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I INTRODUCTIOII

The purpose with this report is to describe some realtime
programs for process cormunicatìon, process control, process

program control and datalogging and horv they can be used.

The programs have been used in experimnts rith control of
room air temperature control of a normal office room (Jensen

& Ljung R7322l,.lecture room (Ekström, Hänsel, Jensen and

Ljung 1974a and 1974b), an enthalpy exchanger (Jensen & Hänsel

t974) and a hospital room (Jensen & Hänsel 1974).

The computer is a PDP-15 (Dìgital ) with 32 k core memory and

with a 256 k disc. The process interface is a coupler/con-
troller (Hewlett Packard) and it is described in Jensen (t973).

All programs have been run in the realtirne executive RSX-

plus. The reader is supposed to be familiar with this executi-
ve, In this system aïl progra¡ns are.referred to as tasks and

this will also be the case in this report. The main purpose

with the software was to make automatic experiments. The dy-
namics of the room is tn the range of some minutes and more.

Experiments can then last.several hours. It has also been ne-

cessary to run the experiments during nights when the demand

for computer time was low,

The tasks have been written rather straightforvardty. t{o ef-
fort has been made to make the software as fast as possible
or as small as possible. A general view of how and when the
different tasks are used are given in section 2.

A nnre detailed description is given in section 3 of the
different tasks. The input conmand strings to different,
tasks are given. Also some examples are given of how the
tasks can be used to execute a regulator and to change ex-
periment conditions.
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2 f{ORI,IAL USAGE OF TASKS

The RSX-plus realtirn executive is a multiprograrrnìng system.

The core memory is divided into partitions Ín which different
tasks execute acccrding to priority, A task always execute
to corpletion before it leaves its partition. There are four
partitions of different sizes which the user can use. A task
can be requested, run, synchronized or canceTled from the mo-

nitor console or from a task.

2.1 Defining regulators and experirmnt conditions

These are defined by reals and integers in a database on the
disc. Several tasks rork with this database.

First the database area ís a'llocated on the disc by the task
DEFDB, when requested. An o'Id databâse can be fetched from
dectape by the task DTDB. t',lodìfications can then be done

with the task cDB. The changes are checked by the task DISDBI

and DISDBZ, which dispiays the database when requested. The

datöbase can also be printed on the lineprìnter. This is done

by using the tasks L;SDBI and LISDBZ. The database can then
be saved by the task DTDB so that it can be used in another
experiment.

2.2 Preparatjon for datalogging

The user has to put in all necessary reals and integers în
the I0c0M comrf,)n area needed for the datalogging. The needed

disc area is alTocated by the task L0GG when requested.
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2.3 Start of experiment

The coup'ler/control'ler input output task CCI0 is run at eve-

ry sample. The datalogging is started by setting bit 17 in

LII,¡RD equal to one" The reguTators are cowuted by running

the task REGLE every samplìng interval, The experiment con-

ditions are changed by the task REGLA, which also has to be

run every sanpling interval.

2.4 Displaying of process variables

This is done by the tasks 0LDI0 and...OLD. Thìs can only
take part when data is logged. The process variables can al-
so be displayed as numbers by the task DISI0 and DISDB1. The

former task d'isplays the I0C0M common area and thereby atl
t,he latest inputs and outputs from lhe process. The latter
task displays the last five values of processvariab'les used

in regulators. Also rninimum, maximum, greatest change and

mean values are displayed.

2,5 Stop of experinient

The datalogging can be stopped automatically when the number

of samples specified is reached or by setting bit f7 in LII'IRD

equal to zero.

The experiment condition task REGLA and the regulator task
REGLE are cancelled.

The task CCI0 is also canceTled after the outputs have been

changed to wanted vaTues and therehy turn off the process,
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2.6 Save exPerirent

Now data can be saved frpm t,he disk to dectape by the task

coNv. out.put to the lineprinter of the experirent data is

done by using the task PRIÌ{T. The logged data can also noþt

be displayed by the tasks 0LDI0 and ...0L0. The allocated

disc area is finatly freed by request'ing the task L0GG.
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3 TASKS

l'lost of the tasks äre requested, run or synchronized by the
user wìth the monitor console routine. It types MCR> when it
is ready to recieve a conrnand string. Tn which partition and

with what priority the tasks are executed ane given in appen-

dix I l.

3,1 Tasks for conmunication with coupler/controller

3.1 .1 Task CCI0

This task performs the normal cormunication between the com-
puter and the c1c, which is a process interface" The clc is
interfaced as a teletype to the computer.

There are ten analog inputs. These are rrcasured by a digital
voltmeter" The measurement ranges ane tì0., Jl, and tû.t volt,
The range can be fixed by the user or chosen automatically
by the digital volüneter. The measurements are given with
four to five digits. The anaTog inputs are tested for nine
different fault conC*tions. The error message is set in the
reading as a great number which cannot be measured. These

numbers are given in appendix l. The multiplexer can be da-
maged if the analog inputs exceeds the interval (-.l5. r15. )
vol t.

There is no Iogical inputs" There are four anaìog outputs
and the range is J'lO. vo,lts" Four iogical outputs can also
be controlled. These consists of relays which are e.ither
open or closed.

ïhe task CCI0 allows another high priority task to compute

the regulator between the input from and the output to the
process.
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3.1.2 Task ...CCC

This task is a MCR routine, which can test' turn off and

turn on the c/c. Allovred connand stings are as follov'ls:

l,lcR >ccc

MCR> CCC

MCR >'CCC

ata'u3a4 MESSAGT

coF'

C0l'l

no input is expected from c/c
input is expected from c/c
input fron clc is not printed
input from c/c is printed

delay in tenths of a second between input front

and output to c/c
number of times the message is sent

Thê four parameters ô¡r aZ, a3 and aO are integers between

0 and 9. They are interpretted as follows:

tl =o
ar=l
u?=o
az=l
a3

^4

MESSAGE ASCII characters to'be sent to c/c

The COF conmnand turns o'ff the c/c and the CON conmand turns

an c/c.
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3.1.3 Task .."CBC

This task is also a MCR routine, which changes variables in

I0C0M conñpn area, The allowed corunand strings are as follows¡

MCR> CBC

MCR> CBC

l,lcR> cBc

IADD

IADD

IADD

REAL

INT

TNT BIT

The parameter IABD is a three digit integer, which is the

adress in the I0C0M coffinon area. t,lith the first cormand is

a real changed and with the second CIne an integer. The

third conmand is used when INT th bit is changed to BIT.

The routine changes variables only when the l0t0l'l comnon

area is available. The old value is prìnted in octal forn.

Some of the addresses to variables in the I0C0M comnon area

are given in apPendix 2.

3.1.4 Task DI5I0

This task displays the I0C0M conmon area. An example is
shown in appendix 3.
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3.2 Task for regulators

3.2. I Task REGLT

A 360 word database is used to defìne the regulators. The

task can be divided '!nto two parts. The first part of the
program deals with input of new process variables t0 the da-

tabase from the I0CûM cornnon area. These are checked for
fauÏts and statistics are cornputed" The second part computes

control sìgnals from data in the database and they are pla-

ced in the I0C0M comrrnn area.

Five process variables can be used in the database. The type

and the position is deterrnined by the two integer .vectors
IDT(1-5) and IDP(1-5). The standard for IDT is as follous:

IDT

IDT

TDT

IDT

IOT

=$
-t

=l
=J
=Q

nothi ng

analog input
logical input
analog output
logical output

The process variabïes are transformed by mu'ltiplying a con-

stant from the vector RIK{I-5) and adding a constant from

the vector RïL{i-5), The transforrned process variab'les are

checked against minimum lim'itsn maximum limits and greatest
change. These values are found 'in the vectors TMIN(I-S),
TMAX(T-5) and TDIF(l-s). At the sane tire sonB statistics
are computed. These are such as minjmum vaTue, maximum value
greatest change and the mean value. These are stored in the
vectors RMIN('l-5), RMAX(1-5), RDIF(1-5) and RMEI)(t-5).

01d process variables are shifted down in the field RV(1-5,

2-5). The three PID values are also computed and stored in
the fÍeld RV(6-10,1-3), The used setpoint values are found
in the vector TB0R(I-5).
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Five reguïators can be computed. This is done by adding up

three scalar products of process variabïe vectors from the

field RV and regulator coefficient vectors from the field
CV. The process variable vectors can either be a time vector

of a process variable (the five first rows in the field RV),

c,r a PIÐ vector (the five last rows in the field RV). torre-
sponding regulator coefficìent vectors exist and they are

found in the field CV.

The five sums of the three scalar products are determined by

the fields ID(l-5,t-3) and IC(t-5nt-3). The value of ID de-

termines which one of the ten rows in the process variable
field RV that shou'ld be used. The value of IC is used in the
same Ìray with respect to the rows in the regulator coeffici-
ent field CV.

The outputs are then transforr'red by multiplying a constant
frorn the vector R0K(t-5) and by adding a constant from the
vecton R0L(f-5). The vectors IRT{1-5) and IRP(I-5) deter-
mines the type and the position of the control signal. The

standard for IRT is the same as earlier mentioned for the
process variable type IDT;

The task waits until the database is available, The data-
base is reserved when it is used.

In appendix 5 a simple FtrD controTler is defined.
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3.2.2 Task CûB

This task Ís used to change pararneters in the database used

by the tasks REGLË and REûLA. The cor¡mand string is as fol-
lows:

l,tcR > REQ CÐB

> IAIID Vï V2.. .

The integer IADD defines the start address where the values
Vl U2... are to be placed Ín the database. Five reaTs or
ten integers can be changed at a time. l{here the dÌfferent
parameters are situated are given in appendix 4 and 7. The

task reserves the database on'ly when the dìsktransfer is
going to be ¡nade.

3.2.3 Task DEFDB

ïhis task allocates disk area for the database used by the
tasK REûLË and REGLA.

3.2,4 Task DTDB

This task transfers a database between disc and dectape in
both directions. The command string is as fol'lows:

I'tcR > REQ ÐTDB

> SAVT/6ET FI¡.N¡,I ErT

The extension shouTd be DBl, DBz or DB3 in order to transfer
the first 360, 720 or 1080 words of the database.
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3.2.5 Task DISDBI

ThistaskdisplaysthedatabaseusedbythetaskREGLE.It
showsreguìatorparameters,timevectors,PlDvatues,statis.
ticvaluesandtransformationconstants.Ontytheusedvari.
able are disPtaYed .

3,2.6 Task LISDBI

This task prints the database on the tineprinter. An exanÞle

of a printout is given in appendix 6'
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3.3 Tasks for experiment control

3.3.'l Task REGLA

This task can change all real numbers in the database part
used by the regu'lator task REGLE. The task REGLA has a data-

base of 360 words to store the paraneters to be changed,

where and u¡hen the changes shall be made. Fifteen different
parameters can be changed independently to seven different
values. These are stored in the field PUFF(1-15,1-7).

l,lhere and when a change is made is determined by the corre-
sponding integer field IPUFF(t-15,.|-9).

ülhere a change is made is given by the eight column of the
field IPUFF. The integer value IPUFF(I,8) is the address in
the database where the lth parameter, that is changed, is
si tuated.

I'lhen a change of the ïth pararneter is to be made is deter-
mined by the integers IPUFF{TnI-7} and IPUFF(I,9). The last
integer is a counter, which is updated at every run of t,he

task (REGLA). The s('ien inteEers IPUFF(I,.I-7) are used as

timers. The paremeter value PUFF(I,J) is used if the timer
IPUFF(I,J) is the smaliest t'imer that is greater or equal to the
counter IPUFF(1,9). If the counter TPUFF(I,9) is greater than

any timer value IPUFF(I,J) then the counter IPUFF(I,9) is ze-

roed. This means that the changes become periodical.

An example of different changes of parameters in the earlier
mentioned PIÐ regulator is given in appendix B.

Also this task checks if the database is available before

using it.
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3.3.2 Task DISDB2

This task displays the part of the database used by the task
REGLA. 0n'ly the used paraneters are displayed.

3.3.3 Task LISDBZ

This task prints the database on the f ine printer. An example

is given in appendix 9.

3.4 Tasks for datalogging

3.4.1 Task L0GG

This task allocates or deallocates diskarea according to the
numbefs in the IûC0M comnon area. The task asks the user
if it shall allocate or deallocate. This is done as follows:

MCR> REQ LoGG

>START OR STOP?

3.4.? Task L0GGA

ThÍs task is requested by the coupler controller input out-
put task CCI0 after every samp'ling interval if the lTth bit
in LIHRÐ is equa'tr to one. When the specified number of sarnp-

les NUSAM is reachedn then the logging 'is interrupted. The

line LOGGA STûP NASA = NUSAM i's printed. If instead bit 17

is set equal to zero then the logg"ing is interrupted. The 
.Ii-

ne L0GGA ST0P BIT 17 = û '!s printed.
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3.4.3 Task C0NV

This task transfers data between disc and dectape in both

directions, The command strìng is as follows:

MCR> REQ C0NV

>SAVE/GET FILNM EXT

3.4.4 Task PRINT

Logged data on the disk js printed on the ììne printer by

this task when requested,
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3.5 Tasks for online plotting

A good way to see how the process behaves is to display the
process inputs and outputs as curves in time. This can be

done by using the tasks 0LDI0 and...OLD. 0n1y the variables
that are ïogged can be displayed.

3.5.1 Task 0LDI0

This task can display one to four different togged process

variables at a time. Each curve has its own y- and x- axis.
ïhe number of samples per picture and the y scale mininas
and maximas are controlled by the user with the task ... OLD.

The process variables can be displayed online if the task is
synchronized with the data logging. The first picture has to
be inited by the task ...01Ð. An examp'le is given in appen-

dix 10.
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3.5,2 Task ...0L0

This is a l,lCR routine whÍch is easy to use, Three different
cormand strings can be given. The variable that is to be dis-
played and its y scale is detennined by the conmand string.

MCR>OLD IT IC TV MIN I4AX

lrlhere

After variables and its y scales are determined then the
plot is initilized by corrmand string:

MCR>OLD IT NC NP

'l,lhere

IT=4
IT=5
IC = 1-4

IV

MIN

MAX

IT=0
IT=l
IT=2
IT=3
NC = l-4
NP

replot all pictures
replot last picture
curve number from the bottom

variab'le position in the amrunt that, is
written on the disc every sample

y scale minima

y scale maxima

plot alI pictures
plot last picture
as IT = 0 but go into online mode

as IT = I but go into online mode

number of curves to be plotted
number of sampìes per picture

The y scales and x scales can be changed when the online
plott,ing is nunning. To change the time scale a cormand string
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is used as follov+s:

t'lCR>OLD IT HP

lchere

IT=6
IT=7
NP

rcplot al'l pictures

replot only last picture
new number of sarnples per picture

The 3l last words in the I0COl,l cofirnon area are used to store
information about the plotting. An example of a plot is given

in appendix '10.

The task DISI0, ÐISDBI and DISDBZ can a'lso use the display

when online plotting is done. The task 0LDI0 will automati-

cally replot the display picture when it is requested at the

next sampling.
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Appendix I

Analog input error codes.

Error value in FLAI Checking order Fault

126.0

126.5

127 .A

127 .5

128.0

128. 5

129.0

129.5

I 30.0

t9.

overload plus

overload minus

range digit is not 0,I or Z

channelnumber is not equal knr
wrong character found

overload digit is >3 or ¿0

overrangedigit is not 0 or 1

overloadd'igit and sisn contradictiòn
iamp + range +5 > 0 and over flow

5

6

4

J

1

7

2

B

9

As soon as a fault is discovered then the corresponding error
code is set and further checking is stopped. The check'ing
starts wÍth the 'lowest checking number.
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Appendi x 2

Location for variabies in I0Cûli! common area.

Parameter
or vector

Address

NVAI

NVAO

N}JRAI

Nl,lRAO

Nl^lRUC

Nl.lRSL

NUSAI"I

NASA

0CI4

0û5

CI06

007

û08

009

0r0

0ll

025

0?.6

09r - 12CI

l3l - '135

135 - 167

158 - 183

lB4 - 255

LIIIIRD

LOr^lRD

T DFB

IEV

FLAÏ

FLAO

USER
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Appendix 3

Display picture of I0C0M common area generated by the i,ask
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Appendix 4

Location of variables in database used by the task REGLE

Vector
or field

Address

0

t0
2A

30

40

50

60

7A

BO

15û

17A

090

110

130

R}4IN

R}4AX

RDIF

F$ED

TMiN

TMAX

TDIF

TBOR

RV

RIK

RIL

PVA

IVA

DVA

cv

ROK

RÛL

PCt

IC0

DC0

IRT

IRP

]DT

IDP

ID

IC

180 -
250 -
?70 -

190 -
210 -
230 -

300 -
305 -

310 -
315 -

320 -

335 -

I
18

28

38

48

5B

68

7B

178

t58

178

098

118

138

278

258

?78

.l98

218

238

304

309

314

319

334

349

Variable type

minimum vaìue

maximum value
greatest change value

mean value

test minimum value

test rnaximum val ue

test greatest change value

set point value

time vectors
input gain

input bais

P value

I value

D val ue

coefficient vectors
output gaìn

outpt t bais

P coefficient
I coefficient
D coefficient

regulated variable
position

database variable
pos i ti on

database pointer
coeffìcient poìnter
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Appendix 5

The controlled variabTe is assumed to be ana'log ìnput seven

and it has got an offset of one unit whìch has to be renrved.

The analog input is placed as second process variable then

rDr(2

rDP(2

RIK(2

RrL (2

The analog input should be in the 'interval (-10,,'l0.). The

greatest change between two readings is 5. and the setpoint
is 0. then

TMIN(Z) = -10.

T¡4AX(2) = 10.

TDIF(z) = 5.

TB0R{2} = Û.

CV(6,1 ) = -1.
CV(6'2) = -0.5
CV(6,3) = -0.4

The first regulator shall control the analog input seven with
the analog output five. The output should be offset plus ten

units then

)=l
)=7
) = l.
) = -1'

The PID parameters are Kp=-]", *i=-0.5 and KD=-0.4 then

rD(1,r i
rc(1,r )

rRT(1)

rRP(r )

R0K(1 )

R0L(1 )

--1

=$
=l
=$
-1- l.

= 10.
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The command strings to set up the PID regulator are as

fol 1 ows :

MCR -REQ CDB

¡3.l I

"3'16

''152
,172

>04?

,05?

,06?
?072

''190

'2.l0
"23t
,32A

'335
-25A

z27t

"300

'3û5

1

7

1.0

-1.CI

-ì0.
10.

5.

0.

-1.
-l't Ã,

-0.3
7

6

1.

t0.
tJ

E
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Appendix 6

Printout of the first data base part by the task LISDBI.

fil{ M
t).t)iriJfl
ü.üt]üil
iJ , rl Û,"i l.i
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Appendix 7

Location of variables in database used by the task REGLA

Vector
or field

Address Variable type

PUFF

IPUFF

iPUFF

IPUFF

360 - 568

57A - 674

675 - 689

690 - 704

parameters

timers
poi nter
counter
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Appendix I

The parannters in the earlier mentioned PID regulator is go-

ing to be tested for two different values of each regulator

parareter for 100 samp'les. This gives eight different regu-

Iators that are to be tested. The regulator parameters are

KP

KI

KD

= -2, and -1.

= -0.6 and -0.3

= -0.4 and -0.2

Then the foltowing variables have to be set in the database

part used by the task REGLA:

The parannters

PUFF(],.l ) = -2.
PUFF(I ,2\ = -1.
PUFF(2'1) = -0.6
PUFF(Z,2) = -0,3

PUFF(3'1 ) = -0.4
PUFF(3 ,21 = '0,2

The timers

rPUFF(t ,t )
IPUFF(t ,2 )

IPUFF(z,1 )
rPUFF{2,2 )

IPUFF(3,1 )

IPUFF(3,2 )

= 400

= 800

= 2AA

= 400

= '100

= 200
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The pointers

IPUFF(I,8) = 96

IPUFF(2'8) = '106

IPUFF(3,8) = 116

The pointers have'to be computed as the index to a real

aray. The address to the P pararnter is 190 when the task

CIIB is used, The first address for a variable is 0 when CDB

is used and I when REGLA ìs used. The addresses in appendix

4 can be converted to pointers by dividìng by two and addinq

one.

The cormand strings to set up the experiment conditions to
test eight different PID regulators are given beiow.

IJICR > REQ CDB

¡360 -2. -0.6
)390 -ì. -0,3
2570 400 200

7585 800 400

Å75 96 .106

-0.4
-0,2
100

209

tt6
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Appendix l0

A picture of dispìayed process variables made by the task 0LDI0.
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Appendìx 1l

Task

., . cBc

,., ccc

. . .0LD

Parti tion Priori ty

t00

100

t00

MCR

I'lcR

þtcR

ccI0
CDB

c0t'tv

DEFÐ8

DISDBI

DISDB2

DISIO

DTDB

LISDBI

LISDEz

LOêG

LOGGA

OLDIO

PRINT

REGLA

REGLE

RTIO

PUSER

PUSER

PIPUS

PUSER

PUSER

PUSER

PUSER

PUSER

PUSER

PUSER

RTIO

PUSER

PUSER

PIPUS

P IPUS

225

400

500

200

500

500

500

300

500

500

400

275

500

500

t50

300


