  m o n i t o r i n g  dev i ce .  

A more f l e x i b l e  a l t e r n a t i v e  t o  ha rdw i red  s i g n a l  c o n d i t i o n i n g  

i s  so f tware  f i l t e r i n g  o f  t h e  data, though c i i r e  rdust be exe rc i sed  

t o  i i id i r i ta i r i  t h e  t ransparency  o f  t h e  computer t o  t h e  aa ta  c o l l e c -  

t i o i l  process. 

i o n  f o r  t h e  r e j e c t i o n  o f  spu r ious  n o i s e  and i n s t a b i l i t i e s  (11). 

The riiethoo o f  weighted "boxcar"  ave rag ing  p r o v i d e s  a fiieans t o  

r e j e c t  e l e c t i c a l  sp i kes  and average o u t  r io ise w i t h o u t  a d v e r s e l y  

a f f e c t i n g  t h e  data ( 1 2 ) .  tiowever, t h i s  riiethod i s  o n l y  a p p l i c a b l e  

t o  i n s t a b i l i t y  w i t h i n  t h e  data s e t  t o  be averaged. 

Weight ing o f  t r ie  c o l l e c t e d  data p rov ides  a c r i t e r -  

I n  ou r  a p p l i c a t i o n ,  t h e  ma jo r  component o f  e l e c t r i c a l  i n s t a -  

b i l i t y  w i t h i n  a da ta  s e t  i s  AC r i p p l e .  

t h e  a p p r o p r i a t e  t i m i n g  i n t e r v a l  f o r  ddta convers ion  schedul i n g  i s  

a b l e  t o  p r o v i d e  a r e p r o d u c i b l e  and r e l i a b l e  average data va lue  

( 1 3 ) .  

iiiinirnum i n t e r v a l  f o r  l e g i t i m a t e  peaks. Peaks encountered t h a t  

r e q u i r e  l e s s  than  t h i s  i n t e r v a l  a r e  i n t e r p r e t e d  as e l e c t r i c a l  

i n s t a b i l i t y  and t h e y  a r e  averaged o u t  ove r  t h e  i t i t e r v d l .  T h i s  

iliethod o f  f i l t e r i n g  o u t  no i se  has t h e  d d d i t i o n a l  advantage o f  

oe ing  more a p p l i c a b l e  t o  " rea l - t ime" ,  machine-language program 

where da ta  i s  c o l l e c t e d  a t  sho r t  i n t e r v a l s .  

Therefore,  s e l e c t i o n  o f  

I n s t a b i l i t y  between data p o i n t s  i s  screened by d e f i n i n g  a 

MATERIALS AND METHODS 

A. Hplc Equipment 

The Hplc  equipment c o n s i s t e d  o f  conve r i t i ona l  Hplc  equipment 

i n t e r f a c e d  t o  a dual  m ic rop rocesso r  systeii i  as o u t l i n e d  i n  Scheme I 
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DATA ACQUISITION AND DISPLAY 2699 

o f  t h e  p rev ious  paper ( 8 ) .  The columns (0.4 X 25  cni, reversed-  

phase C-18, R a i n i n  M ic roso rb )  were enc losed i n  a wa te r  jacket .  and 

md in ta ined  a t  a c o n s t a n t  temperature u s i n g  a cons tan t  temperature 

b a t h  ( b a k e ) .  

w i t h  a c a l i b r a t e d  sample loop.  The column was e l u t e d  w i t h  a 

m i c r o p r o c e s s o r - c o n t r o l l e d  s o l v e n t  d e l i v e r y  system capable of 

y e n e r a t i n y  complex e l u t i o n  g r a d i e n t s  (Perk in-Elmer Ser ies  4 L i q u i d  

Chromatography pump). A l l  s o l v e n t s  were mixed and g r a d i e n t s  were 

generated u s i n g  computer-ass is ted prograriis f o r  t h i s  pump. 

The sample was a p p l i e d  u s i n g  an i n j e c t o r  equipped 

E f f l u e n t  absorbance was mon i to red  a t  254 nm u s i n g  an absor-  

bance i i i on i to r  (ISCO, L i n c o l n ,  NB, motiel UA-5  w i t h  Type-6 o p t i c a l  

u n i t )  and a l s o  s imu l taneous ly  a t  2$0 nm u s i n g  ano the r  m o n i t o r  

( A l t e x  Instuments,  CA,  inodel 152) connected i n  tandom. The former 

( I S C U )  m o n i t o r  was equipped w i t h  a m i c r o - f l o w  c e l l  o f  19 m i c r o -  

l i t e r  volunie ( s e r i e s  0080-012), arid t h e  l a t t e r  ( A l t e x )  m o n i t o r  

w i t h  a f l o w  c e l l  o f  20 m i c r o l i t e r  volume. Each absorbance m o n i t o r  

c o u l d  be connected d i r e c t l y  t o  a separate s t r i p - c h a r t  r e c o r d e r  o r  

t o  t h e  data-haridl i r ig  microcomputer ( D H C ) ,  s p e c i f i c a l l y  designed 

f o r  o u r  needs (7,8). 

E f f l u e n t  from t h e  column ( a f t e r  pass ing  th rough  t h e  UV moni- 

t o r s )  was c o l l e c t e d  w i t h  a f r a c t i o n  c o l l e c t o r  (rSC0, model 1200 

PUP) f o r  peak c h a r a c t e r i z a t i o n ,  e t c .  

B. Buffers and Solvent 

D u f f e r s  were made f rom a n a l y t i c a l  grade chemicals, and absor- 

bdnce o f  b u f f e r  s o l u t i o n s  was checked w i t h  a spect rophotonieter  a t  

254 and 280 nm. A f t e r  f i l t e r i n g  w i t h  a f i l t e r  o f  0.22 micrometer  

- po re  d iameter  ( M i l l i p o r e  Corp.), t h e y  were s t o r e d  a t  4OC U n t i l  
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2700 SMOLL AND SINGHAL 

used. 

b u f f e r s  and d i s t i l l e d  wa te r  were sparyed w i t h  he l i um gas f o r  10-15 

ni in  j u s t  p r i o r  t o  use. 

S i m i l a r i l y ,  g l a s s - d i s t i l l e d  wa te r  was f i l t e r e d ,  and b o t h  

Organic  s o l v e n t s  used i n  reversed-phase chroniatography were 

Hplc grade and were used d i r e c t l y  w i t h o u t  f i l t e r i n g  b u t  were 

sparged wi th  Helium p r i o r  t o  use. 

C. G r a d i e n t  Programs 

Grad ien t  programs used f o r  t h i s  work a r e  shown i n  Table I. 

Reversed-phase coluriins were e q u i l i b r a t e d  r o u t i n e l y  w i t h  a m i x t u r e  

o f  75.0% Methanol and 25.0% water .  The columns were coo led  t o  

dmbient temperature and then  s t o r e d  o v e r n i g h t  i n  t h i s  s o l v e n t  a t  

t h e  end o f  an experirnent. 

D. Computer Equipment and Opera t i ng  System 

The Uata Hand l i ng  microcomputer (DHC)  c o n s i s t e d  o f  two i n t e r -  

connected computers (Apple I 1  computer and Explorer-85 microcon-  

t r o l l e r )  w i t h  p e r i p h e r a l s  and i n t e r f a c e s .  The Turnkey arid System 

Superv i so r  programs were used as t h e  o p e r a t i n g  system f o r  t h e  two 

TABLE I :  

SECTOR T I M E  FLOW RATE RESEVOIR(%) GRAD I ENT 

EQUI L 1.5 100.0 0.0 0.0 

ELUTION GRADIENT PKOGRAMS f o r  Hplc PUMP 

(min) (n i l /m in)  A B C 

1 15.0 1 .5  95.0 3.0 2.0 1 i near  
2 15.0 1.5 85.0 9.0 6.0 l i n e a r  
3 10.0 1 .5  75.0 15 .0  10.0 c onca v e 
4 10.0 1.5 25.0 45.0 13.0 concave 
5 10.0 1.5 0.0 60.0 40.0 concave 
6 5.0 1.5 0.0 60.0 50.0 

I tesevoi rs :  A: 0.25 M Ammonium Acetate,  pH 6.00; 
B: D i s t i T l e d  Water; C: A c e t o n i t r i l e  
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DATA ACQUISITION AND DISPLAY 2701 

computers. These two programs p r o v i d e d  t h e  o p e r a t o r  i n t e r f a c e  and 

automat.ed t h e  l o a d i n g  and r u n n i n g  o f  t h e  E x p l o r e r  programs as des- 

c r i b e d  i n  d e t a i l  i n  dn e a r l i e r  paper (8) .  

DATA ACQUISITION SOFTWARE DESIGN 

The Turnkey Program p r o v i d e d  t h e  o p e r a t o r  i n t e r f a c e  w i t h  a l l  

E x p l o r e r  progrdms as mentioned above. 

Opera t i ng  program was loaded d u t o m a t i c a l l y  a long  w i t h  a "patched" 

v e r s i o n  o f  Apple DOS 3.3 b y  t h e  Turnkey program. 

Superv i so r  r o u t i n e s  were then  used t o  i n i t i a l i z e  t h e  Exp lo re r ,  

]Odd and r u n  E x p l o r e r  programs, and r e t r i e v e  da ta  f rom t h e  Explo-  

r e r .  

u s i n g  embedded DOS commands o f  t h e  Turnkey program. 

A. D e s c r i p t i o n  o f  Chromatography M o n i t o r i n g  Programs 

The System Superv i so r  

The System 

Programs and da ta  s t o r e d  on f l o p p y  d i s k s  were r e t r i e v e d  

Two machine-language programs r e s i d i n g  i n  t h e  E x p l o r e r  were 

used t o  m o n i t o r  t h e  o u t p u t  o f  t h e  two i i i on i to rs  (ISCO and A l t e x ) .  

Both progranis c o n s i s t e d  o f  modular  u t i l i t y  command r o u t i n e s  i n d i -  

v i d u a l l y  c a l l e d  th rough  a command decode m a i n l i n e  program. T h i s  

l i m i t e d  s t r u c t u r e  a l l owed  random schedu l i ng  o f  t h e  u t i l i t y  

corrimands, 

Two programs were r e q u i r e d  t o  handle d i f f e r e n t  l e v e l s  and 

t ypes  o f  n o i s e  i n  t h e  o u t p u t  s i g n a l  o f  t h e  two mon i to rs .  The 

program "FOLLOWEK" was 

was w r i t t e n  t o  average 

program computed t h e  d 

average o f  256 convers 

used n o r m a l l y  w i t h  t h e  ISCO m o n i t o r ,  and 

o u t  t h e  l o w - l e v e l  60 Hz r i p p l e .  T h i s  

g i t a l  v a l u e  o f  t h e  m o n i t o r  r e a d i n g  as an 

ons made ove r  a 66.67-msec p e r i o d .  The 
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2702 SMOLL AND SINGHAL 

program "NOISE DAMPEK", on t h e  o t h e r  hand, was used w i t h  t h e  A l t e x  

m o n i t o r  t o  reniove t h e  at tenuat ion-dependent  104 Hz r i p p l e  on t h e  

chopper i n p u t s  of i t s  a m p l i f i e r s .  However, i t  c o u l d  a l s o  hdndle 

60 Hz r i p p l e ,  and t h e r e f o r e ,  c o u l d  be used w i t h  e i t h e r  m o n i t o r .  

T n i s  w a s  achieved b y  computing t h e  d i g i t a l  v a l u e  as an average o f  

256 convers ions over  a 116.17-nisec p e r i o d  and u s i n g  a s u b r o u t i n e  

which dampens a b r u p t  changes i n  data va lues.  

The two programs were i d e n t i c a l ,  as shown i n  Scheme I o f  t h i s  

paper, excep t  f o r  t h e  above-mentioned d i f f e r e n c e s .  Both proyrdnis 

were designed t o  r e c o r d  and d i s p l a y  two A/D analog i n p u t  channels 

s imu l taneous ly  ( r e f e r r e d  t o  as Channel 0 and Channel 1). Data 

va lues f o r  these channels were s t o r e d  i n  two 4K-RAM s to rage  

b u f f e r s  ($lbOO-$lFFF f o r  channel 0 and $2000-$2FFF f o r  channel 1) 

a f t e r  t h e  d i g i t a l  va lue  was coiiiputed w i t h o u t  any f u r t h e r  process-  

i n g .  Tne p o i n t e r s  dnd coun te rs  were saved i n  t h e  E x p l o r e r  between 

$UFOO-$OF3F. Data va lues  f o r  t h e  absorbance inon i to r  read ings  were 

o t u p u t  t h rough  t h e  D / A  c o n v e r t e r s  t o  s t r i p - c h a r t  r e c o r d e r s  as t h e y  

were computed, w i t h  t h e  e x c e p t i o n  o f  " N O I S E  DAMPER". 

was 5 sec behind t h e  redd ings  because o f  t h e  no ise -hand l i ny  i n  

t h i  s program. 

1. U t i l i t y  Commands 

The d i s p l a y  

A l i s t  o f  t h e  u t i l i t y  commands was d i s p l a y e d  when t h e  program 

was entered.  

prompt. 

command c o u l d  be issued.  On ly  v a l i d  commands were decoded, and 

o t h e r  e n t r i e s  r e s u l t e d  i n  a d e f a u l t ,  des ignated b y  a q u e s t i o n  

mark, which abor ted  t h e  c u r r e n t  command. 

Corrimands c o u l d  be en te red  o n l y  i n  response t o  a 

Consequently, conimands had t o  be t e r m i n a t e d  b e f o r e  a new 
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DATA ACQUISITION AND DISPLAY 2703 

Scheme la .  Flow Diagram of Data Acquisition Programs: 
U t i l i t y  Commands. 
ca l ib ra t ion ,  t e s t i n g ,  and en t ry  in to  the data acquis i t ion  routines.  

U t i l i t y  functions a r e  provided f o r  equipment 

The u t i l i t y  commands provided the  means t o  en te r  t he  software 

rout ines  necessary t o  perform d n  experiment. 

corders a n d  UV monitors could be ca l ib ra t ed  through commands which 

d i r e c t l y  loaded O / H  converters,  arid read d a t a  d i r e c t l y  from A/U 

converters.  These ca l ib ra t ion  commands were used rout ine ly  a t  the  

begining o f  each experiment t o  check instrument ca l ib rd t ion  and t o  

monitor continuously equ i l ib ra t ion  a n d  cleaning of Hplc columns. 

S t r ip-char t  re- 
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2704 SMOLL AND SINGHAL 

Store 

CL, Return 

Call 
Sync Read 

"NOISE DAMPER': - -;is, - 
I Reduction I 

Progrmm Only 
b - - - r - - .  

Converalon 
Averages 

1-1 Converters 

Scheme l b .  Flow Diagram of  Data Acquisition Programs: 
Hplc Monitoring Routines. 
i s  entered through the  pre-monitor. The principal function of the 
routine i s  t o  acquire and save a d i g i t a l i z e d  version of the chromatogram. 

The data acquis i t ion  routine (monitor) 
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DATA ACQUISITION AND DISPLAY 2705 

Start 

Converter 

Chon Addr 

Sy c Read .2 
initialize 

Timer 

Return 

Converter 

Converrlon 

Scheme l c .  Flow Diagram of Data Acquisition Programs: 
In t e r rup t  Handler Routines and Dual A / D  Synchronized Read Routines. 
The synchronized read routine minimizes the  o f f s e t  between the reading 
of  the  two A / D  converter channels d u r i n g  chromatographic data d i g i t a l -  
i zation. 
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2706 SMOLL AND SINGHAL 

The monitor  conimand was e n t e r e d  through a pre-monitor a f t e r  

conipletion of  set-up of t h e  experiment .  The d a t a  a c q u i s i t i o n  

monitor  r o u t i n e  was t h e  o n l y  r o u t i n e  i n  which chronidtograptiic da ta  

was saved.  

r o u t i n e  was e x i t e d  and t h e  d a t a  t r a n s f e r e d  t o  t h e  Apple computer 

f o r  f u r t h e r  process iny .  

2. Pre-Moni t o r  Kouti ne 

A f t e r  completion o f  t h e  chromatography, t h e  monitor  

This s e c t i o n  of the program was e n t e r e d  d i r e c t l y  upon execu- 

t i o n  o f  t h e  Return-to-Monitor o r  rvlonitor commands. This  r o u t i n e  

performed not  o n l y  d i a g n o s t i c s  t o  ensure  proper  o p e r a t i o n  of t h e  

computer, b u t  a l s o  i n i t i a l i z a t i o n  of  t h e  Monitor r o u t i n e  before  

a t tempt ing  t o  save t h e  chromatographic d a t a .  

i n i t i a l i z a t i o n  of the Monitor r o u t i n e ,  immediate e n t r y  i n t o  t h e  

d a t a  a c q u i s i t i o n  nionitor r o u t i n e  was p o s s i b l e  on i n j e c t i o n  of t h e  

sampl e . 

Because of  t h i s  pre-  

The Pre-Monitor r o u t i n e  was intended t o  be a temporary s t a t e  

of tire prograrn which wai ted f o r  the completion of  the se t -up  pro- 

cedures  of  Hplc ( i . e . ,  sample loading and column e q u i l i b r a t i o n ) .  

D i g i t a l  va lues  f o r  UV nionitor readings  were computed and d isp layed  

v i a  s t r i p - c h a r t  r e c o r d e r s  a s  t h e y  were made a t  a 1 Hz r a t e .  

program could remain i n  t h i s  s e c t i o n  i n d e f i n i t e l y ,  b u t  no d a t a  

va lue  was saved whi le  i n  t h i s  s e c t i o n .  

3 .  Monitor Routine 

The 

This  s e c t i o n  of the Monitor command was en tered  immediately 

froin t h e  "Pre-Monitor' ' by p r e s s i n g  any key on t h e  Apple computer 

keyboard ( E X  key was used most o f t e n ) .  Event-mark i n s t r u c t i o n s  
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DATA ACQUISITION AND DISPLAY 2707 

were i ssued  t o  t n e  s t r i p - c h a r t  r e c o r d e r  on b o t h  channels .  D i g i t a l  

va lues  cont inued t o  be computed 

t o r ,  b u t  were saved i n  consecut  

s t o r a g e  b u f f e r s  of t h e  Explorer  

count  were updated d s  each da ta  

The program remained i n  th 

a t  a 1 Hz r d t e  a s  i n  tile pre-niorii- 

ve-riiemory l o c a t i o n s  i n  t n e  d a t a -  

Data-s toraye p o i n t e r s  and d a t a  

va lue  wds computed. 

s s e c t i o n  of t h e  Pionitor coriiinand 

ur i t  1 e i t h e r  an  Explorer  "RESET" termindted i t  o r  a " U a t a  Count 

llve flow" was encountered.  The forrner was executed by press ing  

t h e  "K "  key of t h e  Explorer .  I t  r e s u l t e d  i n  n o  l o s s  of d a t a ,  but 

the Lxplorer  hdd t o  be r e i n i t i a l i z e d  b e f o r e  d a t a  could be t r d n s -  

f e r r e d  t o  t h e  Apple computer. 

"Data Count Overflow" te rmina t ion  of trie iblorii t o r  comllidnd was 

executea  when t h e  d a t a - s t o r a g e  b u f f e r s  5ecame f u l l ,  i . e . ,  d f t e r  1 

hr 8 niin 16 sec .  No d a t a  va lues  were l o s t ,  a n d  t h e  program was 

e x i t e d  t o  t h e  Explorer  System Monitor f o r  d a t a  t r d n s f e r  t o  t h e  

Apple computer. 

4 .  Marking Buffer  

The oa ta  count  was saved i n  t h e  Marking Buffer  when t h e  " I "  

key of t h e  Explorer  was pressed wi thout  d i s r u p t i n g  t h e  d a t a -  

c c l l e c t i o n  process .  Event-mark i n s t r u c t i o r i s  were i ssued  t o  t h e  

s t r i p - c h a r t  recorder  t o  mark t h e  p o s i t i o n  of t h e  uata  count .  Trie 

Marking Buffer  r e s i d e d  a t  $OF20 - $OFZF i n  t h e  Explorer  and could 

save a maxirniuni of e i g h t  marks. A f t e r  i t  was f u l l ,  t h e  ddta  count  

was no lonyer  saved but  event  rndrks were s t i l l  i s sued  t o  t n e  

r e c o r d e r .  

which t h e  e l u t i o n  g r a d i e n t  changed. 

This  procedbre was used t o  record t h e  d a t a  count  a t  
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2708 SMOLL AND SINGHAI 

5. Diagnos t ics  

Diagnos t ics  performed on e n t r y  i n t o  t h e  pre-monitor c o n s i s t e d  

of two r o u t i n e s  which checked a l l  niemory addresses  from $OF3C t o  

$2FFF i n  t h e  Explorer  ( t w i c e )  when t h e  Monitor comrnand wds used 

( t h i s  d i d  not  apply  t o  the Return-to-Monitor command). The f i r s t  

r o u t i n e ,  RAPl Check, tes t .ed a l l  b i t s  f o r  v i a b l e  RAM. I f  t h i s  t e s t  

was passea ,  t h e  proyrani proceeded t o  a second d i a g n o s t i c  r o u t i n e ,  

Sequence Check. This  l a t t e r  d i a g n o s t i c  t e s t e d  a l l  combinations of  

address  l i n e s  of t h i s  memory f o r  v a l i d  address ing .  

I f  e i t h e r  t e s t  f a i l e d ,  the message "Fai led  a t  $ X X X X "  was 

d i s p l a y e d ,  where $ X X X X  i n d i c a t e d  the memory address  where t h e  

d i a g n o s t i c  found an e r r o r .  

proyram c o n t r o l  was t r a n s f e r r e d  t o  t h e  system monitor  f o r  f u r t h e r  

i n v e s t i g a t i o n .  

6. Descr ip t ion  o f  Turnkey Operation 

The Monitor coiiimand was a b o r t e d ,  and 

A11 Explorer  progranis were loaded and d a t a  sdved using t h e  

Turnkey Program. A f t e r  automatic  i n i t i a l i z a t i o n  o f  t h e  Explorer ,  

t h e  s e l e c t e d  Explorer  program was r e t i e v e d  froni f loppy d i s k  and 

loaded i n t o  the Explorer  by t h e  Turnkey Progranl. 

was then t r a n s f e r r e d  t o  t h e  System Superv isor  program and t h c  

Explorer  prograin was entered. A1 1 Explorer  progani u t i l i t y  commands 

were i ssued  from t h e  Apple keyboard d i r e c t l y  t o  t h e  Explorer  

t h r o u g h  t h e  monitor  mode o f  t h e  System Superv isor .  

EclS command mode o f  t h e  Superv isor  were r a r e l y  used s i n c e  ttie 

Turnkey provided a s i m p l i f i e d  use of t h e s e  r o u t i n e s . )  

conipletion of the chromatography, t h e  Explorer  program was e x i t e d  

Coniputer c o n t r o l  

(The UOS o r  

Af ter  
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DATA ACQUISITION AND DISPLAY 2709 

and c o n t r o l  was r e t u r n e d  t o  t h e  Tu rnkey  b y  p e r f o r m i n g  a mdch ine-  

l anguage  "RTS". The d a t a  was t r a n s f e r r e d  f r o m  t h e  E x p l o r e r  

t h r o u g h  t h e  T u r n k e y  arid saved on  f l o p p y  d i s k  f o r  f u t u r e  r e t r i e v a l .  

Ano the r  ch romatog raphy  e x p e r i m e n t  c o u l d  t h e n  be  r u n  b y  r e -  

e n t e r i n g  t h e  S u p e r v i s o r  and E x p l o r e r  p rogram and r e p e a t i n g  t h e  

dDove p r o c e d u r e .  A new E x p l o r e r  p rogrdm was l o a d e d  i n t o  t h e  

E x p l o r e r  i f  necessa ry .  

needed t o  De r e l o a d e d  s i n c e  t h e  T u r n k e y  c o n t a i n e d  a l l  n e c e s s a r y  

f u n c t i o n s  arid i t  was n e v e r  e x i t e d .  

N e i t h e r  t h e  S u p e r v i s o r  n o r  t h e  T u r n k e y  

RESULTS 

A. INSTRUMENT EVALUATION 

1. E v a l u a t i o n  o f  d a t a  r e g e n e r a t i o n  by m ic rocompu te rs  

To examine t r u e  r e p r o d u c t i o n ,  a c q u i s i t i o n ,  and r e t r i e v a l  o f  

t h e  c h r o m a t o g r a p h i c  d a t a  u s i n g  da ta-hand1 i n g  m ic rocon ipu te rs  (DHC) , 

t h e  f o l l o w i n g  e x p e r i m e n t s  were  c a r r i e d  o u t .  A complex  m i x t u r e  o f  

S o l u t e s  c o n s i s t i n g  o f  t h e  f o u r  m a j o r ,  and s e v e r a l  m i n o r ,  n i o d i f i e d  

r i b o n u c l e o s i d e s  was a p p l i e d  t o  a KP-Hplc column. The s e p a r a t i o n  

was r e c o r d e d  s i i r i u l t a n e o u s l y  a t  254 and 280 nm b y  a s t r i p - c h a r t  

r e c o r d e r  and a l s o  b y  UHC connec ted  i n  p a r a l l e l  t o  t h e  i l l o n i t o r  o u t -  

p u t .  A f t e r  r e p r o d u c t i o n  o f  t h e  chrorndtograni  f rorn t h e  DHC, t h e  two  

chromatograins ( F i g u r e  1) were examined f o r  c o n g r u i t y  b y  super -  

i i i rpos ing  them. 

w i t h i n  

duced d i r e c t l y  f rom t h e  m o n i t o r .  These s m a l l  d i f f e r e n c e s  (*0.5%) 

a r e  w e l l  w i t h i n  t o l e r e n c e  l i m i t s  o f  t h e  s t r i p - c h a r t  r e c o r d e r  speed 

D i f f e r e n c e s  i n  peak w i d t n  and r e t e n t i o n  t i m e  were  

0.5% o f  t h e  c o r r e s p o n d i n g  v a l u e s  f o r  t h e  chromatogram p r o -  
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2710 SMOLL AND SINGHAL 

1 
I 20 40 60 

ELUTION  VOLUME,^^ 

Figure  1. Hplc s e p a r a t i o n  of a complex mixture of 
r i b o n u c l e o s i d e s  on a C-18 reversed-phase column. 
was c a r r i e d  o u t  w i t h  programed g r a d i e n t s  (see Table  1) .  
d a t a  acqui red  d i r e c t l y  from t h e  Hplc d e t e c t o r .  Panel B, d a t a  
d isp layed  from Data Hand1 ing Microcomputers (DHC) a f t e r  i t s  
s t r o a g e  i n  t h e  U H C  memory and f i l t e r i n g  t h e  d a t a  ( i . e . ,  removal of 
n o i s e ,  e c t . ) .  
chrornatograprns can be noted 

Separa t ion  
Panel A ,  

No s i g n i f i c a n t  d i f f e r e n c e s  between the two 

(*1.5%). Peak h e i g h t s  d i sp layed  by DHC (Table  11) a r e  i n  t o t a l  

agreement with t h e  d i r e c t  record ing  f o r  nine peaks, reduced f o r  

seven peaks (0.6-1.4%), and i nc resed  f o r  the remaining f i v e  peaks 

(0.3-1.7%).  The DHC da ta  vary f o r  iiiost components wi th in  a range 

of -0.05 cm t o  t0 .08  cin which i s  w i t h i n  t h e  r e s o l u t i o n  of  kO.10 crn 

f o r  a 10-inch (25.5 cm) v e r t i c a l  d i s p l a y .  (The r e s o l u t i o n  i s  a 
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DATA ACQUISITION AND DISPLAY 2711 

TABLE I1 
COMPARISON OF PEAK HEIGHTS RECORDED BY TWO 

COMPLEX MIXTURE OF RIBONUCLEOSIDES 
DIFFERENT METHODS I N  CHROMATOGRAPHY OF A 

Peak He igh t  i n  cm D i f f e r e n t  
Peak Ribonucleos ides .................... 
No. Method A Method B Md.U (%) 

f rom 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21  

" B r ea k t h r ou g h 'I 0.51 
Pseudour id ine 24.30 

12.01 
U r i d i n e  17.30 
5 - M e t h y l c y t i d i n e  8.36 
1 - M e t h y l u r i d i n e  1.65 
2'-0-Methyl c y t i d i n e  6.75 
Guanosine , 5-Methyl u r i d i  ne 7.95 
7-Methylguanosine 6.60 
2 ' - 0 - M e t h y l u r i d i n e  7.01 
2'-0-MeGuo, 1-MeGuo 18.06 
Adenosine 6.15 
2-Dimethyl guanosine 4.29 
2 ' -0-Methy ladenosine 1.52 
2-Methyl adenosi ne 3.61 
6-Methyladenosine 12.24 
Unknown 2.87 

Unknown 3.38 
Unknown 2.97 
Unknown 7.51 

Cyt i d i ne 

6-Dimethyladenosine 8.91 

0.51 
24.00 
11.86 
17.35 

8.36 
1.65 
6.25 
7.95 
6.55 
6.96 

18.21 
6.20 
4.29 
1.52 
3.56 

12.19 
2.92 
8.86 
3.38 
2.97 
7.53 

0.0 
-1.25 
-1.76 

0.29 
0.0 
0.0 
0.0 
0.0 

-0.76 
-0.72 

0.82 
0.81 
0.0 
0.0 

-1.40 
-0.41 

1.71 
-0.56 
0.0 
0.0 
0.93 

Method A, s i g n a l  f rom m o n i t o r  reco rded  d i r e c t l y  b y  a s t r i p - c h a r t  

Method B, s i g n a l s  a c q u i r e d  b y  Data Hand l i ng  Microcomputer from 
reco rde r .  

m o n i t o r  were sen t  t o  t h e  s t r i p - c h a r t  r e c o r d e r  u s i n g  a r e c o r d i n g  
speed same as i n  Method A. 
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2 1 1 2  SMOLL AND SINGHAL 

consequence o f  t h e  s tep  f u n c t i o n  o f  t h e  d i g i t a l  c o n v e r t e r s ;  i t  i s  

based on a f u l l  s c a l e  o f  25.5 an). 

Peaks, exceeding t h i s  r e s o l u t i o n  (peaks 2, 3, and l l ) ,  were 

c a r e f u l l y  examined. 

l e a s t  t h r e e  p o i n t s  o f  t h e  same va lue .  

d i f f e r e n c e s  c o u l d  n o t  r e s u l t  f rom t h e  program read-cyc le,  which 

was repeated e v e r y  one second, D e v i a t i o n s  i n  peak h e i g h t s  were 

f u r t h e r  examined b y  approx in ia t i on  of  t h e  e r r o r  caused i n  i n t e g r a -  

t i o n .  

peaks 2 and 3 r e s p e c t i v e l y ,  and a g a i n  o f  0.17% f o r  peak 11 i n  

t h e i r  peak-drea i n t e g r a t i o n .  

The apex o f  each peak was c h a r a c t e r i z e d  b y  a t  

Hence, t h e  peak-height  

The e r r o r  amounted t o  l o s s e s  of o n l y  0.21% and 0.06% f o r  

DISCUSSION 

As t h e  c o m p l e x i t y  o f  a chromatogram inc reases  so does t h e  

burden p laced  on t h e  i n v e s t i g a t o r  t o  analyze i t . 

quence, manual r o u t i n e  a n a l y s i s  of coinplex chromatograms i s  n o t  

p r a c t i c a l  w i t h o u t  a d v e r s e l y  a f f e c t i n g  t h e  p r o d u c t i v i t y  o f  t h e  

i n v e s t i g a t o r .  To s o l v e  t h i s  problem, we have i n t e r f a c e d  a t y p i c a  

Hplc system t o  a dual -microprocessor  c o n t r o l l e d  da ta -hand l i ng  sys 

tern ( D H C ) .  

computer-ass is ted a n a l y s i s  o f  chromatographic  data,  t h a t  i s ,  

a c q u i s i t i o n ,  s torage,  and r e t r i e v a l  o f  t h e  data.  Subsequent 

papers w i l l  deal  w i t h  t h e  p rocess ing  o f  t h e  da ta  c o l l e c t e d .  

A. Hardware and Software for DHC 

As  a conse- 

T h i s  paper d e a l s  w i t h  t h e  p r e r e q u i s i t e s  f o r  i n i c ro -  

The hardware f o r  t h e  DHC i s  designed t o  f a c i l i t a t e  r e a l - t i m e  

a c q u i s i t i o n  o f  chromatographic  data.  The c o u p l i n g  o f  t h e  E x p l o r e r  
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DATA ACQUISITION AND DISPLAY 2713 

t o  t h e  Apple computer p rov ides  t h e  necessary i n t e r f a c i b i l i t y  and 

p rocess ing  th roughpu t  r e q u i r e d  f o r  r e a l - t i m e  c o n t r o l l i n g  and sioni- 

t o r i n g  o f  t h e  Hplc equipment. 

t h e  DHC beyond conven t iona l  computer p e r i p h e r a l s ,  e.g., d i s k  

d r i v e s  and p r i n t e r s .  

dures --  such as i n i t i a t i o n  and EOC r e s e t t i n g  o f  c o n v e r t e r s  - -  
reduces t h e  c o m p l e x i t y  o f  t h e  p r o t o c o l  f o r  these procedures and 

f r e e s  CPU t ime .  

average, and d i s p l a y  t h e  da ta  w i t h  s u f f i c i e n t  t ime  l e f t  i n  a 1 Hz 

c y c l e  t o  per forn i  any necessary n o i s e  r e d u c t i o n .  S i m i l a r i l y ,  t h e  

i n t e r r u p t  systerii and t h e  synchronized t i m e r s  p r o v i d e  t h e  necessary 

event  t i m i n g  and communication t o  t h e  CPU w i t h  min imal  CPU 

i n t e r v e n t i o n .  

T h i s  extends t h e  c a p a b i l i t i e s  o f  

The h a r d w i r i n g  o f  r e q u i r e d  i n t e r f a c e  proce-  

As  a r e s u l t ,  t h e  E x p l o r e r  i s  a b l e  t o  a c q u i r e ,  

The sof tware f o r  t h e  DHC i s  des igned t o  p r o v i d e  r e a l - t i m e  

data c o l l e c t i o n  and d i s p l a y ,  s torage,  and r e t r i e v a l  o f  chroniato- 

g raph ic  data.  

can be d i v i d e d  i n t o  two c a t e g o r i e s :  o p e r a t i n g  systeni programs and 

a p p l i c a t i o n  programs. 

Superv i so r  and Turnkey, a r e  desc r ibed  i n  d e t a i l  i n  a p r e v i o u s  

The sof tware c o n s i s t s  of  i n t e r a c t i v e  programs which 

The o p e r a t i n g  systeni proyrams, System 

paper ( 8 ) .  For  t h i s  

automate t h e  l o a d i n g  

use o f  a u s e r - f r i e n d  

makes such m o d i f i c a t  

work, however, t h e y  have been expanded t o  

and r u n n i n g  o f  t h e  E x p l o r e r  programs. 

y language (BASIC) f o r  t h e  Turnkey programs 

The 

and d i s r u p t i v e  t o  ons less  t i m e  consuming 

e x i s t i n g  programming. 

The a p p l i c a t i o n  programs c o n s i s t  o f  t h e  

They a r e  w r  grams w r i t t e n  f o r  t h e  E x p l o r e r .  

da ta  a c q u i s i t i o n  p ro -  

t t e n  t o  be as 
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SMOLL AND SINGHAL 2714 

u n o b t r u s i v e  t o  t h e  o p e r a t i o n  o f  t h e  Hplc equipment as p o s s i b l e .  

A l though such added c o m p l e x i t y  t o  t h e  o p e r a t i o n  o f  t h e  equipment 

i s  n o t  e n t i r e l y  avo idab le  s i n c e  t h e  UHC and t h e  Hplc  equipment 

inust be manua l l y  synchronized f o r  c e r t a i n  ope ra t i ons ,  and t h e  

c a l i b r a t i o n  of t h e  i ns t rumen ts  must be performed th rough  t h e  UHC. 

The normal exper imenta l  procedures f o r  Hplc, however, a r e  

ma i n t a  i ned . 
6. 

1. Data r e s o l u t i o n  

Accuracy o f  A c q u i s i t i o n  and D i s p l a y  o f  Data 

The programs w r i t t e n  f o r  d i a g n o s t i c s  and assay o f  i n t e r f a c e  

performance v e r i f y  r e l i a b i l i t y  and accuracy o f  t h e  hardware compo- 

nents  o f  UHC. 

conve r te rs ,  c a l i b r a t i o n  procedures a r e  performed a t  t h e  beg inn ing  

of each exper iment .  

r e s u l t s  i n  a q u a l i f i e d  e v a l u a t i o n  o f  accuracy ma in ta ined  b y  A / U  

c o n v e r t e r s  and programs d u r i n g  t h e  d i g i t a l - c o n v e r s i o n  process. 

The chromatogram ob ta ined  d i r e c t l y  f rom t h e  d e t e c t o r s  as compared 

w i t h  t h a t  a c q u i r e d  and reproduced b y  DHC i s  shown i n  Table I 1  and 

F i g u r e  1. The r e s u l t s  i n d i c a t e  t h a t  b o t h  accuracy and r e p r o d u c i -  

b i l i t y  o f  data a r e  ma in ta ined  b y  UHC w i t h i n  r e s o l u t i o n  l i m i t s  o f  

t h e  d i s p l a y  f o r  most peaks ( k l . 0  mm). 

methods ( e x c l u d i n g  peaks 2, 3, and 11) occu r  w i t h  a s tandard  

d e v i a t i o n  o f  o n l y  0.039 around a mean o f  -0.001. T h i s  i n d i c a t e s  

c o n s i s t e n t l y  accu ra te  da ta  convers ion  and p rocess ing  b y  t h e  

muni t o r i n g  programs. 

To e s t a b l i s h  accuracy o f  da ta  d i s p l a y  f rom D/A  

Thus, r e p r o d u c t i o n  o f  t h e  chromatogram b y  DHC 

D i f f e r e n c e s  between t h e  two 

To f u r t h e r  enhance r e s o l u t i o n  o f  data ( i .e . ,  t o  reduce 

t o l e r a n c e  l i m i t s  o f  da ta )  w i t h  t h e  use o f  t h e  e x s i s t i n g  8 - b i t  A/D 
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DATA ACQUISITION AND DISPLAY 2715 

conver te rs ,  i t  i s  p o s s i b l e  t o  r e v i s e  t h e  programming and upgrade 

t h e  D/A c o n v e r t e r  i n t e r f a c e .  The s igna l -ave rag ing  r o u t i n e  used i n  

t h e  d i g i t a l - c o n v e r s i o n  process sums 256 8 - b i t  va lues t o  generate a 

1 6 - b i t  t o t a l  which i s  d i v i d e d  b y  256 b y  t r u n c a t i n g  t h e  l e a s t - s i g -  

n i f i c a n t  byte.  Hence, a p o r t i o n  o f  t h e  l e a s t - s i g n i f i c a n t  b y t e  o f  

t h e  1 6 - b i t  t o t a l  can be used t o  i nc rease  t h e  number o f  b i t s  s t o r e d  

and d i sp layed .  

2 .  E r r o r  i n  data c o l l e c t i o n  

~. 

Only t h r e e  peaks exceed t o l e r a n c e  l i m i t s  (peaks 2 ,  3, and 11 

i n  Table I ) .  

A /D c o n v e r t e r  o r  b y  m o n i t o r  i n s t a b i l i t y ,  s i n c e  convers ion  e r r o r  

f o r  t h e  A / D  c o n v e r t e r s  was 

and m o n i t o r  i n s t a b i l i t y  would have appeared i n  b o t h  ve rs ions  o f  

t h e  chromatograms recorded s imu l taneous ly .  

"wors t  case" s i t u a t i o n ,  t h e  "NOISE DAMPER" program was used f o r  

t h i s  chromatography. 

va lue  o f  t h e  s t o r e d  data i n  o r d e r  t o  e l i m i n a t e  m o n i t o r  i n s t a b i -  

1 i t y .  T h i s  s u b r o u t i n e  averages read ings  when a s lope - reve rsa l  

occurs w i t h i n  a four-second pe r iod ,  t hus  accoun t ing  f o r  t h r e e  

i d e n t i c a l  va lues a t  t h e  apex o f  these peaks. 

D i f f e r e n c e s  i n  these  peaks cannot  be caused b y  t h e  

0.5 o f  t h e  l e a s t - s i g n i f i c a n t  b i t  (14 )  

However, t o  t e s t  t h e  

I t  uses a s u b r o u t i n e  which can a l t e r  t h e  

I n t e r e s t i n g l y ,  e v a l u a t i o n  o f  apparent  e r r o r  caused i n  t h e  

peak i n t e g r a t i o n  i n d i c a t e s  t h a t  t h e  e r r o r  i s  r a t h e r  i n s i g n i f i c a n t :  

-0.21, -0.06, and +0.17% f o r  peaks 2, 3, and 11 r e s p e c t i v e l y .  

Moreover, peaks e l u t e d  v e r y  e a r l y  i n  t h e  chromatogram and hav ing  

a p p r e c i a b l e  absorbance ( f o r  exaniple, peaks 2 and 3 )  t end  t o  be 

a f f e c t e d  b y  t h e  above s i g n a l - a v e r a g i n g  r o u t i n e ,  s i n c e  t h e y  have 

t h e  s teepes t  s l o p e  and a r e  t h e  narrowest ,  
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2716 SMOLL AND SINGHAL 

CONCLUSIONS 

The hardware i n t e r f a c e s ,  desc r ibed  i n  prev ious  papers, and 

t h e  sof tware,  desc r ibed  here, a r e  capable o f  p roduc ing  data appro- 

p r i a t e  f o r  f u r t h e r  p rocess ing  b y  t h e  DHC. 

employed by  t h e  programs i s  adequate t o  remove t h e  AC r i p p l e  and 

spu r ious  n o i s e  found i n  t h e  analog o u t p u t s  o f  Hplc d e t e c t o r s .  

r e s u l t i n g  da ta  i s  r e l i a b l e  and rep roduc ib le ,  and i s  w e l l  w i t h i n  

t h e  expected t o l e r a n c e  l i m i t s  o f  t h e  d e t e c t o r s  and s t r i p - c h a r t  

reco rde rs .  

d l s o  be expected t o  produce e q u a l l y  r e l i a b l e  and r e p r o d u c i b l e  

r e s u l t s .  

The no ise  f i l t e r i n g  

The 

As a consequence, f u r t h e r  p rocess ing  o f  t h i s  data can 

The programs have demonstrated t h e i r  a b i l i t y  t o  f u n c t i o n  

r e l i a b l y .  Both E x p l o r e r  programs as w e l l  as t h e  System Superv i so r  

and t h e  Turnkey Opera t i ng  System have been i n  use f o r  more than  

two yea rs  w i t h o u t  any problems. A l l  u t i l i t y  commands and r o u t i n e s  

a r e  used c o n s t a n t l y ,  and t h e y  a r e  f r e e  o f  "bugs". The u n o b t r u s i v e  

n a t u r e  o f  t h e  o p e r a t i o n  o f  t h e  DHC and i t s  so f tware  makes data 

c o l l e c t i o n  b y  t h e  DHC easy t o  l e a r n  and use. The DHC has been 

used s a t i s f a c t o r i l y  i n  ou r  l a b o r a t o r y  f o r  da ta  c o l l e c t i o n  and 

r o u t i n e  m o n i t o r i n g  o f  Hplc  f o r  ove r  two years. 
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