nthe sciensific labovamry, data oo
- yuisition and analysis programs are
playing an increasingly iaporiant
- part in the manipulaian of experimen-
sl claea, Steniarly, such programs can
be used in 2 varicty of industrial apphi-
| cations o control simple progesses.

- Maomillan Sofivare’s AReTaNT+
o the IBM PC and compatiides
it 3 deskeap dot acepistidon gmd anal-
yals system comprising several vintugl
i instruments. For many applicnions that
. can kderate muoderate _ ra::es
awsTANY - Can take the place of
- expriwive, dedicared Lnstrusrmt&—«al
tm dta !ms in ultimate performance.

; ;.1 i

The hasic version of the progemn,
ASYSTENT, cotwerts the PC o & sophis.

Heated caloutator, To that baxie capabili-

w, the mwire advanced version, aws
TanT ¢, adds the ability to control & Jata
acduisitiun ACCEsSOry. ASYSTANT s capa-

| bilities are similar 10 those of g siswer

product, &sver, which provides ¢ FORTH
iﬂmpmf*i&e user imeriaoe,

PRIS B CALCOXATOR
A.%T,wre £} haﬁsk ueer imerfice {5 siod
lar i g of 3 suack-orlented, haod-

"hs:kl eleatronic prograsmmble catouda-

w,suchi as the various Hewlet-Packard
models. [ fact, the main soreen

display s referred to as the deslaop cale
culstor and sexenbles a caloularor in
futictionabity. &t is divided int fiver
windows, four of which correspond o

- the favifities of an adwanced progras-

mahle caleulator (see photo 1) The
fifth: window contains the madn options
thiat acoess otbwer parts of the prograns,
sueh as wavelormh processing and pen-
erating, yraphics, and curee finiag

The calcubiior windows are stack
contens, calvulator functons, premme
tavs, and varisbles. Three other taloula-
for menus-~3reay aperations, CoNver-
sions and special functions, and wave
ang roatrix operagons—can be igter




changed with the cafoubaor Rimctions
{see figure 1) Each calowdapor menw in-

- chudes the selection, next. to display the

_ . Akey corwept In learning o use
ASySTANT + 18 that of the stack—an area
of mersory used for weaporary datz
stwrage. Data can he placed on e sack
Fromn thee keyburrd or from ather st

-age areas, and can be remowned frum

the stack w be placed in other sorage
arcas. Most operstions and fimctions
take their arpuments from the stack and
Temin: thedr results oo the stack. HP cab
Gulator weers and FORTH programmerts

"-simukﬂ be Lwnf{.mah& with the s;ﬁﬁem

: the tmp (‘rf the *;w(‘k

VICTOR E. WRIGHT

_ The program begins with 8 cumser
poritiontd on the st seleciton of the
main menu;, scquire. Pressing Pgtip
mves the cursor to the caloulator func-
thors meny:- This gives the expocted a5
surtarent of mathematical functions and
stauk Lgxmsmﬂm stores. the entry

at the ap.of the siack In a PATAmICtor Of

’Lm}it" sﬁmp di:pl"mm the, mp CnEry

P o ::emrfgm 'qn-'_tue.stadﬁ, audroll,

sws;i, swacdws the | operEor is typed, the matn menu wm—.
1 dime clears and 2 commund line drex
‘appesrs in it place, regandloss uﬁhe

"_kxmkm of the cursor,

output: anguele units for use with (gl -
aaometric funcsions, amd data type—-in- |
teger, doubleprocision integer, real,

doubleprecision real, congrex, or dou-

bleprocision complex.

Caloubaor commnands cam be en
teved tw moving the curssr 1o the de-

" sired seleaion with the arrow keys and.

pressing Enter of by typing them a0 the.
keyhogrd. When a number, ener, oro

Comymands. can }x,'uﬂrmxil i
rse Poshi Notation (RPN) used by H
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The calculator functions menu is replaced with the array
menu, the conversion and special functions menu, or the
wave and matrix menu by sclecting the “next” option.

The screen can be split into a variety of windows by select-
ing the windows option, and each window can then be used
to display data independently.

and FORTH or in algebraic notation.
The program expects RPN; an algebraic
notation zlways must be preceded with
the \ character. Commands can be en-
tered in strings and then are terminated
with the Enter key. Entering a valid
number- places a result on the stack.
ASYSTANT+'s stack is limited to five en-
tries, which are displayed in the stack
contents window. Stack entries can be
integers, real numbers, complex num-
bers, or arrays of integers, real num-
bers, or complex numbers.

In the calculator menu, macros
(“user functions”) can be assigned to
the ten function keys. Each key can be
assigned up to five lines of RPN or alge-
braic notation. Pressing a function key
while in the Calculator executes the
macro. The macro assigned to one key
can include the name of ancther key, so
that additional functions may be per-
formed by a single macro.

The parameters ‘and variables win-
dows on the main screen display pro-
vide two types of storage registers, nine
of each. Parameters, A through /, store
numbers; and variables, R through Z,
store either numbers or arrays. Parame-
ter and variable values can be copied to
the stack, and stack entries can be cop-
ied or moved to the parameter and
variable registers. Parameters and vari-
ables are available in all parts of the
program, and they can be assigned
descriptive names.

YECTORS AND MATRICES

The array operations menu is displayed
by selecting the next option from the
calculator functions menu. It offers a set
of commands to create and manipulate
arrays. ASYSTANT+ provides for two types
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of arrays; one-dimensional arrays, or
vectors, and two-dimensional arrays, or
matrices. An array occupies one slot on
the stack or one variable. Arrays cannot
be stored in parameters.

The program uses two 64KB seg-
ments of RAM for storage of arrays. One
-segment contains the arrays assigned to
the variables R through Z, and the other
segment contains any unnamed arrays
on the stack. A single array-can occupy
an entire 64KB segment,

The array operations menu offers *
‘selections for the hasic vector and ma-
trix operations. Three commands,
n:ramp, nm:ramp, and aedit, generate -
unnamed arrays and place them on the
stack. Neramp takes the top entry on the

. stack as the size of a one-dimensional
array (vector) and replaces it with a
vector in which the 7+ element contains
the value /—the value of each element
is equal to the index. Nm:ramp takes
the top two entries as the number of
rows and columns of a two-dimensional
array and replaces them with an array
in which the #* element contains the .
value (i—1)ym+j—i is the row index
and j is the column index.

The commands xsect, sub, trans,
diag, and reverse access certain array
elements. Xsect takes the top element
of the stack and replaces it with an ele-
ment, sub with a subarray, trans with
the transpose of the array, diag with the
main diagonal, and reverse replaces the
top element of the stack with an array
with reversed column indices.

" Arrays can be reordered with the
commands nxot, reshape, sort, and
lookup, and they can be indexed with
index and n:search, Two commands

stacks the two arrays one over the oth-
er, and lam places them side by side.
Cumulative operations can be per-
formed on the rows of an array to cal-
culate sums and products and find cu-
mulative maxima and minima.

Arrays can be examined in spread-
sheet format with the array editor func-
tion, aedit. Arrays can be created direct-
ly with aedit or with another command;
uramp, amramp, lam, or cat, for exam-
ple, and then edited. They also can be

|+ built and edited by using other menu

options and functions, but using the ar-
ray editor is the easiest way t0 make
minor changes.

Switching to the third calculator
menu, conversions and special func-
tions, provides an assortment of options
for converting data from one coordinate
system to another, or from one data
type to another, as well as special ad-
vanced functions. Numbers can be con-
verted from 4 pair of values on the

a single complex entry on the stack. A
single complex entry can then be split
into a pair of values,

‘Data sets representing coordinates
can be converted between Cartesian
coordinates and polar coordinates or
spherical coordinates. Also, complex
numbers in the form x + fy can be
converted to the polar form. (Note that

« PC Tech Journal is using the electrical
engineering notation 7 for the imaginary
part of the complex number rather than
the mathematical form £.)

The more advanced functions in-
clude the error function, factorials, the
number of combinations of things taken
r at a time from a set of »# things, the

combine two arrays to form a third; cat

number of permutations of things taken
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r at a time from a set of # things, the
Bessel functions, elliptic integrals, the
gamma function, and the incomplete
beta function.

The wave and matrix menu, the
fourth calculator menu, offers several
numerical techniques for the analysis of
waveforms and matrices. Storing wave-
forms as arrays allows the use of many
operations for the analysis of waveforms
or matrices. A series of waveforms can
be stored in a two-dimensional array,
one waveform per row,

Omnce the waveforms have been
stored, two functions, smooth and
window, are available to filter them.
The smooth function, a low-pass filter,
removes high-frequency components of
a waveform in the time domain, to
eliminate noise in a signal, for example,
The window function simulates a Black-
man window, filtering out selected high
and low frequencies. This function is
better suited to waveforms stored in the
frequency domain.

A waveform can be integrated by
using Simpson’s 1/3 rule or differenti-
ated by using interpolating polynomials
of a user-specified degree, as many as
seven. Four functions are provided for
Fourier transformations: fast Fourier
transforms and inverse fast Fourier
transforms for both one- and two-di-
mensional arrays. An additional function
calculates the power spectrum (the
square of the magnitude of the Fourier
transform) of an array.

Other matrix operations included
in the fourth calculator menu are the
autocorrelation function, which is ap-
plied to the top entry on the stack; the
aperiodic convolution of the top two
entries; the application of a Blackman
window to a subset of the top entry; the
Hilbert transform of the top entry; and
the cross correlation of the top two en-
tries. By combining these advanced
functions, the user can filter signals
with low-pass or band-pass filters to re-
move noise or isolate signal compo-
nents, process images, generate spectral
analysis displays, generate diffraction
pauerns, and analyze signals in both the
time and frequency domains.

The program performs the basic
statistical operations, average, standard
deviation, maximum, and minimum. A
single operator is provided to solve the
matrix equation, ¥ = Ax. The operator
expects the y vector as the top stack en-
try, and the A matrix (» by 7) as the
second entry. It replaces these two en-
tries with the x, or solution, vector. Ad-
ditional matrix functions are available,
they include commands to return the
trace of a matrix (the sum of the diag-
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ASYSTANT +’s available calculator menus provide a versatile selection of mathemat-
ical functions for manipulating the obtained waveforms and matrices.

onal elements), the matrix product of
two arrays, the Kronecker product of
two atrays, the determinant of a matrix,
and the inverse of a matrix.

CHOOSING FROM THE MENU

The main menu of ASYSTANT+ provides
11 options that enhance the versatility
of the program. These options include,
graphics, a waveform generator and
processor, two file operations, users
functions, curve fiting, polynomials, sta-
tistics, differential equations, and a data
acquisition menu.

Graphics. ASYSTANT+'s graphics com-
mands allow data to be displayed on
the screen, on a graphics printer, or on
a pen plotter. Graphics hoards, printers,
and plotrers are selected from menus at
the beginning of the initial session, and
the selection can be changed ar the be-
ginning of any session thereafter.

Arrays are used to store graphics
data. Two types of graphic displays czu
be generated, Cartesian plots and three-
dimensional plots. Cartesian plots in-
clude line graphs of a single vector vari-
able or a row of a rectangular array,
plotted as a function of the indices; and
line graphs of two vector variables or
rows of rectangular arrays, with one
variable or row taken as the indepen-
dent variable and the other as the
dependent variable,

Three-dimensicnal representations
include axonometric plots and contour
plots of two-dimensional arrays (shown
in photo 2). An axonometric plot dis-
plays a surface representing the values
of the plotted array superimposed over
a rectangular grid; the height of the sur-
face above the grid is proportional to
the value of the array element. A con-
tour plot displays a series of contour
lines superimposed over a grid with the
contour lines connecting elements of
equal magnitude.

The graphics display is available o
preview graphics before plotting. The
default screen display includes a graph-
ics menu and a graphics window. The
graphics window can be split into left
and right halves, upper and lower
halves, and four quarters.

ASYSTANT+ is able to produce a plot”
with 2 minimum of information, by us-
ing default values and scaling the axes
to display all of the data in a single plot.
The Setup command gives the user the
ability to customize the plot by speci-
fying minimum and maximum values,
linear or logarithmic scales, labels,
grids, and the location of the origin.
Whenever an IBM Enhanced Graphics
Adapter {(EGA) is used, the axes, labels,
background, and plot can be displayed
in different colors.

Users also can customize graphics
windows with the addition of text
labels. Labels can be positioned and
aligned as desired. The contenis of a
graphics window can be saved to disk,
and recalled at a later time for display.

A graphics display is generated by
selecting the type of plot —y Auto,

v Plot, xy Auto, xy Plot, xy Axis,
Axon, or Contour. The program
prompts for the variable to be plowed
and then displays 2 menu that includes
the selections display graph and to
plotter; these selections produce screen
displays and plots.

Waveforms, sysTANT+ includes both a
waveform generator and processor. The
generator creates arrays of values that
represent a variety of continuous wave-
forms typically available from analog
function generators. These include sine
waves, Cosine waves, square waves,
triangular waves, sawtooth waves,
pulses, uniform noise, white noise, and
Poisson pulse trains. In addition to se-
lecting the type of waveform, the user
can control the gain, bias, and frequen-
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cy of the waveform. These created ar-
rays can be displayed on the screen,
stored on disk, plotted on the pen plot-
ter, and used as the digital input to an
digital-to-analog convertor in ASYSTANT+,

The waveform generator produces
a single output—one of the waveforms
listed above. However, the output can
be stored in memory and then pushed
onto the stack. Successive curput wave-
forms can be pushed onto the stack,
and then the calculator can be used to
manipulate or combine them, creating
waveforms of arbitrary complexity.

While in the waveform generator,
two waveforms are immediately avail-
able: the output of the generator and a
waveform stored in memory. The out-
put waveform can be added o the
memory waveform to create complex
waveforms without leaving the genera-
tor. Waveforms can be plotted on either
the screen or the plotter.

The waveform processor provides
a graphic alternative to the calculator
for processing one-dimensional arrays
(waveforms) or specified rows of two-
dimensional arrays. The waveform pro-
cessor display includes a large window
in which a waveform is displayed, a se-
ries of small windows that summarize
the history of the wave processing ses-
sion, and a menu of commands.

The commands available in the
waveform processor are a subset of
those available in the calculator and file
processor. However, intermediate re-
sults are displayed on the screen inter-
actively, and several graphic aspects of
display can be specified by the user.

Waveforms can be processed in
segments, allowing uninteresting por-
tions of the waveform to be ignored, or
separate segments to be processed in
different ways. A current segment can
be selected graphically, by positioning
W0 cursors in the main graphic win-
dow. Segments of the waveform are
stored in several repositories—WEM
(waveform), ORG (criginal segment),
MEM (memory segment}, PRY (previous
segment), and SEG (current segment).
Images of the repositories are shown at
the top of the screen for reference; con-
tents of MEM and SEG can be com-
bined with selections from the wave-
form processor’s memory ops menu,

Processing options include scaling
the waveform with a fifth-degree poly-
nomial, clipping SEG to a specified
minimum and maximum, computing
the derivative of the waveform (to a
user-specified order), computing the in-
tegral, smoothing the current segment,
computing the power spectrum, and
finding the envelope of the waveform,
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An analysis menu provides selections to
find the basic statistics, rise time, fall
time, area under the curve, and width
of a specified peak.
Data file operations. Two submenus from
the main menu are devoted 1o file op-
erations: file /O, and file processor,
File YO provides the basic facilities for
storing and retrieving data associated
with variables and for converting data
files into files that can be used by other
programs. The program supports two
external formats: DIF and ASCIIL -
ASYSTANT+ data files are physically
composed of a block of comments fol-
lowed by a series of data subfiles. Logi-
cally, the file can consist of comments
and data sets. Both subfiles and data
sets contain multiple data points, and
both are limited 10 64KB, which corre-
sponds to the area in RAM that asys-
TANT+ sets aside for the storage of vari-
ables. A data file can contain several
blocks that may represent various
aspects of a model or experirent.
ASYSTANT+'s file /O menu allows
subfiles and data sets to be selected as
rectangular sections of a group of ar-
rays. Even though the data file is actu-
ally a linear sequence of values, data
can be addressed by row and column
number, just as if the data were ar-
ranged in two dimensions, Data sets can

. be selected by specifying values or by

scrolling through the file graphically.
The file processor menu integrates
calculator functions and disk O func-
tions. The processing capabilities of the
desktop calculator and the file proces-
sor are identical. However, the file pro-
cessor allows the user to specify the
data source, the operations to be per-
formed, and the destination for the re-
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Curve fitting, The curve fitting of Asys-
TANT+ gives an interactive environment
for fitting smooth curves through x-y
data sets. Results are displayed as math- _
ematical values and in graphic form. - ggf;z}: 3 ut
The fitted curve can be specified as rototype (ol
linear, polynomial, logarithmic, expo- Before you v
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from the polys menu. Polynomials can
be added, subtracted, mulkiplied, di-
vided, and shified by a factor. Polyno-
mial coefficients can be edited and cop-
ied to a variable. Roots can be extracted
and saved in a variable, and polynom-
ials can be integrated and differentiated.
Finally, selections are provided to gen-
erate Legendre, Laguerre, Tchebyshev,
and Hermite polynomials,

asystanT+ can handle 10 polyno-
mials, Each polynomial can contain real
or complex coefficients and can be up
to the ninth degree. A polynomial is
first defined, and then it can be applied
10 the top stack entry.
Statistics. The stats selection of the main
menu presents a submenu of statistical
operations and messages. An edit func-
tion is available to allow the user o
create or edit a data table without leav-
ing the menu. The stats editor is identi-
cal to the array editor that is provided
in the desk calculator.

The basic stats option computes
and displays the basic statistics for a
vartable or subset of a variable. The sta-
tistics displayed include the maximum
value, the minimum value, the sum of
the values, the mean, the median, the
variance, the standard deviation, skew-
ness, kurtosis, the sum of the squares,
and the root mean square. These values

are displayed in a window on the
screen and can be sent to the printer.
Other basic statistical functions such as
sorting, percentile calculations, and hy-
pothesis testing also can be performed
from the menu. The hypothesis tests
that are provided include the Kolmo-
gorov-Smirnov normality test, the 1
sample ¢ test, the 2 sample ¢ test, the 1
sample chi-square test, the 2 sample F
test, the Wilcoxon signed-rank test, and
the Mann-Whitney rank-sum test.

Histograms can be generated and
plotted. The user specifies-the number
of breakpoints between “bins”. The
program sets up the specified number
of bins, equally spaced between the
minimum and maximum data values.
Once generated, the histogram can be
plotted, saved to a disk file, or left in
the calculator variables.

A menu selection is available to
generate commonly used frequency dis-
tributions. These include both percent-
ages and percentiles of the normal dis-
tribution, the chi-squared distribution,
the student ¢ distribution, and the
E(npn) distribution,

Two advanced analysis techniques
are provided by asYSTANT+. Stepwise re-
gression is included with three varia-
tions of the analysis of variance (ANOVA)

technique, one-way, two-way, and table.

The Advanced Programmer’s Editor
That Doesn't Waste Your Time

e Powerful extension language
¢ Multiple windows, files

Only $195
Lugaru|

Software Ltd.

5740 Darlington Road
Pittsburgh, PA 15217

e Fast, EMACS-style commands—completely reconfigurable
e Run other programs without stopping Epsilon—concurrently!
¢ C Language suppont—fix emors while your compiler runs

¢ Unlimited file size, line length
¢ 30 day money-back guarantee e Not copy protected

¢ Great on-line help system
& Regular Expression search
e Supports large displays

cau*'

for IBM PC/XT /ATs or compatlbles
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The anova technigues indicate which of
several independent variables are most
significant in explaining the variations
in the dependent variable. AsySTanT+
displays the results of aNOVA in a table
listing the sum of the squares, the de-
grees of freedom, the mean sum of the
squares, the F-value, and the signifi-
cance level of the F-value for each com-
ponent and the residuals.

The regression option allows the
construction of a model representing a
dependent variable as a linear function
of several independent variables. A vec-
tor holds the dependent variable, and
an array holds the independent vari-
ables. The technique is interactive.
Terms can be entered into and re-
moved from the model with a few key-
strokes; this allows several combina-
tions of terms to be examined easily.
Differential equations. ASYSTANT+ provides
a numerical method for solving first-
order differential equations, ranging
from a single equation to a system of
five equations, using the fourth order
Runge-Kutta method. Up to six variables
are used, the X variable for the inde-
pendent variable, and ¥, Z, I/, V, and W
for dependent variables.

The model to be examined is spec-
ified by entering the system of differen-
tial equations, the initial conditions, and
extrapolation parameters, consisting of
step size used to generate the solution
curves and the final X-value. Solution
curves are stored in variables that can
be displayed on the screen under the
graphics menu, saved to disk, or sent
directly to the plotter.

Notepad. AsySTANT+ includes a simple
screen editor, the notepad, which is
available from both text and graphics
screens by pressing Ctrl-N. The manual
cautions that the notepad is not in-
tended 1o take the place of a word pro-
cessor; however, the editor is equal to
the task of taking notes during experi-
ments and creating simple reports.

The notepad is limited to straight
ASCII text files with no control charac-
ters (such as the ones inserted by most
word processors), 16KB total file size,
and 80-character lines, Arrow keys and
function keys are implemented, to pro-
vide cursor movement by character,
word, line, word, and file. A limited set
of block operations is available, as well
as search and replace capability.

Text can be inserted into the cur-
rent notepad file when the editor itself
is inactive, ASYSTANT+ stores the current
file name, and a cursor location. The
calculator functions menu includes a
print command that sends the top stack
entry to the screen, printer, or current
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ASYSTANT +

notepad disk file. Disk file output can
be inserted at the current cursor loca-
tion or appended to the end of the file.
Charts and tables can be constructed in
the stack with the various matrix opera-
tors and functions, edited with the aedit
command, and then inserted into the
notepad file.

Mini-calculator. A streamlined version of
the desk calculator, the mini-calculator,
is available from both text and graphics
displays when any of the main menu
options is active. Only the command
line can be used for input; menu input

is not available, and those commands
that are only available as menu selec-
tions cannot be called from the mini-
calculator. The display consists of the
stack and a command line.

DOS commands and help. A menu of basic
DOS operations can be invoked by
pressing Cirl-D. Menu selections can
delete, copy, and rename files, display
directories, and return to ASYSTANT+. An
on-line help facility can be invoked by
pressing the ? key. It is context sensitive
and organized to follow the structure of
the manual. The help display can be

TRACK
TAPE

Our “TAPE CONNECTION®' system is used by hundreds of companies for mailing
lists, report filing, check processing, sales analysis, off-line printing, and exchang-
ing large data base files with a mainframe. Our system features:

« Attach to most IBM PC compatibles
* Cohol, Fortran, BASIC, and C support
= 800 NRZl, 1600 PE, and 6250 GCR
® Transfer rate is 1-4 MByte/Minute
* Block lengths up to 85K

» ANSI, IBM, DEC, and DG supported
* Support for most record types

* Multivolume and labeled tapes

+ Select specific records to transfer
+ Record reformatting and translation
* Hard disk backup utllity

» Support for many tape drive models

The price for controller card, cable, and
transfer software is only $795. The op-
tional tape data reformatting utility is
$195. Several model tape drives are
available for $2700 to $9200 depending
on features.

Since 1982, we have installed thousands
of diskette and tape conversion systams
at customer locations around the world.
Call us today for help in connecting a
9track tape system to your |IBM PC.

= FLAGSTAFF

[_4
4 ENGINEERING

1120 W. Kalbab * Flagstatf, AZ 86001 * Telephone 602-779-3341
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paged by pressing the Space Bar, or
navigated with the function keys.

ACQUIRING THE DATA

In addition to the basic ASYSTANT facil-
ities, ASYSTANT+ includes the software
necessary to control data acquisition
hardware, The host computer, under
the control of ASySTANT+, becomes the
control panel and graphic display for
several such devices. In each case, the
computer display resembiles a tradi-
tional analog instrument.

Data acquisition funciions are avail-
able from the data acquisition menu,
which is displayed when the acquire
option is selected from the main menu.
This menu includes selections for the
various instruments ASYSTANT+ can emu-
late and a selection for configuring the
software to match the data acquisition
board or external chassis.

Configuration of the system is
menu-driven. It consists of selecting the
host computer and the data acquisition
board from lists of supported devices
and then setting various parameters to
maich the physical configuration of the
data acquisition board. The manual
astutely warns the user that determining
the physical configuration of the hard-
ware may not be a trivial matter. A
detailed appendix provides information
about the configuration of supported
boards; it is presented clearly and con-
cisely enough to replace most data
acquisition board manuals for standard
applications.

It should be noted that configura-
tion involves specifying the host com-
puter as well as the data acquisition
board, even though the program is in
use on the host computer. The program
must know the clock speed of the host
computer 0 perform timing tasks,

Data acquisition board parameters
that are specified during the configura-
tion process include the board’s /O ad-
dress, the number of A’'D channels, the
A/D channel voltage range, the hard-
ware gain, the number of D/A channels,
and the D/A voltage range. ASYSTANT+
does not necessarily support all of the
features and configurations of sup-
ported boards, but the manual docu-
ments the ones that are.

Additional configuration parame-
ters, selected from the acquisition con-
figuration menu include confirmation
that a hardware scroller board (a high-
speed, strip-chart recorder) is installed,
the specification of engineering units 1o
be used in file conversion, color assign-
ments for A/D channels when an EGA
board is installed, the assignment of
names 1o channels, and a bit pastern o
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ASYSTANT +
FIGURE 2: Do Acquisitiorn Meri

Although the accuracy that can be obtained from a PC-based data acquisition sys-
tem does not match that of individual laboratory instruments, ASYSTANT+ does man-
age to provide an economical solution for moderate sampling rates.

be set on the digital output port at the
beginning of a data acquisition session.
A final option is the selection of an un-
protected mode. ASYSTANT+ normally op-
erates in a protected mode, in which it
prevents acquisition of data at sampling
rates above that known to be reliable
(the Nyquist rate). The unprotected
mode allows the user to specify higher
sampling rates at the risk of hanging the
system, requiring a reboot.

With the data acquisition board in-
stalled and configured, ASYSTANT+ pro-
vides the user with the ability to select
the preferred interface, or metaphor,
from the data acquisition menu. Each
selection performs the same basic task,
that of controlling the data acquisition
board, but it resembles a different labo-
ratory instrument (see figure 2).

ASYSTANT+ can simulate a strip-chart
recorder, a hardware scroller (if one is
installed), an XY recorder, a twransient
recorder, a data logger, a high-speed re-
corder, a signal generator, and a func-
tion generator. When an instrument is
selected, the program displays a sub-
menu including options to set or mod-
ify instrument parameters, to begin

acquiring data, and to return to the data
acquisition menu. Set-up parameters
can be saved to disk and recalled,

In general, acquisition parameters
are common to all of the instruments;
although some of them require the
specification of additional parameters.
ASYSTANT+ displays the current parame-
ters on a configuration screen, along
with appropriate limitations, and
prompts the user for new values. The
parameters required to set up a gener-
al-purpose instrument for a session are
trigger type, internal or external clock,
number of analog input channels, the
first channel in a scan cycle, value for
the software gain, the acquisition rate,
the number of data points per channel,
the number of scans to perform in the
session, and the file to be used for data
storage (file storage is optional).

Because data acquisition boards
typically multiplex several analog input
channels through a single analog to dig-
ital converter and have limits on the
speed at which they can operate, these
parameters are interrelated. For exam-
ple, in the high-speed recorder mode,
the maximum acquisition rate is in-
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versely proportional to the number of
channels selected.

ASYSTANT+ extends the operation of
its waveform generator to the control of
the data acquisition hardware, allowing
the system to operate as a function gen-
erator. The digital values determined by
the function generator are used 1o pro-
duce analog signals with the data acqui-

.sition board’s digital-to-analog con-

verter. The function generator provides
two output channels, taking arrays
stored in variables R and § as the input
waveforms. The function generator can
create standard waveforms, experimen-
tal waveforms acquired from earlier ses-
sions, and waveforms that have been
processed by any ASYSTANT+ funcrion.
ASYSTANT+’s function generator is capa-
ble of providing signals thar are not
available from conventonal analog
function generators. It is limited in
speed and resolution to a throughput of
300 to 400 points per second.

The function generator can be
used as a stand-alone device or in con-
junction with othet ASYSTANT+ instru-
ments. In either mode, the generator’s
output can be controlled interactively.
As a stand-alone device, it can replace a
conventional generator and drive a plot-
ter or real-strip chart recorder to pro-
duce a hard copy of a waveform, When

used in conjunction with the other in-
struments, the generator can provide a
known stimulus or control signal to the
experiment. Using the generator with
other asystanT+ devices can affect the
operation of the generator or the other
device, reducing the throughput of the
acquisition instrument. The program,
however, does allow the operator 10 set
the priorities of concurrent tasks.

ASYSTANT+'S strip-chart recorder is a
digital replacement for an eight channel
strip-chart recorder. The screen display
resembles an analog strip-chart record-
er with data points that appear at the
right edge of the display and move
across the screen as if on moving pa-
per. The screen displays only the active
channels, providing greater resolution
as the number of channels is reduced
from the maximum of eight.

The strip-chart recorder is limited
t0 2 maximum throughput of 40 to
70 Hz (points per second in this con-
text), the exact maximum rate depends
upon the hardware configuration. If the
maximum number of channels is select-
ed, and data are output to disk concur-
rently, the throughpur is reduced. Thus,
the recorder is suited only to slowly
varying signals. If data file output is not
selected, the data are lost once they
scroll off the screen.

Personal REXX
for the IBM PC

Interpreter for the full REX X language, including all of the standard REXX
instructions, operators, and built-in functions

*

Unlimited precision arithmetic

* % % %

* %

Uses include:

— Command programming language for DOS
— Macro language for the KEDIT text editor .

— Can be interfaced by application developers with other DOS
applications, written in almost any language

Mansfield Software Group, Inc.
P. O.Box 532

Storrs, CT 06268

(203) 429-8402

Sophisticated string manipulation capabilities

Direct execution of DOS commands from REXX programs

Built-in functions for DOS file 1/0, directory access, screen and keyboard
communication, and many cther PC services

Compatible with VM/CMS version of REXX

$£125 plus $3 shipping
MC, VISA, AMEX, COD, PO, CHECK
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While it is operating, the strip-chart
recorder can be controlled. The data ac-
quisition rate and gain can be altered;
data file output can be suspended and
resumed; and the display resolution can
be modified by skipping data points. If
the function generator is active, it may
also be adjusted.

The XY recorder acquires data
from a maximum of two channels and
displays the data on an xy plot—one
channel’s input corresponding to the x
axis and the other corresponding to the
y axis. It is possible to display vertical
and horizontal grids either individually
or together.

The XY recorder has a higher
throughput, ranging from 340 two 670
Hz, than does the strip-chart recorder.
The difference in speed is due to the
limit of two channels, and to a lack of
concurrent data file output that is avail-
able only between scan cycles. The user
can select a single scan mode in which
the recorder pauses to allow data file
output or a continuous scan in which
data file output is not an opticn.

The XY recorder can be interac-
tively controlled. While the recorder is
acquiring and plotting data, the user
can set the acquisition rate and pro-
grammable gain, adjust the function
generator (if it is enabled), change the
display increment and halt the scan. Be-
tween scans, data can be saved to disk if
data file output was selected; then the
next scan can be initiated, and the cur-
rent scan can be displayed versus time,
superimposed on the xy plot.

" To acquire data before and afier an
event in an experiment, the transient
recorder captures and plots analog data
in two stages, based on wwo triggers. It
can acquire data on as many as eight
channels with a maximurn throughput
of 340 to 800 Hz. The user must specify
two triggers to begin acquisition of data
for each stage. The recorder acquires
and then plots the data, As with the XY
recorder, data can be output to a disk
file only between scans. A continuous -
maode and active control during opera-
tion are available.

The data logger is a low-speed de-
vice that provides for analog data input
from up to four channels and the con-
trol of eight digital lines. Its throughput
is limited to 1 Hz. However, concurrent
data file output, realtime conversion of
voltage 1o engineering units, and simul-
taneous hard-copy output are available.
Daia are displayed in text form on the
screen in realtime.

Setting the acquisition parameters
for the data logger requires three
screens instead of the usual one for se-
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ol AN ELECTRONIC DETECTIVE

nd In a practical application, ASYSTANT+ tachometer and the control panel. the system. The resulting waveform,

can can be used as a sophisticated detec- Because the line from the tachom- plotted in figure 3, is still made up

I tive in an industrial plant. As an eter to the control room is routed of several components. :

ay example, a plant engineer installs a through the plant, past various ma- On a logical hunch, the plant
tachometer on a component of a chines and switchgear, the piant en- engineer tries subtracting a 60 Hz
production line, and it produces a gineer is not surprised. The problem sine wave, {0 remove any “power

d clean, square wave. However, when is to identify the offending signals hum”, After a few attempts with the

: the tachometer is connected 1o the and their sources. waveform processor 1o get the cor-

= control panel several hundred yards With the noisy signal at the con- rect amplitude, the waveform of fig-

the away, the control panel display is trol panel and the square wave sam- ure 4 results.

al greatly aliered and meaningless. The pled at the tachometer stored in - At this point, two components

ity plant engineer connects a microcom-. | ASYSTANT+ variables, the engineer is are clearly discernible, a high fre-
puter with a data acquisition board ready to begin analyzing the signal. quency sine wave riding on a lower
and ASYSTANT+ installed, and finds a Afier verifying that the square wave frequency sine wave. The frequency

J signal like the one shown in figure and the noisy signal samples repre- of each waveform is easily deter-

T 1, instead of the square wave. sent the same time interval and the mined, at least in this simplified ex-

¢ The plant engineer then takes same number of data points, the en- ample. With the frequencies of these

of the asySTanT+ equipped microcom- gineer subtracts the square wave components known, the engineer

ail- puter to the tachometer and meas- from the composite signal. Subtract- can set about locating their sources.

aser -ures the signat directly. As expected, ing the two arrays stored in the vari- For a more complicated situation,

ich its output is normal, the square wave ables from each other and storing other methods such as plotting the

¢ shown in figure 2. Evidently, the sig- the result in another variable leaves power spectrum can be used.

h nal is being degraded between the just the noise that is picked up in —Victor E. Wright

is

he

Be-

ik if

e

Ir-

1€,

an

ata

The waveform at the control panel has a large amount of The waveform that is produced at the tachometer end of the

lffy noise superimposed on the square wave. signal lines is in the form of a clean square wave,
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5 Subtracting the square wave from the waveform in figure 1 After the removal of the power hum, the remnant noise can

shows the noise that has been inducted in the cables. be seen to be two waveforms, as shown in this example.
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lecting and configuring the analog input
channels. Screens are provided to de-
fine from one to four stages and up to
six alarm triggers. The stages allow the
acquisition rate and control logic to be
varied during the course of an experi-
ment. The alarm triggers control the
display of messages and output of user-
defined bit patterns on the digital lines
according to analog input levels or digi-
tal input bit patterns.

The ability to place bit patterns on
the digital port allows the data logger to
be used as a controller. It can monitor
and display up to four process variables
measured with analog sensors, and it
can monitor the states of as many as
eight digital, ewo-position, devices.
Based on these conditions, the data log-
ger can provide an eighe-bit digital out-
put, which can be used to control eight
digital devices or, if suitably converted,
an analog device. It cannot directly con-
trol a proportional control device.

The high-speed recorder provides
the highest sampling rate of the Asys-
TANT+ instruments, matched only by the
signal averager. Depending upon the
data acquisition hardware, the sampling
rate may exceed 30 KHz. The sampling
rate that is realized is affected by the
number of channels specified, as well
as by the add-on hardware limitations.

This high-speed recorder performs
its tasks sequentially, first acquiring the
data, then plotting them on the screen,
and finally recording them to disk.
Users can disable the screen display to
reduce the time between scans. Active
control is provided, allowing the data
plot to be examined in detail between
each of the scans.

The signal averager is similar to
the high-speed recorder, offering the
same sampling rate and number of
channels and storing a cumulative aver-
age of multiple scans. It allows data file
output only at the end of a session, at
which point it stores the current cumla-
tive average. The display is similar to
that. of the high-speed recorder, howeyv-
er, it shows the current scan and the
cumulative average scan superimposed
for each channel.

HARDWARE CONSIDERATIONS
ASYSTANT+ runs on the IBM PC family of
computers, as well as on compatibles.
The full 640KB of RAM supported by
PC-DOS must be installed, along with
an 8087 or 80287 math coprocessor,
two diskette drives or cne diskette and
one hard-disk drive, and a supported
graphics board. Supported graphics
boards include the 1BM Color Graphics
Adapter (CGA), the IBM EGA, the Her-
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shell — Karn sheli compatible — combines best features of
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dd dev df diff du
file find head  help join
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echo ed egrep
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pwd rm sed
touch tr uniq

Programs come with complete UNIX-style command-line file name expansion and are not
copy protected. Phone support 9-6 EST. Full documentation is included.

Price: $139.00

Mortice Kern Systems Inc.

43 Bridgeport Rd. E., Waterloo, Ontario N2] 2)4

For information or ordering call collect:

{519) 884-2251

MasterCard & Visa orders accepted. OEM & dealer inquiries invited.
UNIX is a trademark of Bell Labs. MS$-DOS is a trademark of Microsoft Corp.

STREAMLINE YOUR PROGRAMMING

CIRCLE NO. 174 ON READER SERVICE CARD

cules Graphics Card, the AT&T High--
Resolution card, and the HP Vectra Mul-
timode adapter.

The program performs the basic
ASYSTANT tasks without installing addi-
tional hardware. However, if data acqui-
sition is to be performed, ASYSTANT+
does require that a data acquisition
board or external data acquisition chas-
sis be used. Supported data acquisition
hardware includes the Cyborg Issac 91-
I, the Dataq WFS-200PC Waveform
Scroller, Data Translation’s DT2800 se-
ries, IBM’s Data Acquisition and Control
Adapter, the Keithley Series 500 system,
Metrabyte’s DASH-16 board, and Tec-
mar’s Lab Master and Lab Tender
boards. (See “Digitizing Analog Data,”
Eric M. Miller, May 1986, p. 52 for re-
views of some of these products.)

ASYSTANT+ is a demanding program.
In addition to installing 640KB of RAM,
the user must ensure that the maximum
amount of RAM is available, TSR (termi-
nate and stay resident} programs and
device drivers must be kept to a mini-
mum; the safest course is to use only
the standard DOS configuration.

For this article, ASYSTANT+ was
tested on a Heathkit H-241 AT-compati-
ble computer, with 640KB of RAM,

»

2,176KB of extended memory, an 80287
numeric coprocessor, a Concept Tech-
nologies ConceptBoard graphics adapt-
er, and a Data Translation DT2801A data
acquisition board.

Although ASYSTANT+ can operate on
a dual-diskette system, a hard disk
should be considered a practical re-
quirement. Macmillan furnishes
ASYSTANT+ On Six diskettes—running the
program from diskette drives requires
frequent swapping of diskettes and se-
verely limits file storage.

Program configuration is an option
when the program is first loaded. The
program displays a sign-on message and
then a menu with options to recail
functions, parameters, and variables
from a disk file, to perform hardware
configuration, and to begin using the
program. The second selection, Setup,
displays a configure menu, with options
for selecting the display, plotter, and
printer, and for disk assignments for the
system overlay, data, and help files. The
initial installation of the program con-
sists of copying the files from the distri-
bution disks. Configuration is accom-
plished at the beginning of the initial
session and can be repeated at the be-
ginning of any subsequent session.
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ASYSTANT+ uses a straightforward
method of configuring and controlling a
data acquisition board. However, instal-
lation of a data acquisition board in a
typical microcomputer system may re-
quire the reconfiguration of other
boards, the use of a nonstandard config-
uration of the data acquisition board, or
the removal of other boards. Most data
acquisition boards are designed and
factory-configured to operate in a stan-
dard microcomputer system, and Asys-
TANT+ assumes the use of a factory-con-
figured board. Microcomputers that
have multiple video boards, high-resc-
lution graphics boards, nonstandard
mass storage device controllers, mice
scanners, and other accessories may be
difficult to configure.

The program allows the specifica-
tion of the /O address of the data ac-
quisition board, and most data acquisi-
tion boards can be jumpered to one of
several addresses. Selecting an unused
/O address in a complex system may
not be trivial, but it can be accom-
plished with some research.

To provide high-performance hard-
ware, many data acquisition board com-
panies incorporate circuitry to use the
computer's DMA channels, as do the
manufacturers of hard-disk controllers,
tape backup systems, optical scanners,

network interface boards, and other
high-performance accessories. The stan-
dard PC has four DMA channels, two of
which are free for accessories; the XT
has only one free channel to support all
of the accessories that require DMA ser-
vices. ASYSTANT+ does not use DMA, but
some acquisition boards must be con-
figured to use DMA. The user must pay
attention to this issue.

Some data acquisition boards im-
plement a memory mapped addressing
scheme rather than an /O addressing
scheme, using the memory above the
base 640KB of user RAM. These boards,
designed when it appeared that there
were “holes” in the PC's memory map,
may conflict with the EGA and other
video boards or with other accessories
that use normally vacant segments of
the memory map.

RATING THE PERFORMANCE
As a calculator, ASYSTANT+ is a high-per-
formance program. Most computational
tasks, including martrix operations, are
performed almost instantaneously. A
few of the advanced operations are
slower, but still reasonably fast, requir-
ing a few seconds at most.

As a data acquisition system, ASYS-
TANT+ realizes the potential of the
microcomputer. Critical elements of the

program are written in assembly lan-
guage to attain the highest possible
speed of operation. However, a micro-
computer is limited by its design as a
general purpose computing machine.
Overall system throughput is limited by
the speed of the data acquisition board,
the clock speed of the computer, and
the speed with which data can be writ-
ten to disk. ASYSTANT+ achieves its ulti-
mate performance, which is essentially
the performance limit of the data acqui-
sition accessory, by dedicating the host
computer to controlling the accessory
and transferring the acquired data to
RAM. Graphic displays and disk /O are
performed between acquisition tasks.
ASYSTANT+, a data acquisition board,
and a microcomputer will not replace a
battery of high-performance, dedicated
laboratory instruments. Dedicated in-
struments are able to offer higher sam-
pling rates, sometimes by factors of
hundreds or thousands, than does an
ASYSTANT+ data acquisition system. Fur-
thermore, they provide higher accuracy
and resolution. As an example, an HP
38525 Data Acquisition and Control Sys-
tem, suitably configured, can acquire
100,000 readings per second and store
up to the order of 64,000 readings lo-
cally. High-performance digital storage
oscilloscopes and waveform analyzers
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can acquire data at sampling rates of
tens of millions of samples per second.
Nevertheless, the asystant+ based sys-
tem js a sound solution to the data
acquisition problem. An example of
ASYSTANT+'S uses is given in the accom-
panying sidebar.

It should be noted that the basic
acquisition and analyzing of data is pro-
vided by the data acquisition hardware
and not the program. The ambitious ex-
perimenter/programmer may be able to
do quite well without ASYSTANT+, by

hardware. But the average experiment-
er, who must concentrate on the task at
hand, will find that AsysTanT+ makes
configuring a comprehensive system a
relatively straightforward procedure.
Writing custom software to match asvs-
TANT+'s analysis and presentation
capabilities could not be done within a
reasonable timeframe.”

THE SOFTWARE PACKAGE
ASYSTANT+ comes with seven diskettes.
The program is copy protected; a key
diskette must be inserted in a diskette
drive to load the program. An alterna-
tive to the key diskette arrangement is
available from Macmillan in the form of
a hardware protection device. All of the
software can be copied to the hard disk

writing custom software to control the

or to the diskette drive with the DOS
COPY command.

The manual is a 2-inch, loose-leaf
binder with 8% by 11-inch pages. It in-
cludes a tutorial, a reference section,
several appendices, and an index, all
separated with tabbed dividers. A hard
slipcase is included. Both the printing
and packaging are excellent.

The tutorial is thorough and accu-
rate. It guides the user through the es-
sential features of asysTanT+, Although
the tutorial assumes that the user
already has some knowledge of data
acquisition, it is suitable for use as a re-
fresher for occasional practitioners, or
as an introduction for a determined be-
ginner. The tutorial can be completed
in a reasonable amount of time.

The reference section is well
organized, closely following the pro-
gram’s menus. It covers the simulated
instruments in considerable detail. The
user will seldom have 1o refer 1o the
data acquisition hardware documenta-
tion if the hardware is controlled exclu-
sively with ASYSTANT+.

One possible drawback is that the
manual is definitely not a mathematics
textbook. The advanced math functions
available in the calculator are summar-
ized only briefly. Users who occasion-
ally require Bessel functions and fast

Fourier wansforms may need to keep
an assortment of math textbooks handy.
The sister product, asysT, provides a
more insightful tutorial for using the
tathematical functions,

ASYSTANT+ adds realtime data acqui-
sition capabilities to the ASYSTANT calcu-
lator, which rivals any general purpose
computational tool, microcomputer-
based or not, in terms of speed, ease of
use, and functions. The data acquisition
capabilities obviously do not maich
those of dedicated instruments. Howev-
er, they do provide a comprehensive as-
sortment of techniques for applications
that can tolerate moderate sampling
rates and provide these features at
much lower cost than dedicated instru-
ments. An ASYSTANT+ system is a well-
balanced solution to moderate data ac-
quisition needs and a high-performance
solution to analysis needs. b 2]

ASYSTANT+: $895

Macmillan Software Company
866 3rd Avenue

New York, NY 10022

212/972-3960
CIRCLE 348 ON READER SERVICE CARD

Victor E. Wright Is the manager of process
engineering at Luckett & Farley, located in
Louisville, Kentucky.
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comprised the Lotus HAIT team. Without their help, Lotus HAL would never have become
what it is today: one of the most successful new releases in personal computer software
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