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ABSTRACT 

The Ozone Flow Control and Monitoring System was developed in 1986 for 
the controlled exposure of  diverse plant species to various 
concentrations of ozone gas. Design, operation, and performance are 
described for the automated system for generation, distribution, 
sampling, analysis, and control of ozone gas for plant exposure. The 
system has proved to be reliable, easy to maintain, and flexible in 
adapting to exposure programs. System software is reliable, and the 
user interface (CRT keyboard) is easy to use ,  providing quick-glance 
viewing of overall exposure conditions. 
plants to ozone concentrations in multiples of the ambient ozone level 
has been added, and software improvements in the areas of system 
response and user input are planned. 

The capability to expose 
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1. SCOPE 

The Ozone Flow Control and Monitoring System has been developed to 
provide growth chambers f o r  the controlled exposure of diverse plant 
species to various concentrations of ozone gas. 

The system also provides for the inclusion of ambient exposure, that 
is, exposure of control groups to ambient levels of  ozone, and "zero" 
exposure., that is, exposure of control groups to ambient air from which 
the majority of the ozone has been removed by means of  charcoal 
filters. 

This report describes the overall design, operation, and level o f  
performance of the system. It does not discuss results of particular 
plant groups that have been exposed in the system. Detailed papers  on 
specific experiments will be published later. 

1 



2. SYSTEM OVERVIEW 

The Ozone Flow Control and Monitoring System consj-sts of four major 
components, or subsystems: (1) one subsystem is for the generation and 
controlled distribution of ozone; 
speciinens; ( 3 )  one is for sampling and analyzing gas concentrations 
within 1 7 h e  exposure area; and finally ( 4 )  one subsystem is for 
acquisition, processing, and st:orage of exposure data and for overall 
sys tern control.. 

(2) one is :for the exposure of test 

A photograph of the entire exposure facility is shown in Fig. 1 

0rganizati.m of the exposure system is shown diagrammatical1.y in 
Fig. 2. A s  indicated by this figure, each subsystem is very c - lose ly  
linked to the precedi-ng and succeeding subsystems. Each specific 
subsystem is discussed in detail in succeeding sections, 
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F i g .  2 .  Ozone system block diagram. 



3 .  HAZARDS ANI) PRECAUTIONS 

Ozone i s  a t o x i c  gas whose presence can cause extreme difficu1t.y i n  
brea th ing .  I t  can a l s o  cause choking, nausea,  vomltirrg, and even 
dea th ,  Therefore ,  because of t he  concentrat ion and volume of ozone gas 
produced by 0800 A r e a  system, extrernc cau t ion  must he exe rc i sed  while 
working on o r  around the gas generat ion and d i s t r i b u t i o n  components. 

111 add i t ion  t o  being t o x i c ,  ozone i s  a l s o  a s t r o n g  ox id iz ing  agent and 
has  been known t o  ini t : ia te  spontaneous combustion when allowed t.o come 
i n  c o n t a c t  w i t h  combustible m a t e r i a l s  at concentrat ions produced by 
0800 f a c i l i t y  equipment. Therefore ,  system operators do not  a l l o w  
combustible materials t o  become exposed t o  t he  concent ra ted  ozone gas 
stream. 

in  addition, ozone generators  use high voltage in the production of 
ozone gas .  This voltage may be as high  as 15,000 V with a curreti t  
capac i ty  suf  Cieient to produce a 1et.hiii. shock. 

P s  a r e s u l t  of  these hazards ,  it is mandatory that: personnel take 
a p p r o p r i a t e  p recaut ions .  

5 



4 .  OZONE GENERATION AND DISTRIBUTION SUBSYSTEM 

4 . 1  OZONE GENERATOR 

This subsystem c o n s i s t s  of an Ozone Research and Equipment Corporation 
Model 0 3 S P 3 8 - A . 2  ozone generator  and assoc ia ted  equipment, as shown i n  
Fig.  3 .  
compressor and drying system which permit the  use of ambient a i r  f o r  
t he  source gas supply.  
permits the  use of ordinary tap  water ( a t  -25°C) a s  the  coo lan t .  

The generator  i t s e l f  is  a se l f - con ta ined  u n i t  with an i n t e r n a l  

A n  i n t e g r a l  coo'l.ing w a t e r  d i s t r i b u t i o n  network 

Ozone gas i s  produced within the  generator  by exposing a stream of 
d r i e d  ambient a i r  suppl ied by the compressor and d r i e r s  t o  a high 
p o t e n t i a l  (-15-kV) e l e c t r i c  f i e l d .  Because o f  t he  extreme oxid iz ing  
a c t i o n  of ozone, a l l  components o f  the  ozone d i s t r i b u t i o n  subsystem 
t h a t  are normally exposed t o  the h ighly  concentrated (11,000-ppm) gas 
stream a r e  f ab r i ca t ed  of 316 s t a i n l e s s  s t e e l  and/or Teflon. 

4 . 2  OZONE DISTRIBUTION 

The ozone gas generated by the u n i t  i s  routed through Teflon tubing t o  
a s e t  of  four  e lectr ical1.y operated s t a i n l e s s  s t e e l  c o n t r o l  va lves .  
These valves  serve  as conrro l  elements f o r  r egu la t ing  the  r a t e  of  f l o w  
of  ozone gas €or each major l e v e l  o f  concent ra t ion .  The t r i m  f o r  each 
of  the  valves  was se l ec t ed  t o  permit- a reasonable range o f  adjustment 
about the  des i r ed  value f o r  t he  p a r t i c u l a r  gas s t ream, based on the 
number of chambers t h a t  requi re  the given concent ra t ion .  The a c t u a l  
determinat ion of  the  valve t r i m  i s  explained i n  Sec t .  4 . 2 . 1 ,  Control 
Valve S iz ing .  

A con t ro l  s i g n a l  i s  provided f o r  each ac tua to r  from a sepa ra t e  analog 
output  channel of  the con t ro l  and da ta  a c q u i s i t i o n  subsystem. 
magnitudes o f  these  s i g n a l s ,  determined by the con t ro l  program running 
wi th in  the  computer, range from 0 t o  1.00% of valve p o s i t i o n .  

The 

The gas stream i s  m u t e d  from the respec t ive  con t ro l  valve t o  a 
d i s t r ibu t i -on  manifold. The manifold has a s  many o u t l e t s  a s  chambers t o  
be exposed t o  the  p a r t i c u l a r  concent ra t ions .  Each o u t l e t  i s  connected 
t o  a v a r i a b l e  a rea  flowmeter ( ro tameter ) ,  which i s  equipped with a 
manually operated metering va lve .  

The gas stream t h a t  passes from the flowmeter i s  mixed with a stream o f  
ambient a i r ,  r e f e r r e d  t o  a s  the  " c a r r i e r  g a s , "  t h a t  se rves  t o  minimize 
the t r anspor t  delay of  the  ozone gas .  The mixed stream i s  then s e n t  t o  
an exposure chamber. 

'The use o f  ind iv idua l  manual t r i m  va lves  with the flowmeters r a t h e r  
than a computer-controlled valve f o r  each chamber i s  due t o  the l a rge  
number of  exposure chambers and the  r e l a t i v e l y  high c o s t  of con t ro l  
valve a c t u a t o r s .  

6 
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‘TA = concentration of ozone in ambient air, 
00, = concentration of ozone from ozone generator. 

Since QA >> Qo Qc = QA and E q .  (1) can be rewritten as 
3 ’  

QcQc Qo3UO3 + QCQA * 

Solving f o r  the flow of  ozone-enriched air yields 

The blower for the chamber produces an air f l o w  of 72,000 TJmin, and 
the ozone generator produces a concentration of 11,000 ppm of ozone. 
Thus, the flow of ozone-enriched air f rom the ozone generator follows 
the relationship 

Qo, = 6.55(~,-~~) , ( 3 )  

where u is in part.5 p e r  million and QO is in liters per minute 

Equation ( 3 )  is then used to de’cerrnine the flow necessary to produce 
the dt:si.r-ed concentration of ozone within a chamber. 

3 

For example, if it i.s desired t o  produce a Concentration of 100 ppb of 
ozone above ambient, then U,-UA = 100 ppb, o r  0.1 ppm. Then the ozone 
flow required is 

Qo, = 6.55(0.1) y= 0.655L/min . 

Similarly, if 60 ppb above ambient is the desired concentration within 
a chamber, then 

Qo, = 6 . 5 5 ( 0 . 0 6 0 )  = 0 . 3 9  L/mirr . 

If the desired concentration of ozone is a function of the ambient 
concentration such as ac  = 2 a ~ ,  then the highest ambient concentration 
of ozone expected must 
that this estimate was 
above). 

A good estimate of the 
150 ppb; this estimate 

be esti-mated for fact:ori.ng into E q .  ( 3 )  ~ (Note 
not necessary in the “offset” example used 

highest ozone concentrati-on anticipated might be 
may include some buffer. Then, 

Qo, = 6 . 5 5 ( 2 ~ ~ - ~ ~ )  = 6.55(0.15) 
3 

= 0 .  98  X,/ni.n . 
Following through on this exampl-e, -1 L/min of ozone-enriched gas is 
required to be fed by the control. valve per chamber. TE the control 
valve i.s to feed five chambers, the total flow needed through the valve 
is 
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Total QO 5 (number of chambers) x Qo 
3 

= 5 x 1 L/min = 5 L/min . 

This equation assumes equal distribution. 

It is now necessary to convert liters per minute to standard cubic f e e t  
per hour (SCFH) : 

- 5 L/min x (0.035315 f t 3 / L )  x 60 min/h 
= 10.6 SCFH . Qo3 

If it is assumed tha t  there is a 5-psi pressure drop across the valve 
and the supply pressure is 15 psig, then 

and C ,  * ( 2 ~ 1 0 - ~ ) ( 1 0 . 6  SCFH) 

- 0.0212 , 

which, from Table 1, requires an L trim on the control valve. 

Table 1. Valve trim sizing for 
research control valves 
(Badger Meter, Inc.) 

Control valve Trim size designation 

0.32  
0 . 2  
0.12 
0.08 
0.05 

0.03 
0.02 
0.01 
0.006 
0.003 

F 
G 
H 
I 
J 

K 
L 
M 
N 
0 



h .  2 . 2  Flow Balanci-ng 

Once the  c o n t r o l  va.lve t r i m  i s  s e l e c t e d  atid i n s t a l l e d ,  i t  i.s necessary 
t o  balance ozone flow t o  t he  ind iv idua l  chambers by a d j u s t i n g  the  
rot:aiiietiers with the  system software running ( see  S e c t .  7 ,  Control and 
Data Acquis i t ion Subsystem). This can be done by s e l e c t i n g  the  F6 key 
t o  access  the  c o n t r o l l e r  conf igu ra t ion  o p t i o n s  and s e t t i n g  (:he output  
of  t he  d e s i r e d  c o n t r o l l e r  t o  manual. mode a t  a value of  100%.  Following 
i n s t r u c t i o n s  on the d i sp lay  r e t u r n s  the screen t o  overa1.l d i s p l a y  and 
conti-nued chamber sampling. The f l o a t  i n  t:he rotameters  i s  then 
ad jus t ed  t o  provide a f u l l - s c a l e  reading f o r  each chamber being 
supp l i ed"  

Because d i s t r i b u t i o n  o f  t he  ozone t o  the  chambers through the header i s  
no t  q u i t e  uniform, i t  i s  necessary t o  make t r i m  adjustments t o  equa l i ze  
the  flow t o  each chamber. Again, t he  F6 key i s  used t o  s e t  the o u t p u t  
of t he  corresponding c o n t r o l l e r  t o  50%. Monitoring the  concen t r a t ion  
of ozone i.n each chamber and a d j u s t i n g  the  corresponding rotameter 
a t t a i n s  the desi-red concentrat ion.  After  each c y c l e ,  rotaiiieters a r e  
adjust-ed u n t i l  t he  concentrat ions a r e  as nea r ly  equal as p o s s i b l e .  
m e n  a l l  chambers f o r  a p a r t i c u l a r  concentrat ion a r e  equa l i zed ,  t he  F6 
key i.s used t o  access  Che c o n t r o l  d i s p l a y  and r e t u r n  the  corresponding 
c o n t r o l l e r  t o  t h e  automatic mode. 



5 -  EXPOSURE AREA SUBSYSTEM 

5 . 1  CNAMBERS 

A s  ment;ioned in the pa-t:vious section, Che ozone distribution tubing 
t e rmina tes  i n  the  blower located at eixch of the ozone exposure 
ctaambers. These chambers together wi th  the ambient: and ' t x e m ' ~  
chambers, make up the exposure area. Top and s ide diagramaric  views 
of the equipment arrangement. are shown in F i g s .  4 and 5 .  

T h e  only difference between kEmse chambers chat  ree~i-ve O Z O ~ E  and those 
that  do not: i.s dae absence of an o ~ o t i r  distribution l i n e  In t h ~  blower 
1lov.sing of the chambers t:hBe do not  receive ooonP. 

Ambient ai.1: i s  tiroved tknroilgh the 13Iuwer  at: a rate? of -72 ,000 L/min.  
Both the zero expasure chambe-ra and ~ h c :  ambient exposure chambers are 
c?quipped with ordieza-ry b l o w e r s  ; tbat is ~ there i.s no Q Z O I ~ ~  i n j e c t i o n  
l i n e .  Chxmbers t h a ~  are to have a reduced level of ozone (zero 
chambers) are e.q~i.pped w:i.t:ls a. series of  a.c"ltivat:ad charcoal f i l t e r s  on 
the i.mn1e.t. 'llbese filters reduce t h e  mh ien t  OZQM concentration to 
va lues  ranging f r o , m  1.0 t x  15  ppb. Chambers that are eo receive an 
el.evated l e -ve l  of  ozone are equipped w i  tb ozone distribution lines tha t  
t.ermfnatc i n  a-he sjcle of the hl.ower hous ing  behind zhe blower iiiotior. 

L n  ail cases, the our::Lct of the blower i s  esncaected t o  the chamber by a 
p l a s t i c  duct: -2 f t  long by 2 f t ? .  
elnamnber through a series o f  h o l e s  in a. diffeis.ing baffle l oca t ed  around 
the Lower 1.rd.f of the  chamber, pro-criding an. even d. i f fus ion  of the inlet 
air and preverating e x p o s u r e  o f  p l a n t  s a m p l e s  t o  direr: t: h igh-ve loc i ty  
a i r  cucrei:it:s. 

T ~ c  ai.r from the bl.ower enters  the 

The chamber exhaus ts  through the  opeti t:op i n t o  the atmosphere. The 
r a t i o  of infiut f1.m ratx t:?:) chamber vo1.11me provides an exchange of  a i r  
at -6 - s  int:c?rvaIs I 

ALtlrcdugh only Ozone expt3mre chambers art: f i t t e d  wieh a d i s t r ibu t i . on  
l i n e ,  all.  chnmbers  are equ-n'.pyetl with a 6-nm-dia*. T c . f l ~ ~ ~ i  sample line. 
The sample  l i n e  or fg i -na tes  at a f i l t e r  i.1) t l a e  center o f  each chamber as 
near as gnos!;i.bl.e to the ver t icd .  center of  the plant: being 
exposed/sarnpled. The 1.iaies then proceed t t : ~  the sampling and a n a l y s i s  
subsystem where they terminate i n  a ce>rre:;ponding sample l i .ne  selection 
S 0 len0 id V2Ll.Ve 

a n  
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F i g .  h .  Diagram of ozone exposure chamber, top view 

<.-- 
i x p o s u r ?  chamber- ~ o p e n  f o p )  

Ozone e x p o i w e  chonber .  side view 

F i g .  5. Diagram of ozone exposure chamber, s i d e  view 
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It is important to note that all sample lines are of the same type of 
6-mm-diam Teflon tubing and of the same length to within a f o o t .  
are -60 m in length with the excess loosely coiled at the chamber site. 

They 

Compliance with these requirements ensures that all sample lines have 
seasonably equal absorbrion of gas samples and equal flow rates. 

5.4 UNIFORMITY OF EXPOSURE 

A major concern in the exposure of plants is the uniformity of ozone 
concentration within the chamber. To assess the uniformity, i i  profile 
o f  one chamber was taken. 

Horizontal ozone concentration variability within chanibers was 
determined by comparing 0, coricentra tions drawn from 1 3  locations 
within a single  chamber. The filtered ends of  13 sample l i nes  were 
systematically positioned in the chamber at: seedling canopy h e i g h t .  
The control valves were set to deliver a fixed concentration of 0 , .  
Ozone in the air drawn through these sample lines was sequentially 
analyzed at 6-min intervals, and the results are depicted in F i g .  6. 
The coefficient of variation was 7 % .  

1 . 2  3 4 s; 6 7 B 9 10 I f  12 13 

SBdEPLB PDSlTION 

Fig. 6. Distributian o f  0, across chamber 



6 .  SAMPLING AND ,4NALdYSIS SUBSYSTEM 

6.1 SAMPLE LINES 

Each chamber is  f i t t e d  with a 6-mm-diam Teflon sampling l i n e  t o  
f a c i l i t a t e  measurement of  the  a c t u a l  l e v e l s  of ozone i n  the  chambers 
f o r  both c o n t r o l  and monitoring purposes.  A d e t a i l  of  t he  sampling and 
a n a l y s i s  subsystem is  shown i n  F ig .  7 .  

The i n l e t  of  t he  sampling l i n e  is  f i t t e d  with a f i l t e r  element t o  
prevent  t he  induct ion  of d i r t ,  i n s e c t s ,  and any o the r  s o l i d  p a r t i c u l a t e  
m a t e r i a l ,  and it i s  pos i t ioned  a t  a l e v e l  equal t o  t h a t  of t he  main 
po r t ion  of  t he  p l a n t s  t o  be exposed. 

6 . 2  SAMPLE PIULTIPLEXINC, 

'1 pneumatic mult iplexing system cons tan t ly  draws a sample stream f r o m  
each chamber: ambient, ze ro ,  and exposed. Streams a r e  s e l e c t e d  i n  a 
c y c l i c  manner a t  f i xed  i n t e r v a l s  f o r  rou t ing  t o  an ozone ana lyze r ,  

Sample l i n e  s e l e c t i o n  is  con t ro l l ed  by tzhe con t ro l  and da ta  
a c q u i s i t i o n  computer. 

The three-way so lenoid  val.ve connected t o  each sample I.ine i s  normally 
i n  the  o f f  p o s i t i o n  t o  permit t he  sample stream from a chamber t o  be 
con t inua l ly  drawn by t h e  common sample stream vacuum pump. When a 
sample stream i s  t o  be analyzed,  the  corresponding three-way valve i s  
switched on, thereby d i r e c t i n g  the  sample stream i n t o  the  g l a s s  
rnanlfold and i n t o  the  ozone ana lyzer .  The s e l e c t e d  sample stream is  
drawn i n t o  the  analyzer  by the  a n a l y z e r ' s  i n t e r n a l  sample pump. Sample 
gas is  analyzed f o r  -60 t o  70 s fol lowing s e l e c t i o n  by the  c o n t r o l  
computer. A t  t he  end of t h i s  pe r iod ,  t he  c o n t r o l  computer accesses  the  
corresponding ozone analyzer  and ob ta ins  an e l e c t r i c a l  s i g n a l  
p ropor t iona l  t o  t he  ozone concent ra t ion  va lue .  Af te r  t he  va lue  i s  
r e a d ,  t he  con t ro l  computer performs a sweep cyc le  t o  minimize r e s i d u a l  
gas e f f e c t s  on the  next sample t o  be taken.  This  sweep cyc le  i.s -20 s 

i n  du ra t ion .  The reading obtained from the  ana lyzer  i s  processed by 
the  c o n t r o l  and da ta  a c q u i s i t i o n  program and s t o r e d  on magnetic disk. 
Following each ana1ysi.s cyc le ,  the  sweep cyc le  is  i - n i t i a t e d  and the  
sequence repeated f o r  the next chamber. 

Three ana lyzers  a r e  used and switched concurren t ly  t:o decrease the  
o v e r a l l  sampling time and thereby provide b e t t e r  exposure c o n t r o l .  
Each ana lyzer  s e rv i ces  1 5  chambers. 

14 
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Sonpi? Stream Solenod 

From Con?,-01 Cnnp. 
Select Plgnul 

lh--SI or 72.45 

-. ..................... .- 

D q t a l  C b a n n e i s  I -  !5. \ 
Sanpk Line From 

P l u n t  Evposure SChnnher 
.>r&--- 

Sample and Finu!y?er Siib -Systc .n  1 ; ~  tu’l 

.................................................. ............................ 
II___ __ __ ~ 

......................................... il ~ ......... 

F i g .  7 .  Deta i led  diagram of s amplhg  and an.alysis  subsystem. 

5.3 ANALYSIS OF OZONE CONCENTRATION 

A Dasibi Model 1003PC ozone ana lyzer ,  c a l i b r a t e d  by h e  EPA Designate 
Equivalent Method, EQOA-0577-019 ( r e fe rence  s tandard  t r aceab le  t o  N B S ) ,  
i s  used t o  c a l i b r a t e  a Pro toca l  CSI 3000 ozone genera tor ,  which i n  tu rn  
i s  used t o  c a l i b r a t e  the th ree  Dasibi (Model 1008-AH) ozone ana lyzers  
used t o  monitor t he  0, concent ra t ion  i n  the  chamber. 
t h i s  c a l i b r a t i o n  a r e  presented i n  Table 2 .  

The r e s u l t s  of  

6 . 4  SAMPLE LINE OZONE ABSORPTION 

Since the  ozone concent ra t ion  i s  being determined f rom a gas sample  
t h a t  has  passed through a cons iderable  length  of tuh ing ,  one o f  t he  
concerns i s  the  e r r o r  i n  the  concent ra t ion  values  as a r e s u l t  of  
absorp t ion  by the  tubing.  

Ozone l o s s  r a t e s  on sample l ines  (Teflon tubing,  6 tnni diam and 60 111 

long and f i t t e d  with Teflon dus t  f i l t e r s )  were determined by measuring 
0, generated i n  known concent ra t ions  by zi Protocal  CSI 3000 generator  
and introduced into the  ends of  the sample l i n e s  l oca t ed  i n  each 
chamber. Loss  r a t e s  averaged 14.4% with a 36% c o r f f i c i e n t  of  
v a r i a t i o n .  The va lues  obtained are shown i n  Table 3 .  
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Table 2. Cal.ibrations of ozone analyzers 
1.986 

Date 

Das i b i  
Prcotocal ana lyzer  
settings readi.n.gs Analyze z 

( PPb 1 ( PPb ID No. 

O c t .  9 ,  1986 1 
0 
0 

200 
201 
196 

Oct. 17,  1986 0 
0 
0 

199 
203 
205 

O c t .  24,  1 9 8 6  0 
0 
0 

199 
207. 
200 

9 
8 
7 

201 
207 
198 

4 
9 
6 

198 
204 
204 

'7 
6 
7 

203 
209 
206 

58005 
58006 
58007 
58005 
58006 
58007 

58005 
58006 
58007 
58005 
58006 
58007 

58005 
58006 
58007 
58005 
58006 
58007 

NOTE: Analyzers are offser: by about +8 ppb a t  zero. 
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Table 3. Ozone sample line calibrations 
October 1 3 ,  1986 

Line 
Protocal Analyzer delivery Loss 

(PPb) (PPb) ( a )  ( 8 )  
Chamber output reading efficiency on line 

10 
11 
1 2  
14 
1 5  
1 7  
2 1  

100 
99 
99 

100 
99 

101 
1 0 2  

88 
83 
82 
8 4  
80 
95 
95 

8 8 . 0 0  
8 3 . 8 4  
8 2 . 8 3  
8 4 . 0 0  
8 0 . 8 1  
9 4 . 0 6  
9 3 . 1 4  

12,oo 
1 6 . 1 6  
1 7 . 1 7  
1 6 . 0 0  
1 9 . 1 9  

5 . 9 4  
6 . 8 6  

2 2  
2 4 
27 
30 
3 1  
32 
33 

9 9  
101 
1 0 1  
101 
100 
1 0 0  
1 0 1  

85 
83 
97 
9 1  
82 
8 1  
84  

8 5 . 8 6  
8 2 . 1 8  
9 6 . 0 4  
9 0 . 1 0  
82 .OO 
8 1 . 0 0  
8 3 . 1 7  

14.14 
1 7 . 8 2  

3 . 9 6  
9 . 9 0  

1 8 . 0 0  
1 9 . 0 0  
1 6 . 8 3  

36 
37 
39 
4 0  
41 
42 
43 

101 
101  

99 
100 
102 

99 
100 

83 
87 
73 
85 
93 

90 
8 1  

8 2 . 1 8  
8 6 . 1 4  
7 3 . 7 4  
8 5 . 0 0  
9 1 . 1 8  
8 1 . 8 2  
9 0 . 0 0  

1 7 . 8 2  
1 3 . 8 6  
2 6 . 2 6  
1 5 . 0 0  

8 . 8 2  
1 8 . 1 8  
1 0 . 0 0  

Means 1 0 0 . 2 4  8 5 . 8 1  8 5 . 5 7  1 4 . 4 3  

Standard 
deviation 0 . 9 7  5 . 7 8  5 . 2 1  5 . 2 1  

Note:  Ozone from the Protocal was introduced into the 
ends of the sample lines in the individual chambers at t he  
concentrations indicated in this table. 



7 .  SYSTEM DYNAMICS 

This section deflnes the dynamic response characteristics of the ozone 
distribution, exposure, and sampling subsystems. 

A s  discussed earlier, the distribution o f  the ozone is accomplished by 
mixing the concentrated ozone gas (nominal 11 x l o 6  ppb) stream with 
the atmospheric a i r  carrier gas (nominal GO ppb) stream. 

'This mixing operation is required because the volumetric rate of the 
concentrated gas stream is so low that the transport delay would be 
unacceptable. 

The resultant ozone concentration of the mixed stream is given by 

ao3 Qo, -P- aa i rQa i r 

Qill 
gm = 

where 

am = volumetric concentration of ozone in mixed stream, parts 

Qm = volumetric flow rate of mixed stream, liters per second, 
= volumetric concentration of ozone in concentrated stream, 

a03 parts per billion, 
Qo = volumetric flow rate of concentrated ozone stream, liters 

per second, 
aair = volumetric ozone concentration of atmospheric air 

(nominal), parts per billion, 
Qair = volumetric flow rate of atmospheric air stream, liters 

per second. 

per billion, 

3 

The transport delay for a step change in ozone concentration within the 
di.stribution lines is Siven by 

where 

tdd = distribution line transport clel-ay time in seconds,  
Qm = volumetric flow rate of mixed gas stream, liters per 

vdl = total volume of t:he distribution line, liters. 
second, 

A typical value f o r  tdd f o r  this system woiu1.d be 

--- 5 . 9 8  s . vd l  0 1 L  tdd = I____ :.-: f .._.__._____. ... 

Qm 0.0167 L/s 

18 
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The carrier gas/ozone mixed stream is mixed with ambient air in the 
chamber blower unit. This is where the majority of  dilution occurs to 
produce the desired concentration. The concentration of ozone as a 
result of  this mixing is given by 

QmQm + OairQblower 

Qi 
C J i  - 9 

where 

Qi = concentration of ozone in chamber inlet stream, parts 

Qi = chamber inlet flow rate (Qm + Qblower), liters 

am = ozone concentration in mixed stream (carrier 

Qm = volumetric flow rate of  mixed stream, liters 

aair - volumetric ozone concentration of atmospheric air 
Qblower - volume flow rate of ambient air from blower, liters 

per billion, 

per second, 

gas/ozone), parts per billion, 

per second, 

(nominal), parts per billion, 

per second. 

The dynamic response of the ozone concentration within the chamber is 
determined by the following: 

Performing a mass balance on the chamber: 

- 
mo3s - m o , i  - mo3 , 

where 

= rate of  mass storage of  ozone within chamber, 
mo3 

m03 

'no, - mass flow rate of ozone into the chamber, 
i c- - mass flow rate of  ozone out of  the chamber. 

The inlet mass flow rate (moles per second) is given by 

where 

- nominal density o f  ozone, moles per  lit-er, PO3 
Qi = volume flow rate into the chamber, liters per second, 

0: = concentration of  ozone in the inlet stream, parts per 
b ill ion. 
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The o u t l e t  mass flow r a t e  i s  gi.ven by 

Qo = voliime f l o w  r a t e  o u t  o f  t he  chamber, l i t e r s  pe r  second, 
oo = concentrat ion of ozone i n  the o u t l e t  stream (chamber 

exhaus t ) ,  p a r t s  pe r  b i l l i o n .  

The ra te  of ozone mass s to rage  i.n the chamber i s  given by 

where 

Vc = chamber volume, l i t e r s ,  
uc = ozone concentrat ion wi.t:hin t he  chamber, partxs per  b i l l i o n .  

The mass balance becomes: 

This gives the  t i i m e  constant  f o r  the chamber concentrat ion as 

lhe response of the chamber i o  a s t e p  change i n  input  concen t r a t ion  i s  
the re f  o re  

u i n i t  = chamber ozone concentrat ion pri .or t o  s t e p  change. 

A t y p i e a l  value o f  T~ f o r  t h i s  system i s  

Therefore ,  t he  time f o r  the chainber t o  come t o  9 9 . 3 %  o f  t h e  new 
concen t r a t ion  is  57, o r  

(5)(104.6 s )  = 523 s o r  8 min . 
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The  t r a n s p o r t  delay fo r  samples being drawn f rom the chamber is a 
function of sample flow rate and sample l i n e  volume. This de lay  is 
giveri by 

where 

Qs = sample f 1 . o ~  K a t e ,  l i t e r s  p e r  second, 
V,1 = volume of  sample l i n e ,  liters. 

A t y p i c a l  sample l i n e  delay t i m e  i s  

" s  1. 0 . 1  L a  
tsd tt - iD = 3 s  . 

Qs 0 .033  L/s 



8.0 CONTROL AND DATA ACQUISITION SUBSYSTEM 

The control and data acquisition subsystem is responsible f o r  all 
control commands, digital output for actuation of  the sample selection 
solenoids, and analog output f o r  control valve positioning. The sub- 
system is also responsible for all. data acquisition and storage 
operations. Figure 8 is a photograph of the subsystem, and Fig. 9 is a 
diagram of major subsystem components. 

8.1 COMPUTER CONFIGURATION 

The subsystem is based on an 1nt:ernational Busi.xiess Machines, Inc. , 
Model 7 2 3 4  industrial, rack mount PC AT. This particular unit was 
selected for its relatively low cost : ,  general functionalism, and 
capability to be mounted in a standard 19-in. industrial rack cabinet. 
An IBM Model 7 5 3 4  industrial, rack mount color graphics monitior permits 
display of  real-time status information and can display data in graphic 
form. 

8.2 ANATDG INPUT 

All process information required by the syskm i s  acquired through a 
MetraByte Model DASH-8 eight-channel multiplexed, 12-bit, bipolar 
analog-to-digital converter (ADC), which plugs directly into one of the 
backplane expansion slots in the IBM PC AT. 

The ozone analyzer output signal is intended essentially as input to a 
stripchart recorder and is therefore ranged for 0 to 1 V dc. The 
DASH-8 analog input inodule accepts a signal in t h e  range 0 t:o 5 V dc. 
The signal is converted by a 12-bit resolution, bipolar ADC on the 
DASH- 8 module The equivalent resolution o f  ozone concent:rati.on values 
is therefore as follows: 

-5 17 - 0 counts, 
0 V - 2048 counts, 
5 V - 4095 counts; 

obtaining equivalent mV/count, 

J V  .____ - __ 2.44 mV/count; 
2048 count;s 

and, obtaining the equivalent analyzer output sensitivity, 

1000 ppb - 1 ppb 
1 v  mV 

__I_) 
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Color G r o p h f c s  

Hardcopy 

. . . . . . . . . 

....... ~ 

Indus t r , a l  AT 

120 vcc . . . .. . ... - 

Cond,t;oner 

Unregulated Line 

Voltage. '30-135 V4C 

4.20 na 4 5  Channels 3 Channels t o  
S , g n a k  to to Sonple Manlfold Sweep 

C o n t r o l  vnive5 Select,on 

V o l v e s  

1 2 3  
F r o m  Oznre  A n a l y z e r s  

Converting to o b t a i a  sensitivity i n  terms of p a r t s  p e r  b i l l i o n  pe r  
count : 

2.44 mV 1 ppb I 2 . U  pph 
?( ___c___ ..- ___1.1_-.- 

count mV count 

Therefore,  t h e  f u l l - s c a l e  analog input  range of 0 t o  1 V from the 
analyzer  i s  equivalent  t o  0 t o  4 0 9 . 6  counts ,  o r ,  

4 0 9 . 6  coun ts  x ...____1-.-- 2 * 4 4  - .- 9 9 9 . 4  ppb 
count 

Therefore ,  t he  system i s  capable of r e so lv ing  2 . U +  ppb OVFI- t he  range 
of -0 t o  1000 ppb. 
c a p a b i l i t i e s  of the conversion equipment ( i t  uses only the  0 -  t o  t 5 - V  
porLion o f  A/D range), we f e e l  t h a t  the r e s o l u t i o n  is  adequate.  

While t h i s  range does not. u t i l i z e  the f u l l  

8 . 3  ANALOG OUTPUT 

Control valve output  s i g n a l s  are provided by 2 IYetraByte Model U D A - 0 6  
six-channel- analog output  module, which also pl-ugs d i r e c t l y  i n t o  the 
backplan2 of  the I R M  PC A T .  
12-bi.t A D C s ,  one pe r  channel.  The conve r t e r s '  outputs  are 

The analog o u t p u t  signa1.s aril der ivnd f rom 



8 . 4  DIGITAL OUTPUT 

The on-off (spcn-close) s i g n a l 3  needed to c o n t r o l  the sample st-ream-to- 
t3rialgrzer se1.ection are a l s o  provided by the BDA-06 module since i t  also 
supports  2 4  channca1.s o f  d i g i t a l  input/oukput . 
channeIs are provided by a MetraByte Model P I O - 1 2  digital I/O nwd~~la, 
which a l s o  plugs d i r e c t l y  into the IBM PG AT backplane. 

AdditLonal digi t n l  

Power far the control and data acquis i t ion  subsystem is graviilrd by ,I 
power line  COT^ I t i ~ n e ~ J t - e g ~ P s t o ~ .  T h e  inclusion of the cand i t ionc r /  
T ~ , ~ u L B ~ ~ K  w a s  riccessasy- becaa.rse of $he remoteness of the s i t e  <m3 thr: 
corresponding f luc tua t ions  in supply voltage. 



9 .  SYSTEM SOFTWARE 

TZie system software i s  responsible  f o r  a11 d a t a  a c q u i s i t i o n  and controJ 
ope ra t ions  for the system. The softwarc Is w r i t t e n  e n t i r e l y  in the 
BASIC programing language and i s  organized as a series o f  s p e c i f j c  
s e c t i o n s ,  each designed t o  perform a partrlcular func t ion .  Examination 
o f  the program l i s t i n g  provided i n  the appendix g ill y i e l d  a marc 
complete understanding of: system ope ra t ion .  

The i n t e r f a c e  between t h e  system software and the user is a s e r i e s  o f  
screens accessed through func t ion  keys on the IHM I'C AT keyboard 

The most corninonly used screen i.s t he  o v e r a l l  system d i s p l a y .  

9.1. OVERALL SYS'['EM DISPLAY 

A copy o f  t he  o v e r a l l  system d a t a  d i sp l ay  i s  shown j n  F i g .  10.  T'r~e 
data  are presented on the system c o l o r  d i s p l a y  an& updated i n  r e a l  
time . 

Components of  the d i sp lay  are as fol lows:  

Upper '1 e f t  co rne r :  Current datc 
U p p e r  r i g h t  corner :  Present time o f  day 
Top Line: Display t i t l e  ("OZONE CONCKN'i'KAT%ON LN PPK VS CANOPY 

NVNBER" ) 

2nd Line ( l e f c  side) : "CANOP1ES JUST UPDATED: 1 3  28 43" 

These a r e  the canopies (chambers) which have just Seen sampled 
and updated. 

2nd Line ( r i s h t  side) : "PJIBIEN'I' UZONtZ LEVEL ( P P 8 j  : 6 6  .0 "  

This  i s  the c u r r e n t  ambient ozone level as measured by a 
separa te  ozone analyzer 

3rd Line: "Canopy 9 :  1. 2 . . . 8 9" 

This l i n e  i d e n t i f i e s  the number f o r  which the carresponding 
data on l i n e  4 apply 

4 th  Line: "Minimum: 5 8 . 7  . . . 3 9 . 1 "  

This l ine  shows thr minimum l e v e l  of or.nrne measured in Che 
correspondjng chamber s i n c e  midnight .  

26 
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1 L 3 4 
5 8 . 7  1 1 9 . 8  3 1 . 8  26.9 
7 0 . 9  158 .9  3 1 . 8  3 8 . 7  

10 I1 1 2  9 3  
6 5 . 0  51.3 19 6 5 8 , 7  

1 2 4 . 7  5 3 . 8  2 4 . 4  10.9 
P24.'1 53.8 2 4 . 4  ' 10 .9  

1 9  20 Z t  2 2  
5 8 .  T 14 . ' 7  LO;:. 7 1 2 9 . 6  
6 6 . 0  19.8 129 .6  183.8 

28 29 30 3 1  
5 8 . 7  1 7 . 1  5 8 . 7  4 6 . 5  
66 0 31.8 6 6 . 0  4 8 . 8  
6 6 . 0  3l.8 66.0 51.3 

37 38 39 4m 
sb.9 9 , 8  3 1 . 8  31.8 
4 8 . 9  1 2 . 2  85.6 51.3 
4 8 . 9  1 2 . 2  8 5 . 6  5 1 . 3  

x . 9  15w.9 4 1 . 6  3 9 . 1  

FEI.f:J >!z.l:t 129.6 1 6 6 . 7  

,l 7 

5 6 
5 8 . 7  6 1 . 1  
'iCJ.9 7 5 . 8  
7 0 . 9  7 5 . 8  

1 4  15 
6 1 . 1  107.6 
66.0 1.16.8 
6 8 .  0 2. 19. 8 

2 3  2 4  
17.1 6 G . O  
1 9 . 6  L32.!S 
19.6 1 3 2 . 0  

3 2  3 3  
14.7 36.7 
2 2 . 0  41 6 
2 2 . 0  4 1 . 6  

4 1  4 2 
3 6 . 7  2 6 . 9  
51.3 51 . 3  
5 1 . 3  5 1 . 3  

4 th Etne  I "'rraxielnlnl: 7 0 .  5 . . . 53 . 8  8 t  

Lines 7 through 10, 11 through 14, 15  t h m g &  1.8, and 19 t:l1rough 
22 show similar  informncion for the remaining chambers 

"he label "'MODE:'n refers to eFther automatic (A )  or manual (11) inode. 
In the aut rsmatic mode, the control system makes the necessary 
ad.jwtments to the con t ro l  valves to accomplish p r o p e r  control. In 
manual inlode, the user i s  responsihle f o r  ad jus t ing  the valves t o  their 
p r o p e r  p o s i t i o n s  
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The babel "SP:  91 i n d i c a t e s  the presen t  value of  t he  s e t p o i n t  f o r  i:he 
corresponding c o n t r o l l e r .  The u n i t s  read p a r t s  per  btl.l .ion- 

Immediately under t he  s e t p o i n t  l a b e l  and va lues  are t h e  "PU: I' , o r  
process variable,  label. arid va lue .  This readout i s  the current- ozone 
concen t r a t ion  value corresponding t o  the c o n t r o l l e r ,  

The l a b e l  r e f e r s  t o  the c u r r e n t  c o n t r o l l e r  output  s i g n a l  as a 
percentage from 0% (c losed)  t o  100% (open).  

The line ac ross  t h e  bottom l i s t s  the func t ion  keys (F3. through F18) and 
the  corresponding program fwrc t i on .  

9 . 2  SYSTEM C M N E L  ASSIGNMENT 

The assignment of  chambers ( e o  c o n t r o l l e r s ,  ana lyze r s ,  e t c . )  i s  
performed through the "SYSTEM CHANNEL ASSIGNMENT INFORMATION'' s c r e e n ,  a 
copy of which i s  shown i n  Fig. 11. The format f o r  each of  t he  t h r e e  
s e t s  sf information ks  shown a t  the top of  the d i s p l a y .  For  each o f  
t h e  t h r e e  groupings the informatj_on i s  as f o l l o w s  : 

1st Column: Canopy o r  chamber number 

These numl>ers, which run  from 1 rhrough 1 5 ,  1 5  through 30,  and 
31 through h5, correspond t o  the a c t u a l  exposure chambers. 

2nd Column: 

This col-wnn i n d i c a t e s  the s t a t u s  o f  the corresponding chamber, 
e i t h e r  a c t i v e  (ACT) or i n a c t i v e  (YNA) .  If a chamber i s  ac t ive ,  
i t  w i l l  he scanned and the  value used i n  c o n t r o l  o r  s e t p o i n t  
c a l c u l a t i o n s ,  i f  necessary.  

3rd Column 

This e6lrrmn shows t o  which cont-roller t he  chamber i s  assi-gned 
Legal va lues  f o r  t h i s  column are c o n t r o l l e r s  I through 4 
( C t l  *I, 2 ,  3 ,  o r  4 )  o r  a name i n d i c a t i n g  t h a t  the chamber i s  
e i t h e r  a zero o r  anibient chamber. 

4th Coluran: 

This  coli-unn i n d i c a t e s  t:o which o f  t h e  t h r e e  ozone analyzers  the 
chamber i s  connected. 

5th Column: 

This column shows to which saiirpler n u l t i p l e x  l i n e  the  chamber 
is  assigned. 
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SYSTEM CHANNEI, ASSTGNMENT INF~I~ZMATILIM 

FORMAT. CANOPY#, STATUS,  CONTROLLER # ANALYZER # , SAMPbEIl CRANNEJ, , CONTROLLEP) 

1 ACT NONE 
2 ACT CTL rt2 
3 ACT NONE 
4 ACT NONE 
ti ACT N O W  
6 ACT CTL #2  
7 ACT NONE 
8 ACT CTL rt2 
9 ACT NONE 
10 ACT CTL # 3  
1 1  ACT CTL #4 
12 ACT NONE 
13  ACT NONE 
1 4  ACT NONE 
1 5  ACT cm rt3 

I i ta 
1 2 Y  
1 3 N  
1 4 N  
1 5 N  
1 6 Y  
1 7 N  
1 8 Y  
1 9 N  
1 10 Y 
1 11 Y 
1 1 2  N 
1 13 N 
1 14 N 
1 15 Y 

16 ACT NONE 2 16 N 
17 ACT NONE 2 1 7  N 
18 ACT NONE 2 18 N 
19 ACT NONE 2 19 N 
20 ACT NONE 3 30 N 
21 ACT CTL # 3  2 21 Y 
2 2  ACT CTL # 3  2 22 Y 
2 3  ACT NONE 2 23 N 

25 ACT NONE 2 25  M 
26 ACT NONE 2 26 N 
2'7 ACT NONE 2 27 N 
28 ACT NONE 2 28 N 
29 ACT NONE 2 29 N 
30 ACT NONE 2 30 M 

24  ACT CTL $3 2 24 Y 

31 Ai'T CTL #4 
32 ACT NSiNB 

34 ACT NONE 
35 ACT NONE 
36 ACT CT 1, C3 
37 Ar:T N('1MT: 
38 A('T W N B  

40 ACT NONE 
41 ACT CTL #4 
4:' A('T NONE 
4 7  ACT CTL # 4  
4 4 ACT NONE 
4 5  ACT NONE 

33 ACT CTL #4 

38 ACT c'rL sc3 

:3 31 Y 
9 3 ? N 
9 3 3  Y 
3 3 4  N 
3 3 5  N 
3 36 Y 
3 37 N 
3 38 N 
3 38 'i 
3 3 8 N 
3 41 Y 
3 47 N 
3 4 3  Y 
3 4 4  N 
3 4 5 N 

ARE ANY CHANGES TO BF: MADE TO TABLE [Y /N ] ' r :  

F i g .  11 I System channel a s s i  gnment d i s p l a y  . 

6 t h  Column: 

This column i n d i c a t e s  whether the chainber i.s being eontrnlled 

Changes may be made i n  the assignments on this screen by answering 
"Yl' to the  query ARE ANY CHANGES TO RE MADE TO TABLE [YIM]? T h e  
u s e r  i s  then guided through s t e p s  to make necessary changes. 

9 . 3  D I S K  DATA STORAGE DRIVE ASSIGNMENT 

Data acqui red  by the system are s t o r e d  on d i s k  f o r  l a t e r  a n a l y s i s  0% 
p l o t t i n g .  S e l e c t i o n  o f  the  d i s k  d r i v e  on which data are t o  be s to red  
is  made through the  sc reen  shown in F i g .  1 2 .  

The d i sk - logg ing  i n t e r v a l  determines the  frequency wi t h  which c l a t x  wi 17. 
be w r i t t e n  t o  d i s k .  
responding "Y" t o  the query DO YOU WANT TO CHANGE DTSK LOGG1MG INTERVAL 
[Y/N] ? : 

This i n t e r n a l  inay be examined and a l t e r e d  by 
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CURRENT DATA DRIVE IS: (3 ' 
ALTERNATE DATA DRIVE is: D. 
DO YOU WANT TO L'HANGE DRIVE ASSIGNMENTS'? r Y / N 1 :  N 

DO YOll WANT TO CHANGE DISK LOGGING INTERVAL [ Y / N I ' ? : N  

F ig .  1 2 .  Di.sk da t a  s to rage  d r i v e  assi.grrinent. 

A b r i e f  "HELP" d i sp l ay  has been provided t o  a i d  the  user  i n  accessing 
va r ious  system €unct ions.  The screen i s  shown i n  Fig.  1 3 .  

9 . 5  CONTROLLER PARAMETER I)XSPI.AY 

A d i s p l a y  showing each of  the c o n t r o l l e r s  and the key parameters 
a s s o c i a t e d  with each has been provided and i s  shown i n  Fig.  I & *  

The column headed "Control ler  # I 1  i n d i c a k s  which c o n t r o l l e r  i s  being 
referenced.  

The "Setpoint  (PPB) It coluinn shows t he  p re sen t  s e t p o i n t  f o r  each 
c o n t r o l l e r .  These s e t p o i n t s  must be. i n t e r p r e t e d  along with t h e  column 
l abe led  "MODE" as Pollows : 

*If  the  "MODE" i n d i c a t e s  "OFFSET", then the s e t p o i n t  i s  considered 
as a cons t an t  o f f s e t  above the  ambient l e v e l  (addPtion). 

+If t he  "MODE" i n d i c a t e s  "P ropor t iona l " ,  t h e n  the  s e t p o i n t  i s  
considercd a m u l t i p l i e r  f o r  the ambient l e v e l .  For example, i f  
t h e  s e t p o i n t  i s  2 ,  t he  a c t u a l  c o n t r o l l e r  setpoint will be two 
times t h e  average ambient dtmospherle ozone concen t r a t ion .  

The o t h e r  f i e l d  i n  the "MODE" column is  the "MAN"/"AUTO" column. This 
shows whether t he  c o n t r o l l e r  i s  a c t i v e  i n  the automatic mode (auto) o r  
i s  depending upon the  user  t o  s e t  the c o n t r o l  valve (man), 
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10-09. 198'7 
KEY# DISPLAY 

I START 
I S T O P  
2 RESET 
3 FACE 
4 LOG 
4 NOLOG 
5 STORE 
5 NOSTORE 
6 CONTRL 
7 DRIVE 
8 A S S I G N  
9 HELP 
0 S T A T S  

OZONE FLOW CONTROL SYSTEM IIELP SCREEN 
FUNCTION 
IN1 T 1ATE ALL DATA ACQU IS I T  ION/CON'I'ROt, ACT IONS. 
STJSPEND DATA ACQIJISITTON AND CONTROL 
RESET DAILY MINIMUMS AND MAXIMIJME. 
DISPLAY ALL V A L l J E S  IN FACEPLATE FORMAT. 
Lff(+ ALL V A L U E S  TO PRINTJ3H AT REGULAR I N T E R V A L .  
DISCONTINUE LOGGING VALUES TO PRINTER 
STORE ALL V A L U E S  TO DISK AT R E G U L A R  INTERVAL 
DISCONTINIJE STORING VALUES TO D I S K  

CHANGE DWTA STORAGE DRIVE ASSIGNMENT 
S E T  CONTRO1,LER S E T P O I N T S  AND ACITO/MANUAL MODES 

ASSIGN ( : A N D E T E S .  INPlTT UHANNF:I,S. ANALYZERS, ET(.'. 
D I SPLAY TH I S SCREEN 
D A I I J Y  AND f l I S T 0 R ~ C A L  !STATIST I t ' n  F R I  NT i:~F'TIONS 

14: 4 8 :  2 5  

F i g ,  1 3 .  System he lp  d i s p l a y .  
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The column headed "OUTPUT % "  contains  the  present: valve p o s i t i o n  value 
being presented t o  t h e  ozone f l o w  c o n t r o l  valves. The values range 
from 0% (valve closed)  t o  100% (valve fully open).  

Changes may be made t o  each of  the c o n t r o l s  by e n t e r i n g  the 
corresponding c o n t r o l l e r  number i n  response t o  t h e  prompt. If no 
changes are t o  be made, the "Enter" o r  "ca r r i age  r e t u r n "  key i s  pressed 
without spec i fy ing  a c o n t r o l l e r .  



10. DATA ANALYSIS AND CONTROL EVALUATION 

System performance and exposure conditions were evaluated from data 
logged automatically by the control system over the course of the 
growing season. 

Since the details of data storage are discussed in Sect. 7, this 
section will focus on retrieval and analysis of the data. 

The data analysis serves two very important purposes. First, it 
permits correlation of changes in plant behavior with ozone 
concentration (this, of  course is the main reason the system exists). 
Second, it pennits the control performance of the system to be measured 
and evaluated. 

Examples of data acquired from the system are shown in Figs. 15, 16, 
and 17, Figure 15 shows the variations in ambient ozone level over a 
24-h period as measured in a typical chamber. Figure 16 shows the 
variations in ozone level in a typical ozone exposurle chamber with a 
setpoint of  ambient +60 ppb. Figure 17 shows typical data for a zero 
chamber. 

Figure 18 is a composite graph of  all three of  the chambers to permit 
comparison between chambers. A l l  values were taken on the same day. 

Analysis of control system performance can be done simply by comparing 
the desired conditions with the actual conditions experienced. 

As stated previously, the operating mode for the system during the 
first growing season was to maintain the ozone level in the exposure 
chambers at a constant level above the ambient value. 

As can be seen from the composite plot, the zero chamber remains at a 
level below 20 ppb while the ambient level rises to between 40 and 45 
PPb. 

The ozone exposure chamber tracks at or near the setpoint at a level 
-60 ppb above the ambient. 

Figure 19 shows the frequency distribution of  the difference between 
the ozone exposure concentration and the ambient ozone level. The mean 
and standard deviations are a l s o  included to provide a measure of 
control performance. 
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Fig. 15. Variations in ambient ozone exposure. 
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Fig. 16. Variations in controlled ozone exposure. 
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Fig. 17. Zero chamber exposure. 
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11. SUMMARY 

A flexible, automated system for the  generation, distribution, 
sampling, analysis, and control of ozone gas for plant exposure has 
been developed and is operational. 

The equivalent of two seasons of exposure has been accomplished with 
the system, and plans are being made f o r  additional exposure. 

The system has proven to be reliable, easy to maintain, and flexible in 
adapting to new exposure programs. 
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12. CONCZUSIONS AND RECOMMENDATTONS 

The system has  performed wel l  over the  f i r s t  and second seasons arid has 
provided a l a rge  quan t i ty  o f  c o n s i s t e n t ,  accura te  d a t a .  I n  a d d i t i o n ,  
it has  maintained proper control. of exposure condi t ions ,  

The sof tware has  proven t o  be f l e x i b l e  and r e l i a b l e  and has  provided 
e x c e l l e n t  i n t e r a c t i o n  with the  systeln. The user  i n t e r f a c e  (CRT 
keyboard) has  proved t o  be easy t o  use and provides  a complete overview 
of exposure coritliti.ons. The " facepla te"  o r  o v e r a l l  da t a  d i sp l ay  screen  
has  been p a r t i c u l a r l y  use fu l  because i t  provides the user  with 
quick-glance c a p a b i l i t y  for viewing o v e r a l l  exposure condi t ions .  

One of the recommendations f o r  system improvement was t he  addition o f  a 
c a p a b i l i t y  t o  expose p l a n t s  t o  an ozone eoncentrat ioi i  khich i s  a 
mul t ip le  of the  ambient ozone l e v e l .  This add i t ion  t o  the  software has 
been made and i s  now ope ra t iona l .  

Other improvements t o  the  software w i l l  be added i n  t he  areas o f  system 
response and WET i n p u t .  
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APPENDIX 

PROGRAM LISTING 
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10 'WRITTEN 3 - 7 4 - 8 6  BY J I M  A. MCEVERS 
15 'MODJFICD 4-27-81 BY TERRY 1,. BOWERS 
30 OPTLON BASE 1 
40 C O I O R  2 , 9 , 1 2  
50 SYSDRIVE$="B:" 
70 DATADRIVC$="C: " 

90 ALTRDRIVES-"D: I' 

110 
130 
150 
110 
180 
190 
210 
230 
250 
2'10 
2 3 0  
310 
330 
350 
370 
390 
41 0 
430 
450 
470 
490 
510 
530 
5 4 0 
545 
550 
5 7 0  
590 
6 1 0  
6 3 0  
6 7 0  
690  
'110 
730 
750 
170  
7 90 
010 
830 
850 
8 7 0  
890 
91 0 
930 
350 
9 7 0  
990 

1.0 I. 0 
1030 
1050 
1070 
1090 
1110 
1111 
1 1 1 2  
1113 
1 1 1 4  
1 1 3 0  
1150 
1170 
1190 
1 2 1 0  
1230 
1250 
1270 
1250 
1310 
1330 
1350 

' D E F l N E  ALL HARDWARE 1/0 ADDRESSES AND OFFSETS:  
DDAObEASE%=6H300  
D A S K 8 B A S Z % = & 8 3 3 0  
P1012E3ASE%-&H340  
EXP.GATN%-lO 
A M B I E N T % = l 7 8  "AMBIENT OZONE CHANNEL (CHNL 8 * 1 6  (SHIFT] ) -12R 
WNDUPLMT- 1 0  0 ! 
D i l N T R V L - 4 % 0 !  'DEFTNE D I S K  LOGGING INTERVAL I N  SECONDS. 
P L I N TRVL= 1 8 0 0 ! ' DEFINE PRTNTER LOGGING INTERVAL I N  SECONDS. 
CDRV$=="C: 11 

DDRV$-"D: 11 

EDRV$-"E:  11 

FDRV$-**F:  11 

BLANK$-"" 
' C C F I N E  ItG-JPUT CHANNEL ON DASH-8 USED TO MONITOR L I N E  VOLTAGE. 

POWER F A I L  LEVEL. 
POWERFAIL-4 .75  

D 1 M  OUTWORD% ( 2 , 3 )  
' D E F I N E  LGGICAL TRUE AND FALSE FLAGS. 
TRUE %- I 
FALSZ % = 0 
BIAS%-l 'FLAG FOR A D D I T I V E  CONTROL 
RAT I O  % -2 'FLAG FOR PROPORTIONAL CONTROL 
' DEFIRTE SOME COMMON RTT PATTERNS 
E31 T 0 %=I. 
ST T 1. Yi-2  
BlT2%=4 
B I 'r 3 %.:A 
B I T 5 % = 3 2  
B i T 6 % -7 6 4 
B I T 7 % - 1 2 8  
RTT8?=256 
R I T 9 % - 5 1 2  
BIT10%=? 0 2 4  

, 1-1 ,I ~ G ~ ~ A R L I S H  COMMON OUTPUT WORDS FOR D I G I T A L  I / O .  

R I T . 1 1  % - Z C / i O  
B I ' ? l 2 % = 4  0 9 6 
R T  ?13%-:8192 
BIT14%=16384 

NBJT111.2%-NOT (BIT118 OR R I T 1 . 2 6 )  
31 TO 1 O%=&N7FE'  
NBITOI 0%-NOT ( B I T 0 1 0 % )  
' D E F I N E  ALL DDAOG D I G I T A L  CHANNELS A S  OUTPUT. 
DDAO 6 ARC % :.: & H 8  0 
' LIE171 NE ALL PI01 2 D I G I T A L  CHANNELS AS O!JTPUT. 
P T 0 1 2 A B C % = = & H 8 0  

DEVICEYASK%=&H40 0 
PORTMASK%=&H300 
CHNLMASK8-SHFF 
ANLMASK%=&Hl8 0 0 
' ESTABLISH MAXIMUM ALLOWABLE S E T P O I N T .  
MAXSETPNT-250 ! 
' E S T A B L I S H  SYSTEM SHUTDOWN LIMIT. 
SHTDWNLMT=400! 
' E S T A B L I S H  CONTROLLED P O I N T  AND S E T P O I N T  TABLES. 
D I M  CONTKOLLEDB ( 4 5 )  
D I M  S E T P O I N T S  ( 4 )  
D 1 M  AMRCAN% ( 4 , l O )  
CPPCT-40.95 'OUTPUT G A l N  I N  COUNTS PER PERCENT. 
SPMASK%= &wl 
KP (1) = _  3 
K P ( 2 ) - . 3  
KP (3) 7:. 3 
KP (4) =. 3 
K I ( 1 ) - . 0 5  
KI ( 2 )  .=. 05 

91 rr 15 8- - 3 2 7 6 8 ! 

' D E F I N E  MASKS USED TO DECODE SAMPLE TABLE. 
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1370 KI (3) =. 05 
1390 KI (4) =. 05 
1410 KD(l)=O! 
1430 KD(2)=O! 
1450 KD(3)=0! 
1470 KD(4)-0! 
14 90 SPAN (1) =500 1 
1510 SPAN (2) -500 1 
1530 SPAN ( 3 )  -500 I 
1550 SPAN (4) =500! 

1590 DIM MIN(4),MAX(4),MEDIAN(41 
1610 DIM AC'I'IVE%(4) 
1630 DIM MODE%(4) 
1640 DIM SETPNTTYPE(4) 
1650 AUTOMODE%=TRUE% 
1670 MANLJALMODE%=FALSE% 
1680 FLKST-TRUE% 
1685 SINGLE%=TKUE% 'CONTROLS TO INDIVIDUAL TRgATED CHAMBERS. 
1690 DIM STRTTIME (4) 
1710 DIM STOPTIME (4) 
1720 ' Define day of year for end of each month. 
1722 DIM EOPM(12) 
1724 EOPM(1)-0 : EOPM(2)-31 : EOPM(3)-59 : EOPM(4)=90 : EOPM(5)=120 

1570 DIM ERRDIP(4) ,SPMPV(4) ,OLDERR($) 

1725 EOPM(6)-151 : EOPM(7)-181 : EOPM(8)=212 : EOPM(9)=243 : EOPM(10)=273 
1726 EOPM(ll)=304 : EOPM(12)=334 
1730 'DEFINE WATCHDOG UPDATING PARAMETERS. 
1750 W3TMKCN'TL%=SH30 
1770 WDLR%=SH8 'DEFINE RESET INTERVAL AS 30 SECONDS, 
1790 WDHB%=&A7 '60PPS*30SEC=1800 (BASE 10) = 708 (RASE 16). 
1 8 1 0  'DEFINE THE DIMENSIONS OF A FACEPLATE CELL. 
1 8 3 0 CE LLW 1 1) 'TI4 % = 6 
1850 CELLHEIGHT%=4 
1870 CONCMAS:<%=Si46000 
1890 'DEFINE INPUT SENSITIVITY : PPB/COUNT ( 0  - 1000 PPR RANGE/409 COUNTS). 
1910 PPBPCOUNT=1000!/409! 
1930 'ESTABLISH THE ANALYZER SAMPLE TABLES. 
1950 DIM ANLTAL% (3,45) ,ANLCNT% ( 3 )  ,ANLPTR% ( 3 )  
1970 'ESTABLISH THE CONCENTRATION VALUE TABLE. 
1990 DIM VALIJE (45) ,MINVAL (45) , MAAXVAL (45) , DPCNT (45), 03VAR (45) ,03AVG (45) 
1995 SREAD%-FALSE% 
2010 DIM DEVICE% (3) ,PORT% (3) ,C!1ANNEL% ( 3 )  
2020 DIN CNTRL03(4) 'ARRAY FOR AVERAGEDOZONE IN TREATED CHAMBERS BY CONTRLLR 
2030 DIM UPDATE%(3) 
2035 DIM CNTS%(5) ' Array for analyzer spike removal 
2040 DIM NEWVALU(45) 'New analyzer reading for d i s k  s to rage .  
2050 DIM FACECOORD%(2,45) 'FACEPLATE DISPLAY COORDINATE PAIRS. 
2070 'DEFINE THE CHAXIRER SAMPLE TABLE. 
2090 DIN SAMPLE% (45) 
2110 DDAT$=".DAT'' 
2130 DRIVE$="C:" 
2135 DIM TIMSTMPIi (45) 
2150 'DEFINE FLAG USED TO INITIATE A 12 BIT A/D CONVERSION. 
2170 Si'ART12BIT%=O 
2190 'DEFINE PERIOD OF TIME TO WAIT (IN SECONDS) FOR OZONE MEASUREMENT. 
2210 SAMPLEDELAY-95 
2230 ' DEFINE TIME TO WAIT FOR SWEEPING "SPUTNIK". 
2250 SWYUELAY=lO 
2260 DIM SWEEPING(3) ', SWPSTRT 
2270 'SET DIGITAJ, 1/0 DEVICES PORT DIRECTTON. 
2290 OUT DDA06BASE% t SHF, DDA06ABC% 
2310 OUT PI012BASE% t S H 3 ,  PIO12ARC% 
2330 'ANALYZERS. 
2350 'ESTARLTSH THE CHAMBER SAMPLE TABLE. 
2370 'DATA 688801, SH8802, SH8804, SH8808,SH8810, &H8820, SH8840,&H8880 
2390 'DATA SH9901,6H9902,SH99O4, SH9908, SH9910, &H9920,SH9940, &H9980 
2410 'DATA SH9A01, SH9A02, SH9A04, SH9A08, SH9A10, SH9A20, SH9A40,&H9AEO 
2430 'DATA SH9C01, SH9C02, SH9C04, SH9C08, SH9C10, SH9C20, SH9C40,SH9C80 
2450 'DATA SH9DO1, SH9D02, SH9D04, SH9D08, SH9D10, SH9D20, SH9D40, bH9D80 
2470 'DATA SH9E01, &H9E02, SH9E04, SH9E08, S H 9 E I  0 
2490 'CONTROL WORD FOR CHANNEL SAMPLES IS AS FOLLOWS: 
2510 '******************SAMPLE TABLE ENTRY BIT ASSIGNMENTS*************** 
2530 'BIT 15 - ACTIVE CHANNEL FLAG, l=ACTIVE, O=OMIT. 
2550 'BIT 13-14 UNUSED 
2570 'BIT 11-12 OZONE SAMPLE INPUT CHANNEL, 1.E.; ANALYZER %(RANGE 0 THRU 3 ) .  
2590 'BIT 10 - DIGITAL OUTPUT DEVICE: O=DDA06, 1=PI024 
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2 6 1 0  ' B I T  09-08 - PORT: OO=PORT A, O l = P O R T  3, 1 0 y P O R T  C .  
2 6 3 0  'BIT 0 7 - 0 0  - Ci-IANNEL WITHlN THE PORT. 
3 6 5 0  r*******x***END OF SAMPLE 'TABLE ENTRY B I T  ASSIGYMENTS*x********x~****** 
5 6 7 0  ' DEFINE CON TROLLED P O I N T  TABLE 
2 6 9 0  DATA & t I E O O O ,  & H 8 0 0 0 ,  sH8000 ,  & H 8 0 0 0 , & H 8 0 0 0 ,  &H8000, &HBOOO, &HE000 
2 7 1 0  DP.TA &H8000 ,  &a8000 ,  &HSUfl0, &H8000, & H 8 O f l O ,  sH8000, & H E G O O ,  sH8000 
2 7 3 0  DATA & H 8 0 U 0 , & H 8 0 0 0 , & H 8 0 0 0 , & H ~ 0 0 0 , & H 8 0 0 0 , 6 H 8 0 0 0 , & ~ 8 0 0 0 , ~ H 8 0 0 0  
3 l50 DATA &H8000 ,  &H8000, &118000, &H8000,  & H 8 O O C ,  &H8000,6P8COO, &HE000 
2 7 7 0  DATA &ti8000,  &H8000, h H 8 0 0 0 ,  &H8000,  sH8000,  &H8000 ,  sH8000, &HE000 
2 7 9 0  DATA & H 8 0 0 0 ,  &H800O, &H8000 ,  &F18000, &€I8000  
2 8 1 0  f X * * c * * * k X n * * * * * * * r * *  PROGRAM SET-UP SECTJ'rJN * X * * * x * X * * * * 1 * * * * * X X * x  

2830 CLS 

2 8 5 0  KEY OFF 
2 8 7 0  'RREDEE'INE K h Y S ,  DISPLAY ?HEM AND THE FLAG PAGE. 
2890 KEY 1 , " S T A R T "  
2 9 1 0  X5Y 2 ,  "RESET" 
3930 KEY 3,"FACE't 
2 9 5 0  KEY 4 , " I O C "  
2 9 7 0  KEY 5,  "STORE" 
2 9 4 0  KEY 6,  "'CONT'IL" 
3010 KEY 7 ,  "DRTVE" 
3 0 3 0  KZY 8 ,  "ASSIGN"  
3 0 5 0  KEY 9, "HE1,P" 
3070 KEY 1 0 ,  " S T A r S "  
3090 'GEL' (1) ON 
3110 KEY ! 2 j  ON 
3 1 3 0  KEY ( 3 )  ON 
3 1 5 0  KEY ( 4 )  ON 
31.70  KEY (5; ON 
3190 K9Y ( 6 )  ON 
3 2 1 0  KEY ( 7 )  ON 
3 2 3 0  KEY (8)  ON 
3 2 5 0  KEY ( 9 )  ON 
3 2 7 0  KEY (lo) ON 
3 2 9 0  ' D E F I N E  ROUTING FOR FUNCTION KEYS A S  PRESENTLY DEFINED.  
3 3 1 0  ON KEY (1) GOSUB 206.10  
3 3 3 0  ON KEY ( 2 )  GOSUB 2 0 7 3 0  
3 3 5 0  ON KEY ( 3 )  GOSUB 2 0 8 5 0  
3 3 7 0  ON KEY ( 4 )  GOSUB 2L2.50 
3 3 9 0  ON KEY ( 5 )  GOSllR 2 1 3 1 0  
3410 ON KEY ( 6 )  GOSUB 2U990  
3 4 3 0  ON KEY ( 7 )  GOSUE? 2 1 5 5 0  
3450  ON KEY ( 8 )  GOSUB 21130 
3 4 7 0  ON KEY (9) GOSUR 2 1 / 3 0  
3 4 9 0  ON KEY ( 1 0 )  GOSUB 2 1 6 7 0  
35'10 LOCATE 7 . 1  
3 5 3 0  P R I N ' T ; T A R ( l O )  ; C H R $ ( 2 9 1 )  
355G FOR L O O P % - l  1'0 10 
3 5 7 0  P R I N T ; T A R ( l O , ; C H R $ ( 1 8 6 )  
3590 NEXT LOOP% 
.3610 P R I N ~ ; r a R ( l O ) ; C H R $ t i O O )  
3 6 3 0  KEY ON 
3650 LOCATE 9 , 2 0  
3 6 7 0  P R I N T  "Ozone F i e l d  S t u d  
3 6 9 0  LOCATE 1 1 , 3 8  
3 7 1 0  P R I N T  "and" 
3.730 LOCATE 1 ? , 2 5  
3 7 5 0  P R I N T  " C o n t r o l  Systein'* 
3 7 7 0  LOci i rE  1.::,%5 
3 7 9 0  P R I N T  " V e r s i o n :  2 .1"  
3810 LOCATE 1 6 ~ 2 5  

STRLNGS ( 5 9 , 2 0 5 )  ;CHK$ ( 1 8 7 )  

T A B ( 7 0 )  ;CHR$ ( 1 8 6 )  

S T K L N G $  ( 5 9 , 2 0 5 )  ;CIHRS ( 1 8 8 )  

e s  Daca Acquisition" 

3 8 3 0  P R I N T  "Wr i t t en :  April 2 7 , 1 9 8 7 "  
3850  ' D I S P L A Y  THE E L K  PAGE FOR A REASONABLE PERIOD OF TIME,  THEN PROCEED. 
3870 TODO=TTMER 
3 8 9 0 TO13 1 -T I M E X  
3 9 1 0  IF  TODfl > T C D l  GOTO 3870 

,3950 C I S  
3 9 7 0  ' D E F I N E  "CELZ,S-LOCATIONS'" FOR THE DATA ON THE FACEPLATE DISPLAY SCREEN 
3 9 9 0  ENTRY%=O 
403.0 FOR ROW%-=l TO 5 
4 0 3 0  FOR COLM%-1 TO 9 
4 0 5 0  ENTRY%=ENTRY%+I 
4 0 7 0  FACECCORU% ( 1 , E N ' I ' R Y % ) = 1  + (ROW% - 1) * CELLHEIGHT% 
4 0 9 0  FACECOORE% ( % , E N T K Y % ) = l  -t (COLM% -- 1) * CELLWIDTH% 
41.10 NEXT COLM% 

3930  I F  ( T O D ~  - muo)  < 8 !  GOTO 3 8 9 0  
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4310 LOCATE 1 , 7 3  
433C P R I K T  T I M Z S  
4350 LOCATE 1,l 
4370 P R I N T  DA'IIES 
4380 ' G o  to Julian Calenoar r o ' J t i n e .  

4390 'GO TO POWER F A I L  CH 
4410 'GOSUa 6630 
4430 'UPDATE TF.2 WATCHDOG 

4385 G O S L ~ B  ?:9io 

' I I O N  KEY EELNG PRESSED.  
S 'TO BF, STARTED. 

4510 I F  START% = TRUE,% TH 
4530 'IF ENAl3LFl), GO SELECT 
4550 I? SEL.FC-% = "RUE% 
4570 '1P ENABLED, GO SEE HE SF.LECT?.U 4RE READY T O  RE READ YET. 
4590 I F  ACQUIRE% -- TRUE% GOSUB 7430 
4610 'Ik' ENABLED, GO SEF 
4630 IE CONTROI.% = TRUE% 
4650 'DETERMINE iF TtiZ FA 
4670 TF FACF.PT,ATE% -= TRUE$ THE& GOSUB 1 GOSUB 14590 
4690 'DETEXXINE I b ~  THE C l E A R  SCREZN/RE.S '.: TS ACTIVE.  
4710 I F  CI,RSCR&% - TRUF,% 'HEN GOS3B 1411'. 
4730 'DXTF,R?fTNE ;F P R I  K LOZGIKG IS A( I . V L .  

4750 IF PLOG% ~ TRUE% TklEN GGSUB 10590 E ' JH 11330 
4770 'OETZRNINE IF D I S K  SCCRAGE 'S ACTIV; 
4790 IF %ORE% = TRUE% TEEN GOSUH 11390 1 :  :F LXis(JB 11190 
481C 
483C 
4850 
4870 
4890 
4910 
4930 ~~ ~ 

4953 
4970 
4990 
501 0 
5030 
5050 
5070 
5093 
5113 

' S E E  I F  CHANNEL ASSIGNMEST OPTION 1:. A L T i V Z .  
I ?  A S S I G K %  = TRUF.% THEN GOSJH 15051: 
' S E E  IF U?DATE OF SCAN TABLZS I S  
L; UPDATETRJ.% = TRUE% 'THEN GCS!jR 
' S E E  ;r' SLi 'P'OI?lTS A R E  TO BE M O D l r  
I F  S E T P O I N T %  . :'RUE% THZd GOSUB 1 
' S E E  IF' 'ROGRAM IS  TO STOP EX 

(jPPR!3G% - ?XiJL% THEY GCS 
IF DISK DRIVE ASSIGNXN:S A R F  ro YE CHANGED. 

I F  DXVSEL% THEN GOSU3 1 2 1 5 3  
'SEL I F  S T A T I S T I C S  ARt; SUPPOSED '1'0 BE PRINTED.  
I F  STA'TS% 7 TRUE% T H E N  GOSUB 221c3 
'SEF, It' HELP I S  BEING R E O U E S ' I E E .  
IF HELP% THEN GOSUB 1995C 
'UPDATE THE S'TAYJS L I K E .  
GOSUB 19850 

M;3NIGHT ROI,J,OVER PARAtWCE3 R E S C ' i .  

5170 GOT0 4270 I GO BA(-K .?:I THE REGINNING O F  THE I D L E  LOOP.  

5 2 1 0  '*********CONSTXUCT SCANNIKG TARI.ES ORGANIZED BY ANALYZER # * * * * * * * * * * * *  
5190 '**********k****ENC OF o V F , R A l l ,  PHOGmM "IDLE-LOOP" SECrLON*************~  

5230 'CONSTRUC-' I 'ABLFS F C R  C O Y C U 3 R L N  CAMk'LING FROM AKALYZERS. 
5250 'FNTRY P C T N T  
5270 FOR ANLYZR%=l TO 3 
5290 

5330 
5310 

5350 
5370 
5390 
5410 
5430 
5450 
5470 
5490 
5510 
5530 
5550 

ANLCNTB (ANLYZRB) =O 
NEXT ANI,YZR% 
O N  ERROR G O 7 0  0 
OPEN SYSDRIVESt"SAMPLE.7RL"  FOR INPU'L AS #1 
OPEN SYSDRIVESt"CON'l'K0i.D. Xi,'* FOR INPUT AS t 2  
FOR ENTRY% = L TO 45 
INPUT #l,SAFP;,P% (ENTRY%)  
INPUT #2,CONTROLLED% (ENTRY%)  
NEXT ENTRY% 
CLOSE #1 
CLOSE #2 
OPEN SYS3RIV~St"SE~P~INT.TBL" f OK INPUT AS t l  
FOR CNTLA- 1 TO 4 
INPUT # l , S F T P O I N T S  (CNTL%) ,XGDF% (C'NTI % I  ,CW?LOUT (CNTL%)  ,AMACAN%(CNTL%, l )  
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5570 ACTIVE% (CNTL%) -FALSE% 
5590 NEXT CNTLB 
5610 CLOSE #1 
5639 FOR ENTRY%=l TO 45 
5650 IF SAMPLE%(ENTRY%) > 0 GOTO 5870 
5670 ANLYZR%= (SAMPLE% (ENTRY%) AND ANLMASK%) / 2 0 4 8  
5690 IF (ANLYZRB < 1) OR (ANLYZR% > 3 )  GOT0 5830 
5710 ANLCNT% (ANLYZR%) -ANLCNT% (ANLYZR%) 4-1 
5730 ANLTBL% (ANLYZR%,ANLCNT% (ANLYZR%) )=ENTRY% 
5750 TF ANLCNT%(1) > ANLMAX% THEN ANLMAX% = ANLCNT%(l) 
5770 IF ANLCNT%(2) > ANLMAX% THEN ANLMAX% = ANLCNT%(2) 
5,730 1F ANLCNT%(3) > ANLMAX% THEN ANLMAXB = ANLCNT%(3) 
5810 GOTO 5870 
5830 PKINT "INVALTD ANALYZER VALUE = ",ANLYZR%, "ENTRY #",ENTRY% 
5850 PRINT "PROGRAV TERM1NATED":END 
5870 NEXT ENTRY% 
5890 UPDATETBL%=FALSE% 
5910 RETURN 
5930 f*************END OF SOANING TABLE CONSTRUCTlON SECTION****x*=********** 
5950 I * * * * * * * * * * * * * * r * * * * * s A ~ p L E  LINE SELECTION SECTION**XXX***************** 
5910 'ENTRY POINT 
5975 IF FIRST=TRUF% GOTO 5986 
5980 FOR SWPCK-1 TO 3 
5982 IF SWEEPING(SWPCP)-TRUE.% COT0 6390 
5484 NEXT SWPCK 
5986 FIRST=FALSE% 
5990 CPOINT%=CPOINT%tl 
6010 IF CPOTNT% <= ANI.MAX% THFN GOTO 6030 
6020 FOR ANLYZR%=l TO 3 
6022 ANLPTR% (ANLYZR%) LO 
6024 NEXT ANLYZR% 
6026 CPOINT%=l 
6030 FOR ANLYZR%=l TO 3 
6050 ANLRUNG% (ANLYZR%) =FALSE% 
6070 IF ANLPTR% (ANLYZR%I => ANLCNT% (ANLYZR%) THEN GOTO 63'70 
6090 ANLPTR% (ANLYZR%) =ANLPTRP (ANLYZR%) tl 
6110 POINTER%-ANLPrR% (ANLYZR%) 
6130 DE'JTCE% (ANLYZR%) =- (SAMPLE% (ANLTBL% (ANLYZR%, POINTER%) ) AND DEVICEMASK%) /lo24 
6150 PORT% (ANLYZR%) = (SAMPLE% (ANLTBL% (ANLYZR%,POINTER%) ) AND PORTEIRISK%) /256 
61 70 CHANNEL% (ANLYZR%) =SAMPLE% (ANLTBL% (ANLYZR%, POINTER%) ) AND CHNLMASK% 
61 90 'LOCATE 2tANLYZR%, 1:PRINT CHANNEL% (ANLYZR%) ,CPOINT%,ANLYZR% ' DEBUG 
6210 '"OR" 'THE NEW CHANNEL INTO THE COMMON OUTPUT WOKD FOR DEVTCE/PORT. 
6230 CUTWORD% (DEVICE$ (ANLYZR%) t1,PORTA (ANLYZRO) t1) = (CUTWORD% (DEVICE% (ANLYZR%) +I, 

PORT% (ANLYZK%) +1) GK CHANNSL% (ANLYZRS) 
6250 IF DEVICE%(ANLYZR%) = 0 THEN OUTBASE%=DDA06BASE%+cHC 
6270 IF DEVICE%(ANLYZR%) = 1 THEN OUTBASE%=PIO12BASE% 
6290 OUT OUTUASE%tPORT% (ANLYZR$) , 
6330 ANLSTRT(ANLYZR%)-TIMER 
6350 ANLRUNG% (ANI,YZR%) =TXUE% 
6370 NEXT ANLYZR% 
6390 ACQUIRE%=TRUE% 
6410 SELECT%=FALSE% 
6430 GOTO 6570 
6450 'SELECT$-TRUE% 
64 7 0 ' ACQUIRE%-FA1 SE% 
6490 'FOR ANLYZR%-1 TO 3 
6510 'ANLPTR% (ANLYZR%) =O 
6530 'NEXT ANLYZR% 
6550 'CPOINT%=O 
6570 RETURN 

OUTWORD% (DEVICE% (ANLYZK%) t1 ,PORT% (ANLYZR%) -f 1) 

6590 f*+**k************END 05- SAMPLE JJNE SELECTION SECTION*****************k 
6610 rx****************r**pOWER FAIL DE'rECTTON SECTION****f**********x******* 

6630 'CHECK LINE VOLTAGE TO SEF IF POWER FAIL HAS OCCURED. 
6650 OUT DASH8RASE%t2, PWRCHNLB 
6670 OUT DASHSBASE%+l, STARI'lZRIT% 
6690 EOC%=INP(DASH8BASE%+2) AND &H80 
6710 1F EOC% = 1 GOTO 6690 
6730 LO%=INP(DASHRBASE%) 
6750 ZI%=INP(DASH8BASX%tl) 
67 10 COUNTS%rHI% 16 7 LO% / 1 6  
6 1 9 0  PWPLVL=(COUNTS%*l0/4096) -5! 
6810 'PRINT "POWERLEVEL=", PWRLVL, COUNTS% 'DEBUG 
6830 IF PWRLVL > POWERFAIL GOTO 7090 
6850 'INDICATIONS ARE THAT LINE POWFR HAS FAlLED ,CLOSE UP SHOP. 
6870 PRINT "POWER FAIL DETECTED, FILES BEING CLOSED." 
6890 'PLACE ANY POWER FAIL CODE HERE'!"!' 
6910 IF DATAFILE% - FALSE% 'THEN GOT0 6950 



6 9 3 0  
6 9 5 0  
6 9 1 0  
6 9 9 0  
7 0 1 0  
1 0 3 0  
7 0 5 0  
7 0 7 0  
7 0 9 0  
7 1 1 0  
7 1 3 0  
7 1 5 0  
7 1 7 0  
7 1 9 0  
7 2 1 0  
7 2 3 0  
7 2 5 0  
7 2 7 0  
7 2 9 0  
7 3 1 0  
7 3 3 0  
7 3 5 0  
7 3 7 0  
7 3 9 0  
7 4 1 0  
7 4 3 0  
7 4 5 0  
7 4 6 0  
7 4 7 0  
7 4 9 0  
7 5 i O  
7 5 3 0  
7 5 5 0  
7 5  70 
7 5 9 0  
1610  
7 6 3 0  
7 6 3 5  

164t i  
7 6 5 0  
7 6 7 0  
1 6 9 0  
7 7 1 0  
7 7 3 0  
7 7 5 0  
7 7 7 0  
1 7 8 0  
7 7 8 2  
7 7 8 4  
7 7 8 6  
7 7 9 0  
7 7 9 2  
1 7 9 4  
7 7 9 6  
7 7 9 8  
7 8 0 0  
7 8 0 2  
7 8 0 4  
7 8 0 6  
7 8 0 8  
7 8 1 0  
7 8 3 C  
7 8 5 0  
7 8 5 5  
7 8 5 6  

I F  ANT,RIING%(ANLYZR%) = FALSE% P H L N  GOTO 8 3 1 0  
'POD-r1Mt.R 
' TEST FOR MIDNJGHT ROT-L-OVER 
I F  ANLSTRi ' (ANLYZR%) > TOD THEN TOD-;TOD+86400! 
E LAP SED=TOD -ANLS TRT (AN1,Y ZR% ) 
I F  ELAPSED < SAMPIXDELAY GOT0 8310 
' READ THE. OZONE CONCENTRATION VALIJE. 
ANI,CHN!,Z= (ANLYZR%+4) * 1 6  
OUT DASH8BASE% i 2 ,  ANLCHNL% 
'READ CHAMBER 5 T I N E S  , DISCARD H I  6 LO READTNGS , AVERAGE 3 REMAINING 
(i.2. MIDDLE 3 ) .  
FOR READING= 1 TO 5 
OUT DASHEBASE%+l ,  S T A R T 1 2 B I T S  
'WAIT FOR THE CONVERSION I'O COHFLETE. 
EOC%=INP ( D A S H 8 B A S E % t ? )  AND &H80 
I? EOC% GOTO 7 6 9 0  
'READ THE ACTUAL VALUE AND CONVEK'T 'TO PPM 0 3 .  
LO%=INP (DASH8RASF%) 
H I % = I N P  ( D A S H B B A S E % t l )  

NOW= T I ME il 
I F  (NOW-XTHEN) < O !  G O T O  7580  
lF (NOWXTHEN) < . 0 5  GOTO 7 7 8 2  
COUNTS%=HI% * 1 6  t LO% / 1 6  
CNTS% (READING) =COUNTS% 
NEXT READING 
%OR S O R T =  1 TO 5 -  

XTHEN=TiMER 

FOR ORDER-1 TO 5 
I F  CNTS%(ORDEK) < C N T S % ( S O R T )  GCTO 1 8 0 4  
TEMP=CNTS% ( S O R T )  : CNTS% (SORT)  -CNTS% (ORDER) : CNTSB (ORDFR) =TEMP 
NEXT ORDER 
NEXT SORT 
COUNTS%= (CNTS% ( 7 )  t CNTS% ( 3 )  t CNTS% ( 4 )  / 3  
P P B 0 3  PP3PCOUNT* ( c O l J N T S $ - 2 0 4 8 )  /EXP.GAIN% 
'DFPOSI i '  VALUE 1N DATA ARRAY, 
POINTFR%=ANT '91 S (ANLYZR%, ANLPTR% (ANLYLR%) 
I F  P P B 0 3  < ShTDL*T"rJJMIT GOTO 7 8 7 0  
I F  SRZAD%-TI?UE% 1'IIEN I Oi-ATF 7 3 . 1 0 : P R I N T  "SHIJ1'DOIJN DUE 'TO # " , P O I N T E R % ,  
" O 3 = " .  , P P B O 3  ; "A: 'I ; TIWE$ : STOPPROG%=TKUE% 

7 8 5 7  SRFAU%=T3UE% 
1 8 5 8  XTHZN-TIMER 
1 8 6 0  NOW TIMER 

7 8 6 4  IP (NOW X:klLNJ < 4 5 '  G O r O  7 8 6 0  

7 8 7 0  I F  PfR03 > 0' THFN VALUE (POINTER%)  -PPB03 
7 8 7 2  TMCK=TI'IER 

7862  I F  (NOW - XPHEN) < 0 '  GOTO 7 8 5 8  

7 8 6 6  GOTO 7 6 4 0  
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7873 IF DATECK > TIMER THEN 'TIMSTMP#(POINTER%)-(JULDATE t 1) , 

7875 IF PPBO? > 0 '  THEN T I M S T M P # ( P O I N T C k % ) = T I M S T M P % ( P O I N T E R % )  t TIMER/(60*60*24) 
1816 IF TMCK > TIMER THEN GOTO 7872 
78 7 7  IF PPBOj > 01 THEN NEWVALU (POINTER%) -TRUE% 
7890 IF VALUE (POINTER%) > MAXVAL (POxNTER%) THEN MAXVAL (POINTER%) -VALUE (POINTER%) 
7910 IF VALUE (POIN'IER%) < MINVAL (POINTER%) THEN MINVAL (POINTER%) -VALUE (POTNTER%) 
7920 DPCNT (POINTER%) =DPCNT (POINTER%) t1 
7922 03VAR (POINTER%) = (DPCNT (POINTER%) -1) * OjVAR (POTNTER%l /DPCNT (POINTER%) 
7924 03AVG (POINTER%) = (DPCNT (POINTER%) -1) * 03AVG (POINTER%) /DPCN'I (POINTER%) 

ELSE TIMSrMP# (POINTER%) -JULDATE 

t (03AVG (POINTER%) -VALUE (POINTER%) ) "2 * (DPCNT (POINTER%) -I  ) /DPCNT (POINTER%) ̂2 

t VALUE (POIYTEK%) /DPCNT (POINTER%) 
7928 SREAD%=FALSE% 
7930 UPDATE% (ANLYZRYi) =POINTER% 
7950 'IF POINT IS A CONTROLLED POINT, SET THE CONTROLLER ACTIVE. 
79 70 IF CONTROI LFD% (POINTER%) => 9 GOTO 8030 
7990 CONTROLLER%-CONTROLLED%(POINTER%) AND SPMASK% 
8010 ACTIVE%(CONTROLLER%)-TRUE% 

8030 ?CLEA'1 THE CHANNEL AND PROCEED TO THE NEXT ONE. 
8011 COWTRLPNT% (CONTROLLER%) -POINTER% 

8050 OUTWORD% (DEVICE% (ANLYZK%) tl,PORT% (ANLYLR%) +I) =OUTWORD% (DEVICE% (ANLYIR%) tl, 
PORT% (ANI,YZY%) tl) AND (NOT (CHANNOL% (ANI,YZR%) ) 

8010 IF DEVTCF%(ANLYZR%) = 0 THEN OUTBASE%=DDA06BASE%+aHC 
8090 IF DEVJCE%(ANLYZR%) = 1 THEN OUIBASE%=PIOl2BASE% 
8110 'OUL OUTEASE%tPORT% (ANLYZR%) , OUTWORD% (DEVICE% (ANLYZRYi) tl,PORT% (ANLYZK%) tl) 
8130 ANLRIING% (ANLYZR%) =FALSE% 
8150 ' SWEEP THE "SPIJTNIK" BETWEEN CHANNELS. 
8160 SWEEPING (ANLYZR%) -TRUE% 
8170 OUTWOW% (2,2) -OUTWORD% ( 2 , 2 )  AND (NOT (2- (4tANLYZR%) ) ) 
8190 OUT PTOl2SASE%+l, OUTWORD% (2,Z) 
8200 9UT OUTBASI,% +PORT% ( A N L Y Z R % )  , OUTWORD% (DEVICE% (ANLYZH%) +1, PORT% (ANLYZR%) tl) 
871 0 SWPSTRT-TIMER 
8220 FIRST-TR[JE% 
8230 TOD TIMER 
8250 IF (TOD-SWPSTFT) C 0 '  THEN GOTO 8310 
8270 IF (TOD-SWPSTRT) C SWPDELAY THEN GOTO 8310 
8280 OUTWORD%(2 ,2 ) -OrJTWORu%(2 ,2 )  OR (2^ (4+ANLYZR%)) 
8290 OUT PIOli'BASP%Tl, OUTWORD% (2,2) 
8300 SWEEPING (ANLYZR%) =FALSE% 
8310 NFXT ANLYZRB 
8330 'read t h e  ambient ozone level. 
8350 OUT DASH8BASE%+2, AMBLENT% 
8370 OUT DASN8BASF%rl, START12BTT% 
8390 EOC%=INU(DASHEBASE%+2) AND &H80 
8410 IF ECC% GOTO 8390 
8430 LO%-INP(DASH8BASE%) 
8450 FI%=TNP(DASH8BASE%tl) 
8 4 7 0 COUNTS % =HI % x  1 6 r LO% / 1 6 
8490 NFWAMBO3-PPBPCOUNT*(COUNTS%-2048)/EXP.GAIN% 
8510 IF NEWAMBO3 > O 1  TYEN AMBIENTO3-NEWAMBO3 
8530 FOX ANLYZR%-1 TO 3 'SEE IF THERE ARE ANY ANALYZERS RUNNING. 
8550 IF ANLRUNG%(ANLYZR%) = TRUE% THEN GOTO 8650 
8370 NEXT ANLYZR% 
8590 SELECT%=TRUE% 
8610 ACQUIRE%-FALSE% 
8 63 0 CONTROL%=TRUE% 
8650 RETURN 
8670 r * * * * * * * x * A * k * * * k * * * * E N O  OF ANALYZER INPUT SECT~ON***********'*I*~***~** 
8690 l****t*******n*******CON~R01, 6 OUTPUT SECTION***************'"*x*'*"*X*X 
8710 'ENTRY POINT 
8730 FOR CONTROLLER%-1 TO 4 
8750 IE ACTIVE% (CONTROLLER%) =FALSE% GOTO 8 190 
8770 MAX(CONTROLLER%)--10000' 
8780 MIN(CONTROILFR%)=lOOOO1 
8790 NEXT CONTROLLER% 
8810 FOR POINTER%=l TO 45 
8830 IF SAMPLE%(POINTER%) > 0 GOTO 8970 
8850 IF CONTXOLLED%(POINTER%) => 0 GOTO 8970 
8870 CONTROLLER%-CONTROLLED%(POINTER%) AND SPMASK% 
8890 IF VALUE(POINTERYi1 = 0 '  GOTO 8910 
8910 IF MAX (CONTROLLER%) C VALUE (POTNTER%) THEN MAX (CONTROLLER%) -VALUE (POINTER%) 
8930 IF MIN (CONTKOLLER%) > VALUE (POINTER%) THEN MIN (CONTROLLER%) =VALUE (POINTER%) 
8950 MEDIAN (CONTROLLER%) ;MIN (CONTROLLER%) t (MAX (CONTROLLER%) -MIN (CONTROLLER%) ) /2 1 
8970 NEXT POINTER% 
8990 FOR CONTKOLLER%=l TO 4 
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9010 IF MODE% (CONTROLLER%) = MANUAI.MODE% THEN GOTO 9350 
9030 IF ACTIVE%(CONTROLLER%) =- FALSE% THEN GOTO 9450 
9032 CNTRLSUM=O! 
9034 CNTRLCNT%-0 
9036 FOR LOOP%=l TO 45 
9038 IF CONTROLJLED% (LOOP%) = > O  GOTO 9046 
9039 IF (CONTROLLER%<> (CONTROLLED% (LOOP%) AND SPMASK%) ) GOTO 9046 
9040 IF VALUE (LOOP%) < - O !  GOTO 9046 
9042 CNTRLSU14:CNTRLSUM t VALUE (LOOP%) 
9044 CNTRLCNT%=CNTRLCNT%+l 
9046 NEXT LOOP% 
9047 'LPRINT "COUNT-" , CNTRLCNT% 
9048 IF CNTRLCNT%<>O THEN CNTRL03(CONTROLLER%)=CNTRIjSUP!/CNTRLCNT% ELSE GOTO 9450 
9049 'LPRINT "OZONE &VG-" , CNTRL03 (CONTROLLER%) , "CONTROLLER # "  , CONTROLLER% 
9050 TEMPAMB-IO! 
9070 AMRCOUNT%=O 
9090 FOR LOOP%=l TO 10 
9110 IF AMBCAN% (CONTROLLER%, LOOP%) = 0 THEN GOTO 9190 
9115 IF VALUE(AMBCAM% (CONTROLLER%,LOOP%) ) = 0 GOTO 9170 
9130 TEMPAM3==TEMPAM3+VALUE (AMBCAN% (CONTROLLER%, LOOP%) ) 
91 50 AMRCOUNT%=AMBCOUNT% t 1 
9170 NEXT LOOP% 
9190 IF AMRCOUNTS <> 0 THEN AMBOZONE(CONTROLLER%)-TEMPAMB/AMBCOUNT% ELSE AMROZONE 

9192 IF VALUE(CONTRLPNT% (CONTROLLER%) ) C= O !  GOTO 9435 
9194 IF SETPNTTYPE(CONTROLLER%)=BIAS% GOTO 9200 
91 98 SETPNT (CONTROLLER%) =SETPOINTS (CONTROLLER%) *AMBOZONF, (CONTROLLER%) 
9199 GOTO 9201 
9200 SETPNT (CONTROLLER%) -SETPOINTS (CONTROLLER%) tAMROZONE (CONTROLLER%) 
9201 IF SETPNT(CONTROLLER%) > MAXSETPNT THEN SETPNT(CONTROLLER%)=MAXSETPNT 
9203 GOSUB 22500 ' Control Evaluation 

(CONTROLLERS) =AMBIENT03 

9205 IF SINGLE%=TRUE% GOTO 9211 
9207 SPMPV (CONTROLLER%) =SETPNT (CONTROLLER%) -CNTRL03 (CONTROLLER%) ' CONTOLS TO AVERAGE OF 

TREATED CHAMBERS 

SPMPV (CONTROLLER%) =SETPNT (CONTROLJ,ER%) -VALUE (CONTRLPNT% (CONTROLLER%) ) 
'CONTROLS TO INDIVIDUAL TREATED CHANBERS 

9209 GOTO 9230 
9211 

9230 IF KI(CONTROLLEH%) =< O! THEN GOTO 9250 
9231 ERRSUM(CONTROLLER%)-ERRSUM(CONTROLLER%)tSPMPV(CONTROLLER%) 
9232 IF ABS (ERRSUM (CONTROT LER%) ) 

9250 
9270 OLDERR(CONTROLLEl?%)=SPMPV(CONTROLLER%) 
9290 CNTLGUT (CONTROT,I.ER%) =CNTLOUT (CONTROLLER%) t (KP (CONTROLLER%) *SPMPV (CONTROLLER%) + 

(KI (CONTROLLER%) *ERRSUM (CONTROLLER%) ) ) 
9292 IF CONTROLLER%=i GOTO 9310 
9294 IF CONTROLLER%--=2 THEN C N T $ = " 0 2 "  
9296 IF CONTROLLBR%=3 THEN CNT$="03" 
9298 IF CONTROLLER%=4 'THEN CNT$="04" 
9300 OPEN DATADRIVES t "CNTRLR." t CNT$ FOR APPEND AS #1 
9302 PRTNT #l. USING 'I # # # # . # # # # # ,  # # # ,  # # ,  # # # . # " ;  T I M S T M P # ( C O N T ~ L P N T % ( C O N T R O C L E R % ) ~ ,  

CNTLOUT (CONTROI,J,E.R%) , CONTRLPNT% (CONTROLLER%) , 
9304 CLOSE X i  
9310 IF CNTLOUT (CONL'ROT.TXR%) < 5 ! THEN CNTLOUT (CONTROLLER%) =5! 
9330 IF CNTLOUT (CONTROLLER%) > 95! THEN CNTLOUT (CONTROLLER%) =95! 

9370 DAH%=INT (DAOUT% (CONTROLLER%) /256) 
9390 DAL%=DAOUT%(CONTROLLER%)-DAH%*256 
9410 OUT DDAO6BASE%t2*(CONTROLLER%-1), DAL% 
9430 OUT DDA06BASE%tlt2* (CONTROT,LER%-1), DAH% 
9435 ACTIVE% (CONTROLLER%) =FALSE% 
9450 NEXT CONTROilXK% 
9470 CONTROL%=FALSE% 
9490 RETURN 
9510 ,*******************END OF CONTROL & OUrpIJT SECTION********************* 

9550 START%=FALSE% 
95 7 0 SELECT%=TRUE% 
9590 ACQUIRE%=FALSE% 
9610 CONTROL%=TRUE% 
9630 RUNNING%=TRUE% 
9640 STORE%=TRUE% 
9650 CPOINT%=O 
9670 SDATES-DATES 
9690 STIME$=TIME$ 

> WNDUPLMT THEN ERRSUM (CONTROLLER%) ;WNDUPLMT*SGN 
(ERRSUM (CONTROLLER%) j 
ERRDIF (CONTROLLER%) =SPMPV (CONTROLLER%) -0LDERR (CONTROLLER%) 

CNTRLCK (CONTROLLER%) 

9350 DAOUT%(CONTROLLER%)-CNTLOUT(CONTROLLER%)*CPPCT 

9530 '*************INITIATE DATA ACQUISITION AND CONTROL******************* 
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io910 NFXT CONTROLLER% 
10930 RETURN 
10950 IF (SKR=27) OR (ERR-21) OR (ERR-25) THEN LOCATE 2 3 ,  9:PRINT ""PRINTER FAULT:",ERR 

11730 'IF DATAFiT,F.% - I.ALSE% T t X N  GOTO 11330 
11250 'CT,OSE #7 
11 27 o ' DATAFILE%=FALSE% 

11310 ON KEY ( 5 )  GOSUB 213iO 
11290 KEY 5, "STORZ" 

11330 RETURN 
11 3 5 0 t * * * * * * * * *******END OF NORI.'AL DATP>F I I,E CLOSING; SECTION***** ****t** * * *  * * *  * 
1 1 3 7 0  ,*******************DISK DATA STORAGE SECTION****************k*x********** 
i 1 3 9 0 ' E rJ TRY P 0 I N 'i 
11 4 1 0  PDLTIME=TIMER 
11450 ON ERROR G O r O  11830 
11550 KEY 5,"NOSTORF:" 
11570 ON KEY (5) GOSUR 7 1 4 3 0  
11630 It' PDLTIXE < DLTIMZ THEN GOTO 11790 
11640 IF ((PDLTIhE > 85200!) AND (DLTIME < 1200)) GClTG 11790 
11650 DLTIFR = PDLTIMEtDLINTRVL 
11670 IF DLTTME > 8 6 4 0 0 !  THEN D 
11675 'DISK DATA STORAGE RY CHA 
11680 FOR CHAM6ER- 1 TO 45 
11690 IF NEWALU (CHAMBER) -=FALSE% GOTO 11770 
11700 TENS ~ FlX(CHAhHZRHil0) t 48 
11710 UNITS = (CHAYUZii - (FIX ( C H A i W E R / l O )  *lo)) t 48 
11720 PNTS = CHR$(TENS) + CHR$(UNITS) 
li730 OPEN DAi'kliTilVES t "C!lAMi3ER." t PNTS FOR APPEND AS # ?  

# # # ,  ###.##";TiMSTMP# (CHAMBSR) ,VALUE (CHAMBER) 

11810 RETURN 
11830 IF E R R  <> 61 AND ERR <> 67 THEN GOTO 11950 
11850 TEWPDRTV'ZS=!IA?ADRIVE$ 
11870 DATADR~V~S~ALT~DRIVES 
11890 ALTRDRIVES -TEMi'ORIVE$ 

11 9 i ' c  'DATAFILE%=FALSE% 
11990 RESUM< 11790 

120'70 PRINT "3ATA FiL.C:-", DATAE'ILES 
12090 RESUME 11790 
12110  END OF DISK DATA STORAGE SECTION . . . . . . . . . . . . . . . . . . . . .  
12130 G DISK DRIVE ASSIGNMENT- S E C . ~ I ~ N . * * * * * * * * * * * * * * * * * * * * * *  

12i5C 'ENI'Si POINT 
1 2 1 7 c  CL.S 
12190 LOCATE 3.i 
12210 PRI?IT "CURRENT DATA DRlVE is: 
12230 LOCATE 4,: 
12250 PRINT '@ALIEHNATE DATA DRIVE IS: ",ALTRDRIVES 

", DATADRIVES 

12270 LOCATE 5,1 
12290 P K i N T  :?ACES ( 8 C )  :LOCATE 5,; 
12313 INPU-i' " 3 0  YOU WAN' TO CHANGE DRIVE ASSTGWENTS? [Y/N] : ",YNRESS 
12330 !F YNRESS="N" OR YNRESS="n"  OR YNRESS-"" THEN GOTO ,2690 
12350 IF YNRFS$<>"Y" AND YNRES$<>"y" ThEN GOTO 12290 
12370 LOCA?F 6,l:PRINT SPACFS(80):LOCATE 6,l 
12390 INPUT "ENTCX NEW DATA DRIVE I.D. [C:,D:,E:,P: OR <CR> FOR NO CHANGEl:",NEVDRV$ 
12410 IF E'i"TPV$=BIANKS THZN GOTO i2550 



1 2 4 3 0  IF NEWDRVS<>CDRV$ A N D  MFwDXV$<>DnR.V$ AND NEWDRV$<>EDRV$ AND bJENDR'JS<> 

1 2 4 5 0  I C  NEWDRV$=DATPDKJVE$ THEN GOTO 1 2 5 5 0  
1 2 4 7 0  ' SAVESTAT%-DATAF JLE% 
1 2  4 9 0  DATADRIVE$=NEWDHV $ 
1 2 5 1 0  ' I F  DATAFILE% THEW GOSUE 1 1 1 9 0  

FDRVS THEN GOTO 1 2 3 7 0  

1 2 5 3 0  ' IF SAVESTAT% ' r i m  STOKES;TRUE% 
1 2 5 5 0  LOCATE 7 , l : P R I N ' I '  Si?ACi?,$ ( 8 0 )  :I,OCATB 7 , l  
1 2 5 7 0  I N P U T  "ENTER NEW ALTERNUTX DRTVE T . D .  [C:,D:,E:,F: OR <CR> FOR N O  CHANGE] :",NEWDRV$ 
12590 I F  NEWDRVS-RLANK.5 THEN GOTO 1 2 5 4 0  
1 2 6 1 0  IE' NEWDRVS 7 I )A?ADRlVE$ THE?$ GOTO 1 2 5 5 0  
1 2 6 3 0  TF XEWDRVSIXDRVS A N D  ?uEwnR'JS<>DDW$ &NU NEWORVS<>EDKV$ AND NEWDRV$<> 

1 2 6 5 0  IF NE~UDRV$L.~LTRDRIVES THEN GCTO 1 7 6 9 0  
1 2 6 7 0  ALTKDRIVE$.~-~IEWDRVS 
1 2 6 9 0  LOCATE 8 , l : P R I F ; T  SPACES (80) :LOCATE 8 , l  
1 2 7 1 0  ITJPU'I "DO YOU \%'ANT '1'0 CHANGE D I S K  LDGGINC INTZRVAL [ Y / N ]  1 :  ",YNRESS 

FDRV$ THEN GOTO 1 2 5 5 0  

$ : " N a V  OR YNP.F:S$ = 'In" OR YNXESS = I"' 'LHI<N GOTO 12830 
.$ <> "Y" AND YXRESS <> " y "  THEN GOTO 1 7 6 9 0  

1 2 7 7 0  LOCATE 8 , l : P R I W  C E $  (80) :LOl:A'??. 8,l 
1 2 7 9 0  P R I N T  "CURRENT T N  VA J, I S 'I LILT $4 TRW, / 6 0 ! "MI N IJ 'I' R S . 
1 2 8 1 0  LOCP.l'E 3 , l : P R . i N T  SF'ACES(80):LOCATIS 9 , l  
1 2 8 3 0  INPUT "'ENTER NEW INTERVAL [I <= VALUE <= 1 4 4 0 1  I N  MlNUTES: ",NEWIN'I' 
1 2 8 5 0  I F  NEWINT C 1  OR ?JF,WTNT > 1 4 4 0  TLITN GOTO 12810 
I 2 8  70 DLIN??RVJ.,=NEWLNT" 60 
1 2 8 9 0 DRVS E T, % =FAL.S E % 
1 2 9 1 0  CLS 
1 2 9 3 0  RETURN 
1 2  9 5 0  I * * tl* * * * * * * * * * * * x k * **EN[> OF DRITjK SELECT SECTION" if X k * k* * k C k -C * * * * * *  * * *  ** 
1 2 9 7 0  ' f * * * * * * *i.'ACF,PLA'Il? D T  SPLAY CliI5ATION AND IJPDAT CNG SECT ION'$ * * * * * f * ** f 
1 2 9 9 0  'ENTR.Y POINT 
1 3 0 1 0  ' DETERMINE I F  FACFPLATE l'FM?T,A'J 1: HAS BEEN W A W N  YET. 
1 3 0 3 0  I F  FPTFMPJATE% THEN GOTO 1 4 0 3 0  ~~ 

1 3 0 5 0  C I S  
1 3 0 7 0  LOCATE 1,20 
130 90 P R I N T  "OZONE CONCENTRXI'IGN I N  PL'R VS CA?'O?Y NL'MUER" 
1 3 1 1 0  LOCATF. 2 .1  

1 3 1 9 0  FOR L O C P % = l  TO 4 5  S T E P  9 
1 3 2 1 0  LOCATE FkCECOOXD8 (1,1,00?%)+2,1 
1 3 2 3 0  P R I N T  "CANOPY# : " 
13250 LOCATE FA.CECOORG~% (1, r,ooi.'%) t 3 , 1  
1 3 2 7 0  P R I N T  'sM;N!HUW: '' 
1 3 2 9 0  LOCATE F'ACECOOR.D% ( l , L O O ? % ) t 4 , 1  
1 3 3 1 0  P H I N T  "PRESEN'L: 'a 

1 3 3 3 0  LOCA'PE FACECOORD% (1,T,OOP%) t 5 . 1  -.. 
1 3 3 5 0  PIiTNT "FlXTP!U?-I: " 

1 3 3 7 0  NEXT LOOP% 
1 3 3 9 0  FOR DPOINTG-1 TO 4 5  
1 3 4 1 0  LOCATE E'ACECOORD% (1, D P O I N T % )  ti 

' DPAW THE T EY?LATE ~ 

' ,FACECOORD% ( 3 , D ? O I N T % )  I 1 2  
1 3 4 3 0  P R I N T  U S I N G  "I # # " ; D P O I N T %  
1 3 4 5 0  I F  .SAMPLF%:DPOINT%) > 0 GOTO 1 3 6 5 0  
1 3 4 7 0  TF VAIAUE(DFOINI'%) = O !  GDTC 1 3 5 3 0  
1 3 4 9 0  LOCATE FACEi700RD% ( l , D P o I N T % j + s , F A C E C o o R D %  (2,DPOTNT%) 1 1 2  
1 3 5 1 0  P R I N T  USING "4Rb. #"; VALUE ( D P O I N T % )  
135311 IF MINVAL(DPOINTS) = i o o o o !  GOTO 13590 
1 3 5 5 0  LOCATE FACECOOKD% (1, D P D ~ N T % ) . ~ 3 , F A C E C O O H D %  ( 2 ,  DPOTNT%) t12 
1 3 5 7 0  P R I N T  USING " ~ R Y . . # " ; N I N V A L ( D P O ~ N ' C ' A )  
1 3 5 9 0  I F  WAXVAL (DPOIN'L%) - 1 0 0 0 0 !  GOTO 13650 
1 3 4 1  0 LOCA'PE FACECOORD% ( 1 , D P O I W T B )  +S,PACECOOR.D% ( 2 , D ? O I N I % ) . t 1 2  
1 3 6 3 0  P R l H T  U S I N G  " # # #  .#'';r-mr,Var,(DPC)_TN?'%) 
1 3 6 5 0  N E X T  DPOINT% 
1 3 6 7 0  FOR ! ,OOY&-l  TO 4 
1 3 6 9 0  F.OW%=4t ( I , O O P % - - l )  *5 
13  7 1 0  COJ,UPIN% = 6 7  
1 3 7 3 0  LOCATE C O L U M N %  
1 3 7 5 0  P R I N T  "CNTL: MODE: '' 
1 3 7 7 0  LOCATE XOW%,COLUMN%iG 
1 3 7 9 0  P R I N T  USING **X'v;LOOP% 
1 3 8 1 0  IF NODF,% ( L O O P I )  THEN blODE$=t'A" ET,SE MODE$-"PI" 
13830 LOCATE ROW#, COT,UMN%-t-13 
13950 PRINT U S I N G  "!";NODE$ 
1 3 8 7 0  LOCATE ROW?tl,COLUMN% 
13890 P R I l J T  "SP:" 
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1 3 9 1 0  LOCATE ROin"': 2,COLUMN% 
1 3 9 3 0  P R I N T  * ? V : "  
1 3 9 5 0  LOCATE K0V%t3 ,COLUMN% 

' T H t  TEMPT,ATE IS  NOW ON SCREEN. 

1 3 9 7 0  P R I N T  " O U T : "  
1 3 9 9 0  NEXT LOO?% 
1 4 0 1  0 FPTENL',A'IE%= :'RUE% 
1 4 0 3 0  FOR ANLYZR%=l  TO 3 
1 4 0 5 0  DPOINT%=UFDAIE% (ANLYZR%) 
1 4 0 7 0  UP3ATE% (.INLYZR%) = O  
1 4 0 9 0  I Y  OPO:NP% = 0 G O T O  1 4 2 7 0  
1 4 1 1 0  LOCAl'E 2 , 2 4 t  (ANLYZR%-1)*3  
1 4 1 3 0  P R I N T  USING 'I ##" ;DPOINT% 
1 4 1 5 0  LOCA'fl't: r'ACECOORD% ( l , D P O I N T % )  t 4 , F A C E C O O R D l  ( 2 , D P O I N T % )  +I2 
1 4 1 7 0  P R I N T  USING ' I # # # .  # " ;  VALUE ( ISPOINT%) 
1 4 1 9 0  LOCATE ~ A C E C O O R D % ( l , D P O I N T % ) t 3 , ~ A C ~ ~ ~ O O R D % ( ~ , D P O I N T % ~ + ~ ~  
1 4 2 1 0  P R I N I  L S I N G  ' I # # # .  #";MINVAL ( D P O I N T % )  
1 4 2 3 0  LOCATE FACECOORD% (l,DPOINT%)+5,FACECOORD% ( 2 , D P O I N T % ) + 1 2  
1 4 2 5 0  P R I S T  USING " # # # .  #";hAXVAL ( D P O I N T % )  
1 4 2 7 0  NEXT ANI,YZR% 
1 4 2 9 0  LOCATE: 2 , 7 4  
1 4 3 1 0  DRINT USING ' I # # # .  #";AMUlEN'I'03 
1 4 3 3 0  F O i i  LOOP%-1 TO 4 
1 4 3 5 0  R O v ? % ~ - l  ~ (LOOP%-1)  *5 
1 4  37 0 COLUMN%-6 7 
1 4 3 9 0  :.OCA'lE KOW%+l, COLUWN%t4 
1 4 4 1 0  P R I N T  USING '' # # # . # " ; S E l P N T [ ; . O O P % )  
1 4 4 3 0  LOCATF, ROW%t2,COLUMN%t4 
1 4 4 3 5  I F  CONTRLPNT%(LOOP%)  = 0 GOTO 1 4 4 7 0  
1 4 4 4 0  I F  STNGLE%=TRUE% GOTO 1 4 4 5 1  
1 4 4 4 5  P X I N ' i  U S I N G  " # # #  . # " ;CNTRL03  (I,OO;,%) 'AVEUAGE OF TREATED CHAMBERS 
1 4 4 5 0  GOTO 1 4 4 7 0  
1 4 4 5 1  PRIN'I '  USING " ### .#" ;VALUE (CONTRLPNT% (LOOP%)  ) ' I N D I V I D U A L  CHAMaER 
1 4  4 7 0  LOCATE ROW%+3, COLUHN%t 6 
1 4 4 9 0  PRIN'I '  USiNG " k##";CNTT,OUT (LOOP%)  
1 4 5 1 0  N E x r  I,OCP% 
1 4 5 3 0  KL'TUHN 

1 4 6 1 0 k P 1 i> Mi '  LA T Z % =FA 73  E % 
1 4 6 3 0  R F T L J K ~  

1 4 6 7 0  ' * * * * * * * * * * * * * * * * * * * C T F A R  SCREEN AND RESET HTN/MAX SECTION************** 
1 4 6 9 0  'CLEAR DISPLAY/RESET MIN,!4AX S E C T I O N .  
1 4 7 1 0  'ENTRY P O I N T  
1 4 7 3 0  C L S  
1 4 7 5 0  LOCALt, 4 , l : P R I h T  S P A C E S ( 8 0 ) : L O C A T E  4 , l  

1 4 7 9 0  I k  YNRFSS C >  " Y "  AND YNRES$ C >  "y" THEN GOTO 1 4 9 1 0  
1 4 8 1 0  FOR LOOP%-1 TO 4 5  
1 4 8 3 0  NINVAT ( L O O P % ) - ~ 3 0 0 0 '  
1 4  85 0 MAXVAL !LOOP%) = -1 0 0  0 0  ' 
1 4 8 7 0  NEXT TOOP% 
1 4 8 9 3  G O T O  1 4 9 3 0  

1 4 6 5 0   END OE hACEpLATE RESET SECTION********************** 

1 4 7 7 0  INPUT "RESEl' DAILY M I N I i l U Y ~  AND MAXIMUMS ? [ Y / N ]  :" ,YNRES$ 

1 4 9 1 3  I F  YNRESS <> "n"  AN3 YNRESS <> "N" AND YN.W:;S <> llti THEN GOTO 1 4 7 5 0  
1 4 9 3 0  CI.RSCRN%-PALSE% 
1 4 9 5 0  CLS 
1 4 9 7 0  RE'i 'UXN 

1 5 0 1 0  r * * * r ~ ' ~ * * r * r * * ~ y ~ ~ ~ ~  C H A N N F , ~ ,  ASSIGN MEN^ L ~ S ~ ~ I N G  SECTJON***************** 
1 5 0 3 0  'DISPLAY THE CHANKEL, ASSIGNHENT INFORMATION AND ACCEPT CHANGES. 
1 5 0 5 0  'ENTRY P O I N T  
1 5 0 7 0  C L S  
1 5 0 9 0  ON ERROR G O T O  0 
1 5 1 1 0  LOCATF. 1 , 3 0  
151  30  P R I N T  "SYSTEtl  CHANNEL ASSIGNMEN i' INFORNATION" 
15150 LOCATE 3 , l  
1 5 1 7 0  P R I N T  "FORMAT: CANOPY#, STATUS, CONTROLLER # ,  ANALYZER # ,  SAMPLER CHANNEL., CONTROLLED" 
1 5 1 9 0  FOR ENrRY% = 1 TO 4 5  
1 5 1 9 1  I F  ENTRY%-1 CR Eh'TRY%=16 OR ENTRY%-31 THEN ROW9-.-0 
15  1 9 2  ROW%=ROW%+l 
1 5 1 9 3  I F  ENTRY%=l  THEN CO;UMN%-1 
1 5 1 9 4  I F  ENTRY%-10 THEN COT,IJ?IN%=29 
15195 I F  E N l R Y % - 3 1  THEN COLUMN%=57 
1 5 2  1 0  1,OCAi'E 4 +ROW% \COLUMN% 
1 5 2 3 0  I F  SAMPLE% (ENTRY%) < 0 THEN STATUSS="ACT" E L S E  STATUSS="INA" 

1 4 9 9 0  r * * * c i * * * * * * * * * * * E f l D  OF P R O F I L E  DISPLAY SECTION************************ 
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15250 SPNUM%=CONTXOLLED% (ENTRY%) AND SPMASX% 
1 5 2 7 0  I F  SPNIJM% = 0 THEN SPNUMS--="NONE" 
1 5 2 9 0  I F  SPNIIM% = 1 TAEN SPNUN$:"'CTL #I" 
1 5 3 1 0  IE' SPNUM% -7 2 T I G N  SPNUM$="CTL # 2 "  
1 5 3 3 0  IF SPNUM% = 3 THEN SPNUM$-.="CTL X 3 "  
1 . 5 3 5 0  IF SPNUM% = 4 THEN SPNIJM$="CTL $ 4 "  
1 5 3 7 0  ANLYZR%== (SAMULEB (ENTRY%) ANI) ANL.HASR%) / 2 0 4 8  

1 5 4 1 0  I F  TEMP% > 2 5 5  THEN GOTO 1 5 5 3 0  
1 5 4 3 0  FOR M=O TO 7 
1 . 5 4 5 0  I F  Z"N = TEMP% THEN GOTO 1 5 4 9 0  
1 5 4 7 0  N E X T  N 
1 5 4 9 0  CHNL%=Ntl 
15510 GOTO 1 6 1 9 0  
1 5 5 3 0  I F  TEMP% > 511 THEW GOTO 1 5 6 7 0  
1 5 5  5 0  
1 5 5 7 0  FOR N = 0 TO 7 
1 5 5 9 0  I F  2"N = TEM?% rHEN COT0 1 5 5 3 0  

1 5 3 9 0  TEMPB=SAMPLE% ( E N T R Y % )  AND ~ 1 ~ 0 1 0 %  

TEMP %=TEMP % -75 6 

1 . 5 6 1 0  NEXT N 
15630 C H N L % = N + 1 7  
1 5 6 5 0  GOTO 1 6 1 9 0  
1 5 6 7 0  I F  TEMPS > 7 6 7  THEN GOTO 1581 .0  
1 5 6 9 0  TEM?%=TEMP%-512  
1 5 7 1 0  FOR N = 0 TO 7 
1 5 7 3 0  I F  2"N 7 T E W %  THEN G O T 0  1 5 7 7 0  
1 5 7 5 0  NEXT N 
1 5 7 7 0  CHNI,%-Nt 9 
1 5 7 9 0  GOTO 1 6 1 9 0  
1.5810 I F  TEMP% > 1 2 7 9  THEN GOTO 1 5 9 5 0  
1 5 8 3 0  rEMP'%.->TEMP%-1024 
1 5 8 5 0  FOR N- 0 TO 7 
1 5 8 7 0  IF 2"N = TEb!P% THEN GO":(> 1 5 9 1 0  
1 5 8 9 0  NEX1 N 
1 5 9 1 0  CHNLS-Ni 25 
1 5 3 3 0  GOTO 1 6 1 9 0  
1 5 9 5 0  I F  TEMP% > 1 5 3 5  TFjLh W T O  1 6 0 9 0  
1 5 9 7 0 

1 6 0 1 0  I F  2 " N  = TEZrlP% T N F N  GOT0 1 6 0 5 0  

1 6 0 5 0 

TEMP 5 2 TEMP % - 12 8 0 
1 5 9 9 0  FOR M=O TO 7 

1 6 0 3 0  PJEXT N 

1 6 0 7 0  GOTO 1 6 1 9 0  

1 6 1 1 0  FOR N = 0  T O  4 

1 6 1 5 0  NEXT N 
1 6 1 7 0  C H N L , % r N i - 3 3  
1 6 1 9 0  CNTLS="N"  
1 6 2 1 0  I F  CONTROLLED% (ZNTRY%)  < 0 THEN CNTLS-"Y" 
1 6 2 3 0  P R I N T  USING In # #  \ \ \  \ t # #  \ \ " ;ENTRY%,  STATUS$,  SPNUNS,ANLYZR%,CIINL%,(:N1'1,$ 

C HN Jd 8 -N+ 1 1 

1 6 0  9 0  TEYP % = T E M P % - 1 5 3  6 

1 6 1 3 0  IF YN = ' rEiw% THEN COTO 16170 

1 6 2 5 0  m x ' r  E N T R Y %  
1 6 2 7 0  'REQUE.ST ANY CIiANGES TQ THE CLIANMGL ASSIGNMENT TABLE. 
1 6 2 9 0  LOCATE 2 2 , l : P X I X T  SPACES ( 8 0 )  :LOCA'I'E .??,I 
1 6 3 1 0  1N;'UT "ARE ANY CHANGES TO RE NAD%. TO TABLE [Y/N]?: ",YNRES$ 
1 6 3 3 0  I F  YNRESS = "Nsn OR ES$="fi" OR YXRES$='"' THEN GOTG 1 7 6 1  0 
1 6 3 5 0  I F  YNRESC. <> "Y" Tat GOTO 1 6 2 9 0  
1 6 3 7 0  LOCATE 2 2 , l  
1 6 3 9 0  PKIfi'T SPACES(80) :LOCATE 22,l 
1 6 4 1 0  JNPUT '*ENTEX CANOPY TO RF MO'JIFIED [RANC;E:1--45,  <Cf> FOR NO CHANGE] :" ,CANP'f% 
1 6 4 . 3 0  J F  CANPYB, <: 0 THEN GOTO 1 7 6 1 0  
1 6 4 5 0  I F  CANPY% > 4 5  T E N  G O T 0  1.6370 
1 6 4 7 0  LOCATE 22,l 
1 6 4 9 0  PRINT SPAC:I:$140) :LOCATE 22,1 
1 6 5 1 0  LOCATE 22,i 
1 6 5 3 0  1NPUT "ENTEII I T E M  TO 3 E  MODIE'IEC [SrRIMG:1-10] :",ITEM$ 
1 6 5 . 5 0  I F  ITEM5 --- I"' THEN GOT0 1 6 4 1 0  
1 6 5 ' 7 0  I F  ITEMS <> "STATUS" TIiEN GOTO 1 6 7 1 0  
1 6 5 9 0  LOCATE 22,l 
115610 P R I N T  SPACES ( 8 0 )  :LOCATE 22,l 
1 6 6 3 0  INPUT "ENTER NEW STATIJS [AC7TVE/TNACTIVF,I  : 'I, SI'AT!JS$ 
1 6 6 5 0  I F  STATUS$ = "ACTIVE" THEN SAMPIX% (CANPY%) -SAMPLE% (CANPY%)  OR BITlS% 
1 6 6 5 6  TENS=FIX ( I ,OOl '%/lO) + 4 8  
1 6 6 7 0  IF S ' i 'ATUSt  = '"INACTIVF:" THEN SAMPLE% (CAN?Y%)  = (SAMPLE% (CANPY%J AND ( N O T  B I T 1 5 % )  ) 
1 6 6 9 0  GOTO 1 7 5 3 0  
1 6 7 2 0  I F  ITEMS <> RCONTROLLER" TfiEN GOTO 1 6 9 1 0  
1 6 7 3 0  LOCATE 22,l 
1 6 7 5 0  PKlN ' I  SPACESi80) :LOCATE 2 2 , 1  
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1 6 7 7 0  INPUT ':ENTER CONTROLLER NUMBER [NONE, #1, # 2 ,  # 3 ,  OR t 4 1  :",CTLWUMS 
1 6 7 9 0  I F  CTLNUMS = "NONE" THF,N CONTROLLED% (CANPY%) =0 
1 6 8 1 0  IF' CT?JJUX$ ~ "81" THEN CONTROLI,ED% (CANPY%) = 6 I i 8 0 0 1  
1 6 8 3 0  I F  C'I'LNU?l$ = " # 2 "  THEN CONTROLLED% (CANPY%) - 6 H 8 0 0 2  
1 6 8 5 0  I F  CTLNUWS = " # 3 "  THEN CONTROLJ2ED% (CANPY%) - 6 H 8 0 0 3  
1 6 8 7 0  I F  CTLNUX$ = " # 4 "  THEN CONTROLLED% (CANPY%) = 6 H 8 0 0 4  
1 6 8 9 0  GOTO 1 7 5 3 0  
1 6 9 1 0  I r  I T E H S  <> "ANALYZER" THEE GOTO 1 7 0 7 0  
1 6 9 3 0  LOCATd 2 2 , i  
1 6 9 5 0  P R I N T  S P A C E S ( 8 0 ) : L O C A T E  2 2 , l  
1 6 9 7 0  I N P U T  "LNTER ANAJ.YZF,R NUHBER [ 1 , 2  OR 31 :",ANJ,% 
1 6 9 9 0  I F  ANI,% = 3 THEN GOTO 1 6 4 7 0  
1 7 0 1 0  Ik' (ANL% < 0) OR (ANL% > 3 )  THEN GOTO 1 6 9 3 0  
1 7 0 3 0  SA?!PTX% (CANPY%) - ! ( S A W J . E %  (CANPY%) AND N B i T 1 1 1 2 % )  OR (ANL% * 2 0 4 8 ) )  
1 7 0 5 0  GOT0 1 7 5 1 0  
1 7 0 7 0  I F  J T S N S  <> "CHANNEL" THEN GOTO 1 6 4 7 0  

R NEW CHANNF,i, NLlMBER [RANGE: 1 - 1 5 ,  <cr> FOR NO CHANGE]:",CI:NL% 

1 7 1 3 0  I F  CHNL% 7 0 THEN GOTO 1 6 3 7 0  
1 7 1 5 0  I F  CHNL.% > 8 THEN GOT0 1 7 2 1 0  
1 7 1 7 0  SAMPLE% (CANPY%) = (SAMPLg% (CANPY%) AND N B I T O 1 0 % )  OR 7"  (CHNL%-1)  
1 7 1 9 0  GOTO 1 7 5 3 0  
1 7 2 1 0  IF' CHNL% > 1 6  THEN GOTO 1 7 2 9 0  
1 7 2 3 0  SAf.iPLE% (CANPY%) = (  ( (SAMPLE% (C:ANPY%) AND N B I T 0 1 0 % )  OR R I T 9 % )  OR 2" (CHNL%-9) ) 
1 7 ? 5 0  P R I N T  HEXS (SAMPLE% (CANPY%) ) 
1 7 7 7 0  GOTO 1'7530 ~~~~ ~ 

7 7 1 9 0  I F  CHNL% > 2 4  THEN GOTO 1 7 3 5 0  
NPY%) := ( ( ( S A M P I E %  (CANPY%)AND NRITOlO%) OR B I T E % )  OR 2 ^  (CHNL%-17)  ) 

3 2  'IiiEN GOTO 1 7 4 1 0  
1 7 3 7 0  SAMPLY:% (CANPY%) ( ( (SAMPLE% [CANPY%) AND N R T T O 1 0 % )  OR B I T 1 0 % )  OR 3" (CHNL%-25)  ) 
Y 7 3 9 0  G O T O  1 7 5 3 0  
1 7 4 1 0  It' CHNL% > 4 0  T 
17430 SAMPLSS (CANPY%) ANPY%) AND NDIT010%) OR B I T l D % )  OR B I T 9 % )  OR 2 " ( C H N L % - 3 3 ) )  
1 7 4 5 0  G O i ' O  1 7 5 3 0  
1 7 4 7 0  IF CENL% > 4 5  THEN GOTO 1 7 5 7 0  
1 7 4 9 0  SAI.IPI.F% (CANk'Y%) = ( ( ( (SAMPLE% (CANPY%) AND NBi L'g10%) OR R I T 1 0 % )  OR B I T E % )  OR 2 ^  (CHNL9-41)  ) 
1 7 5 1 0  G O T O  1!530 
1 7 5 3 0  VPDATETBL%-'rRUF.% 
1 7 5 5 0  G O T O  1 5 0 7 0  
1 7 5 7 0  P R I N T - " I N V A L I D  CHANNZL NLMRFR." 
1 7 5 9 0  GC-0 1 7  

= FALSE% 'THEK GOTO 1 7 8 7 0  
i 7 6 5 0  ON ERROH GOTO 0 
1 7 6 7 0  OPEN SYSDRIVEj+"SAMPJ,E.TBL" t~OR OUTPUT AS #1 
1 7 6 9 0  FOR ENTRY%-1 TO 4 5  
1 7 7 1 0  WRITE #l,SAMPLE% ( E N X Y % )  
1 7 7 3 0  NEXT ZNTRY% 
1 7 7 5 0  CLOSE #1 
1 7 7 7 0  OPEN S Y S D R I V E S ~ " C O N 1 ~ O I D . T B L "  FOR OUTPUT AS #1 
1 7 7 9 0  FOK ENTRY%=1 TO 4 5  
17810 WRiTR t l ,  CONTROLLFD% (ENTRY%) 
1 7 8 3 0  KEXT E N T X Y %  
1 7 8 5 0  CLOSE #; 
1 7 8 7 0  C L S  
1 7 8 9 0  RETVRN 
1 7 9 1 0  '******'***END OL' SYSTEPL, CHANNEL ASSIGNMENT L I S T I N G  SECTION************* 
1 7 9 3 0  r * * * * * * * * * * * * * * * * * * * C O N T R O L ~ ~ R  MODIFICATION SECfION**********************  

1 7 9 5 0  ' E N T R Y  p o i  N'r 
1 7 9 7 0  CLS 
1 7 9 9 0  :.OCATE 1 , 2 0  
1 8 0 1 0  P X I N T  "CONTROI~I FR PARAMETERS" 
1 8 0 3 0  LOCATE 3 , 1  : P R I N T  "CONTROI,J,ER#"SPC ( 2 )  " S E T P O I N T  ( P P a )  " S P C ( 9 ) " ~ . ~ 0 D E " S P C  ( 1 3 )  " O U T P U T ( % ) "  
1 8 0 5 0  FOR CON123LLER% = 1 'TO 4 
1 8 0 7 C  L,OCATE 4 tCONTROLLER%, I 
1 8 0 7 5  I F  SRTPKTTYPE (CONTROI,J,ER%) = B I A S %  I'HEN CNTRI,NODE$="OFFSET 
1 8 0 8 0  I F  SETPNTTYPE (CON ; d O L L E R % )  =RATIO% THEN CNTRLMODE~=' 'PXOPORTIONAL' '  
1 8 0 9 C  I F  X O D L %  (CONTROT,LER%) THEN MODE$="AUTO" ELSE HODES="MAN" 
1811C P R I N T  ' J S I N G  " # # # #  \ \ \  \ # # #  1 ' ;  

CONTROLLZR%, S E T P O I N T S  (CONTROLLER%) , M03ES,  CNTRLMODES, CNTLOUT (CONTROLLER%) 
18i30 NEXT CONTROLLZR% 
18150 FOR C : , P l - l  TO 14:LOCATF. C X W  t 8 , l : P R I N T  S P A C E S ( 8 0 )  :NEXT CLRW:LOCATE 9 , l  
1 8 1 7 0  INPUT "ENTER CONTROLLFR [I, 2,3,4 OR <CR> FOR NO CHANGE] :",CONTROLLER% 
1 8 1 9 0  I F  CONTRGL-,ER% = 0 TEEN GOTO 1 9 2 1 0  
1 8 2 1 0  I F  CONTROLLER% < 1 OR CONTROLLER% > 4 THEN GOiO 1 8 1 5 0  
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1 8 2 3 0  FOR CLRW-1 TO 14:LOCATE CJRW t 8 , I : P R I N T  S P A C E S ( 8 0 ) : N E X T  C1RW:LOCATE 9 , l  
1 8 2 5 0  INPUT "ENTFR ITEM TO BE MODIFIED [SETPNT,MODE,OIJTPUT,AMBIENT, OR < C R > ]  : I 1 ,  ITEMS 
1 8 7 7 0  I F  ITEMS - '"' THEN GOTO 18150 
1 8 2 8 0  FOR CLRW-1 TO 14 :LOCATE CLRW t 8 , l : P R J N T  S P A C F S ( 8 0 )  :NEXT C1,RW:LOCATE 9,l 
1 8 2 9 0  1 F  ITEMS <> "SETPNT"  THEN GOTO 1 8 3 9 0  
1 8 3 1  0 LOCATE 9 , l  : P R I N T  SPACES (160) :LOCATE 9 , l  
1 8 3 1 5  INPUT "ENTER S E T P O I N T  TYPE [PROPORTIONAL,OFFSETj  
1 8 3 1 7  I F  S P T Y P E S  - "0" GOTO 1 8 3 2 9  
1 8 3 1 8  TF S P T Y P F S  C:, "P" GOTO 1 8 3 1 5  
1 8 3 2 0  SETDNTTYPE (CONTROLLER%) =RATIO% 
1 8 3 7 2  INPUT "ENTEK NEW PROPORTIONAL S E T P O I N T  [1.00-4.00 
1 8 3 2 4  I F  NEWWSFTPNT => l! AND NEWSETPNT <= 4 !  THEN SETPO 

=NEWSETPNT ELSE t iox 1 8 3 2 2  
1 8 3 2 6  GOTO 1 7 9 9 0  
18329 SETPNTTYPE (CONTROLLER%) = B I A S %  
18330 INPUT "ENTER NEW S E T P O I N T  [ I N  PPI3 ] : " ,NEWSETPNT 

" , SPTYPES 

:", NEWSETPNT 
NTS (CONTROLLER%) 

18350 I F  NEWSETPNT => O !  AND NEWSETPNT <= 5 0 0 !  THEN SETPOINTS(CONTROI ,LER%)  

1 8 3 7 0  GOTO 1 7 9 9 0  
1 8 3 9 0  IF ITEMS <> "MODE" THEN GOTO 1 8 5 9 0  
1 8 4 1 0  LOCATE 9 , l : P R I N T  SPACES ( 1 6 0 )  :LOCATE 9 , l  
1 8 4 3 0  INPUT "ENTEK CONTROLLER MODE [AUTO,MANIJAL, OR CCR,] : 'I, ITEMS 
1 8 4 5 0  I F  ITEMS <> "AUTO" THEN GOTO 18510 
1 8 4 7 0  MODE%(CONTROLLER%)=AUTOMODE% 
1 8 1 7 5  ' # # # # # # # # # # # I N P U T  I' ENTER CONTROLLER MODE [IND or AirGI ;", ITEMS 
1 8 4 8 0  # # # # # + # % I F  ITEM$ = "AVG" THEN SINGLE%=FAL.SE% ELSE SiNGLES-TRUE% 
1 8 4 9 0  GOTO 1 7 9 9 0  
18510 I F  ITEMS <> "MANlJAL" THEN GOTO 1 8 4 1 0  
1 8 5 3 0  MODE% (CONTROLLER%) -MANUALMODE% 
1 8 5 5 0  GOTO 1 7 9 9 0  

1 8 5 9 0  I F  ITEMS <> "OUTPUT" THEN GOTO 1 8 7 3 0  
1 8 6 1 0  LOCATE 9 , l : P P . I N T  SPACES ( 1 6 0 )  :LOCATE 9 , 1  
1 8 6 3 0  INPUT "ENTER OUTPUT VALUE [ O . O  <= VALUE <= 1 0 0 . 0 ]  I N  %:" ,OUTPCT 
1 8 6 5 0  TF OUTPC" < 0 THEN OUTPCT = 0 !  
1 8 6 7 0  I F  OUTPCT >lo0 THEN OUTPCT = l o o !  
1 8 6 9 0  CN'I'LOUT (CONTROLLER%) =OUTPCT 
1 8 7 1 0  GOTO 1 7 9 9 0  
1 8 7 3 0  I F  ITEMS <> "AMBIENT" GOTO 1 8 2 3 0  
1 8 7 5 0  AMBFLG%=FALSE% 
1 8 7 7 0  FOR LOOF%--l 'TO 1 0  

=NEWSETPNT ELSE GOTO 1 8 3 3 0  

i a w o  'GOTO 1 8 2 5 0  

1 8 7 9 0  IF AMBCAN% (CONTROLLER%, LOOP%) <>o THEN AMRFLG%=TRUE% 
1 8 8 1 0  NEXT LOOP% 
18830 IF AMBFLG% --- TRUE% GOTO 18910 
1885G LOCATE 9 , l : P R I N T  S P A C E S ( 1 6 0 ) : L O C A T E  3 , l  
1 8 8 7 0  P R I N T  "NO AMBIENT CHANNELS DEFINED FOR TiiIS CONTROLLER. 'I 

1 6 8 9 0  GOTO 1 9 0 5 0  
18910 LOCATE 9,l : P R I N T  SPACES ( 1 6 0 )  :LOCATE 9,1 
1 8 9 3 0  P R I N T  "F.MBIENT CANOPIES:  " 

1 8 9 5 0  FOR LOOP%=1 TO 1.0 
1 8 9 7 0  I F  AMBCAN% (CONTROLLER%,LOOP%) = 0 GOTO 1 9 0 3 0  
1 8 9 9 0  LOCATE 9 , 1 9 +  (LOOPS-1) *3 
1 9 0 1 0  P R I N T  USING " # #  ";AMBCAN% (CONTROLLERA, LOOP%) 
1 9 0 3 0  NEXT LOOP% 
1 9 0 5 0  FOR LOOP%=l TO 1 0  
1 9 0 7 0  LOCATE i 0 , l : P R I M T  SPACES ( 8 0 )  :LOCATE 10,l 
1 9 0 9 0  INPUT "ENTER AMBIENT CANOPY NUMBER [NN<CR>, -1 TO CLEAR OR <CR> TO END] :" ,TEMP% 
1 9 0 9 1  I F  TEMP% <> - 3  GOTO 1 9 0 9 6  
1 9 0 9 9  FOR LOOP1%-.--1 TO 1 0  
1 9 0 9 3  AMBCAN% (CONTROLLER%, L O O P l % )  = O  
1 9 0 9 4  NEXT L O O P l %  
1 9 0 9 5  GOTO 1 9 1 7 0  
1 9 0 3 6  I F  TEMP% = 0 'THEN GOTO 1 9 1 7 0  
1 9 1 0 9  I F  TEMP% > 45 THEN GOTO 1 9 0 1 0  
19110 AMBCAN% (CONTROLLERS, LOOP%) =TEMP% 
1 9 1 5 0  NEXT LOOP% 
1 9 3 . 7 0  LOCATE 1 0 , l : P R I N T  SPACES (80) :LOCATE 10,l 
1 9 1 9 0  GOTO 1 7 9 9 0  
19210 S E T P O I N T % = F A L S E %  
1 3 2 3 0  OPEN S Y S D R I V E $ t " S E T P O I N T . T n L "  FOR OUTPUT AS #l 
1 9 2 5 0  FOR CNTL%-.-1 TO 4 
1 9 2 7 0  WRITE #I, S E T P O I N T S  ( C N T L % )  ,NODE% (CNTLB) ,CNTLOIJT (CWTL%) , AMRCAN% (CNTLB, 1) ,AMBCAN% (CNTI .%,  2 ) ,  

AMSCAN% ( C N T L % , 3 )  ,AMBCAN% (CNT%%, 4 )  ,AMBCAN% (CNTL%, 5 )  ,AMBCAN% (CN'FL%, 6 )  ,AMBCAN% (CNTL%, 7 ) ,  
AMBCANS (CN'FL%, 8 )  ,AMBCAN% (CNTL%, 9 ) ,  AMBCAN% (CNTL%, IO), SETPNTTYPE (CNTL%) 

1 9 2 3 0  NEXT CNTL% 
1 9 3 1 0  CLOSZ #1 
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19330 
19350 
19370 
193 9C 
19410 
19430 
19450 
19470 
19490 
19510 
19530 
19550 
19570 
19590 
19610 
19630 
19650 
19651 

c:,s 
RETURN 
'***************END OF CONTROLLER FODIFICATION SECTION.****************** 

OUT DASH8BASE%+7, WDTMRCNTLB 
OUT DASH8BASE%t4, WDLB% 
OUT DASHBBASE%t4, WDHR% 
RETURN 

'*********,*******WATCHDOG UPDA'TING SECTION*********************** 

'**************END OF WA'TCHDOG UPDATING SECTION******************* 
,****************+*MIDNIGHT ROLLOVER RESET SECTION********************** 
'ENTRY PCINT 
TOD-T IMER 
IF TOD > 60! THEN GOTO 19790 
IF ROLLOVER% THEN GOTO 19810 
'SAVESTAT%=DATAFILE% 
'It' DATAFILE% THEN G O S U R  11190 
' IF SAVESTAT% THEN STORE%=TRUE% 
'IF (JULDATE-STATDATE)=l GOTO 19670 

19652 IF DATECK > TOD THEN STATDATE=JUI,DATE ELSE STATDATEzJULDATE - 1 
19654 FOR LOOP%=1 TO 45 
19656 rENS=FIX(LOOP%/lG) t 48 
19658 UNI1S- (LOOP% - (FIX (LOOP%/lO) *lo) ) t 48 
19660 PNTS= CHRS (TENS) t CHR$ (UNITS) 
19662 OPEN DATADRIVES t '\03STATS\MMMSD." +PNT$ FOR APPEND AS #2 
19664 PRINT 112, USING " # # # # ,  # # # . # ,  # # . # ,  # # # . # ,  # # . # ' I  ; STATDATE, 03AVG(LOOP%), 

19666 CLOSE #2 
19668 NEXT LOOP% 
19670 FOR LOGP%=1 TO 45 
19680 DPCNT (LOOP%) = O  
19690 MINVAL(LOCP%) -10000! 
19695 03VAR(LOOP%)=O 
1971 0 
19715 03AVG (T ,OOP%)  = O  
19730 NEXT LOOP% 
19732 FOR LOOP%=2 TO 4 
19733 UNITS=(I,OOP% - (FIX(LOOP%/10)*10)) 48 
19734 PNT$= CHKS (UNITS) 
19735 OPEN DATADRIVES + "\03STATS\MMXSD.C" +PNT$ FOR APPEND AS #2 

SQR(03VAR(LOGP%) ) ,MAXVAL(LOOP%) ,MINVAL(I,OOP%) 

MAXVAT. (LOOP % )  =-1 000 0 ! 

19736 PRINI' #2, USING " # # # # ,  # # # . # .  # # . # ,  # # # . # ,  # # . # "  ; STATDATE, 
CKAVG(LOOP%) ,SQR(CKVAR(LOOP%)) ,CKHAX(LOOP%) ,CKMIN (LOOP%) 

19737 C r m E  #2 
19738 NEXT iLOOP% 
19739 FOK LOOP%=2 TO 4 
19740 CKCNT (LOOP%) = C  
19741 CKMIN (J,OOP%) -10000' 
19742 CKVAR(LOOP%)-C 
19743 CKMAX(IOOP%)= 10000' 
19744 CKAVG(I,OOP%) -0 
19745 NEXT LOOP% 
19750 ROLI,GVFR%=TRUE% 
19770 GOTO 19810 
19790 ROLLGVEK%=k'AT SF% 
19810 RETURN 
19830 
19850 
19870 
19890 
1991 0 
19930 
19950 
19970 
19990 
20010 
20030 
20050 
20070 
20090 PRINT " 1 START INITIAi'E ALL DATA ACQUISITION/CONTROL ACTIONS." 
20110 LOCATE 4,l 
20130 PRINT " 1 STOP SUSPEND DATA ACQUISTTION AND CONTROL." 
20150 LOCATE 5 , 1  
20170 PRINT " 2 RESET RESET DAILY MTNIMUMS AND MAXIMUMS." 
20190 LOCATE 6,l 
20210 PRINT " 3 FACE DISPLAY AJ,L VALUES IN FACEPLATE FORMAT." 
20230 LOCATE 7,l 
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20250 
20270 
20290 
20310 
20330 
20350 
20370 
20390 
20410 
20430 
20450 
20410 
70490 
20510 
20530 
20550 
20570 
20590 
20610 
20530 
20650 
20670 
20690 
20710 
20130 
20150 
20770 
20790 
2 0 8 1 0  
20830 
20950 
2 0 8 7 0  
20890 
20910 
20930 
20950 
20970 
20990 
21010 
21030 
21050 
21070 
21.090 
21110 
21130 
21150 
21170 
21190 
21 21c  
21231: 
21250 
21270 
21290 
21.310 
21.330 
21350 
21370 
21390 
21410 
21 430 
21450 

21490 
21510 
21 530  
21550 
21570 
21590 
2 1  6 1  0 
21630 
21.650 
21670 
21690 
21710 
21730 
21750 

214 iO  

PRINT " 4 LOG 
LOCATE 8,l 
PRINT " 4 NOLOG 
LOCATE 9,1 
PRINT " 5 STORE 
LOCATE 10,l 
PRINT " 5 NOSTORE 
LOCATE 11,l 
PRINT " 6 CONTRL 
LOCATE 12,l 
PRINT " 7 DRIVE 
LOCATE 7 3 , l  

LOCATE 14,l 
PRINT " 9 HEL,P 
LOCATE 1 5 , l  

PRINT -8 a ASSIGN 

PRINT " 0 STATS 
HELP % =FALSE % 
HELP % =FALSE% 

1,OG ALL VALUES TO PRINTEH AT REGULAR INTtKVAL." 

DISCONI'INUE LOGGING VALUES TO PRINTER. " 

STORE ALL VALUES TO DTSK AT REGULAR INTERVAL." 

DISCONTINUE STORING 'JALUES TO DISK." 

SET CCNTROLLER SETPOINTS AND AUTO/MAMUAL MODES." 

CHANGE DATA STORAGE DRlVE ASSIGNMENT." 

ASSIGN CANOPIES,INPUT CHANNELS,ANALYZERS,ETC." 

DISPLAY THIS SCREEN." 

DAILY AND HISTORICAL STATISTICS PRINT OPPIONS" 

ASSIGN%=FAJSE% 
RETURN 
'FACEPLATE FUNCTION RESPONSE. 
FACEPLATE % =TRIJE% 
'DISABLE ALL OTHER DISPLAY TYPES 
CLRSCRN%-FALSE% 
ASSIGN%=FALSE% 
RETURN 
'SETPOINT MODIFICATION RESPONSE. 
SETPOINT%=TRUE% 

CLRSCRN % =FALSE% 
FACEPLATE%-FALSE% 
ASSIGN%==FALSE% 
RETURN 
'ENABLE ASSIGNMENT FUNCTION. 
ASSIGN%=TRUE% 
'DISABLE ALL OTHER TYPES OF DISPLAYS. 
CLRSCRN%-FALSE% 
FACEPLATE%=FALSE% 
RETURN 
'ENABLE LOGGING OF DATA TO PRINTER. 
PLOG%=TRUE% 
RETURN 
'ENABLE STORAGE OF DATA TO DTSK. 
STORE%-TRUE% 
RETURN 
'DISABLE LOGGING OF DATA TO PRINTER. 
PLCG%=FALSE% 
RETURN 
'DISABLE STORAGE OF DATA TO DISK. 
STCRE%=FALSE% 
RETURN 

'DISABLE ALL OTHER DiSPLAY TYPES. 

'STOP KEY RESPONSE. 

STOPPROG% -. TRUE% 
' ENTRY POINT 

RETURN 
'SET DRIVES KEY FUNCTION RESPONSE. 
DRVSEL%=TRUE% 
'DTSABTLE OTHER DISPLAYS. 
CLRSCRN%=FALSE% 
FACEPLATE%-FALSE% 
RETURN 
'STATS FUNCTION RESPONSE. 
STATS%-TRUE% 
RETURN 

HELP %=TRUE% 
HELP KEY FUNCTION RTTSPONSE. 
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21 770 ' DISABLE OTHER DISPLAYS.  
21790 ASSIGN%-FALSE% 
21810 CLRSCRN%=FALSE% 
21830 FACEPLATE%=FALSE% 
21850 RETURN 

21870 '***************END OF FUNCTION KEY RESPONSE SECTION******************** 
21900 I***************JUJ~IAN CALENDAR S U B R O U T I N E * ' k * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
21910 'Entry p o i n t  
21920 LYF=VAL(NIDS (DATES. 9.2) I MOD 4 . ,  
21930 IF LYF i o GOTO 2i96i 
21940 FOR LOOP = 3 TO 12 
21950 EOPM(LO0P)  =EOPM(LOOP) t 1 
21960 NEXT LOOP 
21965 DATECK=TIMER 
21970 MrH = V A J , ( M I D S ( D A T E S , 1 , 2 ) )  
21980 DAY = V A L ( M I D $ ( D A T E $ , 4 , 2 ) )  

21990 JULDATE = EOPM(MTH) + DAY 
22000 RETURN ' back t o  idle l oop  

22110 CLS 
22120 INPUT "TODAY'S STATS ONLY [Y o r N ] "  ; RPLYS 
22130 I F  RPLYS = " N "  GOTO 22330 
22140 LPRINT CHRS (121 
22150 L P R I N T  USING "OZONE S T A T i S T I C S  FOR DAY # # # "  ; JULDATE 

21985 IF DATECK >TIMER Goro 21965 

22100 . . . . . . . . . . . . . . . . . . . .  S T A T I S T I C S  SUBROUTINE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22160 FOR LOOP% = 1 TO 45 
22170 L P R I N T  CHRS (10) 
22180 L P R I N T  "CHAMUEL<" ; LOOP% 
22185 
22190 
22210 
22220 
22230 
22231 
22232 
22233 
22234 
22235 
22236 
22237 

L P R I N T  "MEAN" ; 03AVG (LOOP%)  
L P R I N T  "SIGMA" ; S Q R ( 0 3 V A R ( L O O P % )  ) 
L P R I N T  ">IAX" ; MAXVAL (LOOP%)  
L P R I N T  " M I N "  ; MINVAL (LOOP%)  
NEXT LOOP% 
FOR CNTRLR%=2 TO 4 
L P R I N T  CHRS (10) 
L P R I N T  "CONTROLLER"; CNTRLR% 
L P R I N T  . "MEAN"; CKAVG (CNTRT,R%) 
L P R I N T  "SIGMA"; SQR (CKVAR (CNTRLR%) 
1,PRINT "YXK".  , CKHAX (CNTRLR%) 
L P R I N T  "M1N";CKMTN (CNTRLR%) 

22238 NEXT CNTRLR% 
22240 GOTO 22498 
22330 INPUT "ENTER STARTING J U L I A N  DAY -- " , SLJD 
22340 L P R I N T  CHR$ (17) 
22360 FOR LOOP% = 1 TO 45 
22363 L P R I N T  CHRS (10) 
22365 L P R I N T  "HISTORICAL OZONE S T A T I S T I C S "  
22366 L P R I N T  " CHAMBER"; LOOP% 
22367 L P R I N T  " DAY MEAN SIGMA MAX M I N "  
22370 TENS= F I X ( I , O O P % / l O )  + 48 
22380 UNITS= (LOOP% - -  ( F I X ( L O O P % / 1 0 ) * 1 0 ) )  + 48 
22390 PNT$ = C H R $ ( T E N S )  + C H R $ ( U N I T S )  
22400 OPEN DATADRIVES t "\03STATS\MMMSD." t PNTS FOX INPUT A S  # 2  
22410 INPUT #2, JDAY, 03MEAN, S I G F A ,  03MAXr03MIN 
22420 I F  JUAYCSJD GOTO 22410 
22430 L?RINT USING " # # # ,  # # # . # ,  # # . # , # # # ,  # # "  ; JDAY,O3MEAN,SIGMA,03!-fAX,O3MIN 
22432 I F  E O F ( 2 ) = - 1  THEN GOTO 22437 
22435 GOTO 22410 
22437 CLOSE Y2 
22440 NEXT LOOP% 
22450 FOR C L P % = 2  TO 4 
22452 L P R I N T  CHRS (10) 
22454 L P R I N T  "HISTORICAL CONTROLLER S T A T I S T I C S "  
22456 L P R I N T  " CONTROLLER"; C L P %  
22458 L P R I N T  " DAY MEAN SIGMA MAX M I N "  
22460 U N I T S  = ( C L P %  - ( F I X ( C L P % / l O ) * l O ) )  + 48 
22462 PNTS = CHRS(UN1T.S)  
22464 OPEN DAl'ADKIVE$ t "\03STATS\MMMSD.C" + PNTS FOR INPUT A S  #2 
22466 INPUT #2, JDAY,CKMEAN,CKSIG,MAXCK,MINCK 
22468 I F  JDAY < SJD GOTO 22466 
22470 L P R I N T  USING " # # # ,  # # # . # ,  # # . # , # # # ,  # # "  ; JDAY,CKMEAN,CKSIG,MAXCK,MINCK 
22472 It' EOF(2)=-1 GOTO 22476 
22474 GOTCJ 22466 
22476 CLOSE t 2  
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22478 NEXT CLP% 
22498 STATS%=FALSE% 
22499 RETURN 
22500 '********************CONTROL EVALUATION********************************** 
22510 IF SETPNTTYPE(CONTROLLER%)=BIAS% GOTO 22530 
22520 CNTRLCK(CONTKOLLER%l=VALUE(CONTRLPNT%(CONTROLLER%))/AMBOZONE(CONTROLLER%) 
22525 GOTO 22540 
22530 CNTRLCK (CONTROLLER%) =VALUE (CONTRLPNT% (CONTROLLER%) ) -AMBOZONE (CONTROLLER%) 
22540 IF CNTRLCK(CONTROLLER%I > CKMnX(CONTROLLER%) THEN CKMAX(CONTROLLER%) = 

22550 IF CNTRLCK(CONTROLLER%) < CKMIN(CONTROLLER%) THEN CKMIN(CONTROLLER%) = 

22560 CKCNT (CONTROLLER%) 7 CKCNT (CONTROLLER%) t 1 
22570 CKVAR (CONTROLLER%) = (CKCNT !CONTROLLER%) -1) * CKVAR (CONTROLLER%) / CKCNT (CONTROLLER%) 

CNTRLCK (CONTROLLER%) 

CNTRLCK (LONTROLLER%) 

+ (CKAVC (CONTROLLER%) -CNTRLCK (CONTROLLER%) ) "2 * (CKCNT (CONTROLLER%) - 1) 
/CKCNT (CONTROLLER%) "2 

22580 CKAVG (CONTROLLER%) = 

22590 RETURN ' t o  C o n t r o l  L Output Section 

(CKCNT (CONTROLLER%) -1) *CKAVG (CONTROLLER%) /CKCNT (CONTROLLER%) 
+ CNTRLCK(CONTROLLER%)/CKCNT(CONTROLLER%) 

27600  ,********************END OF' PKOGRAN******************************'******* 
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