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Note regarding the accuracy of  this text :

Many ef for t s were taken to ensure the accuracy of  t his text  and the 

exper iments, but  t he potent ial for  er r or s st ill exist s. If  you f ind

er ror s or  any subject  r equir ing addit ional clar if icat ion, please repor t

this to stampsinclass@parallaxinc.com so we can cont inue to

improve the qualit y of  our  documentat ion.  
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Preface 

 

Indust r ial pr ocess cont r ol is a fascinat ing and challenging ar ea of  elect r onics technology and nothing 

has r evolut ionized this area like the micr ocont r oller . The micr ocont r oller  has added a level of  intelligence t o 

the evaluat ion of  data and a level of  sophist icat ion in the r esponse to pr ocess distur bances.  Micr ocont r oller s 

ar e embedded as the “br ains” in both manufactur ing equipment  and consumer  elect r onic devices.        

 

Pr ocess cont r ol involves applying technology to an oper at ion that  alt er s r aw mater ials into a desir ed 

pr oduct . Vir t ually ever ything that  you use or  consume has under gone some t ype of  automat ic pr ocess cont r ol 

in it s pr oduct ion. In a manufactur ing envir onment , automat ic pr ocess cont r ol also pr ovides higher  

pr oduct ivit y and bet ter  pr oduct  consistency while r educing pr oduct ion costs.    

 

This text  is intended to int r oduce you to the concepts and char acter ist ics of  micr ocont r oller - based 

pr ocess cont r ol with the following exper iment - based themes: 

 

a) Wr it ing a pr ocedur al pr ogr am f r om a f lowchar t  for  sequent ial pr ocess- cont r ol. 

b) Using pushbut tons, count ing cycles and under standing simple I/O pr ocesses that  for m a 

system “under  cont r ol”. 

c) Cont inuous pr ocess- cont r ol beginning wit h on- of f  cont r ol t o mor e complex dif fer ent ial gap 

with mult iple levels of  cont r ol act ion. 

d) Pr opor t ional- integr al- der ivat ive cont r ol of  a small desktop heat ing system. 

e) Time- based cont r ol of  t he above and int r oduct ion to data logging.  

 

The har dwar e needed in the exper iments to simulate the pr ocess has been kept  t o a bar e minimum.  

While the micr ocont r oller  is t he “br ains” of  t he pr ocess, it  is not  t he “muscle.” Actual applicat ions r equir e the 

micr ocont r oller  t o r ead and cont r ol a wide var iet y of  input  and output  (I/O) devices.   Simple br eadboar d 

mounted pushbut ton swit ches ar e used to simulate the act ion of  mechanical and elect r o- mechanical swit ches 

found in indust r y.  Visible light  emit t ing diodes, small fans, and low- wat t age r esistor s simulate motor  star ter s 

and HVAC equipment .  Infor mat ion included in the exper iments will help you under stand the elect r ical 

inter facing of  “r eal wor ld” I/O devices to the BASIC Stamp. 

 

The physical natur e of  t he elements in a system deter mines the most  appr opr iate mode of  cont r ol 

act ion. The dynamics of  a pr ocess include a study of  t he r elat ionship of  input  distur bances and output  act ion 

on t he measur ed var iables.  It  is dif f icult  t o understand the dynamics of  a pr ocess without  being able to “see” 

this r elat ionship.  For  the author s, t his def ined a need to develop a gr aphical inter face for  t he BASIC Stamp; 

hence the creat ion and r elease of  StampPlot  Lit e.  This sof twar e allows digit al and analog values to be plot ted 

on gr aphs, and t ime- stamped data and messages to be stor ed. StampPlot  Lit e is used thr oughout  the 

exper iments, and is especially helpful as you invest igate the var ious modes of  pr ocess cont r ol. Typical scr een 

shots f r om pr ogr am r uns ar e included.   
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This text  is t he f ir st  major  r evision and we have st r ived to make it  bet ter  t han the f ir st .  Some 

changes and addit ions include: 

 

a) Addit ion of  a 7
t h

 sect ion on Time- Based cont r ol. 

b) A total r ewr it e of  t he PID sect ion to bet ter  demonst r ate and explain the theor y. 

c) The addit ions of  FET and PWM sample- and- hold cir cuit r y and theor y. 

d) The r eworking of  numerous example programs including more f lowchar t s and program 

explanat ions. 

 

We thank our  editor s Ms. Cher i Bar r all and Dale Kr etzer , and of  cour se Ken Gr acey and Russ Miller  of  

t he Par allax staf f  for  t heir  r eview and impr ovement  of  t his text . Fur ther , we t hank Dr . Clar k Radclif fe of  

Michigan State Univer sit y for  his in- depth r eview. A var iet y of  addit ional Par allax educat ional customer s too 

numer ous to list  also pr ovided valuable feedback for  t his second r evision. 

 

The author s are inst r uctor s at  Southern Illinois Univer sit y in Car bondale in the Elect r onic Systems 

Technologies progr am and also par tner s of  a consult ing and sof twar e company, SelmaWar e Solut ions.  Visit  

t he website t o see examples of  StampPlot  Pr o specif ically t ailor ed to users of  t his t ext . 

 

We invit e your  comments and feedback. Please contact  at  us thr ough our  website, and copy all er r or  

changes to Par allax at  stampsinclass@par allaxinc.com so t he text  may be r evised.      

 

Will Devenpor t  and Mar t in Hebel 

Souther n Illinois Univer sit y, Car bondale 

Elect r onic Systems Technologies 

ht tp://www.siu.edu/~ imsasa/est  

- -  and - -  SelmaWar e Solut ions 

ht tp://www.selmawar e.com 

 

Audience and Teacher ’s Guide 

 

This text  is aimed at  an audience ages 17 and older . Ef fect ive dur ing the f ir st  publicat ion of  t his t ext  

in June, 2000, ther e is no Teacher 's Guide edit ion planned. If  a Teacher 's Guide wer e to be published, it  would 

likely be available the f ir st  par t  of  year  2002. Solving these exper iments pr esents no dif f icult  t echnical 

hur dles, and can be done with a bit  of  pat ience.  
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Copyr ight  and Reproduct ion 

 

Stamps in Class lessons are copyr ight   Par allax 2001. Par allax grants ever y per son condit ional 

r ights to download, duplicate, and dist r ibute this t ext  wit hout  our  per mission. The condit ion is t hat  t his text , 

or  any por t ion ther eof , should not  be duplicated for  commer cial use r esult ing in expenses to the user  beyond 

the mar ginal cost  of  pr int ing. That  is, nobody should pr of it  f r om duplicat ion of  t his t ext . Pr efer ably, 

duplicat ion should have no expense to the student . Any educat ional inst it ut ion wishing to pr oduce duplicates 

for  it s students may do so without  our  permission. This t ext  is also available in pr inted for mat  f r om Par allax. 

Because we pr int  t he text  in volume, the consumer  pr ice is of ten less than t ypical xer ogr aphic duplicat ion 

charges.  This t ext  may be t r anslated into any language wit h the pr ior  per mission of  Par allax, Inc.   
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A f lowchar t  is a detailed gr aphic r epr esentat ion illust r at ing the 

natur e and sequencing of  an oper at ion on a step- by- step basis. 

A f lowchar t  may be made of  an everyday task such as dr iving to 

the stor e. How many steps ar e involved in this simple task? How 

many decisions ar e made in get t ing t o t he stor e? A for malized 

oper at ion such as baking cookies can be f lowchar ted, whether  

on a small- scale pr ocess in your  kit chen or  on a ver y lar ge scale in a commer cial baker y. And, of  cour se, a 

f lowchar t  also may be made of  t he steps and decisions necessar y for  a computer  or  micr ocont r oller  t o car r y 

out  a task.   

 

A r elat ively simple pr ocess is usually easy to under stand and f lows logically f r om star t  t o f inish. In t he case of  

baking cookies, t he steps involved ar e fair ly easy. A r ecipe t ypically r equir es mixing the r equir ed ingr edients, 

for ming the cookies and pr oper ly baking them. Ther e ar e sever al decisions to make: Ar e the ingr edients mixed 

enough? Is the oven pr e- heated? Have the cookies baked for  t he r ecommended t ime? 

 

As processes become more complex, however , it  is equally mor e dif f icult  t o char t  t he order  of  events needed 

to r each a successful conclusion. A BASIC Stamp pr ogr am may have sever al dozen steps and possibly a 

number  of  “if - t hen” br anches. It  can be dif f icult  t o gr asp t he f low of  t he pr ogr am simply by r eading the code. 

  

A f lowchar t  is made up of  a ser ies of  unique gr aphic symbols r epr esent ing act ions, funct ions, and equipment  

used to br ing about  a desir ed r esult . Table 1.1 summar izes the symbols and their  uses. 

 

Table 1.1: Flowchart  Symbols 

 

 

 
 

Star t /Stop box indicates the beginning and end of  a pr ogr am or  

process.  

 
Process box indicates a step that  needs to be accomplished. 

 
 

Input / Output  box indicates the pr ocess r equir es an input  or  

pr ovides an output . 

 

 

Decision box indicates the process has a choice of  t aking 

dif fer ent  dir ect ions based on a condit ion. Typically, it  is in t he 

form of  a  

yes- no quest ion. 

 

Exper iment  #1: 

Flowchart ing and  

StampPlot  Lite 



Exper iment  #1: Flowchar t ing and StampPlot  Lite 

Page 8 • Indust r ial Cont r ol Ver sion 1.1 

 

 
Flowline is used to show dir ect ion of  f low between symbols. 

 

 
 

Connector  box is used to show a connect ion between points of  

a single f lowchar t , or  dif fer ent  f lowchar t s. 

 

Sub- rout ine or  sub- process box indicates the use of  a def ined 

r out ine or  pr ocess. 

 

 

 

Example #1: Adjust ing the Temperature of  a Shower  

 

Let 's t ake an example f lowchar t  of  an ever yday task: adjust ing the temper atur e for  a shower . The pr ocess of  

adjust ing the water  temper atur e has sever al steps involved. The water  valves ar e init ially opened, we wait  a 

while for  t he t emper atur e to stabilize, t est  it , and make some decisions for  adjustments accor dingly. If  t he 

water  t emper atur e is t oo cold, t he hot  valve is opened mor e and we go back to test  it  again. If  t he water  is 

t oo hot , t he cold valve is opened mor e. Once we make this adjustment , we go back to the point  wher e we wait  

for  a few seconds befor e test ing again. Of  cour se this doesn't  t ake into account  whether  the valves ar e fully 

opened.  Steps may be inser ted dur ing the temper atur e adjustment  pr ocedur e to cor r ect  for  t his condit ion. 

Figure 1.2 shows a f lowchar t  of  t his process.  

 

This example demonst r ates a pr ocess that  may be used in adjust ing the temper atur e, but  could it  also be the 

steps in a micr ocont r oller  pr ogr am? Sur e! The valves may be adjusted by ser vos, and the water  temper atur e 

deter mined with a sensor . In most  cases, a simple pr ocess we go thr ough can be quite complex for  a 

micr ocont r oller . Take the example of  t ur ning a cor ner  in a car . Can you list  all t he var ious inputs we pr ocess in 

making the turn?  
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Figure 1.1:  Shower  Temperature Example 

 

 

Yes

 

Yes

No

No
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Example #2: Conveyor  Count ing Example 

 

Let 's look at  a r eal scenar io and develop a f lowchar t  for  it . In a manufactur ing plant , it ems ar e boxed and sent  

down a conveyor  belt  t o one of  two loading bays wit h t r ucks wait ing. Each t r uck can hold 100 boxes. As the 

boxes ar r ive, wor ker s place them on t he f ir st  t r uck. Af ter  t hat  t r uck is full, t he boxes must  be diver ted to the 

second t r uck so the loaded t r uck can be moved out  and an empty one moved into posit ion. Also, in t he event  

of  an emer gency or  pr oblem, ther e must  be a means of  st opping the conveyor .   

 

The physical aspects of  t he scenar io ar e illust r ated in Figure 1.2. The motor  for  t he belt  is labeled MOTOR1. 

The sensor  to detect  t he boxes as they pass is labeled DETECTOR1. The lever  to dir ect  boxes to one t r uck 

conveyor  or  t he other  is labeled DIVERTER1. The emer gency stop but ton is labeled STOP1. 

 

 

Figure 1.2: Conveyor  Count ing Example 
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Let 's list  in or der  a br ief  descr ipt ion of  what  must  occur : 

 

• Star t  t he conveyor  motor . 

• Count  t he boxes as t hey pass. 

• When 100 boxes have passed, swit ch t he diver ter  t o the opposite posit ion. 

• Whenever  the emer gency stop is pr essed, st op the conveyor . 

 

Now that  we know the basic steps involved, let 's develop a f lowchar t  for  t he pr ocess. Let 's begin by looking at  

t he simple pr ocess f low in Figur e 1.3 on the following page. 

 

Not ice the placement  of  t he Input /Output  box for  checking the emer gency stop but ton, STOP1. It  ensur es the 

but ton is t ested dur ing ever y cycle. What  if  we had placed it  following t he 100- count  decision box? How long 

would it  have t aken f r om when the but ton was pushed unt il t he conveyor  stopped? 

 

Does the f lowchar t  descr ibe ever ything our  pr ogr am needs to do? Def init ely not , but  it  is a good star t  at  

deter mining t he over all f low of  t he pr ocess. Look at  t he "Count  Boxes with DETECTOR1" Pr ocess box. How 

exact ly is t his car r ied out? We may need to develop a f lowchar t  t o descr ibe just  t his r out ine. If  a pr ocess 

needs fur ther  detailing, we might  r eplace the Pr ocess box with a Sub- Pr ocess box as shown in Figure 1.4. 

 

 

Figure 1.4: Sub- Process Box 

 

 
 

 

How involved is it  t o simply count  a box passing by a detector ? If  DETECTOR1 is act ivated by “going low,” do we 

count? When t he detector  st ays low, how do we keep f r om r ecount ing it  again the next  t ime our  pr ogr am 

passes that  point? What  if  t he box bounces on the conveyor  as it  enter s our  beam? How do we keep f r om 

per for ming mult iple counts of  t he box? These answer s may not  be as simple as they seem. Even when 

per for ming a t ask as simple as count ing a passing box, many var iables must  be taken into account .  
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Figure 1.3:  Conveyor  Count ing Flowchar t  
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Another  consider at ion is t he output  of  our  detector . Can we dir ect ly measur e the output  using one of  t he 

BASIC Stamp inputs, or  is t here some cir cuit r y needed to condit ion t he signal f ir st ? 

 

Let 's consider  an output  in our  conveyor  count ing example. How do we energize the motor? It  is doubt ful t he 

5- volt , milliamp- r ated output  of  t he BASIC Stamp will be able to dr ive a motor  of  suf f icient  hor sepower  to 

move a conveyor ! How do we condit ion an output  of  t he BASIC Stamp to cont r ol a higher  voltage and cur r ent  

load?  

 

These issues will be considered as you wor k thr ough the chapter s in this text . What  may seem simple for  us to 

do as humans may r equir e some sophist icated algor it hms for  a micr ocont r oller  t o mimic. We will use r eadily 

available elect r onic components, a BASIC Stamp module, and the Boar d of  Educat ion to simulate some 

complex indust r ial cont r ol pr ocesses. 
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Exercises 

 

Exercise #1: Flowchar t  Design 

 

Develop a f lowchar t  t hat  will ener gize a heater  below 100 degr ees and de- ener gize it  above 120 degr ees.  

 

 

Exercise #2: LED Blinking Circuit  

 

We’ll use a simple cir cuit  t o demonst r ate a f lowchar t  pr ocess and t he pr ogr am to per for m the task. You’ll 

need to build the cir cuit  shown in Figur e 1.5. The following par t s will be r equir ed for  t his exper iment : 

 

(1) LED, gr een 

(2) 220- ohm r esistor s  

(1) 10K- ohm r esistor  

(1) Pushbut ton 

(1) 10K- ohm mult i- t ur n potent iometer  

(1) 1 uF capacitor  

(Miscellaneous) jumper  wir es 

 

Figure 1.5: Exercise #2 Blinking Circuit  Schemat ic 
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The cir cuit  you ar e building consist s of  a single 

input  but ton and a single output  LED. Her e is 

t he pr ocess we want  to per for m: when the 

but ton (PB1) is pr essed, blink the gr een LED 

(LED1) f ive t imes over  10 seconds. The 

f lowchar t  for  our  process is shown in Figure 

1.6. 

 

Not ice a few things about  t he f lowchar t . Our  

main loop is fair ly simple. In the Init ialize 

pr ocess box, we will def ine any var iables 

needed and set  init ial outputs (LED of f ) and will 

loop unless PB1 is pr essed, which calls our  

subr out ine, blink_led1. Our  subrout ine 

doesn't  begin with "Star t ,” but  t he name of  t he 

pr ocess, so that  we can ident ify it . The 

f lowchar t  descr ibes a pr ocess that  we will 

r epeat  f ive t imes, alt er nately ener gizing and 

de- ener gizing our  LED for  one second each 

t ime. 

 

Now that  we have a f lowchar t  t o descr ibe the 

pr ocess, how do we pr ogr am it  in PBASIC? 

Pr ogr ammat ically, we can sense PB1 using the 

IN statement . We have two ways we can call 

our  subr out ine. If  t he condit ion is t r ue (1), t hen 

we can br anch to our  subr out ine dir ect ly using 

an IF-THEN statement . This would be t r eated 

as a PBASIC GOTO. Once this completes, we 

would need to GOTO back to our  main loop. Or , 

if  t he condit ion is false (0), we can br anch back 

to our  main loop f r om the IF-THEN, and use a 

GOSUB command to br anch to our  subr out ine 

when t r ue. We can then use a RETURN when 

our  subr out ine is complete. 

 

Figure 1.6: Exercise #2 Blinking Circuit  Flowchar t



Exper iment  #1: Flowchar t ing and StampPlot  Lite 

Page 16 • Indust r ial Cont rol Version 1.1 

 

In our  blink_led1 subr out ine, we need a loop to r epeat  f ive t imes. Choices for  accomplishing t his task may 

be to set  up a var iable we incr ement  and check dur ing each r epet it ion, or  use the FOR-NEXT statement  to 

accomplish it  for  us. 

 

The f lowchar t  descr ibes the gener al steps involved in accomplishing a pr ocess. The code r equir ed is f lexible as 

long as it  fait hfully completes the pr ocess as descr ibed. The same f lowchar t  may be used in mult iple languages 

or  systems and even for  humans! 

 

Pr ogr am 1.1 is one way to wr it e t he code for  our  blinking LED pr ocess. Enter  t he text  in the BASIC Stamp 

editor , download it  t o the BASIC Stamp, and pr ess the pushbut ton of  t he cir cuit  you built . If  it  wor ks pr oper ly, 

t he LED will blink f ive t imes af ter  t he pushbut ton is pr essed. 

 
'Program 1.1; Blinking LED Example 
Cnt  VAR  BYTE   'Variable for counting 
PB1 VAR  IN1   'Variable for PB1 input 
LED1 CON  4   'Variable for LED1 output 
 
INPUT 1     'Set PB1 as input 
OUTPUT 4    'Set LED1 as output 
 
LOW LED1    'Turn off LED 
 
Start:     
  IF PB1 = 0 then Start  'Not Pressed? Go back to loop 
  GOSUB Blink_LED1   'If it was pressed then perform subroutine 
GOTO Start    'After return, go back to start 
 
Blink_LED1:    'Subroutine to blink LED 5 repetitions 
  For Cnt = 1 to 5     'Setup loop for 5 counts 
    HIGH LED1    'Turn ON LED 
    PAUSE 1000    'Wait 1 second 
    LOW LED1    'Turn off LED 
    PAUSE 1000    'wait 1 second 
  NEXT     'Repeat loop until done 
 
RETURN       'return back to after gosub call 

 

Programming Challenge 

 

Flowchar t  and pr ogr am a pr ocess wher e t he LED will blink four  t imes a second while the pushbut ton is NOT 

pr essed! 



Exper iment  #1: Flowchar t ing and StampPlot  Lite 

Indust r ial Cont rol Ver sion 1.1 • Page 17 

 

Exercise #3: Analog Data 

 

In many instances a pr ocess involves analyzing and r esponding to analog data. Digital data is simply on or  of f  

(1 or  0). This is compar able to the simple light  swit ches in our  homes. The light  is on or  it  is of f . Analog data on 

the other  hand is a r ange of  values. Some examples include the level of  light ing if  we use a dimmer  swit ch 

instead of  an on/of f  swit ch, or  t he temperature of  t he water  coming out  of  our  shower  nozzle. 

 

Ther e ar e sever al methods to br ing analog data into a micr ocont r oller , such as using an analog- t o- digit al 

(A/D) conver ter  t hat  changes analog values into digit al values that  may be pr ocessed by the microcont r oller . 

Another  method used by the BASIC Stamp is a r esistor /capacitor  network to measur e the dischar ge or  char ge 

t ime of  t he capacitor . By var ying the amount  of  t he r esistance, we can af fect  and measur e the t ime it  t akes 

the capacitor  t o dischar ge. In this exper iment , r esistance is set  by manually adjust ing a var iable r esistor . But  

t he device may be mor e sophist icated, such as a photo- r esist ive cell t hat  changes r esist ance depending on the 

amount  of  light  shining on it , or  a temper atur e sensor . Mor e discussion on analog data is found in later  

sect ions, but  for  now let 's per for m a simple pr ocess- cont r ol exper iment  using an analog value. 

 

Add the RC networ k shown in Figur e 1.7 t o your  cir cuit  f r om the pr evious exper iment . It  uses these par t s: 

 

(1) 1 uF capacitor  

(1) 10K potent iometer  

 

Figure 1.7: Schemat ic for  Analog Data circuit  added to Exercise #3 
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PBASIC Command Quick Reference: RCTime 
 

RCTIME pin, state, resultvariable 
 

• Pin is t he I/O pin connected to the RC networ k.  

• State is t he input  voltage of  t hat  pin.   

• Resultvariable is nor mally a wor d- length var iable containing the result s of  t he command. 

. 

 

The PBASIC command we will use to r ead the analog value of  t he potent iometer  is RCTIME. A t ypical block of  

code to r ead t he potent iometer  is as follow: 

  
Pot  VAR WORD 
HIGH 7 
PAUSE 10 
RCTIME 7, 1, Pot 

 

In order  for  t he BS2 to r ead t he potent iometer , t he r out ine needs to t ake the following steps: 

 

• +5V (HIGH) is applied to both sides of  t he capacitor  t o dischar ge it . 

• The BASIC Stamp pauses long enough to ensur e the capacitor  is fully dischar ged. 

• When RCTIME is executed, Pin 7 becomes an input . Pin 7 will init ially r ead a high (1) because an 

uncharged capacitor  acts as shor t . 

• As the capacitor  char ges thr ough the r esistor , t he voltage at  Pin 7 will fall. 

• When the volt age at  Pin 7 r eaches 1.4 V (falling), t he input  state is r ead as low (0), stopping t he 

pr ocess and stor ing a value in Pot propor t ional t o the t ime requir ed for  t he capacitor  t o char ge. 

 

The gr eater  t he r esistance, t he longer  the t ime r equir ed for  a capacitor  t o dischar ge; t her efor e, t he higher  

the value of  Pot. In this manner , we can acquir e an analog value f r om a simple input  device. 

 

Let 's wr it e a process- cont r ol pr ogr am to make use of  t his input . Our  pr ocess will be one wher e temper atur e 

is monitor ed and a heater  ener gizes below 100 degrees and de- ener gized above 120 degr ees. The 

potent iometer  will r epr esent  a temper atur e sensor  and the LED will r epr esent  t he heater  being ener gized. 

We will use the debug window to display our  temper atur e and the status of  t he heater . The maximum 

potent iometer  value, with this combinat ion of  r esistor  and capacitor , may r each 5000, so we will divide it  by 

30 to scale it  t o a mor e r easonable r ange.  Figur e 1.8 is t he f lowchar t  of  t he pr ocess. 
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Figure 1.8: Exercise 3 -  Simple Heater  Flowchart  
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Enter  and r un Pr ogr am 1.2. Monitor  t he value in debug window while adjust ing the potent iometer  and note 

what  occur s as the value r ises above 120 and below 100. 

 
'Program 1.2, Simple Heater 
LED1 VAR OUT4   'LED1 is on P4 
RC CON  7   'RC network is on Pin 7 
Temp VAR WORD   'Pot is a variable to hold results 
 
OUTPUT 4    'Setup LED as output 
LED1 = 1    'Energize initially 
 
Main: 
  GOSUB ReadTemp   'Read pot value as temperature 
  GOSUB CheckTemp   'check temp to setpoint 
  PAUSE 250       
GOTO Main 
 
ReadTemp 
  HIGH RC    'Read Potentiometer 
  PAUSE 10 
  RCTIME RC, 1, Temp  
  Temp = Temp/30   'Scale the results down,  
     'store as temperature 
  DEBUG "Temp = ",dec Temp, CR 
RETURN 
 
CheckTemp:    'If Temp > 100, or heat already on,  
     'check if should be off 
  IF (Temp > 100) OR (LED1 = 1) THEN CheckOff 
  LED1 = 1    'If not, then energize and display 
  DEBUG "The heater energized",CR 
 
CheckOff:    'If Temp < 120 or heat is off already, all done 
  IF (Temp < 120) OR (LED1 = 0) THEN CheckDone  
  LED1 = 0    'if not, then energize and display 
  DEBUG "The heater de-energized", CR 
CheckDone: 
RETURN 

 

 

Programming Challenge 

 

Modify t he pr ocess f lowchar t  and pr ogr am so the LED indicates an air  condit ioner  cycling between 70 and 75 

degr ees. 

 

 

Exercise #4: Using StampPlot  Lite 
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While the debug window for  t he BASIC Stamp is ver y useful for  obtaining data and infor mat ion f r om the 

BASIC Stamp, it  can be dif f icult  t o visualize the data without  car eful scr ut iny. Is t he temper atur e incr easing or  

decreasing? How quickly is it  changing? At  what  point  did the output  change? What  temper atur e is it  cycling 

around?  

 

Enter  StampPlot  Lit e! StampPlot  Lit e (SPL) was specif ically developed for  t his t ext .  SPL accepts data f r om the 

BS2 in the same fashion the debug window does, only SPL inter pr ets t he data and per for ms on of  4 act ions 

based on the st r uctur e of  t he data: 

 

• A value is plot t ed on an analog scale in r eal t ime. 

• A binar y value star t ing wit h % is plot ted as digit al t r aces in r eal t ime. 

• St r ings beginning with ! ar e inter pr eted as inst r uct ions to cont r ol and conf igur e SPL. 

• Any other  st r ing is listed as a message at  t he bot tom of  SPL and opt ionally t ime- stamped. 

 

A main r ule of  SPL is t hat  each line must  end in a car r iage r etur n (13 or  CR). 

 

Please r eview Appendix A for  a mor e in- depth discussion of  StampPlot  Lit e. 

 

If  you have not  yet  installed StampPlot  Lit e, install it  on your  computer  by downloading it  f r om 

ht tp://www.stampsinclass.com. Double- click the setup but ton and install it  in your  designated dir ector y.  

 

Let 's t ake another  look at  Pr ogr am 1.2, our  simple heater , but  t his t ime using StampPlot  Lit e to help visualize 

the process. Program 1.2 has been rewr it t en as Pr ogr am 1.3 to ut ilize StampPlot  Lit e (bold lines ar e 

added/modif ied f r om pr ogr am 1.2). 

 
'Program 1.3; Simple Heater using StampPlot Lite 
'Configure StampPlot Lite 
PAUSE 500 
DEBUG "!SPAN 50,150",CR   'Set span for 50-150 
DEBUG "!TMAX 60",CR    'Set for 60 seconds 
DEBUG "!PNTS 500",CR    '500 data points per plot 
DEBUG "!TITL Simple Heater Control",CR 'Title the form 
DEBUG "!SHFT ON",CR    'Allow plot to shift at max 
DEBUG "!TSMP ON",CR 
DEBUG "!PLOT ON",CR    'Enable plotting 
DEBUG "!RSET",CR    'Reset Plot 
 
LED1 VAR OUT4    'LED1 is on P4 
RC CON  7    'RC network is on Pin 7 
Temp VAR WORD    'Pot is a variable to hold results 
 
OUTPUT 4     'Setup LED as output 
LED1 = 1     'Energize initially 
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Main: 
  GOSUB ReadTemp    'Read pot value as temperature 
  GOSUB CheckTemp    'check temp. to setpoint 
  PAUSE 250       
GOTO Main 
 
ReadTemp 
  HIGH RC     'Read Potentiometer 
  PAUSE 10 
  RCTIME RC, 1, Temp  
  Temp = Temp/30    'Scale the results down,  
      'store as temperature 
  DEBUG DEC Temp, CR    'Send temperature value 
  DEBUG IBIN LED1,CR    'Send LED Status 
RETURN 
 
CheckTemp:     'If Temp > 100, or heat already on,  
      'check if should be off 
  IF (Temp > 100) OR (LED1 = 1) THEN CheckOff 
  LED1 = 1     'If not, then energize and display 
  DEBUG "The heater energized",CR 
  DEBUG "!USRS The heater is energized!",CR  'Update SPL status bar 
 
CheckOff:     'If Temp < 120 or heat is off, all done 
  IF (Temp < 120) OR (LED1 = 0) THEN CheckDone  
  LED1 = 0     'if not, then energize and display 
  DEBUG "The heater de-energized", CR 
  DEBUG "!USRS The heater is de-energized!",CR 'Update SPL Status Bar 
CheckDone: 
RETURN 

 

Download this pr ogr am to your  BASIC Stamp, and follow t hese inst r uct ions to use StampPlot  Lit e. 

 

• Star t  StampPlot  Lit e by using your  Windows Star t  but ton and  going t o 

Pr ogr ams/StampPlot /StampPlot  Lit e. 

• Enter  and r un Pr ogr am 1.3 on your  BASIC Stamp. 

• Close the BASIC Stamp editor ’s blue debug window.  

• Select  t he cor r ect  COM por t  in StampPlot  Lit e and click 'Connect .'  

•  

• Reset  the BASIC Stamp by pushing t he but ton on t he Boar d of  Educat ion. Now you’r e r eady to use 

this unique sof twar e ut ilit y.   
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At  this point  you should see data being plot ted. Adjust  the 10K- ohm potent iometer  with your  f inger s or  a 

small scr ewdr iver . The analog line displays the value of  t he potent iometer . The digit al t r ace at  t he top displays 

the status of  t he LED indicator . Figur e 1.9 is a sample captur e of  t he plot  f r om our  cir cuit . 

 

Figure 1.9:  StampPlot  Lite Graph of  Exercise #4 

 

 
 

 

Note the cor r elat ion between the analog value and the swit ching of  t he digit al output . Use the var ious 

cont r ols on StampPlot  Lit e to become familiar  with t he funct ions and featur es. Analyze Pr ogr am 1.3 and note 

the var ious conf igur at ion set t ings and data sent  t o t he applicat ion. Refer  t o Appendix A for  addit ional 

infor mat ion on StampPlot  Lit e if  you ar e having pr oblems under standing the basics of  t he sof twar e ut ilit y. 

 

Programming Challenge 

 

Modify your  air  condit ioner  challenge f r om Exer cise #2 to use StampPlot  Lit e. Conf igur e your  pr ogr am to 

t r ansmit  data appr oximately ever y 0.5 seconds. Calculate the number  of  data point s needed to f ill t he scr een 

within a maximum of  60 seconds, and test . 

 

Just  for  fun! 

 

Enter  and r un the following pr ogr am. The potent iometer  simulates a single- handle shower  (mixer ) valve with 

adjustment  delay. Adjust  t he shower  temperatur e for  a constant  110 degr ees. See how fast  you can stabilize 

the temper atur e at  t he set  point ! Pr ess the r eset  but ton on the Boar d of  Educat ion and t r y again. We'll leave 

it  up to you to f igur e out  t he pr ogr am. 
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