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ldpac Commands — User's Guide

This is the guide to the commands in the program Idpac. It
will give information onh how to call the different commandss
what their functions are and what wmethod is used. In many
cases hints and examples are included.

Idpac iz an interactive command oriented program package. It
iz aimed at problems encountered in analysis of time series.
A time series is the consecutive values taken by a certain
signal as a function of time. Typical sources of the time
series would be recorded measurements and control signals
From industrial processes. Examples where Idpac has been
applied includes paper and pulp  industys power systems:
chemical industry and ship building. Non—-industrial
applications are found e.g. in biomedicine and econometrics.

The types of questions ldpac may answer arg:

a) What do the sighals look like?

b) What is the size of the disturbancies?

c) Where cah we find them?

dy What are their propevties?

s) How can the process be described?

£) How does the process react to specific inputs?

in order to answer such questionss ldpac contains modules
for data conversions scaling and calibration. A
comprehensive plotting facility is also included in order to
visualize the data.

The analysis tools available in ldpac aref

a) Correlation analysis.

by Spectral analysis (Fourier transform of correlation
function as well as DFTY., .

o) Parvametric model Fitting Cmaximum likelihood and least
squares method).

d) Normality and independence tests.

@) SBimulation

Idpac is a member of. a family of program packages with
identical data structures and ugser interaction. The
interaction is primarily intended to satisfy the needs of
the khowledgable usery but mechanisms exist to adapt the
interaction to other demands. Further reading on the
interaction and the general use of these programs is found
in the two reportsd

i. J. Wieslander, H. Elmgvist: INTRAC - A Communication
Module for Interactive Programs — Language Manuals
TFRT~74322 Dept. of Automatic Controls Lund Institute of
Technologys Lund: Sweden.



2. J. Wieslander! Interactive Programs for Computer Aided
Analysis and Design of Control Bystems - General Guides
TFRT-3156y Dept. of Automatic Controls Lund Institute of
Technology: Lunds Sweden.

These programs were developed with financial support from
the GSwedish Board for Techhical Developmenty contracts
73~3553s 75-3776 and 77-3548. They represent the combined
effort of many people at the depertment over Mmany vears.



Commands Available in ldpac

The following is a structured list of the commands available
in ldpacs together with a short indication of their use.

1. Input

CONY
EDIT
FORMAT
LIST
MOVE

1

& Jutput

Conversion of data into internal standard form
Symbolic text editor

Conversion of data into symbolic (external) form
Output of data on user readable fForm

Moving data in the data base

2. Graphic Output

BODE
HCOPY
PLMAG
PLOT

Draw curves in a diagram with logarithmiec scales
Take a hard copy of the last graphic output

Draw a maghified plot and allow changes

Draw curves with linear scales

3. Time Series Operations

AHCOF
CCOF
CONC
CUT
INS1
PICK
gSCLOP
SLIDE
STAT
TREND
VECOP

Compute autocorrelation functions
Compute crosscorrelation functions
Concatenate time series

Extract a part of a time series
Generate time series

Pick equidistant time points

Do scalar operations on a time series
introduce relative delays between time series
Compute some statistical numbers
Remove a trend

Do vector opervations on a time series

4. Freguency Response Operations

ASPEC
CSPEC
DFT
FROP
IDFT

Compute an auto spectrum

Compute a cross spectrun

DNiscrete Fourier Transform

Operate on frequency responses
Inverse Discrete Fourier Transform



5, Simulation & Model Analysis

DETER -~ Deterministic Simulation

DBIM — Bimulation with hoise

FILT - Compute a filter system

RANPA - Compute a system with random coafficients
RESID - Compute residuals with statistical tests
SPTRF - Compute the frequency response of a transfer

function

&. Identification

LS -~ Least Squares identification

ML - Maximum Likelihood identification
gSaR - Least Squares data reduction

STRUC - Lesst Bquares structure definition

7. Miscellaneous

DELET - Delete a file

FHEAD - Inspect and change file parameters
FTEST - Check existence of a file

TURN — Change program switch settings

&. Alphabetical Command List



Input & Qutput
CONV

CONV

To read a source file (ABCIl-code) on mass storage in free
format and convert it to an IDPAC - standard binary
date—file.

- e I

CONV DNAME <€ FNAML(C1..23 NCOLX ETSAMPI]

DNAME - resulting data file (Time Beries)
FiNAM —~ input free format file
Ci.. = column numbers specifying which columns in FNAM

that will be converted
chFaU1t= C‘lli = '1’ 2! "I NCDLX)

NCOLLX ~ total number of columns in FNAM
T8AMP - sample interval in seconds {default: DELTA.)
Function

The source (symbolic) file is read in free formats i.e.
strings of characters from the set

01234567892+ -.E

are converted to real numbers following normal rules. All
other characters including carriage returns tab: etec.: arve
treated as delimiters. Thus, the use af formatting
charascters (i.e. spaces tabs CR-LFs etec.) is unrestricted.
However: the number of data items corresponding to a
sampling instant must be constant: specifised by NCOLX.

Conversion errors detected cause the output of the result
(DNAMEY to be inhibited. The lines causing the errors are
written onto & previously unused file CONVIX (XX = 1..9%1. A
message of this effect is given. '

Examples
1f FNAME iss

0123456
7 8 910
1.4G+1

12

13X+0

14

15
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Input & Output
CONV

the command
>CONV DATA € FNAME(1) 2

will give an error message and generates the file CONVi:
"CONV DATA < FNAME(1) =2

3. 1.1G+1
5. 13X%X+0

If lines 3 and 5 are corvected (an E should be used)

*>CONV DATA < FNAME(1 2) 2
»LIST DATA

will produce the Fullnwin& output:

0.000 1.000
2.000 3.000
4.000 5.000
6&.000 7.000
8.000 2.000

10.00600 11.000
12.000 13.000
14.000 15.000



Input & Output
EDIT

EDIT

To edits i.e. creste ot make changes to a symbolic (ftext)
file. Exanples are MACRO-files» / system files and symbolic
data files from outside.

e T

EDIT TFILE

TFILE name of symbolic (text) file

e T T e e i o et et

The following general notation is used:

n denotes a8 positive integer: default 1.

/ denotes any character not " included in
'string’ .

string denctes any sequence of printing

characters including space.

A string the string is appended to the current
line.
B the bottom line of the file is made the

-1 -F-p—1L14

new current line.

C /stringl/string2/ stringl in the current line is changed
to string2.

D End n lines are deleted starting with the
current line.

E exits 1.e. close the file and return.

F string find the first line after the current
line starting with string and make it
current.

I string insert string as the new current line

L string loeate the first line after the current
line containing string and make it
curvant.

N [nl make the nith hext linme current.

T AP



1 &
Input & Output

EDIT

Q¢ L[nl averlay the n next lines including the
current with keyboard INPUT.

P L[hl print n lines starting with the current
line. The last line printed is the new
current line,

R string replace the current line with string.

T go to the top of the file.

DIS ON enable/disable output on display.

DIS OFF

Function

e s o S ey

The editor works ik one of two wmodess EDIT-mode and
INPUT-mode. In EDIT-modes the editor will read the text—file
line by line. At any time: one line is the feurrent line’.,
The subrommands control the position of the ‘current line’
within the text-files or modify the ‘current line’.

In INPUT-modes a line typed on the keyboard is made the new
‘current line's thus forcing the old one to be written to
the output file.

The initial mode of the editor is INPUT if the specified
file is mnot found» otherwise ERIT. An empty line is used to
switch the mode.

——— D e e e T e S e L F

R e e s

System files are normally generated by the command 8YST.
Exceptiont the polyrnomial image system files in Idpac.



Input & Output
FORMAT

FORMAT

o e e T o e

— e et Lo e s

FORMAT CFFILE]1 € BFILEL(C% C2 .. )1 [BEGIN COUNT]

FFILE - name of formatted data file (default: BFILED

BFILE - name of binary data file

ci .. - polumn numbers in BFILE (default: 1 2 .. D

BEGIN — number of first record in BFILE to be formatted
(default: 13

COUNT ~ number of records to be formatted (defaults alld

Function

The selected columns of BFILE are written rowwise onto the
output fFiles in a format compatible with the command CONV.

The command line and the file head parameters are included
as comments.

e e s N L e e RS S T e -

The output faormat and the number of columns allowed is
installation dependent.
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Input & Qutput
LIST

LIST

ey e B2 S

LIST [(DEV)IL(FEED)>1L(DMODE)ILAGGREG! IFNAMEL (A1 AZ..)3LIF NUM3J

DEV - device = 'DIS’/'LP' /' TP
DIS - display
LP = line printer
TR - teleprinter
(by default DEV = 'DIS*)
FEED - form feed parameter = 'FF’/‘LF?
FF — 8 form feed will precede output
LF ~ a line feed will precede output
(by default FEED = 'LF?)

DMODE — data mode indicator = 'D'/'T'/'DS'/'TS'/'FT' /' FTS’
D - FNAME is assumed to contain binary data
T = FNAME is assumed to contain text
DS = same as 'D'y but sequence humbers written
T8 = same as ’'T’'s but sequence numbers written

and the text will be truncated after
72 characters
FT = same as ‘T’ but 'BEGIN’'s *END’' not written
provided that section names
have been given explicitly
FTS ~ same as ‘FT’ with sequence numbers
(by default DMODE = 'p’)

AGGREG - aggregate files invalid in connection with
DMGDE = 'T!

FNAME = hname of file to be listed

Aae - attributes associated with FNAME: if

DMODE = 'D'/’D8's then A.. denotes column numberss
otherwise names of sections within FNAME

IF = humber of 1st record to be listed
(valid only inh connection with DMODE = 'D’/'DS’)
NUM - humber of reécords to be output

(valid only in connection with DMODE = tD /D8 )

g e e i e

The data is printed as matrix blocks with NUM  lines
containing the first few columnss a blank line, NUM lines
containing the next few columns etec.

Notes fregquency response files are special rcases of data
files.



Input & Output
LIST

Text files: The file is directly copied onto the output
medium. Text files ares

a) any file created or manipulated by the EDIT commands
b)Y MACRO files,

©) system filess

d) structure files.

If & section name is given for a system filey only that
gection is ocutput.

o e o T o e e e e et i T s e e i D S e e

The available output devices may be installation dependent.

Hints

The mechanism that sllows listing of selected sections of a
system file uses the keywords BEGIN and END. These keywords
may be used to produce the same effect in any text files
e.q0. to output descriptive text from a macro.

- F AR —F 17 P

»LIST DATA

»LIST (LP) DATA(3 4 &) 20 10
HIBT (T) MAC

>LIST CLP)(T) SYST(NAME)
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Input & Qutput
MOVE

MOVE

[T 84—

To move files in the data base. The caolumns of a data file
may be rearranged.

Lommand

MOVE LCC(DMODE)J L[LAGOUT#IFILOUTL(C11..)1] <
CAGIN:IFILINL(C21..)1

DMODE ~ data mode = 'D'/'T’'/’'ND" (default: DMODE = 'D’)
D - the file is assumed to contain binary datas
T — the file is assumed to contain text
ND = same as ‘D' but the columns C11.. wills
if previously defineds not be overwrittens
but placed rightmost in FILOUTy in the
AGOUT - output aggregate file
FILOUT..- output file name [with columm numbersi
AGIN = input aggregate file
FILIN.. - input file name I[with column numbers]
Funection

" 1 b e e

The columns C21s.. in the data file FILIN are moved to the
columns €Clls.. in the data file FILOUT.

Copying is the only function available for symbolic (text)
files or for files within aggregates.

e e et et s e e T e B i L 2 T L

= Column numbers cannot be used for system— and
macro—files.

- Dats files may contain up to 20 columne as input files
and up to 15 columns as output Files.

LYy ot V1

»MOVE WORK < DATA(Z 5 3
>MOVE (ND) WORK(1 3) < DK DATAC4 1)

The results are shown below.



Input & Output

MOVE

DATA
11 .0000 21.0000 31.0000 41 .0000 54.0000
12.0000 22 .0000 32.0000 42.0000 52.0000
13.0000 Z3.0000 33.0000 43,0000 53.0000
14,0000 24 .0000 34,0000 44,0000 54 .0000
1%.0000 25.0000 35.0000 45 .0000 55.0000
16.0000 26.0000 34,0000 46,0000 54,0000
17.0000 27 .0000 37.0000 47 .0000 57 .0000
18.0000 28.0000 38.0000 48 .0000 58.0000
19 .0000 29 .0000 32.0000 49 .0000 52.0000
20.0000 20.00600 4(3.0000 50 .0000 40.0000

WORK
21.0000 51 .0000 31.0000
22.0000 5z.0000 32.0000
23,0000 53.0000 33.0000
24 .0000 54 . 0000 34.0000
25.0000 55 .0000 35.0000
Z46.0000 54 .0000 3&.0000
27,0000 57 .0000 27 .0000
28.0000 58.0000 38,0000
29.0000 52.0000 3%.0000
30.0000 &£0.0000 40,0000

WORK
41,0000 21.0000 141.0000 541 .0040 21.0000
42.0000 2z.0000 1z.0000 52.0000 32.0000
43,0000 23.0000 13,0000 53.0000 23.0000
44 .0000 24 .0000 14 .0000 54.0000 34 .0000
45,0000 25.0000 15.0000 55.0000 35.0000
44 .0000 246.0000 16.0000 54.0000 346 .0000
47 .0000 27.0000 17 .0000 57 .0000 37.0000
48 .0000 28.0000 1&, 0000 58.0000 38.0000
49 .0000 29.00040 19.0000 52.0000 39.0000
50.0000 30.0000 20.0000 &0.0000 40,0000
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Graphical Output
BODE

BODE

o o . o iy P

BODE L[(8W)J FRF1L(F11 Fi2 ..)]1 LFRF2L(F21 .. )1 ..

SW =~ page switch = A’ /'P' /AP /' AQ!

{default: 'AP')

A ! plot amplitude onlys
then read a sub-command

P & plot phase onlys then exit

AP: plot amplitude and phase together:s
then exit

AC: plot amplitude onlys then exit

FRF.. - frequency response file name(s)
Fi1.. — frequency response number(s) (default all)

Subconmnands
PAGE = reqguest the phase plot (relevant only if SW = *4%)
KILL - skips the phase plot (relevant only if amplitude

and phase are to be plotted separately)

Function

The indicated (default a2ll) curves of the frequency respohse
file(s) FRF1 ete.r are plotted versus frequency. The
abscissa is a logarithmic axis: while the ardinate is
logarithmic for the amplitude and linear for the phase. If
the phase information is identically zeros as for asute
spectras the phase plot is omitted.

Amplitude values smaller than 1.E-5%(largest value) are
replacaed by the lower limit.

If wmore than one set of curves are requesteds they are
marked with integers representing the ovrder of the
corresponding response in the command.

Hints

a) Cf. the command PLOT for methods +to include text in the
diagram.



Graphical Output
BODE

by The command treats frequency response

28 15

files: see the

general guide. Generallysy they include f regquency
information scaled in rad/s. 1If you want a bode plot in
Hzs+ use the BCLOP command to divide the frequency by 21 =

&.2831853.

Example (cof. the commands NIC and NYQ)
The Bode plot for the system

3.25 s + 1

G [ - it it S

o 52 (s + 1.753

is given through the command (the response
the file FRF):

»>BODE FRF
See Figure 1.

The Bode plot for the system

ig contained in

ig shown in Figure 2 (the response was contained in FRF2).
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BODE
BODE FRF
79.07.25 - 11:36:28
1.E4_|AMP PHASE |
| -138,
1809, B
 —148.
{es. B
| -158,
16, B
| -168.
i. B
| -17@.
8.1 3
-188.
! [
2.01 188,
Figure 1.
] 48,
[amP PHASE [
| 8.
| -49.,
| -80.
| -t28.
| -168.
: ]

14
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BODE

HCOPY

v i

T i s et

HCOPY [DEV1 [FACTORI]
or
HCOPY SWITCH

DEV - hardcopy deviece = 'L'/'R’ (defaults 'L’)
Lz local hardcopy (Tekironix 44662)
Rt remote hardcopy (Calcomp 1051)
FACTOR - scale factor (default: 1.7
For L: .5 € FACTOR € 1.6
For R: .5 £ FACTOR £ 4.
SWITCH - = 'ON'/'QFF'/’T!
ON ¢ enables hardcopy
OFF: disables hardcopy
T ¢ cutput a free text string at the current
joystick locationsapplies to TEKTRONIX 4442
onlys the textstring in the coimand line
being preceded by a double puote

After that the command HCOPY has been used with the switch
ON: all graphical output that is generated in any command is
alsp saved temporarily. A subsequent use of the command
HCOPY will cause the saved information from the last such
command to be sent to the selected hard copy device.

Hints

Note that HCOPY actually is available as a subcommand Far
all graphic generating command .
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Graphircal Output
PLMAG

FLMAG

To plot parts of a time series file on display and enable
the user to slter data values.

PLMAG DATA L[(C)1

DATA = data file name

c - column humber for data (by default C=1)

Subcommands

BILOCKI NB - defines the number of data points to be

plotted per page (initially NB = 50,
NB = 175)

PLLBEGI NR = NB points are plotted from the NRith an

ALLTER] NR ENUMI - alter the value of NUM (default 1)
pointss starting with the NRith
point if NUM is omitteds the old
value is written on the tty and a
new may be entered: if the new
value is not accepteds just type
'€’ pr '» to access the previous
or next data point resp. if NUM
printed: all new data may be
entered on the sawme line.

PALGE] = next block is plotted

DEELETI NR LNUMI - delet NUM (default 1) data points
starting at the NR:th point

KILL — abort the subcommand seguence and

leave DATA unaffected
X - effectuate the subcosmmand sequence and update DATA
Fupnction

v T et R ik S 5 d

The Cth (default 1st) column in the time series file DNAME
may be plotted and data vslues altered wusing the
subcommands.

e e . e o e i T . B B ) e T P e S

A data point must be plotted before it can be altered.



21 19

Graphircal Output
PLMAG

Examplg

The following few command lines are used to correct  an
erroneous data point in FILE. Figures 1 and 2 show part of
the file before and after the change.
»PLMAG FILE
>B 20
>P 35
>A 43
43 OLD VALUE 4.85 #>
44 OLD VALUE 0.0 #4.75

PLMAG FILE
76.07.25 ~ (1:14:44

6.25

Figure_1. The data before the change.

e o o R e b



Graphical Cutput 2
PLMAG
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PLOT

PLOT

it o [

To show dats in diagrams with linear scales.

Command

PLOT ECM33 LCINP)1 [FNAMXLLC1..)1 € 1 L[(OPT1)3 FNAM1L(C11..2]
CECOPTZ2)] LFNAM2L(C21..231 .. 3 [YMI YMAd

| - mavrk option = ‘M'/’'NW (default: 'M’)
M - when more than ohe curve is plotteds
the curves are marked with integers
representing the order of the
corresponding columh in the PLOT command

NM - ho curve marks
NP - nr of points per page (by default NP=NPLX.)
FNAMX - optional file containing w-values if plotting
versus time/sample number not wanted
C1 - column humber for FNAMX (by default Ci=1)
OPTi - plot option='LI’/’'HP'/'NL’ (by default OPT='LI’)

LI: linear interpolation plot
HP: histegram plot
NL! no lines will connect the plotted points

FMNAML — itth data file containing the y-—values

Clic. - columh numbers of FNaM)

YMI — minimum value for this plot (by default YMI=YMIN.)
YMA —- maximum value for this plot (by default YHA=YMAX . D

Screen split operators inserted between groups nF-File
names?

¢ - divides the plotting area horizontally
- ~ divides the plotting area vertically

These operators express the mutual positioning of graph
groups. 1t is allowed to divide the screen at most into
thrae parts horizontally and tweo parts vertically.

Subcomiands
KILL - skip all the following plot psges
PAGE - plot the next plot page in turn

SKIP [Nl- skip the N (deafaults 1) following plot pages
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PLOT

The indicated column{s) in the data file(s) are showh in
graphic formy normally directly on the operators terminal.

In normal operationy the information is shown along the
vertical axis versus a linearly increasing variable on the
horizontal axis (time). The scaling of the time variable
may» by use of the TIME switch be altered from sample number
in the command TURNs to houry minute or second. If the
argument FNAMX is includeds the variable shown along the
horizontal axis is taken from a file with this name. The
¥—axis is marked with an Hy M or § depending on the time
unitsy with NR if the sawple number is useds otherwise it is
left blank. '

The number of values shownh on a single page is8 determined
from the argument NP if presents else from the global
variable NPLX. The global variables referesnced by the PLOT
command are given default values at program start up. They
may be inspected by the WRITE statement of Intrac and may be
modified with the LET statement. The TIME switch determines
the interpretation of NP (NPLX.).

When more than one variable is showns they are identified by
integers according to the order of the variables in the
command line.

The scaling along the vertical axis is determined in the
following way:

a) The arguments YMI and YMA are present or the global
variables YMAX. and YMIN. satisfies YMAX.»YMIN.: Then YMI
(YMIN.) is used as the minimum value on the axis and YMa
(YMAX.) is used as the maximum value.

b)Y Otherwise automatic (i.e. data dependent) scaling is
performed. Automatic scaling is glways used if the
screen—split operations are used.

Automatic scaling is influenced by the global wvariable
8CALES, s

If SCALES.#0 then scale warks are multiples of either
1-0’ ‘1-55 2-0, 2.5 aor 5-0-

1f BCALES.=0 then scale marks are multiples of either
.IID, EID, or SnD-
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PLOT

Hints

a) Note that the command line is written on the display
above the plot and that comments can be added (after a
double quote).

b) If the users terminal is a display with a direct hard
copy options the command WRITE (Di8) ... may be used to
add text to the plot.

o) The command HCOPY may be used to include text on an
on—-line plotter if such is available.

V1 and V2 are two given signals. They may be visualized in
the following way?s

>PLOT Vi V2

giving the result shown in Figure 1. Alternativelys they may
be showh in the following way:

>PLOT V1 / V2
The result is shown in Figure 2,

in order +to visually study their interrelationy a secatter
diagram might be ronstructed using an x—y plot and the "No
Lines" switchs

PLOT V1 € (NL) V2
It is shown in Figure 3.

A pulse with IFP.=3 and LENGTH=2 (cf. the command INSI)
looks like this (Figure 4) with and without the "HP!" switehi

»LET IFP.=3
»INBI PULBE 7
>PULSE 2
>X
»PLOT (7) PULSE / (HP) PULSE
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PLOT

oT Vi V2
;15.98.03 ~ 14:34.:59

8.

-2,

NR

Figure 1. A plot with two curves in the same diagram.

8.
NR
i
5 | M
] \
e. |
NR
- T T T T ¥ T 7
) 30 68, o8

Figure 2. A plot with the screen split horizontally.
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PLOT

PLOT VI<CNLD V2
79.97.30 — 14:165:49

7.5-|

T T —1 T — T
-2.5 Q. 2.5 5.

Figure_3. A plot in the x-y mode of operation.
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PLOT
1. |
8.5 |
} NR
2 4, 6. 8
§. .
8.5 |
§ NR
; 0. T ! ' r !
2. 4, ‘ 6. 8.
Figure 4. An illustration of 1linear interpolation vs.

histrogram plot.




Time Series Operations
ACOF

ACOF

e T s e e e e

To compute the autororrelation function of a time series.

Commands

o ot e it e i

ACOF FNAM1L(C133 £ FNAMZE(C2)1 NOL L[EXTI

FNAM1 - auto covariance file name
C1 - auto covariance index {default: 12
FNAMZ - time series file name .
c2 - time series index (defsult!? 17
NOL - humber of lags for computation
of autocovariances
EXT - name extension for the variance
Function

The autocorrelation of the specified time series is computed
and output as & new time series containing NOL+1 points.

1§ EXT is included and if VAR.EXT ies defined as a real
global variables it receives the variance of FNAMEs i.e.
R <Qd.

KR

B e M et i e

The sutocovarliances are computed using

N

1
R (x) = — 2 (x —m)ixn =) e = 0Os1s..3NOL
HH N wt J J—-T

J=t+1

where N is the number of data in FNAMZ{(CZ)s ® is the j:th
J

points and m is the mean value of the data in FNAMZ(C2) .
Then the autocorrelations are computed from

O I TRUt.LL B t = Dsls..sNOL
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Cautionss Restrictions

The maxnimum number of lags is 500.

Hints
28) Note that if the switch TIME is OFFs the wvalue rxx(D3

will appear as sample ppint number 1+ being the first
valug in the file. If you use TIME B/M/Hy r (0} will
HH

appear on the y-axis.

b)Y If it is the sutocovariance you wants use the possibility
to obtain the variance as above and rescale using SCLOP»
see the example.

) Note that there is a heavy coarrelation between
neighbouring points of the computed correlation function.

The following command seguence will compute the auvto
covariance functich.

»LET VAR.N = 0.0
>ACOF NCORR < NOISE 4100 N
>SCLOP NCOVAR < NCORR % VAR.N
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CCOF

P V% 3 )

To compute the cross carrelation between two time series.

Commangds

CCOF FNAM1L[(C41)1 € FNAM2(C21 €22) NOL

or
CCOF FNAMAL(C121 < FNAM2L(CZ)1] FNAﬁE[(CE)J NOL

FNAM1 -~ oross covariance file name

C1 - cross covariance index (default: 1)
FNAMZ:3 ~ time series files

C2+3 - time series indices (default: 12
NOL - number of time lags

1ALIGN - the number of lags hecessary to align the
processes s0 that the largest cross covarianece
is centered at zero (default 0

Eungtion

The cross correlation of the two specifisd time series is
computed for -MOL through O to NOL lags and output as a new
time series.

o o e e 4t

The cross covariances are computed using
max (N—t N

4 -
R {t) = —~ 2 (x —-m 2y -m )3 r=—=N0OLy .. NOL
Ry N it J % J+tTt ¥ 7

J=man(lsl-c3

where N is the number of data in each inut vectors X and y
J J

are the jith data values: and m and m are the mean values
b Y

of the data in the input vectors. Then the o¢ross

correlations are computed as
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The signal % above corresponds to the first time series in
the right hand arguments and the signal y to the second cne.

e v s e S . et s £ e e i e B S e

a) The cross covariance can be recomputed by multiplying the
ceross  correlation with the product of the standard
deviation of the two time series. The standard deviations
are attainable from the command STAT.

b) If you want to plot the cross correlation with a properly
scaled x-axisy use an x-y plot with the x-variable
generated as a ramp with INSI: see the example below.

If the input x to a system is white noises the cross
covariance R 1« where y is the outputs is the impulse
RY

response. In the following command sequences the cross
correlation between x and y is computed and sraled to
represent the cross covariance. Finaslly a suitable x-axis
variable is generated and the result is plotted. The file
YPULSE contains the true impulse response of the system.

>CCOF CCF € X Y 30
»LET BTDEV.X
»LET BTDEV.Y
>BTAT X X
>BTAT Y VY
*>LET A = STDEV.X #* STDEV.Y
>BCLOP CCOVF £ CCF # A
>2INB1 XAX 61

>RAMP ~-30 1

>%
>PLOT (613 XAX < CCOVF YPULSE

.
D-
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PLOT <612 XAX(CCOVF YPULSE
79.88.097 - 14:50:00

1.25

Figure__1. The estimated and true impulse response pf a

system.
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CONC

Burpose

I—1—2-1

To concatenate two time series files.

Command
CONC [FNAM11 € FNAMZ FNAMZ3

FNaAM ~ names of output and input filess resp.
(by default FNAM1Y = FNAM2)

The files FNAM2 and FNAM3 are concatenated giving the file
FNAM1. They must contain the same number of columns.
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cuT

Purpoee

To cut out s part of a time series file.

Command
CUT LFNAM11 < FNAM2 1B NUM

FNAM1 ~ putput file (daefaultes FNAM2)
FNAMZ - input file

ie - first record to be saved -

NUM — number of records to be saved
Eungtion

The rows IB through IB+NUM-1 in the file FNAM2 are moved to
the file FNAM1. Cut operates onh all columns of the file.

o e e

»CUT BHORT € FILE 2 7

FILE

8HORT

11.0000
12.0000
13.0000
14.0000
45 .0000
14.0000
17.0000
18.0000
19 .0000
20.0000

12.0000
13.0000
14,0000
15.0000
14.0000
17.0000

24 .0000
22.0000
23.0000
24,0000
25,0000
26.0000
27.0000
28,0000
29.0000
30.0000

22.0000
23.0000
24,0000
25.0000
246 .0000
27 .0000

31.0000
32.0000
33.0000
34.0000
35.0000
346.0000
37.0000
38.0000
37.0000
40.0000

3z.0000
33.0000
34,0000
35.0000
36.0000
37 .0000
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INSI

LT —T 21—

Generates signals in columns of a time series file. The
signals may be of the following types:

PRBS - a pseudorandom binary sequence
NORM -~ & pseudo random signal with normal (gaussian)
distribution

RECT - a pseudo random signal with rectangular distribution
S8INE - a sine wave

ZERO - a signal identically zero

8TEP - a step signal ‘

RAMP — a ramp signal

PULBE - a pulse signal

8RTW - a sequential random telegraph wave

Command

INSI FNAME [(C>] NP [TSAMP]

FNAME - putput file name
c —= eolumn number {(default 1)
NP = tumber of data points wanted
TSAMP - sample interval in seconds
(default DELTA.)
Subcommands

FRBES [IBF INBIT L[ISTART LOPTI 3 1 3

IBP ~ basic period (1)

NBIT - number of bits in shift register
min 3 max 16 (7)

I8TART - specifies starting point in the seguence
192 or 3 (1)

OPT = trick aption = *‘KNEP’/’'VOID* ('VOID’)

KNERP =~ F.O0.A.—-trick is used
VOID -~ no trick
NORM [RMEAN SIGHMAI

RMEAN -~ meah value <0.0)
SIGMA - std. dev. ¢1.0)
RECT L[A B]
A - lower boundary (0.0)
B — upper boundary (1.0)
S8INE L[OMEGA F11
OMEGA - freguency (1.0 radian/s)
F1 = phase (0.0 degrees)
ZEROQ
8STEP

RAMP [A B3l



3 35
Time Series Operations

INSI
A ~ ponstant term (0.0
B - linear term (1.0
PULSE [LENGTHI
LENGTH -~ pulse length in samples (1
SRTW LPBAI
P8 - change-of-sign probability (0.5
LOOK —~ display names of subcommands and reserved
variables
KILL - abort the operation of INSI and resume
main command mode
X - let the previous subcommands take effect:
then resume main command mode
Function

Sequenhcies carrespunding to the specifying subcommands are
generated and upon the receipt of the command X they are
stored in the specified file.

INSI makes implicit use of the reserved global variables
IFP.y NU.s AMP.» and DELTA.. IFF. specifies in all cases the
sample point where the seguence should starts all previous
values are set to zero. NUJ. is the state of the internal
random number genevators and is automatically updated by
INSI. It is sometimes desirable to save and/ov initialize
NU, using the LET command in order to obtain reproducible
results. AMP. is used as the amplitude of some signals, see
helow. DELTA. is the value of the sampling interval to be
recorded in the file.

Particulasrel

PRBB

This signal is generated as the output of a shift register
with feedback. The shift register is clocked at each IBP:th
sampling point. NBIT specifies the length of the shift

NBIT*i clock

instants. Four different initial valuesy i.e. the starting
points in the perindic sequences ©an be chosen by IBTART.
The last arguments the "trick” parameter KNEPy specifies &
slightly different form of the PRBS outputi it is the output
af a flip-flop complementing at the clock instants if the
original sequence i8 negative. Thus the new sequence has
azymptotically zero mean valusy which the standard PRBS has
not.

register. The output repeats itself after 2

RECT

A rectangularly distributed pseudo random signal is
generated by a mixed congruential method. NU. is used and
altered.
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NORM

An  approximately normally distributed (i.e. gaussian)
pseudorandom signal is generated as the sum of twelve
rectangular values as above. NU. is used and altered.

SRTW

This is a two-valued (+a or -a} signal with the amplitude
(a) specified by AMP. and with a given change-of-sign
probability. Changes of sign oeceur when a rectangularly
distributed (0+1) random number ag .above computed at each
sample point falls below the parameter specified in the
command. NU. is used and altered.

SINE

The phase refers to the phase at the starting point (i.e.
IFP.). Thus F1 = n/2 = 41.570796 will give a cosine signal.
AMP. is the amplitude.

ZERO
The signal is constantly zero.

STEP
The signal changes from zero to AMP. at the sampling point
IFP..

RAMP

Starting at sampling point IFP.s o signal of the form
B¥{i-IFP)+A 1is generated: where i is the number of the
sampling point.

PULSE
A pulse of amplitude AMP. starts at sampling point IFP. and
lasts a specified number of sampling intervals.,

T " e W A ey s S e e e et Ay P i s ot et

If the file specified in the command already existsy it will
be changed or expandeds provided that the length and column
number arguments are compatible with the old file, :

a) The global variables IFP.s NU. etc. are of course
acressible by the commands LETs READy and WRITEs also
between subcommands.

b) More complicated sighnals can be constructed using
commands like CUTs CONCs, SCLOPs and VECOP on the results
of INSI,.
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The following operations yield the signal shown below
(see Figure 1).

»INSI T 30
>LET IFP.=10
>RAMP 0. 0.2
LET IFP.=20
»RAMP ~2. -0.2
>X

IVECOP U € T(1) + T2

SCLOP U € U + 0.5

SPLOT (300 U 0 2.3

PLOT ¢3@> U @ 2.5
79.67.30 - 13:58:09

Figure_1
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PICK

LT 131}

To pick out eguidistant samples from & time series file.

Lommand

PICK FNAM1 < FNAMZ N

FMNAM1 = gutput file name

FNAMZ = input file name
N - each Nith record in FNAMZ is written into ENAM4
Function

Each Nith sample in the file FNAM2Z is transferred to the
file FNAM1. PICK operates on all columns of the file.

—— s e e o iy e e e e P o e e M ey S e e e

Be cautious not to vioclate the sampling theorem conditions
in using PICK.
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SCLOP

s i S v e

To perform : spalar operations on a data vector such as
amplitude scaling or offset correction.

Command
GCLOP [FNAMAL(C1)1 < FNAMZL(C2)1 OPER CONST

FNAM1 - name of output file (default FNAMZ)

C1 — column humber for output file (default 1)

FNAM2 - name of input file

cz ~ column number for FNAM2 (default 1)

OFER - pperation to be performed = '+’ ety ' or '/
CONBT — variable or unsigned numerical constant

preceded by a space

Eunctioh

Each element in ecolumn C2 of FNAMZ is addeds subtracteds
multiplied or divided by CONBT. The resulting data vector is
placed in column C1 of FNAM1.

To subtract the mean value of a data vector use STAT to
compute the mean and theh BCLOP to subtract it. This can
also be done as a Dith order trend correction by TREND.
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SLIDE

Purpose

To move the columns of a data file relative to sach other.

Command
SLIDE [FNAM11 < FNAMZ2 K1 KZ K3 ..
FNAM1 - output file name (default FNAM2)

FNaMz = input file name
K1.. - time delays for columns 1y 25 Iy .. (sighed)

T i Sl i ik et

Row i in the output file will consist of element i+k1;
i+k2! i+k3 ==« from respective column in the input file:»

where k is
J

Kg — min(Km).
i

Thus the operation

k
J
q

is performed on each column of the files whers q is the
forward shift operator. A resulting positive value of k-

i
will thus result in an upwards shift of that column in a

listing or to a left shift in a plot.

——— e e syt S i e s e

The maximum difference between Ki and K3 must not exceed
173. There must be a K for each column in the file.
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Hints
GLIDE i= a

means of introducing or removing delays
input in WRK{1)

series. If WRK contains datas the

output
khowri

in WRK(2)q
delay of

2 sample

commands are egquivalent
delaysi

>8LI1DE
»BLIDE

Exanple

The command

»SLIDE € FILE -1 0 2

< WRK -3 O
£ WRK 0O 3

From measurements
intervals:s
and will give a

has the following effect on FIlLE:

FILE

FILE

(befora)d

14 .0000
12.0000
13.0000
14,0000
15.0000
14.0000
17 .0000
18.0000
19,0000
20,0000

(after)
141 . 0000
12.0000
43.0000
14,0000
15,0000
1&. 0000
47 .0000

21.0000
22.0000
23.0000
24,0000
25.0000
26.0000
27 .0000
28.0000
2%.0000
30.0000

22,0000
23,0000
24,0000
25 .0000
24,0000
27 .0000
28,0000

31.0000
32.0000
33.0000
34.0000
35.0000
346.0000
37.0000
38.0000
39.0000
40.0000

34.0000
35.0000
34.0000
37 . 0000
38.0000
39.0000
40.0000

in time
and the
process with
following two
model without time
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STAT

Purpose

To compute the statistical properties sums means variances
standard deviationsy minimumy and maximum for a2 time series.

STAT FNAME [<C)1 L[EXT]

FNAME - hame of data file

c - ealumn number (default: 1)

EXT ~ name extension for global variables
Functicn

The sums means variancesy standard deviations minimume and
maximum for the Cith (default 1st) column in the file FNAME
are computed end displayed. The results will also be printed
on ling printer if the reserved variable PRINT. iz nonzero.
The output on the terminal will appear only if the switch
'TEXT’ is 'ON’.

Those of the global variables SUM.EXTs MEAN.EXTs VAR.EXT.
STDEV.EXT+ MIN.EXTy» and MAX.EXT that are previously defined
as real variables will receive the appropriate values
provided that EXT is specified in the command.

2BTAT UT(2)

UT(2)

S5UM = =-2146.508
MEAN = -2.16508
VARIANCE = 424.5615
8T.DEV. = 20.6062
MINIMUM = -43.0343
MAXIMUM = 48,3345
LENGTH = 100
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TREND

To estimate and remove a polynomial trend from a part of &
data vector.

Command

TREND [FNAM1E(C1231 < FNAM2L(C2)3 NG L[IF NUMI

FNAM1 - putput file name {default: FNAMZ)
C1 - putput columh humber ¢tdefault 1
FNAMZ - input file name
c2 ~ input column humber (default 1)
NQ -~ order of the trend polynomial
IF - first point to be corrected
(default the i1st record)
NUM ~ number of points to be corrected (default alld
Eunction

A polynomial trend of order NO is estimated for the c2:th
column in the data file FNAMZ between the IF:th and
(IF+NUM-1):th points. The trend is subtracted and the result
ig placed in the Cci:th column of the data file FNAM1.

1f the reserved variable PRINT. is nonzeros the ﬁarameters
tin a coordinate system at the left end-point of the
interval) will be printed on the line printer.

Methed

A least squavres te:hnique is used where the parameters are
estimated with reference to the midpoint of the interval.

Reference

— s e

Otnes & Enochsons pigital Time Beries Analysiss Wiley:s 1972.

- e i e o i T i e e o i e S

The order of the polynomial must be between 0 and 3.
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TREND

Example

A time series stored in DATA is givens see Figure 4. The
trend is removed and computed

>TREND ¥ £ DATA 1 30 75
>VECOP TREND < DATA — ¥

producing the signal with the trend removed (Y)s Figure 2s
and the estimated trend itself (TREND)s Figure 3.

PLOT DATA
79.08.03 -~ 16:48:43

NR
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TREND
PLOT ¥ -2 3
70.08.03 - 16:47:37
3. ]
2. |
1.
8. |
-1
-2. NR
3 1 I ’ T T j T
o} 30 60 ]z
Figure_2. The trend has been removed.
PLOT TREND B8 5
79.98.83 - 16:58:19
5.
Ay 4‘—
3'—
2. |
1.
2. NR
T I 3 T T T T
9 30 69 =T

T e L . g
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VECCOP

Burpose

Tc adds subtracts multiplys or divide two data vectors
glement by element.

Command
VECOP LFNAMAL(C1)1 < FNAM2L(C2)1 OPER FNAM3L(C3)1

FNaMi - putput file name (default FNAMZ)

c1 - eplumn number within FNAMY (default 1)

FNAMZ:3 — input file names

C2+3 — colummn numbers within FNAMZ:3 (default 1)

OFER - type of operation to perform = '+’ =ty Txy
or '/ ‘

Eupction

Each element in column C2 of FNAM2 is addeds subtrascteds
multiplieds or divided by the correspending glement in
column €2 of FNAM3. The resulting data vector is placed in
column €1 of FNAM1.
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ABPEC

Purpose

To compute the autospectrum {powerspectrum) of a time
series.

e i ok e et e

ASPEC FRFL(F)1 < FNAMZL(C2)1 NOL LFRE@I

FNAMZ - time series file name
cz - time series index (defaults 1)
FRF -~ frequency response file name
F - frequency response index (default: 1)
NOL - number of lags for computation
of autpcovariances
FRE®Q ~ file with frequency
points in the first column
Function

The autospectrum of the input time series is computed using
the autocovariances for Uup to NOL lags and written into
FRF(F).

The fregquency points are chosen in one of two ways. (NPOQI is
tha number of data points in FNAM2 and T is the sample
interval.)

ay NOF. points between Max (WMIN. 1 Zr/NPOL¥T) and
MinCWMAX.sr/T). NOF.» WMIN.s and WMAX. are reserved
global variables. The frequency points are distributed
logarithmically in this interval (to achieve a uniformly
dense BODE diagraml.

by 1f the file FREQ has been specifieds the freguency points
are read from C(column 1 of) this file. Btill there is a
check for the 2n/NPOI*T and n/T limits.

A s e v

The autocovariances are computed as described for the
command ACOF. Then the autospectrum is computed from

NOL

T -
&{w) = - { R (D) + 2 z R 1) costwTt) W_ (T)
n utl ® BH

KX X

=1
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where w is the fregquency in rad/ss: T is the sanple period in

sy R ¢ty is the auvtocovariance for lag T and HEH(T) is a
KA

Blackman—-Harvis window. The intent of the window function is

to introduce an enqualizing effact in the estimated

auvtospectrum. Note that a wide time window (large NOL)

corresponds to a narrow frequency window. The computed

avtospectrum is denoted 4 (wl.
¥

RBeference

Jenkinsy Watts® Spectral analysis and its applications.
Holden-Days 194&8.

— i, o i e e g i, e s . e e e S e s

Date files with zero sample period are not acecepted as input
files., Maxinum mnumber of freguencies are 500. The computed
spectrum is one-sided.

Hints

a) ABPEC gives the resulting spectrum versus the angulary
freguency in rad/s. If you wants you can rescale the
freguency information using BCLOP: of. BCDE.

b) Start with a frequency window corresponding to NOL in the
range of B4 — 207 of the nunber of data pointss then try
opening end/or closing the window. A navrrow window (large
NOL) is likely to give too much and unjustifiable detail.
A broad windoew (small NOL will give smooth curves where
resonance peaks may be hard to detect or separate.

¢) Note that the window has a constant bandwidth as
demphstrated in the examples below. When plotting the
computed freguency response inh a logarithmie diagram
(BODE)s this fact shows as & low fregquency region much
smoother than the high frequency one.

d) Use the command DFT to analyse the'Frequency contents of
periocdic signals with little noise.

e) The autospectrum integrated eover the angular freguency
range (0 - n/T rad/s) will equal the wvariance of the
signal.
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Examnples

The first example (Figure 1) shows the computed autospectrum
of white gaussian noise that has passed through a third
order filteri

The first curve with NOL = 20 % of the number of data points
{N) is typical of a narvrow window. Opening the window to NOL
= 5 % of N produces a smooth result. The question is
however! is it too smopoth? Should there maybe be a weak
resonance peak at w = 0.17 as indicated by the first curve?

The second example serves to illustrate the effect of the
window width., The freguency responses are computed with
unusually high resolutions NOF.=400. The signal is the sum
of two pure sinusoids with w = 1. and w© = 3. respectively.
Figure 2.1 shows the autospectrum with a relatively nharrow
window. The two peaks stand out clearly and the wmany side
lobes of the window are seen to be very small. The effect of
the logarithmic frequency axis is clearly seen and is much
movre accentuated when the window is made broaders Fig. 2.2.
In Figure 2.3y the window is so broad that all freguency
values below 1. rad/s fall well inside the main lobe. Note
that this signal aleo is used as an example in the
description of DFT.

BODE YSPe@ YSPI5 -
79.08.13 - 15:45:44

™ AMP

\

Figure_1. The autospectrum of coloured gsussian noise with a

——— e

narrow (1) and a broader (2) window,. :
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BODE AS480 -
70.98.14 - 11:07:03

19, _|amp

T — T T
.1 1. ie.

Figure_2.1. High resolution autospectrum of two sine signals

with a2 very narrow window.

BODE ASio9
79.98.14 - 11:18:00

AMP

L

i ] T i i I | i

9.1 . - 18.

Figure 2.2. The effect of opening the window of Fig. Z.1-.
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BODE ASSO
79.98.?4 - {1:21:14

£ AMP

S —

B.t .

Figure Z.3. The window is naw very broad.
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CSPEC

Burpose

To compute the cross spectrum between two time series.

Commands

CBPEC FRFI(F)1 < FNAMZ(C21 C22) NOL [IALIGN]EFREQ]

or
CESPEC FRFI(F)1 < FNAMZL(C2)3 FNAM3L(C3)] NOL [IALIGNI [FREQ]

FNAM2:3 - time series files

Cz2.3 - time series indices (default: 1)

FRF - freguency response file

F - freguency response index (default: 1)

NOL. ~ humber of time lags

IALIGN - the number of lags necessary to align the
processes so that the largest cross covariance
is centered at zeroc (default O)

FRE® - file of which the first column supplies
frequencies for the computation

Funectiop

The cross spectrum of the two input time geries is computed
using the cross covariances between —NOL and NOL lags. The
frequency points are chosen as for ABPEC.

Method

The cropss covariances are computed as described for CCOF.
They are then divided into an even and an odd funhction:

EVKD 0.5 [R (Kk+IALIGN) + R (=k+IALIGN)]

Hy Hy

0.5 [R (K+IALIGN) — R (-~Kk+IALIGN)]
ry Xy

QDK

kK = 0y ouy NOL~/IALIGN/ = NOL’

These are then used to compute the real and imaginary part
af the transform
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NOL!
T -
RB{w) = - { EV(D) + 0.5 z EV(T) cos(wTt) W_ (1) }
T wl BH
g=d
NOL'
27T
IS(w) = —— Z ODC(r) sintwTe) W_ (1.
n BH

-l

=1

The spectrum is converted to magnitude and phase (in

degrees) before it is output to FRF. w is the freguency in

rad/ss T is the sampling interval in sy R (x) is the cross
Xy

covariancer and NBH(t) is a Blackman—Harris window.

The signal x above corresponds to the first time series in
the command lines the signal y corresponds to the second

one. The computed cross spectrum is denoted ¢ (w).
Ry

Reference

Jenkinss Watts: Spectral analysis and its applications.
Holden—Days 1948.

Maximum humber of time lags and maximum number of freguency
intervals are 500. Data files with zevo sample interval will
not be accepted by the command. It is alse impossible to
compute the coross spectrum between two columns from data
files with different sample intervals.

a) Cf. the hints for ABPEC.

b)Y If x is the input to a linear dynamic system and y is the
osutputs the frequency response of its transfer function
may be estimated as éxylixs ah operation easily performed

in FROP.
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DFT

Purpose

To compute the Discrete Fourier Transform of a time series.

DFT EC(RES>1 L[(WND)]J BPEC <€ DATALC{IND)] LSTART NSAMPI

RES - result switch = ‘AMP! or ‘POW’ (default: ’AMP')
AMP ~ amplitude and phase spectrum
POW - power spectrum
WND = time window switch = 'BH’ or ‘'BC' (default: 'BC’)
BH - DATA is premultiplied by Blackmsn—Harris's
time window
BC - the Box—Car time window is useds i.e. ho
premultiplication of DATA
SPEC -~ name of resulting freguency response file
DATA - hname of time series file
IND - time series index {defsult: 1)

START = record numbevr for the first sample in DATA to
be included in the transform (default: 1)
NSAMP - number of samples to transform (defaulti all)

v i P

The discrete Fourier Transform (RES = AMP) or its absolute
squared value (RES = FOW) is computed using an FFT
algorithm.

The arguments START and NSAMP allow the computation of the
DFT based on a section only of the original time series.

If the length of the series is not an even power.of Zs then

zerps are appehnded up to the nearest such numbers say 2“.

The frequency response file will contain information for the
frequencies 0 up to n/TBAMP» where TSBAMP is the sampling
interval of DATA. The freguency increment is such that
2k_1 + 1 frequency - values are obtained, linearly
digtributed. The complex values of the transform are
expressed as magnitude and phase (in degrees).

The Fourier transform of the time series x is approximated
by the discrete counterpart,
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oFT
N—-1
X (w ) = 2 W (nT) HCATY expl—aw nT)
DFT k « BH k
n=0
where -
Zn
w = —= K k = 031929..a35N-11
K NT

N iz the number of data points,
T is the sample intervals
NBH is an optional Blackman—-Harris window.

Note that the default Box-Car window is HBC = 1.

The expression above can be pspecially efficiently evaluated
if N is a power of 2y the Cooley-Tukey algorithm or the Fast
Fourier Transform.

The intent of the window (if used) is to reduce the effect
of approximating the infinite integral of the Fourier
transform by a finitesum over & finite time interval.

Refergnces

e S P s -

F.J. Harris: On the Use of Windows for Harmonic Analysis
with the Discrete Fourier Transform. Proc. of the 1EEEs Vol.
&by No. 1s January 1978.

e v e o . Wt e S i o

Note that the function of the window ie different from that
in ABPEC and CSPEC. The form of the Blackman-Harris window
is shown in Figure 1. Note that the window will severely
influence the results. in many cases if the time series
includes transients or deterministic components.

The maximum length of the input file is 2048.

Hints

a) The command DFT may be used to compute the power spectrum
(auto spectrum) of stationary signals with very high
frequency resolotion.
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b)Y The command ASPEC is recommended for general use when an

o3

=)

e)

equalized power spectrum is desired.

DFT (POW) will for stochastic processes give a result
similar to that obteined through ASPEC. Another way to
obtain a power spectrum is with DFT (AMP) on the result
of ACOF. In the latter case» do not forget to rescale to
firset obtain the autocovariance and do not use & window.

The freguency response of a linear transfer function can
be computed by dividing the transform of the output (YD
with the transform of the input (X)y i.e. by computing
Y/X using FROP. Cf. an example below.

Cf. 1IDFT.

Examples

a)

b

c)

The power spectrum of a noise sighal with a small sine
component at w = 0.8 rad/s is shown in Figures 2.a and
2.b, The result in 2.a is obtained without windowings
i.e. the Box—Car windows while in 2.b the Blackman—Harris
window was used. Note that it does not exhibit any
equalizing effect.

The power spectrum of the sum of two sine signals with o
=4 prad/s and w©w = 5 rad/s is shown in Figure 3 with and
without windowing. Note the marked effect of the window
in decreasing spectral leakage caused by the finite
length of the signhal. Compare the second example in ASPEC
where the same signal is used.

Figure 4 shows the output y and the input x of a linear
dynamic system. In Figure 5 is shown the result obtained
when the gquotient of their respective transforms is
computed (i.e. Y/X)>. The result is an accurate estimate
of the true transfer function except at those points
where very small values were encountered in X.
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PLOT CONST ISPCONW
79.98.14 — 16:28:25

1 — { ; i | —

B._z,f///z
1 1 i 1 T 1 [}

2. 49. 8o, 120.

NR

Figure__1. The shape of the Box-Car window (1) and the

—— p—— o

Blackman—-Harris window (2).

BODE SFT
70.08,15 - 14:35:00

io.
—| AMP

I I I 1

a.l

! i
19.

Figure _2.a. Coloured noise with a weak sine component.

Box~Car window.
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BODE SFTBH
79.88.15 — 14:37:24

18- 1avp

a.l 1. 19.

Figure_Z2.b. Same as in 2.a but with Blackman—-Harris window.

BODE SBC SBH
79

788.21 ~ 11154114
AMP
e, |
(.
@.1_|
1
-1_'_—1-/
2.0
1.E-3_
: —ﬂ Y L =t Pt l\
I [} L3 l LM | - iﬁ. T T l
2.1 i 18, 100.

Figure__3. The effect of the Blackman—-Harris window in

reducing spectral leakage.
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PLOT CHPY X / Y
76,088,186 - 14:05:55

NR

NR

9. 20. 48. g8,

Eigure_4. A test input (k) and the corresponding output (¥)

used to determine the transfer function of a dynamical |

system.

BODE TRFFR

76.08.16 - 14:28:23
8.

AMP PHASE
| -60.
 -128.
 -180,
| -248,
1. _| ' -
) , | —380.

1 I ] ] l
{. _ 1@,

Figure_3. The result of dividing the fourier transform

iy S

the signals in Fig. 4.

of
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FROP

To adds subtracts wultiply or divide two frequency response
files slement by element.

Cormand

FROP LFRF1LC(F131]1 € FRFZL(FZ)] OF FRF3L(F331

FRF4 - output frequency response filed(default FRF2)

FRF2+3 ~— input freguency response files

Fi1:2+3 ~— rvesponse numbers {default 1)

QP - desired operationt '+'s =%y %'y or */}
Eunction

The two frequency response files FRFZ and FRF3 are reads and
when two frequency pointe coincides the desired operation is
performed. The operands are taken as complex numbers and the
i
results still in amplitude and phase format (i.e. z = pr=2 m)‘

is output to FRF1. An effort is made to keep the phase

continuous across the EEDD boundaries.

Hints

See hints for CBPEC for a possible use of FROP.
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To compute the Inverse Discrete Fourier Transform of a
frequency response.

Command
IDFT DATA < SPECLCIND)]

DATA ~ name of resulting time series file
SPEC - name of frequency response file

IND - frequency response index (default: 1)
Eunction

The inverse of the Discrete Fourier Transform is computed.
The input freguency response SPEC should centain complex
number in magnitude and phase fors and the freguenty
information must be linearly increasing starting at  zero
frequency (such as generated by DFT). The length o©f BPEC

should be of the form Zk + 1., If it is nots the input is
impliecitly augmented by zeros to the nearest such number.
The resulting time series DATA. will have a sampling

interval n/WMAX where WMAX is the highest frequency in the
input (after a possible augmentation with zeros) DATA will

. k+1 .
consist of 2 points.

IDFT is the inverse of DFT in the sense that after

SDFT (AMP) (BC)Y 8P < DATAL
>IDFT DATAZ £ 8F

the time series DATA1 and DATAZ will be identicel.

The exprassion
N—-1
i -
Hek) = = Z XCue ) explgw KT
N L n 4}
nh=0

where
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Note that the inverse transform of a power spectrum gives
the autocovariance function and not the signal itself and
that no window should be used in computation (of. DFT) of
frequency responses leter to be used in IDFT.

The maximum length of the input file is 1025.

The global variable TICK. must have been given a suitable
value so that the sample interval of the resulting time
series can be represented.

Hints

a) Bignals may be filtered using any filter represented as
amplitude and phase (i.e. not necessarily physically
realizabley by computing the transforms operating upon it
(e.g0. using FROP) and inverse transforming the result. Be
carefuls howevers not to violate the requirements of the
sampling theorem.

b) It is possible to interpolate in a time series by
ertending its transform with zeros and inverse
transforming the result. This is done in the example.

Example

In Figure 1 is & time series 81 shown with a sampling
interval of 1 s. It is desired to construct a signal (82>
with sample interval 0.5 s coinciding with 81 a2t the sample
points of 81. This can be done as follows (in the examples
81 contains 8 sample points):

>DFT 818 < 81 ' "TRANSFORM THE BIGNAL
>INS1 FREG 9

>RAMP O. D.7833% "3.141539/4 = D.7853%9

>%
PINSI T 4

»ZERO

2ZEROQ

>ZERO

>R
>CONC 825 € 818 T "EXTEND FREQUENCY RESPONSE
MMOVE 825(1) < FRE® YINSERT FREQUENCY INFORMATION
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>FHEAD 828 "MAKE IT A FREQUENCY RESPONSE
> 1
>X

»IDFT B2 £ 8528 "BACK TRANSFORM

»PLOT B4 / 82 "REBULT SHOWN IN FIG. 1

1t may be worth noting that the original signal (81) must
have been properly sampled <(i.e. contain no power at the

Nyquist freguency? for this operaticon to give the indicated
result.

PLOT S1/52
70.88.20 - 15:54:58
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DETER

Burpose

To simulate the Discrete MISO Transfer function using the
deterministic part only.

Command

DETER DNAMAL(C133 < SNAMEL(NAME)] DNAMZ2I(C21 ..)1
[DNAM3L(C31 .21 L.wwad..] [NP]

DNAM.. - data file

C.. ~ column numbers within DNAME
(default: C.. = 1s 2y ..)

BNAME system file nanme

NAME name of section within PNAME

NP - number of points wanted (default the number
of points in the shortest input file)

T . v s i

The Discrete MIS0 Transfer funotion described in 8YST
(opticnally section NAME) is simulated using the input U
columns €21... « Only the deterninistic part is simulateds
even if the system contains s stochastic part. The single
output is written to Y(C1).

The Ai polynomials may be replaced by a single A-polynomials

in which case initial values for the oputput may be used
(other than the default zeros). .

Cautionss Restrictions

A maximum of 3000 peoints may be simulated.



51 &5
8imulation & Model Analysis
DETER .

Hints
a) Cf. the command DSBIM.

by Use DETER to compute the deterministic output from a
model obtained in ML. Cf. the command ML.

Example

An often useful way of assessing the validity of a model is
to compute the deterministic model output, i.e. to simulate
the model with the recorded input signal but without (the
unkhnown) hoise inputy or the error between the measured
output Y and the medel output YMOD.

This is done below for the model ML2 and the input signal
PREBSs used in the example in the ML command.

»DETER YMOD £ MLZ PRBS
>VECOP DETERR £ Y-YMOD
>PLOT Y YMOD

>PLOT Y/DETERR

The Ffirst plot is shown in Figure 1y the second one in
Figure 2.
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DETER

PLOT Y YMOD
79.80.13 - t1:48:82

22.5 _

"NR

0. 25, 60. 75.

Eigure 1. A plot of the recorded output Y and the model

e e T s e e

output YMOD.

PLOT Y/DETERR
76.90.18 - 11:40:28 _

NR
7
1e. |
2. |
-10. I NR
_ T T T T T T ¥
8. 25. 56. 75.

L - P ]
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DSIM

Purpose

To simulate the Discrete Miso Transfer function using both
deterministic and stochastic inputs.

Commangd

DSIM DNAMAL(C1)1 < SNAMEI(NAME)] DNAMZL(C2Z1 ..)1
[DNAMZL(G31 +.21 [....1..3 ENPI

DNAM.. -— datas file "
Cua - polumn numbers within DNAME
(dE'FaLlltl C-- = '11 25 II)

SNAME - system file name

NAME - neme of section within PNAME

NP - humber of points wanted (default the number
of points in the shortest input file?

Eunction

The discrete MIBO Transfer function demeribed in BYST
{optionally section NAME) is simulated using the two input
fFiles U1 columns C11... and U2 columns €21... . The first
inputs are used for the deterministiec parts the latter for
the stochastic part. The single putput is written to Y(C1).

Method
The simulated equation is
B (q ) ¢ tq b
-~ i ~ -4
y(ty = z ——————— g (L) + z A mmmm——— e (t2.
- -1 i w1 -1 i
AiCq ? D (g ?
: i

In many cases the Ai and Di polynomials are identical in

which pase a single A polynomial may be used in the system
deseription., Initial values of the output may be included in
the system description: if not zeroes are assunmed.
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A maximum of 3000 points wmay be simulated. Non—zero initial
output values requires a single A-polynomial.
Hints

Use the command DETER when & simulation of the deterministic
part only is required.



St &9
Simulation & Maodel Analysis
FILT

FILT

— o e o

' To compute-digital. Butterworth filters of given order with
given cut-off freguencies.

Command
FILT SNAME <€ FITYP NO DELTAT OMCO

SNAME - filter system file name
FITYP - filter type = 'LP’'/’'HP'
LP - low-pass filter
HP - high-pass filter
NO ~ order of the filter response (max 35)
DELTAT -~ sample period (s)
OMCO - put—~off frequency (rad/s)
Eunction

Parameters for a fFilter of type FITYP and order NC with cut
off frequency OMCO ave computed and written into the system
file BYEST as A- and B-polynomials. '

ot

The continuous time transfer function of a Butterworth
£ilter of the desired type is computed with the cut ofF
frequency md. Then a discrete time counterpart is computed

using the bilinear tranaFnrm

Due to the freguency warping of the bilinear transforms wd

is computed as
2

wT
w = -« tap (=)
d T 2

where ©w is the desired cut off frequency (OMCO).
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R.M. Goldens J.F. Kaisert! 'Desigh of wideband sampled dats
filters’sy in Bede Liu (editor)t Digital filters and the fast
Fourier Transforms Halsted presss 1975.

Maximum filter order is 5. A cut off frequency higher than
n/T would violate the sampling theorem and is thus rejected.

Hints

a) Cf. the commands SPTRF and BODE which may be used to
visualize the filter transfer function.

b) To actually filter a time seriesy the filter obtained in
FILT is wused in the command DETER to actually ocperate
upon the signal.

@) To obtain the effect of a band pass filters the signal is
filtered twice! in an LP and an HP filter.

d)> Note the possibility to wuse DFT and IDFT to perform
filtering operations.
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RANPA

Purpose

To generate a new Discrete MISO Transfer function with
random parameters (coefficients). The mean values and
covariance matrix of the new parameters are taken from a
given system description.

Command
RANPA PNAM1 < PNAM2L(NAME21

PNAM1 - hame of output system file
PNAMZ - name of input system file
NAME - name of section within PNAMZ

Vo e W s s et S

A new system description file with name ENAM1 is generated.
The original system description must include a covariance
matrin. Initial values for the outputs if includeds are not
changed.

Pt s R e

The given covariance matrix R is factored

R =85,

Then a vector of normally distributed random variables e is
geherated giving '

v o= STE. (Note! EvTv = EeTBETe = R)

Then the new parameters BN are generated from the old BD
(i.e. the mean values) through

8 =8 <+ v.
N G

e e o i o et P frrd P it e . P o s P S S

The glebal variable NU. is used and altered by the random
humber generator.
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Hints

a) The covariance matrix is usually generated by using the
subcommand SAVE COMAT in ML or LS.

b) RANPA can be used to determine the effect of
uhcertainties in an identification result. For example
gtep oOrv impulse responses for different sets of
parameters give an indication of which of the DC gain and
the high frequency properties of the model is the most
accurate,

Example

In the example found in the description of the ML command s
the covariance matrix was included in the second order
model. The following macro definition and command seguence
utilizes RANPA to obtain a number of step responses

il

lustrating the amount and character of uncertainty in the

model .

*MACRO RAND Y € 8YE8 U NL

FOR 1 = 1 TO NL
>RANPA ZP £ BYS
>DETER Y(1) € ZP U
»DELET (T) ZP
PNEXT I

>PLOT (NM) Y

>END

>LET NPLX. = 30
>INSI STEP NPLX.

»>BTEP
>X

>RAND YSTEP £ MLZ BTEP 3

This command sequence praduces Figure 1.
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PLOT < NM O YSTEP
79 .13 ~- 12:0%1:54

19. |

NR

Figure_4i. Step responses illustrating the uncertainty in the
model in the example.
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To compute the residuals of a system for a given input and
outputy and to perform various statistic tests on the
results.

RESID REBIL(C1)]1 < SYSTL(NAME)>] DATAL(C41 C12 .. )1
[NOL [NFREEJ] LEXT]

RES = residual file name :
c1 — column number for REB (by default Ci1=1)
sSYSsT - system file name

NAME = hame of section within 8YST
DATA - data file name

C11.. — columh numbers for DATA (by default C1i=1y, 2y ,.)
NOL. — number of lags for correlation computations
(by default NOL = 10)
NFREE . - number of degrees of freedom for the independence
~ tests (by default NFREE = 10) o
EXT - hame extension for the test quantities
Subcommands

KILL = return immediately to the main program

PAGE ~ view the next page on the display

TABLE - write a table of the correlation function
associated with the last ‘PAGE’ on the display

The residuals are computed using the specified data as
inpute and outputs of the system B8YST. Note that the output
must be the last column.

Apart from the file RES that receives the computed
residuals: the results of REBID are displayed on the
computer terminal in the form of test gquantities and plotted
correlation functions. This information is described below.

The displayed information is divided into pages that are
displayed according to subcommands. This output can be
inhibited using the switches GRAPH and TEXT in the TURN
command .

The values of some test quantities are transferred to the
gdlobal variables
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ARES.EXT for the independence of the residualss

NCREBi .EXT for the independence of residuals and input i
for negative lags»

PCRESi.EXT ~for the independence of residuals and input i
for positive lagss

if they exist. EXT is the extension name of the global
variables and should be given in the argument string. The
displayed information is output on line printer if the
global variable PRINT. = 1. If PRINT. = 2y the absolute and
cumulative frequencies from the normality test are printed
as well.

b)Y The normality of the residuals is tested by & chi-square
goodness—of—-fit test. The chservations are grouped into K
intervals forming a frequency histogram. The opbserved
freguency in the iith class interval is called £ and the

i
expected frequency for a8 normal distribution is called
F . The quantity

K 2
~F )
) z_- CF -F
X =] —mmmem-
d F
i=1 0

is approximately xz(K—E). The number of class intervals K

iz che=en auvtomatically depehding on the numbsr of
observations.

o) The wumber of changes of sign of the residuals. is
computed. This number is compared with the expected ones
khnowing the changes of sign to be normally distributed

—— e ——

2 2

N{ﬁ—i Vﬂ}'
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dl

a)

3

where M is the number of observations.

To test the indspendence of the residuals

NFREE
= 2

z r (T)
ud €

1

is computed. This guantity is x2(NFREE).

To test the independence between the residuals and tha
inputi(s) Q@ = pruix is computed from the rross
correlations between u and E and from the
autocorrelations of u.

r {37
uE
"H
r {g+tm—1)
ue
FY‘ (D) Tmssuun s aaannennan I (m-i) A
uy Hu
1
P=— r (’1) ™ (D:’ awssmsussassma I cm_2>
N uu uy uu
r (m""i) IlllllllIll-lllllli!'r‘ CQ)
uu uu ]

r ft) = E fuct) g(t+t)]
UE

Q8 is asymptotically xztm). If P is singulars u is not

persistently exciting: and a messege to that effect is
output.

For positive 1+ 3] is chosen equal to n+ls where n is the
order of the system description in SYSTL(NAME?1. m isg
chosen to NFREE. The test guantity is also computed for
negative lagsy T = —-NFREE + 1 ...y 0.

The sutocorrelation and cross correlation functions are
plotted up to NOL lags together with the 95 % confidence
limits [= %£1.96¢(%1/ M}] indicating the region inside which
the estimates of the correlations should lie if the
residuals (and the input(s)) are independent.
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Reference

J.8. Bendst: A.G. Piersol: Measurement and analysis of
random datas Wileys New Yorks 1%&64.

e e e o L o e e e s e e s A i

The length of the input file must not exceed 3000 samples.

Hints

a) The test quantity for negative t© can indicate whether the
original system is under fesdback or nhot. A large test
quantity may indicate feesdback.:

b)Y 1If the system file describes a unit systems i.e. contains
A- and C—-polynomials of order zeros the independence and
normality of a time series may be tested.

¢) Some (approximate) values for the CHI-BQUARE statistic
follows: (Definition P(xz}l) = 0.05.)

— —— (et (bt T o

Degrees of fresdom 4
5 141
10 18
15 25
20 31
25 38
30 44
Example

Figures 1 and 2 show the displayed output from using REBID
on the 1l:st respectively the 2fnd order model obtained in
the example of the use of the ML command. Note in Figure 1
that the 1ist order model fails to make the residuals white
and independent of the input. This is apparent both from the
graphs and from the test gquantities supplied. The 2ind order
model of Figure 2: howevers produces residuals that passes
all testss hence we conclude that this is  the appropriate
model order.
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VARIANCE OF THE REBIDUALS:
6. 446006

NUMBER OF CHANGES OF SIGN

OF THE RESIDUALS: 28

5 PERCENT TOLERANCE LIMITS:
&85 113

TEST OF INDEPENDENCE OF THE

RESIDUALS

E(RES(TI*REB(T+TAU))
FOR: g < 7AU £ 11

TEST GQUANTITY: 31.823%9
DEGREES OF FREEDOM: 10

TEST OF NORMALITY

TEST QUANTITY: b.31177
DEGREES OF FREEDOM: 17

Figure 1.a. Test page 1 en the model ML1.

s 2k rn et e e T P
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RESID
1.2_
9.9
TEST OF INDEPENDENCE BETWEEN .
RESIDUALS AND INPUT: 1 |
E¢RES(T) tUCT+TAUY) 0.6 |
FOR® 4 < TAU € 12
TEST QUANTITY: 54,2075 0 |
DEGREES OF FREEDOM: 10 -8
EC(RESC(T) *UCT+TAU) ) e. A ,/ \\
FOR: ~-10 € TAU < 1 N7 ~— \
TEST QUANTITY:  24.5215 i
DEGREES OF FREEDOM: 10 8.3 |
1 T T T

-~1@. e. 19.

Figure_1.b. Test page 2 on the model ML1.

L 3P — P
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VARIANCE OF THE RESIDUALS:
3.44872

NUMBER OF CHANGES OF BlGN

OF THE RESIDUALS!: 100

5 PERCENT TOLERANCE LIMITH:
a5 113

TEST OF INDEPENDENCE OF THE
RESIDUALS

E(RES(TI®*RES(T+TAU})
FOR: 0 € TAU € 11

TEST QUANTITY:  &.11162 -
DEGREES OF FREEDOM: 10 _p.25.

TEST OF NORMALITY

TEST QUANTITY: 10.4630
DEGREES OF FREEDOM 17

Figure Z2.a. Test page 1 on the model MLZ.

e ik .l g S s e
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t. |
TEST OF INDEPENDENCE BETWEEN 0.75
RESIDUALS AND INPUT: 1 7
ECRES{TI*U(T+TAUY) "
FOR! 2 € TAU € 13 .5 |
TEST QUANTITY:  2.6B8452 4
DEGREES OF FREEDOM: 10 0 25
ECRES(TI*U(T+TAU)) ) /ﬁ\\\\
FOR* -40 ¢ TAU € 1 0. N
L~/ N A
TEST QUANTITY: 15.0164
DEGREES OF FREEDOM: 10
-8.25
i 1 [} T
~10. 0. 19,

Figure 2.b. Test page Z on the model MLZ2.

o ok i Ve . e
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To compute the frequency response of a discrete time
transfer function. Either the amplitude and phase or the
absolute squared values are computed.

T e 7t

SEPTRF [(SW)»1 FRFL(F111 < SYBTL(NAME)I
TPNEC(NRN)T / TPDLCC(NRD)Y1 [FREQL(F2)11]

s - = 'POW’ /'AMP'y switech choosing a powar
spectrum or an amplitude and phase
computation (default: 'AMP’2

FRF - frequency response file
F1q - freguency response humber

(default value 12
SY8T - system file name
NAME - gertion name of system file
TPN - numerator polynomial type (As By C or D)
NRN - pumerator polynomial number (default 17
TPD - denominator polynomial type (A» Bs C or D)
NRD - denominator polynomial number (default 1)
FRE®@ - file with freguency values
Fz - polumn number (default value 1)
Function

The tranafer function of interest is 'speniFied as the
quotient of two polynomials of the system file in the
argument list.

The computation is performed for NOF. logarithmically
distributed frequency values in the interval WMIN. to
min¢(WMAX. sn/T)s where T is the sample interval of the
system. NOF.» WMIN.s and WMAX. are global variables.

If the file FREQ@ is includeds the freguency values are taken

from eolumn 1 of this files but they are still subject to
the constraints given above.

. s Bt

The amplitude and phase of

wT
H(EJ b

or

e e
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| H(e Y |

are computed. The transfer function H is

TPNCNRN)

TPOCNRD)

with the notation used in the argument list.

— Tt e e e it Sk . . et e i st e e e S B T

Note that if H represents the factorized spectral density of
a stochastic process ¥y i.e.

$ = | H %
b

then the result of SPTRF should be multiplied by T/ny where
T is the sampling interval. Cf. Hint ) in ABPEC.
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To compute a least-squares model wuwsing the square-root
aglgorithm. The model is a multiple input - single output
model of the formi

-1 ~ 7 -1
Alq ) ylt) = 2 g9  B.¢g ) u (t) + et
nll 1 1
i
with deg A = NAy deg B, = NB(i)s and K = KBCi). The model
1 1

structure should be given in the command BTRUC, The initial
computations should have been done using the command SGR.

Commangd
LS [(8SW)]1 BYSTI(SECT)] £ SFIL [EXT3

S ~ switeh for subcommands:
W= '8C’ if subcommands wanted
BW= 'VOID’' or else omitted

sSYST - system file for result

SECT - optional section name within SYST

SFIL — input structure file name

EXT ~ those of the global variables AIC.EXT and V.EXT

that exist as reals will receive the values of
Akaike’'s test quantity and the loss functions
respectively.

T ——y —————

SAVE BTDEV ~ uncertainties are saved in SYST file

B8AVE COMAT - covariance matrix is saved in 8YST file
KILL —~ resume main command modes produce ho results

X - produce resultssy then resume wain command mode

Arems e e e i Pt

The input structure file contains:

a) The name of the file containing the R-matrix computed by
S8@R. See also eguation (3) below.
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b) The structure variables NACMAKY s NUCMAXYs NBic(MAX) s
KBi(MAX)s and KBi(MIN): defining the meaning of the
elements in the R-matrix.

) Information in the form of actual polynomial degrees or
indices of fixked parameters telling which parameters that
are not to be estimated.

Substituting backwards in equation (4) belows it is then
possible to compute the desired parameterss with the
additional precaution described.

The estimated parameter values are output to the system file
together with some extvra information. BSome is optionals
controlled by subcommandss while other is always givern e.g.
the value of the loss function and Akaike’s test guantity
(AIC). On the user’'s terminals a table is given with the
value of the loss function and the AIC for each additional
discarded parameter. The displayed informatiocn is also
printed depending on the reserved global variable PRINT.

Method

For each messurement point (less some points at the
beginning of the series) the guantity =(t) is observed:

-

yet) + z & ylt-i) - 2 b u (t—3—k ) = e(t)
i o igi i

i ig

-

wd

Using normal symbolss the complete set of observations can
be expressed in the equation (see the reference below)

Y - g8 = E <13

where & contains the unknown parameters while Y and ¢
contains the observations. The parameters © are now to be

computed so as to minimize the loss functisn V = 1/2 ETE. If
@ is an orthogonal matrixs i.e. QT = @—1, we have

E'TE’ = (GE) GE = E'Q 16E = E'E.
Now s rewriting (1) using partitioned matrices and

multiplying by @ from the left, we have:

-8
@ Ly Y3 [ 4 ] = QE = E' (22



&% 8B&
Identification
LS

& is then chosen so that

R
QEtpYJﬂ[D]. (3

The upper-right triangular matrix R of order n+is n being
the number of parameters: is computed using Householder
transformations. The steps between 1 and 3 are performed by
the command SGR.

Using (3) Equation (2) can now be rewritten omitting the
zerps (i.e. rows n+2: N+3s ...08

r ,r‘ “ £ B LY - r e; -
1 n+d 1 1
r - 8 e’
2 n+l zZ
R . . . (4
n - = -
r -0 s’
n n+i n H
r 1 e’
L n+t n+l ] | J [ n¥+l ]

Nows by direct backwards substitution 8  can be computed
i

yvielding e'i = E'2 = 2.0 =@ =0. Thus the minimal value
n

of the lopss function is given by

1 T 1, T, i_,2 _1 2
Vo S EE=Z EE Z2 ®n+t T 2 Tned pet”
The heavy part of the comnputationss viz. the

triangularization (3) . is done in the command SGR allowing
for the maximum number of parameters. IfFs  howevers actual

values in the structure file indicates that some parameters
are to be discarded or fixeds the corresponding columns of
R are eliminated followed by a new triangularizatiocn giving
n

a8 new R-matrixs R » mén. For each discarded parameter: the
m

carresponding loss functioh V = 1/2 » +1 +12 and the value
M 0 m
of AIC is tcomputed and displayed.
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Parameters are discarded beginning with the first
B-parametery corresponding to increasing delay (K-value).
Then the last B-parameters and A-parameters are discardedsy
decreasing the order of the respective polynomizl.

Theny for the required modely the rnoise intensitys the
covariance matrix and the parameter accuracies are computed
as well as Akaike's test quantity (AIC). Cf. the command ML.

hz = 2 Vv
N m

o> =2° [R' R 311
8, m m ii
1

AIC = N(In 2Zx + 2 1h A) + 2m

Astroms K.J.? Lecture notes on identification.

Hints

a) Note that the wmain part of the calculation is performed
only onces in the SGR command.

b) Note that the order in which parameters are discarded
allows an easy way of determining the delay parameter ki
also for systems with coloured noises cof. the sxample
below.

c) The intended wmode of operation is +to start with a full
rahge of parameter values alsoc alliowing a range in the
delay k. Thenh B8TRUC and LE are used alternatingly in
order to discard parameters achieving a model with the
lowest allowable number of parameters. The AIC helps in
this operation.

d) It is possibley sacrifying some flexibilitys to write a
macro that allows STRUCs 8@R: and LS to be used together
in a fashion similar to the ML coammand:® ‘

MACRC LSID MODEL £ DATA N
STRUC 8TRF

NA MAX N

NU MAX 1

NE MAX N

S@R RMAT < DATA S8TRF

LS MODEL < STRF

END
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In this examples we use roughly the same data WRK as in the
ML examples only that there is a time delay in the system
and that the noise level is lower. Hence we know or suspect
that the nhoise is correlatedy thus violating a basic
assumption of the LB8~theary. All the sames a model that fits
the data can be produced by LS provided the order is high
enough.

The following command sequence together with +he gensrated
computer output shows the wmain ideas. Note the use of a
macro to somewhat reduce the typing effort. The finally
achieved model gives residuals whose standard deviation is
less than 1 4 in excess of the lambda value given by =a
second order ML modsl.

»>BTRUC STRF
>NA MaX
>NU MAX
>NB MaAX
>KB MIN
>KB MAX
>KB ACT
>X

>8@R R{WRK STRF

2LE5 LEMODLSTRF

PR DR D

1.8 LSMODLSTRF

RESULT OF PARAMETER REDUCTION(S):

DISCARDED PAR. VLOSS AIC
NONE 85.2465 611.4651
B 1¢ 12 86.1615 609.784
B 1¢ 2 86.4035 &046.352
B 1{ 3) 110.897 652.2561
>8TRUC <8TRF

»KB ACT 3

»NB ACT 1

>X

»>MACRO ITER
»DELET (T) LSMOD
»L8 LSMODLSTRF
>END

+ITER
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LS LEMODLETRF

72.09.14 — 14247200

RESULT OF PARAMETER REDUCTION(B):

DISCARDED PAR.

NONE

1¢ 1)
1¢ 23
1{44)
1¢10)
1¢ 9
1¢ 8)
1( 73
1( &)
10 5)
10 49

MNP ODODEPDEOM

>BTRUC <BTRF
>NB ACT 3
»NA ACT 1
>X

>1ITER

LS LBMODLSTRF

VLOSS

85.2465
86.1615
86.4055
84.4087
846.4100
846.513%
86.5213
87.5702
88,2924
27 .3882
122.814

79.0%.14 — 1614754

ALC

&£1i1.5651
&09.784
60&.352
602,359
598.362
594 .602
590.620
38%.030
586.4673
602 .282
bah 676

RESULT OF PARAMETER REDUCTION(S):

DISCARDED PAR.

NONE
1 1)
1¢ 2)
1¢11)
1¢10)
1¢ 9
¢ 8)
1¢ 8)
7)
1¢ 7)
( &)
1¢ &)
¢ 5
¢ 4)
( 3
¢ 2

PPN O0DI>DODODDOED
.

VLOSS

85.2465
84.1615
846.4035
86 . 4087
846.4100
84.5139
86.5934
846 .5945
&87.6784
88.26%6
88.46399
8%.6397
82.7082
F8.7530
136.4603
270.541

ALC

611.651
&07.784
&0&.352
&02.359
598.362
594 .4602
590.786
586.789
585.277
582,620
579.458
577.701
573.854
589.066
649.957
796.891
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»BTRUC <BTRF
FNA ACT 4
>X

>ITER

LS LSMODLSTRF
72.07.14 - 146:350:25

RESULT OF PARAMETER REDUCTION{(S)¢t

DISCARDED PAR.

NONE
1¢ 1)
10 2)
1(11)
1103
1C 9
¢ 8
1¢ 8)
¢ 7)
1¢ 7))
( &)
1¢ &)
¢ 3

PO>O0O>PO0>O0DDMOUOM

>LIST (T LSMOD

LIBT (T) LEMOD
79.09.14 ~ 146551827

BEGIN

"8 LEBMODLETRF
“72.09.14 - 146315082

DISCRETE MISC TRANSFER FUNCTION

SAMPLE INTERVAL 1.

LAMBDA 0.947144 +- 4.73572E-2

LOSS FUNCTION 89.70
AIC 573.854

APOLYNOMIAL

1. @a=0 = D.727177 Qa—1 - 0.153094 Qa—2 + &£.4B8778E~2 Ga-3

+ D.221625 Qa4

VLOgGS

85.2465
86.1615
846.4055
86.4087
846.4100
86.5139
84.5934
84.5945
87 .46784
88.26%96
8846399
89.6397
8%.7082

35

=}

az

AIC

611.651
&0%.786
606,352
&02.35%
o98.362
394 .602
590.786
S846.789
385.277
382.620
577.458
577.701
5373.854

b

?0
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BPOLYNOMIAL 1
@a=3 ¥ (1.06465 Qa-0 + 1.13069 Qa1 + 0,877197 Qa-2)

CPOLYNOMIAL
1. @a=D

END

&

21
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ML

To perform maximum likelikhood identification of multipls
input ~ single ocutput systems on the form

aca Lyycty = g @ hHo o) + ...+ B (g N ) +
1 1 mn il

+ ACG Dect).

e oy 2

ML [(SW)] SYBTL(NAME}I < DATAL(C1 .. 1 NO [EXT]

SW - swWwitch telling whether subcommands are wanted
or hot :
SW = '8SC’'/°VOID* (by default 8SW = VOID?)
sC — subrommands wanted
VOID - subrcommands not wanted

SYST - system file wname

NAME name of section within SYST

DATA name of input datas file

Ci1 .. =~ eolumn number(s) (by default C1.. = 1y 23 .u. )

NQ - model order

EXT - those of the global variables V.EXT and AIC.EXT
that exist as reals will receive the value of the
loss function and Akaike's test quantitys
respectively

—— e e e e

INVAL 'ABC’/‘'C' BYBTL(NAME)>]
to feteh starting values for A-+» B~y and C-
parameters and initial values or just for
C~parameters from the system file BYST»
section NAME.
Ih the latter case the 1st iteration will be a
least squares estimation of the A and B parameters
if INVAL is not useds then all the parameters
will have 0.0 for starting value.

FIX A (25 [VAZ2] (3) [VA31 B (21) [VB211 .....
to fix the parameters AZ: A3 etc.. to the
values VAZ, VA3Z ete. If me values are
given the parameters are fixed to zero
or the values taken from a parameter file
by the subcommand INVAL.



b 93
Identification
ML

SAVE [BSTDEV] L[GRAD]I [EVALB] L[COMATI
to save standard deviation of the parameters.
gradient of the parameter estimates eigenvalues
of the second derivative matrix and/or the
covariance matrix

LOOK
to display names of subcommands and
reserved variables used by ML

KItL
return immediately to the main programs
no identification will be performed

X
end the subcommend sequence and start
the identification

Eunction

A maximum likelihood model of order NO is estimated from
DATACC1..) and written into the system file SYST. Note that
the output of the system must be the last column specified
or: if no column numbers are specifieds the last column in
DATA.

The convergence conditions the estimated parameters and
usually their uncertainties and some other information is
also output to the terminal. Cf. the example below.

Global variables used (default values underlined)?

INIML., 4 initial values for the output will be estimated.

0 no estimation.

PRIML. @ no printout.

1 1lopss function and lambda for starting values are
printed as well as the ¥final estimate with
derivativess second derivative matrix and inverse
of the second derivative matrix. The final
estimate is also displayed.

2 1 + the estimate printed for each iteration.

3 2 + derivativesy second derivative matrix and
inverse of the second derivative matrix printed
for each iteration. Each estimate is displayed.

LIML. 1 the residuals will be limited to 3 # A in each

iterations i.8. if gty > 3Ay then =(t) = 3A.

no limitation.
ITML. makimum number of iterations (default 203.

|[m)

These variables may at any time be modified with a LET
command .
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Method

A maximum likelihood estimate of the parameters in the model

acg Hyed) =B (g Dy 4y + ... + B (g bHu ) +
1 1 m i

+ ACq Hect)

is obtained by wminimizing the loss function
vie) = i Eez(t)
2
where

ceg Loty = At Hyr - Bi<q'1)uict> - e -

- B (g L )
m m

and

5=(a Y =xw=? & OV b S wun? b Y .21 b " .. b 3
1 r 11 in ml ‘ me

c1’ — En)-

The maxkimum likelihood estimate of A will be

hz = = VIR »
N

where 8 is the minimum point of V. The minimization is
performed iteratively by a combined Gauss-Newton and
Newton—-Raphson algorithm. The parameter accuracy is
estimated by .

¢© = 2%v @3l
B 8e ii
i
Akaike’'s test quantity (n is the number of estimated
parameters) !

AIC = N % (ln 21 % 2 1n A) + 2n

is expected to have a minimum when the number of parameters
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is correct.

The convergence criteris are

LY

max —— 10

1Y
ey
[
Q

-3

e
<<

The first step of the iteration is a least squares estimate
of the parameters of A(qﬂi) and B_(q_i) provided that the
subcommand INVAL ABC is not used.

—— Y it P Sk S

Astromy K.d.:» T. Bohlins and S. Wensmark: Automatic
construction of linear stochastiec dynamic models for
stationary processes with random disturbances using
operating records. Report TP 18.430 (1%&85)s I1IBM Nordic
Laboratorys Sweden.

Gustavssony 1.! Parametric identification of multiple inputs
single output linear dynamic systewms. Report TFRT-3012
(19692 Dept of Auvtomatic Controls Lund Institute of
Techhclogyr Lunds Bweden.

— e, e s 1 et et o o e s s S s s B

Maximum order is 9y maximum number of input is 8 and maximum
total number of estimated parameters is 25 including fixed
parameters and initial values for the output. There is no
maximum for the number of input data.

Hints

a8 1f Just & least squeres estimation is wanteds use ho
initial values for the A and B parameters and set PRIML.
and ITML. to 1.

b) Time series analysis ocan be carried out if only one
eolumn is indicated since the number of inputs is always
assumed o be one less than the number of columns
specified and the output is always the last column

specified.

e} A moving average model y = Ce can be estimated in the

following wayt

Fix all ai’ i={s...1ny to zero.
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d)

e)

£

g’

Give any nonzero initial values to c y i=1s...sn.
i

Khown relations between parameters can be introduced as
indicated by the following examplest

Ex 4. Known relation: biui(t_i) + 1.5 biuztt—i).

Develop a signal: ult-1) = u1(t~i) + 1.5 u2(t—13

and then estimate biu(t—i).

Ex 2. Known relation: aiy(t—i} + 331y{t—2).

Develop & signals y(t-1) = y(t-1) + 3y (t-2) and use
this signal as a new input signal and estimate the
coefficient a'1 as the corresponding b parameter.

Notice that the same technique as in d) can be used for
€.9. the estimation of the coefficients a1 and ai3 in
2

the model
(t) + a ytt~1) + g (t-12) + 3 (t-13) =
Y iy 12y 13y

= biu(t-i) + e(t) + ciE(t—i).

In this case develop a signal u2Ct~i) = y(t-12} and use
this signal as an additional input signal to estimate 312

and a as the paremeters b and b_ .
13 21 22

If the experiment/simulation is not started in steady
state with the levels subtracted from the datas it might
be useful also to estimate initial output values of the
difference equation:

atqg by = Bicqhi)ui(t)+...+8 gy o + aceqg et
m m

i.2. the values y(O)s y(-1)y .u.v yC1~-n)s whare h is the
order of the system.

During the minimization: it can happen that the algorithm
converges to a local minimum instead of a glohal ohe. To
overcome this problems start the algorithm with different
initial values (subcommand INVAL). The system Ffile used
by INVAL may be created in one of two ways:

- Via the editorsy maybe by altering some coefficients in
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an existing system description.

- By fixing some coefficients to values different from
the current {(local) minimums and then performing a new
identification. The resultant system deseription is
used a5 a new starting points now with all parameters
free.

h) There are several ways in which the results of an
identification could or should be tested. Examples are
found in the description of the commands RESIDs DETERs
and RANPA.

Given is the recorded input (a PRBS signal) and output (Y}
of a system as shown in Figure 1. In thiz case 200 samples
were available although not all are shown in the figure.

To obtain a model through maximum—likelihood identifications
the followihg series of commands were executed. (First the
available data are moved into a =ingle file WRK.)

>*>MOVE WRK < PRBES
FMOVE WRK{(2) < Y(1)
ML ML1 € WRK 1
*ML (8C) MLZ < WRK 2
>BAVE COMAT
>%
LIST (T) MLZ

The immediate result of the ML-command is output to the user
terminals shown in Figure 2 for the 2¢nd order modely and
into the output file. The system file ML2 is shown in Figure

In this case the model MLZ was Ffinally accepted (AIC
increased to 838 for the 3ivd order wmodel). The examples
shown for the commands RESIDs DETER: and RANPA illustrates
spme ways to test the models obtained in ML. .
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PLOT Y/CHPD PRBS
70.00.12 - {1:00:20
20. |
0.
-20. NR
] | ] i i | T
e 25 58. 75
T .
1
B,
-1, “HNR
‘ 1} ) i . 1 F ) [ ]
e 25, 50, 75,

the output (Y) used in the example.

ML (8C) MLZ2LWRK 2
72.0%.14 — 1&6:16154

CONVERGENCE (DV/VK 1.0-006)
FHEEXEREEEXERELRER LR ERE R

Al =1.47060 +- 4.25683&6-002
AZ 8775746 +— 32,278783-002
B1 885147 4~ « 194787

B2 625777 +- 272374

c1 —.7T8P223 +— B.Db64384-002
cz 235413 +— &.945371~002
LAMBDA 1.88372 +~ 9.418594-002
LOSE FUNCTION d454.840

ALIC 832.875

Figure_ 2. The output on the user’s terminal when

aobtaining MLZ.
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LIST (T) MLZ2
779.09.14 — 16217216

BEGIN

"ML (BC) MLZ2<WRK 2
"77.0%.14 — 16:146:55

DISCRETE MISO TRANSFER FUNCTION

SAMPLE INTERVAL 1. B

LAMBDA 1.88372 +- 9.41859E-2
LOSE FUNCTION 354.84

AIC B32.875

APOLYNOMIAL
1. Qa=0 = 11,4706 Qa—1 + 0.6775756 Qa~2

BPOLYNOMIAL
QRa~=1 % (0.885147 Q+~0 + 0.625777 Ga-—-1)

CPOLYNOMIAL
1. Ga~0 - 0.78%223 @+-1 + D.235413 Qa-2

COVARIANCE MATRIX
1.81207E-3 -1.32908E-3 -3.253037E-3 8.02317E-3 1.89845E-3
-1.32908E~3 1.07304E-3 1.62424E-3 —4.773465E-3 -1.41224E-3
~3.23037E~3 1.62424E-3 3.7942E-2 -4.7D4D1E-2 -2,41057E-3
8.02317E-3 —4.77365E-3 ~4.704D1E-2 7.42963E-~2 7.70814E-3
1.89843E-3 ~1.41224E-3 ~2.61037E-3 7.70814E~-3 &.50343E-3
1.61993E~4 6.37611E-3 ~—2.6613E-3 3I.71B4T7E-3 ~2.3b6442E-3

1.61995E-4
6.57611E-5
~2.6613E-3
3.71847E-3
-2.36442E~3
4,.,82382E-3

e e SR o iy Sy e
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To compute the square-root matrix R of the least-squares
identification algorithm. See the command LS. :

S@R RFIL < FNAME [(Ct1 C2 ,.)]) BFIL

RFIL - sguare root matrix file name
FNAME — input data file name
8FIL - structure file name

The R-matrix is computed recursively from the datz file. The
cutput signal of the system is assumed to be the last column
specified ory if no celumn numbers are givens the last
column. :

8QR will update the structure file SFIL with a notation of
the name of the R-matrix and the number of data points useds
as well as the name and column numbers of the data file.
This serves two purposes!

a) This information is used by LS.

by The existence of this information prevents STRUC from
altering the maximum values: which are used by LS to
properly interpret the R-matrix.

Hints

For a given set of maximum valuess a single rall to S®R is
sufficients still allowing repeated caslls to STRUCS changing
actual values: and to LSy computing parameter estimates.
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STRUC

Purppse

To give the structure of a model to be identified by the LS
algorithm, Cf. the command LG.

Command

STRUC STRF
ar
STRUC L[BTRF11 € STRFZ2

STRF - new structure file
SNAM4 — autput structure file
SMNAMZ - input structure file
Subcommands

In some commands below a switch existss: here desighnated sw.
Itz value is ‘MAX'/’ACT's default value being 'ACT' <(cf.
subcommand KB). Its funection is to indicate that a maximum
or actual value is being specified for the variable in
guestion.’

REVERT
This command will remove all information other than
maximum and actual structure variables (cof. command
SeR).

NA [swl N
NAs i.e. the degree of the A-polynomial is given the
maximum/actual value N.

NU [swl N
NUs i.e. the number of inputs is given maximum/actual

value N.

NB Iswl N1 N2 ... NNU
NEBis i.e. the degrees of the B-polynomials are given
maximum/antual values N1: N2» ete.

KB [swl N1 NZ ... NNU )
KBis i.e. the delay in each input are given
maximum/actual wvalugs Nis N2 ete. Here a third
slternative "MIN’ is allowed for sw. The default is 1
0O is alloweds hegative values are illegal. (In such a
rases use cowmand SLIDE.)

FIX ACNY IVNI ... B(M) LOVMI ... _
The parameters an...b ete. are given fixed values v
n n

v ete. IFf no value is giveny zero is assumed.
m
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UNFIX EAMNT N2 ...23 [B(ME M2 ,..2]
The specified parameter(s) (default all) is unfixed.

KILL - resume m3in command modey produce hno results
X = output resultsy then resume main command mode
Eunction

In the Ffirst form of the commands a new structure file is
created. In the second form the file 8TRF2 is updated giving
a new file STRF1 or a new version of STRFZ if STRF1 is
missing.

STRUC assumes a model on pnlynnmiai form

N

-1 = i ~4
Alg Jy(t) = z q B (g Ju (> + e(t).
will 1 b

i=1

The structural quantities NAs NUs NB{i)s and K(i) can be
given both maximum and actual values.

8TRUC will receive information through subcommands and will
perform various checks for consistencys eg.:

a2) New maximum wvalues are légal only for a new structure
file or after the REVERT subcommand.

b New actual values must be less or egual o maximum
values. '

0} The number of inputs (NU) must be specified prior to the
comnmands NB or KB.
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DELET

DELET

e s B e T 2

—— it .

DELET CC(DMODE1)IFNAM1 [ CL{DMODEZ)IFNAMZ2] ... 1

DMODE ~ data mode indicator = 'D'/'T!/'AY
D ~ FNAM is assumed to contain binary dats
T ~ FNAM is assumed to contain text
A - FNAM is assumed to be an aggregate file
(DMODE='D[' by default)
FNAM - file name
Function

If the specified file exists in the data base it is deleteds
otherwise an error message is given.
Hints

The existence of the file may be tested by the command
FTEST.

Example

Cf. the macro in the esxample in RANPA.
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FHEAD

FHEAD

et et B e P

To display file head parameters of data files and enable the
user to change them.

Command
FHEAD [AGGREG:IFILE

AGGBREG - aggregate file name
FILE - file nama

INDEX VALUE

set the INDEX:th parameter to VALUE

display the Kith {(default all) file head
parameter(s)

KILL — exit from FHEAD without updating the file head
X - exit from FHEAD and update the file head

LOOK LK1

Note - an immediates READ-ONLY form also existot
>FHEAD [AGGREG:IFILE ’'LOOK’ [K]l eguivalent to:
>FHEAD [AGGREG:IFILE

2LO0OK [K3]
>KILL

The command has two different forms. One takes subcommands
and also sllows changes to be made. The other form is a read
only form that does not enter subcommand mode. The output on
the terminal is shown in the example below.

e e o i e N e o st s ] . TS et Y A e e e s

It is not possible to change parameter 7. Attempts to alter
parameters 1 25 3y and 10 will produce a warning message
and should generally be avoided by users not very familiar
with the internal orginazation of data files.

Hints

Reorganization of data files is often best done by special
purpose commands like CUTs CONC» PICKs MOVE etc. In extreme
cases the sequence FORMAT - (EDIT) - CONV could be used.
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Examples

Two forms of the
accompanying output.

>FHEAD A
>LO0K

FHEAD A

1. NUMBER OF ROWS

2. NUMBER OF COLUMNS
3. THIRD DIMENSION
4. SAMPLE INTERVAL
5. DATE RECORDER

6. TIME RECORDED

comnmand

7. CONSTANT RECORD LENGTH O
&. GENERATED BY COMMAND NR

2. FILE TYPE
10. SKIP COUNT

>KIL
>FHEAD A LOOK 4

4. BAMPLE INTERVAL

are showh below

OLIN=»20O00WRNN

TICKS = 3.00000
(YY.MM.DD)
(HH MM =2 8B)

{1 MEANS YES)

= MATRIX

TICKS = 3.00000

7% 105

with the

8

8
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FTEST

To test the existence of files.

FTEST L(DMODE)I] FNAME

DMODE - data mode indicator = 'A'/'D'/'T!
A — aggregate file .
D - binary data file
T — text file

(by default DMODE = *'D’)
FNAME -~ file name

.FTEST. -~ reserved variable returned = 0/1
5] - the file does not exist
1 - the file exists
Function

P PP —1

The commend tries to access a file with the given name and
type. 1I1f it was possibles the reserved global variable
FTESBT. is given the value 12 otherwise it is given the value
B-
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TURN

Purpose

To alter the value of some program switches.

Command
TURN SWITCH STATE

SWITCH -~ switch name = 'TEXT’/’TIME'/?GRAPH' /' DK’
TEXT - enables/disables all text output on
the display (default: TEXT is enabled)
TIME - if disableds data will be plotted versus
sample numbers else versus time units
(defaults TIME is disabled)
GRAPH ~ enables/disables all graphics ocutput
. (defaultt GRAPH is enabled)
DK - enables/disables command logging into
text files (default: DK is enabled)
STATE - switch state = 'ON'/'OFF'y if switch = 'TIME':
'H'/'M' /'8 is used instead of 'ON’
ON - the switch is enabled

H ~ plotting will be versus time in hours

M - plotting will be versus time in minutes
8 ~ plotting will be versus time in seconds
OFF - the switch is disabled

Note that the operation of the program alsn:   :
through the more flexible method of global -wvari
the general guide. 8




Alphabetical Command List

ACOF nrxans 27
ABPEC arunn 47
BODE seana 14
CCOF sunna 29
CONC S 4
CONY rrews O
CSPEC «sswas 32
cuT saere 33
DELET anes 103
DETER snena b4
DFT L B N A 54
DSIM Y - Y4
EDIT cwann ¥
FHEAD ewnws 104
FILTY ernna &7
FORMAT resee 9
FROP vaaea 60
FTEST HEmwa .106
HCOPY sxuws 17
IDFT seen. 61
INB1 P £
LIST sunas 10
LS LR S B &4
ML, rress 72
MOVE sanea 12
PICK sraxa 38
PLMAG seenn 18
PLOT ranen 21
RANPA % N ®m 7‘1
RESID rarwa 74
SCLOP rexwn 37
SLIDE vrwna 40
SPTRF rwama B2
84R e 100
STAT rrnana 42
STRUC »anwae 101
TREND cenuas 43
TURN seeaa 107

VECOP T



