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4 1. Introduction
1)
. FFT is an easy-to-use computer program for the IBM PC/XT/AT designed
¢
W to perform data analysis on waveforms. This package was developed at
?
4 the Harry Diamond Laboratories (HDL) as a tool for analyzing
t
..‘ electromagnetic pulse (EMP) waveforms; it can, however, be used for any
" physically realizable waveforms. Some of the data analysis options in-
% clude linear and cubic spline interpolation, fast Fourier transforms
" (FFT’s), inverse FFT’s, and numerical integration and differentation. The
»' program also graphs data waveforms on the screen or on an Epson-
A . compatible printer using linear, logarithmic, or semilog graphs. Addition-
: ally, the program reads and writes data files to disk, or data may be
:: manually entered through a digitizing pad.
4.
:} The software package FFT was written to provide an easy-to-use method
X of data analysis for both the experienced and inexperienced computer
e operator. All functions are menu driven, clearly labelled, and simple to
| . . qe .
Y invoke, providing an easy-to-lezrn and easy-to-use interface to a collec-
5 tion of powerful routines.
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2. System Description

21 Hardware

The software presented in this report was written for an IBM PC/XT/AT
or true compatible, using either a standard color monitor (640 x 200
resolution) or the Hercules graphics adapter and monitor (720 x 350
resolution). A hard disk, while not absolutely necessary, is strongly en-
couraged. Additionally, the use of the Intel 80x87 math coprocessor is
strongly encouraged, since this chip will greatly increase the speed and
improve the accuracy of the output of the program (see table 1).

The digitizer used for the manual digitization process is the Micro Digi-
Pad.* This is a type 7 absolute electromagnetic 6 by 6 in. digitizer. Other
digitizers may be substituted for this one if the appropriate constants are
set in the software (e.g., baud rate, number of start and stop bits, and num-

ber of data bits).

Table 1. Comparison

of real numbers gener- With Without

ated with and without  Feature 80x87 80x87

an 80x87 math

COProcessor, Mantissa 63 bits 40 bits
Characteristic 15 bits 8 bits
Accuracy 19 dlgns 11 dlgns
Smallest real 19 %107 1x107%
Largest real 1.1 % 104932 1x10®

2.2  Software

The software was written in Turbo Pascal version 4.00 (see bibliography)+t
and was developed under PC-DOS 3.1. Note that these low-level graphics
routines were written explicitly for either the Hercules graphics adapter or
for one of the IBM color graphics adapters, and hence will not operate
with graphics boards which are not compatible with one of these.

The following files must be on the current directory of the logged drive for
this program to be used:

FFT.EXE
FFT.cfg (optional configuration file)

*From GTCO Corporation, 1055 First Street, Rockville, MD 20850.

tProduced by Borland International, 4585 Scouts Valley Drive, Scotts Valley, CA 95066.
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In addition, for graphs to be printed, the DOS program GRAPHICS.COM
must be able to be run when program FFT is started.

2.3 File Structure
Each data file contains three parts: an identifier, the data points, and an in-
formation field. The identifier simply tells the number of data points, n, in
a file. The data points are listed in one of two ways (depending on
whether the data were transformed or not):

. Ly (time-domain data)
Ly, f;m; p; (frequency-domain data)

. where

t; =ith data point, 1<i<n,

y; =amplitude at ,, 1<i<n,

f; = ith frequency point, 1 <i<n/2,

m; = magnitude at f,, 1<i<n/2,

p; =phase atf, 1<i<nf2.

The information field contains several information lines. These lines are
intended only for reference, and they are just for the convenience of the
user. Table 2 is an example of an input data file.

Table 2. Example of

an input file. 10
0.00 0.00
1.00 0.00
1.01 1.00
3.00 1.00
3.01 0.00
5.00 0.00
5.01 1.00
7.00 1.00
7.01 0.00
8.00 0.00

4s square wave

Ly
\
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3. Users’ Manual

Figure 1. Main menu,
entry point of FFT
program.

3.1

The user starts the program by typing "FFT" at the DOS prompt (e.g.,
C:>), bringing up the main menu (see fig. 1). Each of the program’s sev-
eral options, described separately below, may be accessed from this menu.

Main Menu (3.00)

Select Option by typing a number:

1.
2.
3.
4.
. Advanced Options
. Create Waveform

. Exit to System

Your Choice?

Digitizer
Retrieve/Save Data
Signal Processing

Graph Results

Option 1: Digitization

Digitization is selected from the main menu when the user wishes to
manually digitize a photo. To begin the digitization process, the photo to
be digitized is first placed in the digitizer’s drawing area and secured in
place. The program asks first for the left and right endpoints of the x-axis,
and then for the top and bottom endpoints of the y-axis. Once the coor-
dinate axes have been entered, the user enters (x,y) coordinate pairs, fol-
lowing these general guidelines:

(1) For each point (x,y), it is necessary that

Xi <X <Xy ,

where x_is the right endpoint of the x-axis.

(2) Near points where the curve changes direction, the curve should be
sampled more frequently.

10
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(3) Pressing ESCAPE erases an incorrectly entered point.
(4) Pressing ENTER finishes the digitization process.

After all the points are entered, the user is asked to enter the total time and
amplitude displayed. These values may be input as simple real numbers
(e.g., "0.01"), or as numbers with scale multipliers and/or units (e.g.,
"10mA"--see table 3). Once these values are entered, the computer
redraws the waveform, then waits for a key to be pressed to return to the
main menu. (If the results are unsatisfactory, the entire process should be
restarted.)

Scale multipliers Value
p 107"
n 107°
u 107°¢
m 1072
k 10%3
M 10%¢
G 1*°
T 10'"?

In program FFT, valucs may be entered
with or without units using thc standard

metric prefixes (except that p becomes u).
Note that these values are casc-dependent;
that is, m and M have different values.

Option 2: File Operations

Selection of option 2 from the main menu will bring up the file /O menu
(see fig. 2). From here the user can save a waveform to disk, retrieve it
from disk, or delete it from disk by simply choosing the desired action
from the menu choices and typing the filename when prompted. The user
may additionally read a disk directory or display the file information lines.
The filename can be up to 64 characters long, including a drive and path if
desired, in the form d:\fulN\path\filename.ext. (If either the drive or the
path is not specified, then the program will search the current data drive or
path, respectively, for the file.) If the program detects an error (for ex-
ample, disk is full), a brief error message will be displayed.
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Figure 2. File I/O -
menu. All disk input/ File 1/0 Menu
output is done from Select Option by typing a number:
here,
1. Save Data to disk
2. Retrieve Data from disk
3. Delete Data from disk
4. Import DDT file from disk
5. Disk Directory
6. Display Information Lines
9. Exit to Main Menu
Your choice? :
3.3  Option 3: Signal Processing
The first time the signal processing functions are called, the data are inter-
polated, using either cubic spline interpolation (the default) or linear inter-
polation. Once the interpolation process is complete, the signal processing
menu appears (see fig. 3). From this menu, any of several data analysis
techniques may be applied.
While most of the functions are self-explanatory, a few remarks must be
made:
(1) Signal processing option 3: When an FFT is performed, the prompt
"Apply window [H/R/N]?" appears. If the data are nonzero at both the be-
ginning and the end of the waveform, selecting "H" (Hanning window)
will force both ends of the data to zero. If the beginning of the data is zero
but the end is not, selecting "R" (rear window) will force the end of the
data to zero. If both ends of the data are zero, selecting "N" will leave the
data unchanged (this is the default).
) (2) Signal processing option 5: The transfer function scales a waveform.
. The scale factor must be of the form

orm

12
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X
where :
o = operation (+, —, *, /) -
r =real number (e.g., 10, 0.24, 1e-3)
m = optional multiplier (see table 2).
]
There should be no spaces in this scale factor. Examples of this function: -
+0.01 - fir) =f(1) + 0.01 A
. —6 v
*lu >l =fiyx 10 :‘
The scale factor can be applied to either axis.
Select signal processing option 9 to return to the main menu.
Figure 3. Signal
gure 3. § proc- - :
A s 1P
essing menu. All data tgnal Processing Menu Ky
analysis is accom- Select Option by typing a number: ')
plished from heve. .\:
1. Integrate )
2. Differentiate “
3. FFT 5
'l
4. Inverse FFT )
'l
5. Transfer Function \
6. Remove DC Level
Ly
9. EXit to Main Menu $
Your Choice?

3.4  Option 4: Graph Results

This option will graph the current waveform. Graphs may be of one of
four types:

p o

1. linear x-axis, linear v-axis,
2. log x-axis, log y-axis,

3. log x-axis, linear y-axis,

4. linear x-axis, log y-axis.
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Time-domain data will default to a linear (type 1) graph, the magnitude of
frequency-domain data will default to a log (type 2) graph, and the phase
of the frequency-domain data will default to a log-linear (type 3) graph.
(Phase can only be plotted on a linear or log-linear graph.) If an FFT has
been performed on the data, the prompt "Time, Magnitude, or Phase [T/
M/P]?" will appear. (Time and magnitude are the most common displays;
phase is included only for completeness.)

The program graphs the waveform in the upper two thirds of the screen.
The user may then opt to print the graph, with a title and subtitle, or
change either the type of plot or the interval boundaries of the plot, from
the prompts on screen. When finished viewing the graph, the user may re-
turn to the main menu by selecting option 9.

3.5 Option 5: Advanced Options

Advanced options allow the user to change several default values of the
program (see fig. 4). Defaults that may be changed are the type of inter-
polation to be performed, to which port the digitizer is connected, whether
a printer is installed or not, the background and foreground screen colors
(on color monitors), and the data disk/directory. Options can be saved.
Saved options are read at program startup. All changes are made from the
advanced options menu.

On the menu, the user is asked to choose the digitizer port: "[0/1/2]?"
Here, "0" refers to no digitizer, "1" to a digitizer on COMI, and "2" to a
digitizer on COM2. Type in the appropriate number.

3.6 Example Session
The following example assumes that a waveform is on file, but you could
also have created a waveform using the create waveform menu (see fig. 5).
This menu is accessed from the main menu (fig. 1), and is used to create
general mathematical and analytical waveforms.

In this example, we assume that there is a 4-MHz sine wave in file SINE.
RAW on drive A. You want to perform an FFT and then an inverse FFT
on the wave, and store the results in file SINE.FFT on drive A. From the
DOS prompt (C:>) type FFT to enter the data analysis program. This
brings you to the main menu (see fig. 1). Choose oprion 5 (advanced op-

14 1
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Figure 4. Advanced
options menu. All
system parameters are
modified here.

Figure 5. Create
waveform menu. All
analytic waveforms
are created from this
menu.

TR ICYICI N RATCTRI TR W KA RA &n

Advanced Options

Select Option by typing a number:

1. Linear/Spline Interpolation: S
2. Digitizer port [0/1/2]: 1
3. Printer installed (y/n) ? N
4. Colors: 10/ 1/ 7
5. Data Disk/Directory: c:

6. Save Options

9. Exit to Main Menu

Your Choice?

Create Waveform Menu

Select waveform to create by typing a number.

1. Damped Sine Wave

2. EMP Double Exponential

3. Reciprocal Double Exponential
4. General Exponential Sum

9. Exit to Main Menu

Your Choice?

tions) to get to the advanced options menu, then option 5 to change the
default data disk directory. Type A:<ENTER>. Next, choose option 9 to
return to the main menu, then choose option 2 (retrieve/save data) to get to
the file I/O menu (see fig. 2), then option 2 (retrieve data from disk).
When prompted for a filename, type A:SINE.RAW <ENTER>. After the
file is read from the disk, you are returned to the main menu.

Before performing an FFT on the data, take a look at its graph by choosing

option 4 (graph results) from the main menu. Choosing option 1 (print
screen) gives you the graph in figure 6.

15




Figure 6. A 4-MHz
sine wave in time
domain.
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Next choose option 9 to return to the main menu, then option 3 (signal
processing) to get to the signal processing menu (see fig. 3). From the sig-
nal processing menu, choose option 3 (FFT) to perform an FFT on the
waveform. Since the sine wave both starts and ends at zero, no window
need be applied, so answer "N" to the window prompt.

When the FFT is done, choose option 9 to return to the main menu, then
option 4 (graph results) to see the results of the transform. Answer the
"Time, Magnitude, or Phase?" prompt with an "M" to see the magnitude of
the frequency-domain data. Once the graph is drawn, choosing option 1
(print screen) gives the plot of figure 7.

Often it is desirable to view the graph on a linear scale. To do this, choouse
option 2 (change parameters) and then choose type 1 (linear x-axis, linear
y-axis). When the graph is redrawn and printed using option 1 (print
screen), the plot of figure 8 is obtained.

Tc perform an inverse FFT, return to the main menu by selecting option 9,
then return to the signal processing menu by selecting option 3. From the
signal processing menu, choose option 4 (inverse FFT). When the inverse
FFT is finished, return to the main menu, then choose option 4 (graph
results), this time selecting "T" at the prompt "Time, Magnitude, or
Phase?" This displays the time-domain function as a result of an FFT fol-
lowed by an inverse FFT. The result, when printed, is figure 9.
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Figure 7. A 4-MHz
sine wave in frequency
domain (magnitude
part only).

Figure 8. An alternate
representation of a 4-
MHz sine wave in fre-
quency domain.

Now to save the data, choose option 9 to return to the main menu, then op-
tion 2 (retrieve/save data) to reach the file I/O menu. Choose option 1
(save data to disk) and, when prompted, save the wave to file A:
SINE.FFT. When returned to the main menu, choose option 9 (exit to sys-
tem) to leave the program. You are done.

LB LR

100000 T

I lllllll

Tllllllll 1

LR ERLL T
10000

1000

10”2
V7 HZ 0

10

1000

IR EEETT! E
10

] lllllll 1

100
(x10° ) W

10000

500
¥50
%00
350
300

109 ) 250

UsHz 200
150
100
50
0

) IS I A DR
5 0 ¥ W5

a1o® ) e

17

" ‘:':::':':::"u .



Figure 9. A 4-MHz
sine wave in time do-
main after a forward
and then inverse FFT.
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4. Mathematical Theory \

- -

Each of the main mathematical functions of the program is discussed in

o
detail below. The implementation of these functions can be found in the ':
program listings of the appendix. )

4.1 Rotation
A digitized waveform is input with respect to the horizontal and vertical !

. axes of the oscilloscope photograph (oscillograph). These axes, however,

may not be truly horizontal and vertical with respect to the digitizer’s .
, coordinate system and, in fact, these axes may not even be perpendicular )

’ to each other. (Such a coordinate system is called oblique.) It may be "
necessary, therefore, to rotate the digitized waveform (via software) in or- ::
der to align its coordinate system with the digitizer’s coordinate system ::
(see fig. 10). Procedure Rotate_Waveform, called automatically after the ',
photo has been digitized, performs this rotation in three steps: "

(1) Calculation of the "true” origin, (x,, Yo)- 3
:
(2) Conversion of the oblique coordinates to rectangular com-
ponents, (x;, y,). .
3
(3) Calculation of the scaling factors, x-factor and y-factor. ',
\
Calculation of the "true" origin is necessary since the x- and y-axes, as in- -
put, may not intersect. The true origin, (xy, ¥,), is obtained from the 3
formulas N
X
.
: = |
4 =3 ;
B My = %—'—is ’ ‘
x():)’2 —y3 tmyx3 —mxX; ’ "
my —my s
Yo =y2 +my(Xo —X2) , ‘
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Figure 10. Input y

waveform before rota- A}

tion (x’, y') and after

rotation (x, y).
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where

m, = the slope of the digitized x-axis,

my = the slope of the digitized y-axis,

xo = the x-coordinate of the origin, and

yo = the y-coordinate of the origin.

(Note that if X3 = X,, it is necessary that x, = x,.) These formulas come

from the equations

2N

YN =5 Txh (x—x1) and
R < R/ SV
b L (x —x4)

by substituting (x,, y,) for (x, y).
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Conversion of the input (oblique) coordinates to rectangular coordinates is
accomplished by the formulas

x=Xx"cos(0)+y cos(w”+8) and

y =x"sin(0) +y  sin(w” +6) .

These formulas come from the equations (from CRC Standard Math
Tables, 1984)

_ X' sin@~0)+y’ sinfw - (0" + 0)] and
Sln(’)

_X “sin(0) + Yy “sin(®w” + 0)
sin ®

with

and

(SR

mw=

sin (% ia)=cosa .

Lastly, the digitizer coordinates are scaled to the true coordinates as fol-
lows. The length of each axis is calculated:

re =Nz —x0)* + 02 = y0)? ,

ry =V(xs - x4 +(y3 —ya)? .

The user then inputs the total time and total amplitude displayed in the
photo. The scaling factors are then

x-factor = (total time)/r, ,

y-factor = (total amplitude)/r,

The "true” coordinates are then the digitizer coordinates times the scaling
factor.
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If the photo’s coordinate system were not rotated into the digitizer’s coor- 2
dinate system, a certain amount of error would occur. This error, which .::
would depend on the angle between the axes of the two coordinate sys- >
tems, 6, would be proportional to cos 6. ?‘
N

4.2 Interpolation b
Input data, whether from digitizer or disk, may contain an arbitrary num- N
ber of data points, taken at arbitrary time intervals. In order to perform ’
any of the signal processing functions, we must transform this randomly 1:.'
spaced data to a collection of equally spaced data points which still accu- &
rately represent the original data. In addition, the FFT algorithm is a 7“,
"power of 2" algorithm which requires 2" input points (for some integer ) ’5‘
n), so the arbitrary number of points in the input waveform must be inter- ' bor
polated into 2" points. This interpolation of the data is performed 5::
automatically before any of the signal processing functions are called the :;
first time. Interpolation is accomplished either by procedure Linearlnter-
polation, a modification of subroutine LINT by Noon (1976) (see bibliog- )
raphy), or by procedure CubicSpline, a modification of the natural cubic ’?
spline algorithm by Burden and Faires (1985). ::
4.2.1 Linear Interpolation :"

Linear interpolation joins the set of data points {(x,,y,), (x;,y,), ..., (x,..y,)} -
. . . . . . Q

by a series of straight lines. A data point (x,y) is then interpolated between ::
two given points by calculating the equation of the line through the points, o

then using the desired value of x to calculate the corresponding value of y ::
(see fig. 11). The equations for this are ,

3

x=xi+h, )
4

4

1. -1 ): X -\ X q

- Yix1 )x)x+ YiXiti — Yie1 Xi ) . :
Xixl — X Xisl — Xi : !

The disadvantage of using linear interpolation is that at each of the

e

endpoints of the subintervals there is no assurance of differentiability, *g

meaning that the interpolated function may not be smooth at these points. 3
To obtain a continuously differentiable (and hence smooth) interpolated h

function, a natural cubic spline can be applied to the data. o
%
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Figure 11. Linear y (x)
interpolation of point
(x,y) between points
(X0 p0 y0y) AN (x, o,

b/ |‘+2)°

LM
i + bt ——> X
Xo Xy X2 ... X Xj41 Xiy2 Xn-1 Xpn

4.2.2 Cubic Spline Interpolation

Definition: Given a set of data points {(xgYg)s (X¥y)s v (x,y,)} such
that x, < x, < ... <x,, a natural cubic spline interpolant, S, satisfies the fol-
lowing conditions:

(1) S is a cubic polynomial, denoted Sj, on the subinterval [xj, xj“]
foreach j =0, 1, ..., n - 1, such that Sj =a; + bj(x - xj) + cj(x -

2 3
)" +dj(x - x;)” where x; Sx <x;

2) S&x)=y; , foreachj =0, ..., n,

(3) Sjs1 (xja1 ) =8 (xj41) foreachj =0, ..., n -2,
4) S,;q (xj41) = S; (1) o for each j =0, ..., n -2,
(5) 5};; xjs1) = SJ Xjs1) » foreachj =0, ..,n -2,

(6) $"(x0)=5"(xa) =0 .

From the definition, it is seen that not only will the interpolated function
S be smooth, but so too will the first and second derivatives of S (Burden
and Faires (1985), pp 117-129).

Procedure CubicSpline (see algorithm 1) first calculates the coefficients
a;, bj, ¢j dj of each § R Next, after all these coefficients have been found,

a data point is interpolated between two given points by using the desired

23
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value of x and the appropriate S ; 10 calculate the correspo.iding value of y
(see fig. 12). The equations for this are

x=xi+h, where x; €x <Xjy1 ,

y=aj +bjh +th2 +djh3 .

Most EMP waveforms can be accurately interpolaied using the cubic
spline procedure (for example, compare fig. 13 and 14), and hence this is
the default interpolation method. The operator has the option, however, of
using linear interpolation instead. This is useful since some waveforms,
particularly those containing sharp discontinuities (such as the square
wave of fig. 15), may be much more accurately interpolated by the linear
procedure (compare fig. 16 and 17). Once interpolation has been per-
formed, any of the data processing functions may be called.

Integration

Integration is performed on the data {(xo,f(x0)), (x1,f(x1)), ... ,(Xn,f(xs))}
using the iterated trapezoidal rule, as given by Tektronix (1985):

yo =0,
hlf(xi-1) + f(x;
Y =Yja + [f( /- 12) f(l)
where
fe CHabl,
h=b—a
n

Xj=a +jh, for0<j<n,andjis an integer.

This routine has an error of O(hz).
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Algorithm 1. Natural
cubic spline algorithm
(Burden and Faires,
1985).

Figure 12. Cubic
spline interpolation of
b point (x, y) between
pOilltS (’tkl’ ykl) and
%20 Yra)-

To construct the cubic spline interpolant S for the function f, defined at the numbers
Xp < X, < -+ < x,, salisfying $”(xo) = §"(x,) =0

INPUT n: x,. x,. .... x,; either generatea, =f(x,)fori=0,1,....norinputa,fori=0,
I, ....n

OQUTPUT 4, b,. ¢, d, for j=0.1, ....n— L.
(Note: S(\)— S (\‘) =a,+bhx—x)+cix—x) +dx—x;) for x,<x<x,,,)

Stept Fori=0.1.....n—1seth=x,,, -x,.
Step2 Fori=12 ..n—1set

. _Maah o —alx., —x, )+a ]
v hl lh: .

Step3 Set l,=1. (Steps 3. 4. 5. and part of Step 6 solve a tridiagonal linear system
using Algorithm 6.7.)
Uo =0
z0=0.
Stepd4 Fori=1,2 ... n-1
set Il=2(xl' X l)—hl M
wo=hl;
<, =(11 - h: 15 - l)/’l'
StepS Setl, =1,
z,=0;
c,=0.
Step6 Forj=n-1.n-2..0
set ¢, =2, = ;0,5
b, =ta,., —a)h,—hic,., +2)3
d,=(c,., - ¢)(3h).
Step7 OUTPUT (a,. b, ¢, d;forj=0.1. .. .n—1)
STOP.

y(x)

 owr

3 X Wy WP

- e r f,s.-p;’

Aag™C

- h\‘\f"r‘?;'_

7 L 5 S

¥

AT RSN W

==,

- ,.
Sk S o) )

L
»

N

:‘. *;ﬁ‘m' s : (‘/f".fffl’fzg Sa,\-.i',:'*.'



.
™.

-

25

Figure 13. Double ex-
ponential before
interpolation. o

io? 2 8
Volts 20

Figure 14. Double ex-
ponential using cubic ¥
spline interpolation. Y
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4.4 Differentiation

WIS
'!‘I'..I‘.'. A‘. W, 0'. KA t':.‘o.n.t‘..t’.

Differentiation is accomplished on the data {(x,, flxy), (x|, fix))), ...,
(x, fix,))} via the three point formulas, as given in Burden and Faires
(1985, pp 137-145). These formulas are

f () = f(.l'j + h)z—hf(xj' -h)

£ () = 3f(ru)+4f(¥o7*’;h) fxo +2h)
- - - 3

£ o) = o =20) = 4550 =) + 3(32)

2h ’

where h and x; are as defined above for the integration rule. This routine
also has an error of O(h ).
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4.5 Fast Fourier Transform
Much of the discussion of windows in this section closely follows the
work of Shreve (unpublished).

The FFT is performed by a modification of the Cooley-Tukey algorithm,
as given in Burden and Faires (1985, pp 398-406) (see algorithm 2). Note
that the FFT operates on a finite interval of data, treating the data as if they
were periodic. It is therefore necessary that the beginning of the wave-
form be continuous with the end of the waveform; in other words, the data
should

(1) start and end at 0 (or some other constant), and

(2) approach this value at the endpoints of the waveform asymptotically,
so as to avoid introducing discontinuities.

While the algorithm will still function if these two conditions are not met,
the results may not be as accurate.

As suggested by Shreve (unpublished), if a waveform on an interval T is
nonzero at one or both of the endpoints, it may be forced to zero through
the use of a window. (While any windowing function will introduce dis-
tortion into the transform, this distortion is often less than the distortion in-
troduced by a discontinuity in the waveform, such as will occur if the
above two conditions are not satisfied.) Two types of windows may be
applied: a Hanning window or a rear window. If neither end of the data is
zero, then a Hanning (or cosine) window will apply the function

f(t)=%[l—cos(2—;£)] , 0<t<T ,

to the waveform. This function is zero at both endpoints, and will force
the waveform to follow. If the data at the beginning of the sampled
waveform are equal to zero but the data at the end are not, then a rear win-
dow will apply the function

f(t)=%{l—cos[1t£;:—r)]} , 0<t<T ,

28
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Algorithm 2. Cooley-  To compute the discrete approximation

Tukey FFT algorithm | et | 2mct
(Burden and Faires, Fy==— ¥ ce*=— Y cicos kx +isin kx)  where i= /=1, .
1985)- m s=0 m x=0 E

for the data {(x, y)}}7s"' where m =2’ and x; = —xt +jn/m forj=0,1,....2m—1

INPUT m, p; Yoo Vio-oos Vam-1¢
OUTPUT complex numbers co, ..., C2a -+ real numbers do, ..., 2u: byyees By

Step1 Set M =m:
q=p;

c=en‘/u.
Step2 Forj=0,1,....2m~1setc;=y,

steps FOI‘}=|.2.--~vM “t¢l= CI'
. él"“ = =£,.

Step4 SetK=0;
Step10 Set K=K + 1.

o= 1. l
Step5 ForL=1,2, ..., p+1do Steps 6-12.
Step6 While K <2m 1 do Steps 7-11.
Step7 Forj=1,2,..., M do Steps 8-10.
Step8 LetK=k,"2"+k, -2°7"'+ - +k, 2+ ko; (Decompouse k)
Step11 Set K=K+ M.

set K, =K/20=k, 2" "+ - +kooy*2+kg
Kymkeo2P +kyay 207! 4 oo 4k 20
Step9 Setn=cy.nésy
Step 12 Set K =0;
M=M/2
q=q-1

Cxem=Cg—M
Cx ‘C‘+".
Step 13 While K <2m — 1 do Steps 14-16.
Step14 Let K=k, 2" +k,_,*2*""' + -« + k, "2 + ko, (Decompose k.)
setj=ko 2" +k "2+ 4k, 2 2+k,

r—
LX)

Step 15 If j > K then interchange c; and c,.

Step16 Set K=K + 1.

Step 17 Set ay = co/m;
a, = Re(e "™"'c/m).
Step 18 Forj=1,...,m—1seta;= Re(e ™cy/m),
b; = Im(e™c;/m).

Slﬁp 19 OUTPUT (Co, veer Com-10 By -een [ iy bl' very b-‘l):
STOP.

Y TR R Y

29




P oy A
o

)

A S SO

-
-

vl -
o o

D 2 0¥,

-
-

o

- T -

-
T e

-

I
)

1) -
BAODALS (
‘l‘?.l'!‘\.f‘l‘!’l'- t'!‘l'. l’!‘:'.-.l‘!.

OO0
A"'n‘a

‘e aty

VL WU WU WU WU W I WU W O TR T TR TR TR o s T R T DR T DR ST R Py

4.6

Acknowledgements

B e

to the waveform. This is the last half of the Hanning window applied over
the whole interval of the waveform. It is up to the user to choose the cor-
rect window for the data.

"Both [the Hanning and Rear] windows introduce distortion into the trans-
form, but often this distortion is far less objectionable than the ‘distortion’
introduced by the discontinuities" (Shreve, unpublished). Effectively, the
windows convolve a pair of functions with the transform. These functions
are half-amplitude sin(x)/x functions with the rear window, and half-
amplitude single sidebands with the Hanning window.

Remove Mean

The mean of the time-domain waveform may be removed from the
waveform. The mean is calculated as the sum of the magnitudes divided
by the number of points:

i
!
i

mean =

Then

y;=y;,—mean, forO0<i<n

I wish to gratefully acknowledge the support and contribution of Bob At-
kinson in the development of the computer software presented in this
report. This endeavor would have been impossible without his assistance.
I also wish to thank Jim Loftus for his assistance in debugging the FFT
routine, and for the many helpful comments he has provided.
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E;.: Turbo Pascal Numerical Methods Toolbox, Borland International, Inc.,
% Scotts Valley, CA (1986).
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APPENDIX A

Why Pascal

Why Pascal? A common question. Pascal is often referred to as a non-
scientific language, not for use in "real" scientific programming. Why,
then, do I choose to use it for FFT? The primary reasons are

(1) the speed of compilation of the Turbo Pascal compiler (up to 27,000
lines per minute);

(2) the speed of execution of the resulting programs;

(3) the strong type-checking of Pascal, which eliminates many of the in-
sidious errors that so often plague FORTAN and BASIC programs;

(4) the advanced data structures that are found in Pascal which are not
found in FORTRAN and BASIC, and which make programming im-
mensely easier and more logical;

(5) the readability and the ease of debugging of the resulting code, com-
pared to FORTRAN or BASIC; and

(6) the simple elegance of Pascal versus FORTRAN or BASIC.

While some may say that the advantages of Pascal are purely "cosmetic"
compared to the advantage of the huge libraries available to FORTRAN
programmers, I have found that my productivity has improved since start-
ing to use Pascal last year, since less time is spent waiting for the compiler
to do its job, and less time is wasted on stupid errors.

Availability of Program

Anyone possessing Turbo Pascal 4.0 and who has the necessary hardware
(see table A-1) should be able to type in program FFT, then compile and
run it, but typing 3000 lines of code can be, to say the least, a tedious task.
Therefore, a limited number of copies can be made available to interested
readers who contact the author at the number given on p 1 of this report.
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Table A-1. Hardware
needed to run FFT. Component

Type

Computer IBM PC/XT/AT or compatibie
Operaling sysiem PC/MS-DOS 3.0 or higher
Minimum memory 640K (will not use EMS/EEMS)
Graphics hardware Hercules monochrome graphics
CGA,EGA, or VGA
Digitizer GTCO Corp. Micro Digi-Pad
Floating-point hardware 80x87 (strongly recommended)

A-3. Program Listings

The listings that follow begin with the main program, FFT, and continue

with the various subroutines. Figure A-1 shows the interrelationships of
the main program and its subroutines.

Figure A-1. Inter-
relationship of units of

FFT. GraphWaveform

CreateWaveform
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A-3.1 FFT 2
File FFT contains the main calling routines for program FFT. All support- 7
ing files are loaded, the system is initialized, and control is passed to vari- A
ous procedures, as selected by the user from the main menu. The file is
| structured as follows: )
1. Comments. 4
l::
4
2. Include separate units. :::
U
oyt
: 3. Main program ! ¢
a. Initialize system =':
b. Repeat "
3 "
W

(1) Option 1: Digitize Data \
(2) Option 2: Disk File Operations ¢
(3) Option 3: Data Analysis
(4) Option 4: Graph Results
(5) Option 5: Advanced Options W
(6) Option 6: Create Waveform .
(7) Option 9: Finished -

until finished th

c. End of program
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APPENDIX A

(lﬂl'h"‘ﬂh’ﬁIﬂ"llﬂl‘ﬂlﬂﬂﬁﬂﬂﬂlﬁﬂ&lﬂﬁﬂllﬂﬂlﬁﬂlul!lﬂl“ﬂﬂhﬂﬂhﬁ“““lﬂn““hﬂKhhﬁlnh)
(» *)
(* Program written by Jeff Falter, SLCHD-NW-ED. ")
(* *)
( 2223322222222 R 2 2 22 2R 2 222 2 X 2 2 2 2 222 22 2 2 2 3 Y Yy sy Y s YRR s sy aR Y SRR YY) )
4 *)
(* To change the number of points which may be operated upon, the following *)
(* constant(s) must be changed in file Global: *)
(* 1. TNArraySize : the maximum number of input points allowed. *)
(* *)

( 00960 060 30 36 36 IE 30 30 D6 26 3 30 06 0 00 D6 Ot 3 04 D6 B0 D6 36 3 U6 36 30 O 06 O D 36 30 36 3 0 D6 O D6 D6 36 06 3 06 DU 3 DE D6 3 JE 26 U AE 3 30 O 36 U6 D36 36 Bt 2 I I3 I B 2 M )

Program FFT;

uses
Crt,
Graph,
Global,
DigitizeWaveform,
FileSystem,
SignalProcessing,
GraphWaveform,
AdvancedOpts,
CreateWaveform;

( (LSRR 22222 X2 2222 2 22222 X2 2 222 22222232232 XEXYLTLL ISR SRS XSS )

begin (FFT}
(#*» First initialize variables. *#*)
GraphicsCard:=Detect;
DetectGraph (GraphicsCard,GraphicsMode);
Read DefaultOptions;
TextColor (ForeColor);
TextBackground (BackColor);
ClrScr;
Initialize_Variables;

(##*» Create windows, show menu, ask choice., ###*)
repeat
MainMenu;
case MainChoice of (* Choices: *)
1: begin ({create} (* 1. Data from digitizer *)
if (SerialPort <> 0) then begin
PrintText (°Digitize time or frequency data (T/F)? °,
StartColumn-1,23);
repeat
MainChar:=UpCase(ReadKey);
until (MainChar in [’T’,’F’,ENTER]);
if (MainChar = ENTER)
then Mgitizer (°T’)
else Digitizer (MainChar);

end; (if)
end; (create)
2: FilelO; (* 2. File operations. *)

3: 1f ORIG OR TRANS then begin
if NOT ACCEPT then
PrintText ('Interpolation in progress. Please wait ... °’,
StartColumn-1,23);
SPS; (» 3. Signal Processing. *)
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4: begin {graph) (* 4. Graph data.
1f TRANS
then begin
PrintText (°Time, Magnitude or Phase (T/M/P)?°,
StartColumn-1,23);
repeat
MainChar:=UpCase(ReadKey);
until (MainChar in [°T’,’N’,’P’,ENTER]);
if (MainChar = ENTER)
then if ORIG
A then GraphResults (’T’)
else GraphResults (°M’)
else GraphResults (MainChar);
end (then}
else 1if ORIG then GraphResults (’T’);
end; {graph}

5: AdvancedOptions; (* 5. Advanced Options
6: begin
AnalyticWaveform; (* 6. Create Analytic wWaveform.

if ORIG then begin
GraphResults (°T’);

end; {1f)

end;

9: begin {finished} (* 9. Exit program.

DONE: =true;
ClrScr;
Release (HeapTop);

end; ({finished)

end; { case)
until DONE;
end. (FFT}
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APPENDIX A

A-3.2 GlobalProcedures
Unit GlobalProcedures contains all constant, type, and variable declara-
tions, as well as routines that are used in the main program and in several
of the supporting procedures. The routines are
1. InitializeVariables--initializes pointer and Boolean variables
2. PrintText--prints a string at a specified location on the screen.
3. ClearWindow--erases a part of the screen.
4. PrintScreen--prints the current screen image.
5. Buzzer--sounds a warning buzzer.

6. MainMenu--prints the main menu choices in the center of the screen.

7. String_to_Value--converts a string containing numbers, multipliers,
and units to a numeric value.

8. EXIST--determines if a specified file exists.
9. PrintErrorMsg--prints a message in a box at a specified location on the

screen. The routine may optionally wait for a user input before returning
control to the calling routine.
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.
‘,. ( PP IE D6 NN DE D D26 2 D BE 06 D D DE 0 36 D6 D 0 36 D6 OF 36 36 b 26 JE 0 06 3 b 0k D8 36 Db 3 D6 06 B DE JE 36 0 36 06 DE A6 26 36 3 D6 06 S 36 08 D6 J6 36 6 U6 226 0 0 B0 DO MM 0 W )
‘ (nul nnn) J
¢ {*** These constant, types, variables and procedures are ones used wnn)
(*#* throughout the program. rnw)
Iy (...' ﬂﬁh) r
, (ﬂ!HIKl.hiIllﬂﬂlII“I“ﬂﬂl“ﬂﬂlﬂﬂlﬁ**ﬂﬂ“ﬂﬁﬂﬂ-ﬂHﬂ.ﬂ‘lﬂﬂl!ﬂﬂll““ﬁﬂlﬂﬁﬂﬂﬂlliNhﬁ!ﬂﬂ) .r
ﬁ unit Global;
- \J
X interface ]
uses
1 Dos,
ol . Printer, ,~
pC ) crt,
5* Graph; )
A
const
. VersionNumber = 3.00;
TNNearlyZero = le-15;
" TNArraySize = 2048; )
i (]
) type
‘: real = extended; !
h TNVectorArray = array [0..TNArraySize] of real; :
I TNVectorPtr = ~“TNVectorArray;
var *
| time ¢+ TNVectorPtir; (* time axis information ") &)
A ampl : TNVectorPtr; (* amplitude of time domain data *) 0
b freq : 7 TectorPtr; (* frequency axis information *)
N mag : TNVectorPtr; (* magnitude of freq domain data *)
; phase : TNVectorPtr; (* phase of frequency domain data ")

*
¥

(ill“l““l“ll‘!iﬂI".l“H““ﬂﬂﬂ“l“HI“ﬂ'.'“ﬁﬁ“ﬂ'ﬂll'ﬂlﬁ““ﬂ*“““l“'“ﬂ*N“ﬁ*lﬂﬂﬂﬂ*)

R A WA I

Iy
-
P const e
i MaxInfo = 153 (* Max num of information lines in file *) %
;‘ PI = 3.141592979431152; (* The comstant PI, in double precision *)
W, blank = ’s (* Blank string for info *) »
) precision = 12; (* Precision of output file *)
\ ENTER = #13; (* ASCII code of RETurn key *)
¢ StartColumn = 20; {* Left edge of menus *)
\ MinP : byte = 9; (* Min power of 2 to interpolate to *)
P SerialPort : byte =1; (* Comm. port for digitizer. *)
: NoPrinter : boolean = true; {* Printer connected to computer? *)
o SPLINE : boolean = true; (* Cubic Spline or Linear Interp.? ")
. _ ForeColor : byte = LightGreen; (* Foreground color on color monitor *)
i BackColor : byte = Blue; (* Background color on color monitor *)
. DrawColor : byte =17; (* Drawing color for color monitors *)
': DefaultOptions = *FFT.cfg’; (* File for default options *) .
) DefaultDataDir : string[79] = ’c:’; (* Default data disk/directory *) '
= ;
o type p
P GraphName = string; (* Descriptors for printing *) ~
o InfoArray = array [1..MaxInfol] of string; (* Desriptive info in file *) e
PlotType = 1..4; (* Type of plot: *)
3 (* 1. Linear *)
k! (" 2. Log *)
: (* 3. Log-Linear *)
4 (" 4. Linear-Log *) )
[y
var o
NumPoints : integer; (* Number of points read. ")
p 4]
[}

-
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APPENDIX A
NumFreqs : integer; {* Number of distinct frequencies. *)
TRANS : boolean; (* Data Translated? ") [
ORIG : boolean; (» Original Data? ")
DONE : boolean; (* Exit program? ")
ACCEPT : boolean; (» Interpolated data acceptable? ")
HeapTop : ~integer; (* Marks top of dynamic memory. ")
TempXPtr : TNVectorPtr; (* Temporary pointer to TNVector. ")
TempYPtr : TNVectorPtr; (* Temporary pointer to TNVector. *)
OutArrayX : TNVectorPtr; (* Temporary output ptr to TNVector. *)
OutArrayY : TNVectorPtr; (* Temporary output ptr to TNVector. *)
MainChoice : byte; (" Main Menu choice *)
Choice : char; (* temporary variable *) .
MainChar : char; (* Type of plot (T/M/P)? *)
GraphicsCard : integer; (* Type of graphics card installed *)
GraphicsMode : integer; {(* Graphics mode to be used *)
XMaxTemp : integer; (* Used in window definitions *)
YMaxTemp : integer; (* Used in window definitions ")
leftx : integer; (* Left edge of window boundary *)
rightx : integer; {* Right edge of window boundary *)
topy : integer; (* Top edge of window boundary *)
bottomy : 1nteger; (* Bottom edge of window boundary *)
i : integer; (* Counter variable. *)
info : InfoArray; (* Array of information stored at *)
(* end of data files. *)

(&”'Iﬂ'ﬂ“'““.‘l“.ﬂﬂﬂ‘.!Iﬁ'.."'ﬂﬂl“"llﬂl."l."‘I“l‘.“'Ullﬂll‘ﬂl“'ﬂ*'ﬁ““‘“‘ )

procedure Initialize_Variables;

(K‘lHQ““""'I-.'l'“ﬂlﬁﬁﬁ“ﬂ”I‘lllﬂ“ﬁlﬂﬂl'.l“ﬂﬂ‘nﬂﬂ'“ﬂ“ﬂﬂll‘.'lﬂﬂﬁi*ﬂ‘.l&l&ﬂ)

(nun nun)
(##* PrintText prints a string of text, starting at text coordinates aun)
(*#** (xcoor,ycoor); where (1,1) is the upper left corner and (80,25) is **#*)
(**» the lower right corner. un)
(nnn unn)

(ﬂ“'ﬂ'ﬂ“ﬂﬂ.ﬂﬂlI*ﬂﬂl..ﬂ'ﬂll'!ﬂﬂﬂlIl'l”'ﬂ.‘l“.““.'ﬂ.ﬂ‘lﬂ"'“ﬂ"‘ﬂﬂﬁ!lllﬂ!l-hlﬂﬂ)

procedure PrintText ( str : string; {(* Text to be printed *)
xcoor : byte; {* column to start printing *)
ycoor : byte (* row to start printing *)

|H

(HIﬂﬂﬁﬂ“ﬂﬁ'.ﬂﬂl“ﬁdl’ﬂ“ﬂﬂﬂ“lﬂﬂ“ﬂﬂﬁﬁﬁ“““ﬂIﬂ“ﬂ“““ﬂﬂﬁﬂﬁﬁ#ﬁ“.ﬂﬁﬁﬂlﬂ““ﬂ“ﬁﬂﬂ'llllﬂﬂﬂ)

(lﬂﬂ ﬂﬂ')
(#** ClearWindow is to clear a portion of the screen, from text LLLD]
(*»* coordinates (XMin,YMin) in the upper left, to (XMax,YMax) in the wun)
(#»* lower right. nuw)
(unu uun)

(ﬁ“Qﬁ‘lﬂllﬂﬂlﬂll'ﬂ.l“l'lﬁhl‘l“Ili!ﬁ““'ﬁ.lll“ﬂll‘.ﬂ"lﬂﬂ.lﬂﬂﬂﬂﬂlhhﬂﬂ'-“lﬁﬂ.ll)

procedure ClearWindow ( XMin : byte; (* first column to be erased *)
XMax : byte; (* last column to be erased *)
YMin : byte; (* first row to be erased *)
YMax : byte (* last row to be e~ased *)

)s

(lI'.'lﬂ'ﬂﬂ'lﬂﬂ’ﬂﬂl.‘.ﬂ“'l'ﬂ'ﬂ'l"ﬂ'.ﬂ“lﬂ.'ﬂ.ﬂ.ﬂ.ﬂﬂ.““.ﬂl.ﬂ”ﬂHﬂﬂﬂﬂﬂﬂﬂiﬂﬂﬁﬂﬂﬂh)

(nus nnw)
(#»» print_Screen procedure prints the current screen by executing the #uu)
{(#»» keyboard command “Shift-PrintScreen”. Note that the DOS program *an)
42
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(»#» GRAPHICS.COM must be executed before this routine will work; this un)

(*#*» {g done in the initialization section. nwn)
(uln nuu)
(lﬂﬂﬂﬂ"l‘ﬂﬂD“ﬂﬂlﬁﬂﬁﬂ“ﬂ.ﬂ"ﬂlﬂﬂﬂlﬂﬂﬂﬂl..llﬂl".ﬁ“Iﬂlﬂl.‘l'hﬂﬂﬂlllﬂﬂﬂlﬂllﬂﬁﬂﬂﬂ)

procedure Print_Screen;

(HlIﬂlI‘I'Hﬁﬂ.ll'l‘l'.lﬂllﬂﬂlﬂ"ﬂl“"ﬂ"ﬂ‘ﬂ“".“ﬂ‘ﬂﬂ‘ﬂ‘ﬂ‘lllﬁﬂ“ﬁll&ﬂ!ﬂﬂﬂ“ﬂﬁl)

("' unn)
(*»* Procedure Buzzer sounds a warning buzzer when an incorrect response **#)
(#=* 18 given by the user. *un)
('.' nun)

(I“ﬂ'ﬂﬂ'Nﬁi‘I‘HU‘ﬂl“ﬁﬂﬂ“Q“Cﬂ‘ﬂ.!ﬂlIﬂIIﬂﬁll.l“.'ﬂl..‘lﬂﬂlll‘?ﬂlﬂlllﬂﬂlllﬂﬁ“ﬂi“)

procedure Buzzer;

(N*ﬂlﬁ'ﬁl.Illl“ﬁﬂlIIﬂ“”II“'Nlﬂ'ﬂ"l““l‘Iﬂﬂﬂﬁ“lﬂ“ﬂﬂ‘ﬂﬂ!ﬁﬂﬂﬂﬁﬂﬂﬂ&ﬂ!IN““*“I‘NI‘*)

("' nuu)
(##* MainMenu display the main system menu at the center of the screen. %#*x)
(Hnn )

(“l"“l“ﬂlllﬂlllﬂlﬂﬂﬂllﬂﬂ!"‘“&“II“ﬂ'lINQI““"ll'ﬁﬂ'““ﬂ“ﬂ"““ll“ﬁﬂﬂlil‘!ﬂﬂ!!)

procedure MainMenu;

(ﬂlﬂﬂllﬂﬂIﬂﬂI‘“lﬂﬂ“‘“l.ﬂ‘”*l."l“ﬁl‘“l“ﬁﬂﬂl“l'“ﬂ“'I'“ﬂﬂ.ﬂﬂ‘lﬁﬂ“ﬁﬁ*l““ﬁ'ﬂﬂlﬂ“)

(nnn "ww)
(»** String to_Value converts a string to a numeric value with a *n)
(**» multiplier and units. LLLD]
(nun nua)

(ﬁ“*“lﬂﬂlll&ﬂl'l!ﬁ‘*‘ﬁ*ﬂ“ﬂlﬂI**I'ﬂlﬁ“.ll“ﬂﬂ“ﬂ'“ﬁ’l‘“*'ﬁ‘lﬂﬁﬂ!ﬁﬂill!I"“l*lll)

procedure String to_Value ( st : string;
VAR value : real;
VAR units : string

'H

(llﬂﬂ”ﬂﬂllﬂ'ﬂﬁlﬂ“ﬁll“ﬂ'.‘*“ﬂ“lﬁ“*lllHﬁ‘Iﬂlﬂﬂl“'l‘lﬂﬂlﬂ.'ﬂ'ﬂ”ﬂﬂﬂ!ﬁﬂllﬂll“ﬂ“ﬂ!)

(NI* nnn)
(*** Function EXIST determines if the specified filename already exists. **w)
(ﬂlh nnu)

( LA 2422 X222 22 222 22222 22 2 22 22222 22X 22 Y X222 2 22 222 X223 22222 YRR )

. function EXIST (filename : string) : boolean;

(Hﬂl‘ll"”Hﬁ“ﬂ‘!ﬂﬂlI'*ﬂ"lIHIlllﬂl'lﬂ&llﬂllﬂl'““'.llll‘ﬂ““'Nﬂﬂlﬂlllhﬂﬂ“‘llﬂ'l)

(unu uuu)
(##*  PrintErrorMsg prints the string s starting at text coordinates nen)
(*#» (x,y). The message is surrounded by an error box. If wait is true, #*%%)
(*»* then a char response ,resp, may be read before returning control *un)
(*#» to the calling procedure. LLLD}
(unu nnu)

(“IﬂIﬂﬂ“"lﬂlﬂﬁlﬂﬂﬂﬂﬂ..“ﬁllH"HUﬂ..QHhﬂNI'IINﬂ.lI"‘ﬂﬂ“ﬂ-“I‘ﬂ.“ﬂ'!!““ﬂ“.lﬂﬂﬂNl)

procedure PrintErrorMsg ( 8 : string;
x : byte;
y t byte;
wait : boolean;
VAR resp : char
43
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APPENDIX A

'H

(‘ﬂ‘*lﬂll"ll"!ﬂ‘.llﬂﬂlﬁﬂﬂ‘““ﬂ“.'ﬂﬁ.‘lﬂ..'ﬂ"l'“ﬂ‘ﬂllﬂ“-ﬂNﬂﬂ'.lﬂhlll“l‘ﬁlﬂﬂ)

(&ﬂ.lﬂIlIﬁ“”Iﬂﬂﬂl'.'I'ﬂQﬂﬂl“ﬂ'l“l"lﬂﬂﬂﬂﬂ.lﬂﬂﬂﬁhDﬂi.“““"l”ﬂﬂﬂ'ﬂ““ﬂﬂlﬂ.ﬂﬂﬂlﬂﬂ)

implementation

procedure Initialize_Variables;

begin {Initialize_Variables}

DONE :=falsge;

TRANS :=false;

ORIG :=false;

ACCEPT :=false;

Mark (HeapTop);

new (time);

new (ampl);

new (freq);

new (mag);

new (phase);

new (TempXPtr);

new (TempYPtr);

new (OutArrayX);

new (OutArrayY);

FillChar (info,SizeOf(info),0);
end; (Initialize_Variables}

procedure PrintText ( str : string; (* Text to be printed *)
xcoor : byte; (* column to start printing *)
ycoor s byte (* row to start printing *)
)s
begin {PrintText}
GotoXY (xcoor,ycoor);
write (str);
end; {PrintText)
procedure ClearWindow ( XMin : byte; (* first column to be erased *)
XMax : byte; (* last column to be erased *)
YMin : byte; (* first row to be erased %)
YMax : byte (* last row to be erased *)

var
CurrMinX : byte;
CurrMinY : byte;
CurrMaxX : byte;
CurrMaxY : byte;

begin { ClearWindow}

CurrMinX:=Lo(WindMin);

CurrMinY:=H1i(WindMin);

CurrMaxX:=Lo(WindMax );

CurrMaxY:=H1(WindMax);

Window (XMin,YMin,XMax,YMax);

ClrScr;

Window (CurrMinX,CurrMinY,CurrMaxX,CurrMaxY);
end; { ClearWindow)
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procedure Print_Screen;

const FormFeed = #12; (* formfeed for an Epson-compatible printer *)

var
Reg : Registers; (* variable to read/write to the 8088 registers *)

begin {Print_Screen}
if NOT NoPrinter then begin
intr ($5,Reg);
writeln (1lst,FormFeed);
end; {if}
end; {PrintScreen}

procedure Buzzer;

const
pitch = 440; (% pitch of warning sound *)
PauseLength = 250; (* length of warning sound, in ms *)
LongPauselLength = 1000; (* additional time to display error msg *)

begin { Buzzer}
Sound (pitch);
Delay {Pauselength);
NoSound;
Delay (LongPauseLength);
end; { Buzzer}

procedure MainMenu;

var
Choice : char;

begin (MainMenu}
if GraphicsCard = HercMono then begin
TextColor (ForeColor);
TextBackground (BackColor);
end; {1f}
ClrScr;
Window (StartColumn-1,2,80,25);
GotoXY (8,1); write (’Main Menu (’,VersionNumber:4:2,°)’);
PrintText (’Select Option by typing a number:’,1,3);
PrintText (’1. Digitizer ’,9,6);
PrintText (’2. Retrieve/Save Data ’,9,8);
PrintText (’3. Signal Processing ’,9,10);
PrintText (’4. Graph Results ’,9,12);
PrintText (’5. Advanced Optiomns *,9,14);
PrintText (°6. Create Waveform ’,9,16);
PrintText (°*9. Exit to System ’,9,18);
PrintText (’Your Choice? ',1,22);
GotoXY (14,22);
repeat
Choice:=ReadKey:
until (Choice in [’1’..°6°,°9°]);
MainChoice:=ord(Choice)-ord(’0’);
write (MainChoice);
Window (1,1,80,25);
end; { MainMenu}

procedure String_ to_Value
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VAR value
VAR units
| H

const blank = °

var
J
code
i
factor

integer;
integer;
0..1;
real;

begin {String_to_Value}
if stf1] = *.° then s8t:="0’+st;
val (st,value,code);
if code <> 0
then begin
1:=0;
case st[code] of
'p*: factori=1le-12;
*n’: factor:=1e-09;
*u’: factor:=1e-06;
'm’: factor:=1e-03;
*k*: factor:=1e+03;
*M’: factor:=1le+06;
*G’: factor:=1e+09;
*T’: factor:=1e+12;
else begin
factor:=1.0;
units[1]:=st{code];
1:=1;
end; {else}
end; { case)}
Delete (st,code,1);
Val (st,value,code);
if code <> 0
then begin
for j:=1 to length(st)-code+l do
units [j+i]:=st[j+code-1];
Delete (st,code,length(st)-code+l);
Val (st,value,code);
end (then}
else units:=blank;
value:=value*factor;
end {then)
else units:=blank;
end; (String to_Value}

function EXIST (filename : striqg) : boolean;

var
0K ¢ boolean; (» temporary variable, equal to exist *)
Name : text;

begin { EXIST)
if length (filename) > O
then begin
Asgign (Name,filename);
{$I-) Reset (Name); ($I+}
OK:=(I0result=0);
exist:=0K;
if OK then Close (Name);
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end {then)
A else EXIST:=false; ;
end; { EXIST)

W ‘
:: procedure PrintErrorMsg ( 8 : string; N
3 x : byte; \
N y : byte; ‘
‘: wait : boolean;
k VAR resp : char
. )s
4 procedure DrawBorder (x1,y1,x2,y2 : byte); !
A const i
K TopLeft = ?7; {char(201)} d
X BottomLeft = °*; {char(200)}
- TopRight = 77 {char(187)}
- BottomRight = *’*; {char(188)} t
L) Vertical = ' {char(186)} ¥
N Horizontal = *’; {char(205)) !
y
':‘ begin {DrawBorder} :
N GotoXY (x1,yl1); write (ToplLeft);
p GotoXY (x1,y2); write (BottomLeft);
for 1:=x1+1 to x2-1 do begin
L.’ GotoXY (1,y1); write (Horizontal); 3
," GotoXY (1i,y2); write (Horizontal); Y
;: ' end; { for} (3
s GotoXY (x2,yl); write (TopRight);
! GotoXY (x2,y2); write (BottomRight);
) for 1:=y1+1 to y2-1 do begin '
GotoXY (x1,1); write {Vertical);
oy GotokY (x2,1i); write (Vertical); g
Y end; (for} h
:o end; (DrawBorder)} :
AJ
s const t
g ] PauselLength = 1000; K
var
:' CurrMinX : byte;
j,: CurrMinY : byte; g
K CurrMaxX s byte; )
R CurrMaxY : byte; n
3: MaxLength : byte; (
't . BorderLength : byte; (]
: begin (PrintErrorMsg} y
N) CurrMinX:=succ(Lo(WindMin)); X
Y CurrMinY:=succ(Hi(WindMin));
4 CurrMaxX:=succ({Lo{WindMax));
:: CurrMaxY:=succ(Hi(WindMax));
" MaxLength:=CurrMinX+x+length(s )+2;
h if wait then MaxLength:=succ(MaxLength); v
y BorderLeungth:=MaxLength-CurrMinX+2;
:; Window (CurrMinX+x-2,CurrMinY+y-1,MaxLength,CurrMinY+y+1);
TextColor (White); g
TextBackground (Red); "
¥, ClrScr; !
[» DrawBorder (1,1,length(s)+4,3); ¢
3 PrintText (%,3,2); I
Buzzer;

-
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if not wait
then Delay (PauseLength)
else resp:=ReadKey;
TextColor (ForeColor);
TextBackground {BackColor);
ClrScr;

Window (CurrMinX,CurrMinY,CurrMaxX,CurrMaxyY);
end; (PrintErrorMsg}

( (222222222222 2R 222 22 X 2222222 222222 X222 222 222X Y Y2222 222222 X222 22X )

begin (Initialization}
Exec (’\Command.com’,’/c graphics’);
end. {Initialization}
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A-3.3 SignalProcessing
Unit SignalProcessing performs two functions: it creates the signal proc-

essing menu and it provides access to the data analysis functions. It oper-
ates as follows:

1. If necessary, interpolate data
2. Display menu
) 3. User chooses

Option 1: Integrate

Option 2: Differentiate
Option 3: FFT

Option 4: Inverse FFT
Option 5: Transfer Function
Option 6: Remove Mean
Option 9: Finished

e oo ge

; 4. Repeat until finished

This file also contains all the signal processing routines, each of which is
described below.

Fitting--contains two different fitting routines: a linear and a cubic spline
fitting routine. The cubic spline routine is used by default, but the user
may select to use linear interpolation from the advanced options menu of
the main program. Procedure Fitting also determines the number of points
to which to interpolate the data; this value is 2" for some integer n.

Integrate--performs a numerical integration using the trapezoidal rule.

Differentiate--performs a numerical differentiation using the three point
formulas.

TransferFunction--adds, subtracts, multiplies, or divides either axis of the
time-domain data (time or amplitude) by a constant.

RemoveMean--removes the mean of the time-domain waveform.

49
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MyFFT--contains the actual FFT/IFT routines. These routines were devel-
oped from the FFT algorithm given in Burden and Faires, Trigonometric
Polynomial Interpolation (see bibliography, main body of report). The
following routines are contained in this procedure:

1. Timer--gets the current time from DOS, returns the time in seconds.

2. Cooley_Tukey_FFT--the FFT routine itself.

3. PolarForm--converts real/imaginary results to magnitude/phase results.
If the user desires it, the procedure applies a window to the waveform be-
fore performing the FFT. Temporary variable reassignments are then per-
formed, the Cooley-Tukey FFT routine is called, the results are put in
polar form, and the temporary variables are reassigned to the correct main

variables.

After each of the routines is finished, control is returned to the SPS menu.
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unit SignalProcessing;
interface

uses DOS,
crt,
Global;

LA 222222222 X222 22 22 222222 22222 2RIy E Y Yy YT YTyl
( )
(“” unn)
(#%*» Integrate performs numerical integration on the time domain data "an)
(##» via the trapezoidal rule. Note that this procedure requires LA LD]
(#»* approximately 2*m additions and 2*m multiplications. wun)
(n»n :nu)

(.ﬂﬂ'“&“ﬂﬂﬁﬁ“'lﬂ'*.ﬂ’ﬂﬂ”“&ﬂl*ﬁllﬂl*ﬁ"“ﬁ*.lN“l’“ﬂl“l*ﬁﬂﬂﬂilﬂﬂﬂ“’l““““”ﬁ““ﬂ.)

procedure integrate;

L2222 2 22 2R 2R X X XX 2 2 X sl RTRLLTRELLTSRS YR Y 20 %3
( )
(nnn nnu)
(#*» Differentiate performs numerical differentiation via the so-called “ne)
(#»#*% three point formulae. The routine requires approximately 2+*m #en)
(#=» aqadditions and 2*m multiplications. ")
(nnn u-n)

(nwnnunnuﬁnuu«uunn-n»nuunnunu&»nn«uuuuulunununuﬁnlnnuunnuununu»nu-&&nunuuunnu)

procedure differentiate;

(Q!l'ﬂhnhﬁﬂﬂ&.&ﬂl*ﬂi“l!llinnﬂ‘“l!hi*l&ﬂ“'lli'ﬂ**ﬂﬂlﬂ&ﬁ“ll&**&hiﬂ!ﬂiiﬂllﬂ*lﬂl‘)
(un- CT T
(##» TransferFunction_ scales either the x- or y-axis by a constant. The w#%)
(##» first character read will decide upon which axis to act, and the nan)
(»»» next character read will decide the operation to be performed. Only ##»)

(#»* the characters '*' '/* '4+' and '-' are accepted for operations. w#w)
p
(nnn “‘*)

(ﬁ"ﬂﬂ‘ﬂI‘IiﬂﬂI’.ﬂQ.".Iﬂﬂ““ﬂ‘.ﬂ*ﬂl."”““lI**'*llﬂllﬂ'“’ﬂlﬂ“lﬂi“ﬂ'““ﬂ’“ﬂlﬂl'ﬂ)

procedure TransferFunction;

(ﬂlﬂ”.““ﬂl“ﬂﬂﬂ‘“ﬂﬂll.““'l“‘l'“““ﬂ”&l’““*“‘Iﬂﬁ&*ni.ﬂﬂ**"““ﬂ““ﬂ'““‘*“lﬂ'“ﬂ‘*ﬂﬁ)
(» *)
(* RemoveMean calculates the mean of the time domain data and subtracts *)
(* thaot value from the entire array. *)
(» *)

(ﬂ*“...“ﬂ'ﬂ.lﬂﬂﬂ'“!l"#‘ﬂ“ﬂl“&““lNﬂ*ﬂﬂﬂﬂﬂ'ﬂ*&"nl*nﬂﬂ‘ﬂﬂ“‘ﬂﬂ““““.ﬂﬂﬂ“lﬂl““““ﬂ)

procedure RemoveMean;

('l.”‘."ﬂ“““l'ﬂlﬂﬂl&ﬂ“&ﬂ'ﬂ&lﬂ'“lﬂ“.ﬂ“Q.“ﬂ’“'“ﬂ““ﬂﬂ*&l‘il.*'ﬂNN‘““"““N““N““N)
(un- uu&)
(##* Transform performs a forward or inverse fast Fourier transform, LALD]
(*** based on the Cooley-Tukey method. Cooley_Tukey FFT is modified *n)
(##» from the FFT algorithm of Numerical Analysis, 3rd ed. by Burden &  ###)
(#=»» Ffaires, p. 4P4. The algorithm is based on the Cooley-Tukey FFT *na)
(##» algorithm. wew)
(ﬁﬂ* “'I)

(ﬂlﬁ“.hhﬂl“'hﬂl'h&ﬂllnl“&lll!lnﬂﬁbﬂh&ﬂh“ﬂl&ﬂuunuunn&ln&lh&ﬂﬂll&h&lll&&&“&‘“l&)
procedure Transform (INVERSE:boolean);

(--unnnu-uunuunnnnu;u*»uuununnunnnnuuna-nuun»un»nnu«nn»nuuaunuu«nnuuunuﬁunnun)
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W
(wwn "w) ..
(##» SPS prints the SPS menu, and gives the user the choice of one of *aw) »
(#*» several signal processing functins: *nw) .
(wnn wun) .‘l
(mwn 1. Integration of time domain data. wun) "
(#wn 2. Differentiation of time domain data. wun) 3
((nn 3. Fast Fourier Transform of time domain data. wan) )
(nuw 4. Adjust (+,-,%,/) time domain amplitude by a constant. nwu) f‘
(nn 5. Multiply time base by a factor. *uw) Y
(uw 6. Subtract the mean of the time domain waveform. an) ,»
(dﬂl . u&n) )
(##» SPS is called AFTER the data haos been fitted, a procedure invoked  ###) -~
(##» the first time one chooses selection 3 from the Main Menu. *nn) !
(nuu nnu) .5
(“i“'.ﬂﬂ*ﬂ‘”l“‘l.'*““‘..QQ**‘l&lﬂ““ﬂﬂﬂ“l"ﬁl“'“”.”“"“ﬂ”‘““.‘I’Qﬂﬂ“lll‘“*“'ﬂ") ‘
o
procedure SPS; *
)
3]
(ﬂ“l"!‘“l*l‘ﬂ‘lﬂ““*&“"“““*&“ﬂ‘“ﬂ&*“'Q“Iﬁ*ﬂﬂ*.'ﬂ*ﬂ"‘“I’l‘“"l**‘ﬂﬂ“““l“’*“““*) .b
.é
implementation ':12
(‘*“ﬂl.ﬂ'ﬂ**l““ﬂ”'*'“.*&“““*“N“*&ﬂ&“ﬂ'&**&“ﬂ*l‘ﬂi*i*&“ﬁl‘“ﬂﬂ‘“ﬂ“llﬁ“lllﬁlvﬂﬂﬂl) :‘
(nn& . WA
(#%% Fitting accepts for input an array of NumPoints arbitrarily spaced %%*)
(#»+ data points, and returns as output an array of 2°n evenly spaced waw) '?
(##** data points. The method of interpolation used is either linear wuu) 14
(#»** interpolation or natural cubic spline interpolation. LAD) D
(nnn *uw) .Q:
(“'“"lﬂ"&&ﬂﬁ.‘.“ﬂ'"ﬂl‘&“ld&l“**ﬂ*“&‘**ﬂ‘“*3'&““&&***'“’*%“Ni*%“““*“&ﬁl&&ll) :“
..:.
procedure Fitting; .'
const !
Pow2 : array [5..12] of integer = (32,64,128,256,512,1024,2048,4096); ':}
var 0
NewNumPoints : integer; (* Number of points to interpolate to. *) {
i : integer; (* Counter variable. *) )
j : integer; (* Counter for NewNumPoints. *) "
X1 : real; (* First x value. *)
x : real; (* Frequencies of fitted data. *) :
increment . real; (* Distance between successive x-coor. *) LS
™.
(I'ﬂ".ﬂﬂlﬂ““ﬂﬂ“ﬂ'ﬂﬂﬁ“*l'N{ﬂﬂ*&“N*“N*“ﬂ“ﬂ**‘““”""lI**l"ﬁ&l”“*““ﬂ“*“ﬂ““ﬂ“ﬁﬂﬂ) ) :
(nnn outn) )
(»** Lineor performs linear interpolation on the time domain data. "ww) ' cf
(»n* uun) )
(N".”““"‘“*““N““ﬂ“"‘“l.*ll**“ﬂ*l'““’ﬂ“”*.*“&l’ﬂ***ﬂ““&Iﬁi*.ﬂﬂ*lﬂ“ﬂ“““ﬂ““'.ﬂ) ¢:
la :q
procedure Linear; . \f
)
var ) ¢
m ¢ real; (* Slope of interpolation line. *) !
b : real; (* Y-intercept of interpolation line. *) \
denom : real; (# Difference between succesive points. *) ]
: integer; N
begin {Linear) :
i:=0@; &
X1:=time"[0]; 3\
TempXPtr~[#]:=time~[8]: *:
TempYPtr~[@]:=ampl~[8]; :.
increment:=(time~[NumPoints-1]-time”~[0])/(NewNumPoints-1); '
for j:=1 to NewNumPoints-1 do begin \
x:=X1+j*increment; N
52 X
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while x > time~[1i] do i:=succ(i);
{#»% Calculate slope and y-intercept ##»)
denom: =time~[i]-time~[1-1];
m:=(ampl~[1]-aomp1~{i~1])/denom;
b:=(ompl~[i-1])*time~(1i]-ampl~[i]*time~[1i-1])/denom;
TempXPtr~[j]: =x;
TempYPtr~[j]:=m*x+b;
end; {for}
end; {Linear}

IR R

- ap o -

(ﬂﬁ“ﬂi!ﬂﬂi!ﬁﬂINIﬁﬂﬂiilﬂ'lﬁﬂﬂ&ﬂhﬂlﬂllﬂﬂNﬂiﬂIﬁ“ﬂ'ﬂﬂl&ﬂullﬁﬂli&&llﬂ&&ﬂﬂ'lhﬂill.ﬂ)
(unu uun)
& (#=* CubicSpline performs o Cubic Spline interpolation on the time wuu)
(#»» domain data. The algorithm used is a modification of the algorithm ##x)
(»*% 3.4 of Numerical Analysis, 3rd ed. by Burden & Faires, p. 122. uu)

(wun uu»)

(»»nnnnun«»nnnu*nuﬁinun&uu&uunnnn«ul*uunuu&uu«unun&«uun*nu*»uunnuu»uunu-uuu»n)

procedure CubicSpline;

e

var

~

P

temp ¢ real; (* A temporary real variable. *)
b TNVectorPtr; (* First spline coefficient. *)
c : TNVectorPtr; (* Second spline coefficient. *)
d : TNVectorPtr; (* Third spline coefficient. *)
h
i
3

L It

TNVectorPtr; (* Dist. between successive data pts. *)
integer;
integer;

begin {CubicSpline}
new (b); new (c); new (d); new (h);
(#»» Calculate spline coefficients #x*)
for i:=@ to NumPoints-2 do h”[i]:=time~[i+1]-time~[1];
b~[8):=1;
OutArrayX~(8]:=
OutArrayY~[{0]:=
for i:=1 to NumPoints-2 do begin
temp:=3*(ampl~[i+1]*h~[i-1]-ampl~[1i]*(time~[i+1]-time~[i-1])
+ampl~[1-1]*n~[1]1)/(h~[i-1]*n"[1]);:
b~[1]):=2#(time~[1+1]-time~[i-1])-h~[1-1]*0OutArrayX~[i-1];
OutArrayX~[i]:=h"[i]/b~[i];
OutArrayY~[i]:=(temp~h~[i-1]*OutArrayY~[i-1])/b"[i];
end; {for)}
¢~ [NumPoints-1]:=
for 1i:=NumPoints-2 downto @ do begin
¥ c”[1):=0utArrayY~[i]-OutArrayX~[1i}*c~[i+1];
b~[1):=(amp1~[i+1]-amp1~[1])/n"[1]-h~[1]*(c~[i+1]+2%*c~[1])/3;
» d~[1]:=(c"[1+1]-c~[11)/(3*h~[1]):
end; {for}

-

(##** Create NewNumPoints evenly spaced points **#)

) X1:=time"[0];
increment:=(time~[NumPoints-1]-time~[@#])/(NewNumPoints-1);
i:=0;
TempXPtr~(@]:=time~[¢];
! TempYPtr~[@]):=ampl~[8]:
for j:=1 to NewNumPoints-1 do begin

x:=X1+j*increment;

while x > time~[i] do i:=succ(i);

temp:=x-time~[i-1];

TempXPtr~[j]:=x;

TempYPtr~[jl:=ampl~[i-1]+b"[i-1]*temp+c~[i-1]*sqr(temp)

+d”~[i-1]*sqr(temp)*temp;

- o -

end; {for}
dispose (b): dispose (c): dispose (d); dispose (h);
end; {CubicSpline}
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begin (Fitting}
(##** Calculate number of points to interpolate ##w)
(#=» to. Must be a power of two. wuw)
i:=MinP;
while NumPoints > Pow2[i] do i:=sucec(i):”
NumFreqs:=Pow2(i-1];
NewNumPoints:=Pow2[i];
if SPLINE
then CubicSpline
else Linear;
NumPoints:=NewNumPoints;
ACCEPT: =true;
time™:=TempXPtr~;
ampl”:=TempYPtr”™;
end; (Fitting)

o

» _F_=_4&

(Ql'ﬂﬂ‘&llﬂ*ﬁﬂ.ﬂﬂﬂh*"'ﬁ“ﬂNl#ﬂQO('“ll““ﬂﬂ“ln&*&lﬂ**‘ﬂ&“i‘ﬂ*N"“ﬂ“““lﬂN“Q“ﬂi'&ﬂﬂ)

procedure integrate;

var
i : integer; (* Counter. )
h : real; (* Distance between successive points. *)

begin {integrate}
h:=(time~[NumPoints-1]-time~[8])/(NumPoints});
TempXPtr~[8]:=0;
for i:=1 to NumPoints-1 do
TempXPtr~[i):=TempXPtr~[i-1)}+@.5*h*{ampl1~[1-1]+amp1~[1i]);
for i:=@ to NumPoints-1 do
ampl~[i]:=TempXPtr~[i];
end; {integrate}

(nlbn»nnnnnnnnnﬁnnnnn;ﬂnﬂnﬂuﬂnﬂlnniﬂﬂlit*unﬂuﬁuunlﬁuﬂlal&n“unuﬂ&aunhunuunlliﬂuln)

procedure differentiate;

var
Two_m : integer; (% Two_m = 2*m-1 = Num points in input array. *)
h : real; (* Distance between successive points. *)
i : integer; (* Counter. *)

begin {differentiate)
Two_m: =NumPoints-1;
h:=(time™[Two_m]-time™~[@])/(Two_m+1);
TempXPtr~[@]:=0.5*(-3»amp1~[#]+4*amp1~[1]-amp1~[2])/h;
TempXPtr~[Two_m]:=¢.5%(3*ampl”~[Two_m]-4*ampl”~[Two_m-1]+ampl~[Two_m-2])/h;
for 1:=1 to Two_m-1 do
TempXPtr~[i]:=0.5*(ompl~[i+1]-ompl~[1-1])/h:
for 1:=1 to Two_m do
ampl”~[1]:=TempXPtr~[i];
end; {differentiate}

(unnuw»uuunuunlnﬂunnunnnnlhu«nitinan&nnﬂnunnnn“u&lﬂl*llnn»nun*ﬂllu&*nnnnﬁlulﬂ)

procedure TransferFunction;

var
i : integer; (* counter variable *)
s : string;
transfer : real; (* scaling factor *)
operation : char; (% operation to be performed *)
X_AXIS : boolean; (* apply to x or y axis? *)

begin {TransferFunction}
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PrintText (’'Apply to x or y axis? ',1,21);
repeat
operation:=ReadKey;
until (UpCase(operation) in ['X','Y’]);
if UpCase(operation) = 'X°'
then X_AXIS:=true
else X_AXIS:=false;
PrintText (’'Factor: '.1.23);
GotoXY (164,23);
repeat
operation:=ReadKey;
until (operation in ['** /' *+' '-']);
write (operation);
readln (s);
String_To_Value (s,transfer,s);
1f X_AXIS
then case operation of
'#': for i:=0 to NumPoints-1 do time~[i]:=time~[i]*transfer;
*/': for 1:=@ to NumPoints-1 do time~[i]:=time~[i]/transfer;
'+': for i:=@ to NumPoints-1 do time~[i]:=time~[i]+transfer;
'-': for i:=@ to NumPoints-1 do time~[i]:=time~[i]-transfer;
end {case)}
else case operation of
'w': for i:=@ to NumPoints-1 do ampl~[i]:=ampl~[ij*transfer;
'/': for i:=@ to NumPoints-1 do ampl~{i]):=ampl~[i]/transfer;
'+': for i:=@ to NumPoints-1 do ampl~[i]:=ampl~[i]+transfer;
'-': for i:=@ to NumPoints-1 do ampl”~[i]:=ampl”[i]-transfer;
end; {case)
end; {TransferFunction)}

(nuuununuuiiuﬂdinnn’uﬂ&&nn&n*hu*ul&un*nﬂ*nn*n&lnniﬂﬁuui&nnlann&nnn&lwh&'n&&un)

(* *)
(* RemoveMean calculotes the mean of the time domain data and subtracts *)
(* that value from the entire array. *)
(' u)

(nnqun*unnnnnnnn»nnuuununnuunnuu«»nnnnnnnnnnqn;gn»unnn*ﬁnu&“nnnﬁnu&»unu&unnﬁu)

procedure RemoveMean;

var
i : integer; (* Counter variable.
sum : real; (* The mean of thec array. »

x
~—

begin {RemoveMean)
sum:=@;
for i:=@ to NumPoints-1 do
sum: =sum+ampl~[i]-
sum: =sum/(NumPoints);
for i:=@ to NumPoints-1 do
ampl~[1]):=ampl”[i]-sum;
end; {RemoveMean }

(unn»nnnnnunau»unu»unniununnnun&ﬁ&nnuaunnu&uunnunnu»nnunuu!unﬁunun»uunnunnnnn)
procedure Transform (INVERSE:boolean);

const - -
MaxPower = 12;

type
polar = record

Mag : real;
Ph  : real:
end; {record}

- B - -, . ¥ Q2 w
. AR RN 8 ‘ ARGV \f\ \ N u\
P PSP T ENS) LGN, N AT W .r..-.rd' o S
A S R N RN Sy SN, S G S AR A S N BASA A RN £ A S WG .ehh;-ib SOASANGS mm



APPENDIX A
beta : real; (* beta = t,max - t,min *)
delta : real; (* delta = 1/beta *)
i : integer; (* counter variable *)
3 : integer; (* counter variable *)
ans : char; (* Apply window? »)
n : integer; (* n = 2%NumFreqgs-1 *)
p : 1..MoxPower: (* Power of two of FFT »)
sign : integer; (* Sign of real part *)
magnitude : real; (* Magnitude of real part ")
StartTime : real; (* Time at beginning of FFT ")
EndTime : real; (* Time when finished FFT *)
delta_t : real; (* Time to perform FFT *)

function timer: real;

var
hour,min,sec,ms : word;

begin
GetTime (hour,min,sec,ms);

timer:=hour+*368% + min*6@ + sec + ms/100;

end;

(un»nnuuuuﬂ*uunnn*»nnun»unuuunnun*&uu*nn&unn&nn&nu&nnunlnnnnuuuuuuuuun&hnh»un)

(%un "nn)
(**= Cooley Tukey FFT is modified from the FFT algorithm of Numerical )
(##* Analysis, 3rd ed. by Burden & Faires, p. 484. The algorithm is nn)
(*#*» based on the Cooley-Tukey FFT algorithm. rwn)
(“"“ «»&n)

(nnuuunuan'ihnninunu!&lnnﬁlnnnnu&nnﬁunl&ilﬂl&&i&unnﬂniﬁul*&nnl*nluhlnnnn&uun*)

procedure Cooley_Tukey_ FFT;

type
binary =9..1;
BinaryArray = array [#..MaxPower] of binary:

var
big_M : integer; (» *)
big K : integer; (% *)
q : integer; (* *)
L : integer; (= *)
13 : BinaryArray; (* *)
K2 : integer; (* Subscript after bit reversal *)
eta : polar; (* *)
temp : polar; (* Used to switch two volues. *)
i : integer;
b} : integer;

begin {Cooley_Tukey FFT}
OutArrayX~[8]:=1;
OutArrayv~[8]:=8;
for i:=1 to NumFreqs do begin
OutArrayX~[i]: =cos{1*PI/NumFregs):
OutArrayY~[i]:=sin(i*PI/NumFreqs);

OutArrayX~[1+NumFreqs]:=-OutArrayX~[i];
OutArrayY~[i+NumFreqs]:=-OutArrayY~[i];

end; {for)

big _K:=8;
big_M:=NumFreqs;
q:=p;

for L:=1 to succ{p) do begin
while big_K < n do begin
for j:=1 to big_M do begin
for i:=0 to p do
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APPENDIX A '::
k{1]:=binary({big_K AND (1 shl 1)) shr 1); :
K2:=9; 'ﬂ
for i:=p downto g do -
K2:=K2+(k[1] shl (p-1+q)); ]
eto.Mog: =TempXPtr~[big K+big M]*OutArrayX~[K2]
~-TempYPtr~[big_K+big_M]*OutArrayY~[K2]: .ﬂ
eta.Ph :=TempXPtr~[big_K+big_M]*OutArrayY~[K2] )
+TempYPtr~[big_K+big_M]*OutArroyX~[K2]; o)
TempXPtr~[big_K+big_M]:=TempXPtr~[big_K]-eta.Mag: Ob
TempYPtr~[big_K+big_M]:=TempYPtr~[big_K]-eta.Ph; :f
TempXPtr~[big_K]:=TempXPtr~[big_K]+eta.Mcy; !
TempYPtr~{big_K]:=TempYPtr~[big K]+eta.Ph;
big_K:=succ(big_K); :
N end; {for} -
big_K:=big_K+big_M; 8y
end; {while) (O
big_K:=8; :::
. big_M:=big M div 2; W,
; q:=pred{(q);:
end; {for) A
while big_K < n do begin }&
for 1:=¢ to p do ﬂa
k[1]:=binary((big K AND (1 shl 1)) shr 1); :,*_
Jj:=0; "01
for 1:=0 to p do ﬂﬁ
Jr=j+(x[1] shl (p-i)): W
l if j>big_K then begin )
temp.Mag: =TempXPtr~[j]: -
temp.Ph :=TempYPtr~[j]; by
TempXPtr~[j].=TempXPtr~[big_K]: .o‘i
TempYPtr~[j]:=TempYPtr~[big_k]; q
TempXPtr~[big_K]:=temp.Mag; ‘ﬂ
TempYPtr~[big_KJ]:=temp.Ph; o]
end; {if} 4
big_K:=succ(big_K); )
end; {while} -
end;  {Cooley_Tukey FFT} o,
(l*ﬁ“&!ﬂﬂ&“iﬂl*“*h““ﬁ&)‘h““ﬂ““0('ﬂ*l’***“*l‘“l’*ﬂ*“*ﬂn*ll*****lﬂ*QNNN&****“l&&ﬂ“&&*) ':'
(an« qu(-n) ',
(#*% Results of previous procedures in Transform are given as real and #ax) .g
(#*** imaginary parts. PolarForm converts those values to magnitude and *uny L
(#** phose (radians) components. *ww) )
(“"" !i*) T
(*%* Arg = the counterclockwise angle between the positive half of the *w) #ﬁ
(*** real axis, and the ray from the origin to the complex number. LA LD)] Qf
(cnnt nnn) ~6
(N“““ﬂ“l“ﬂﬂﬂ**'“.*“&ﬂ**ﬁ“li*“ﬂ'lNﬁN*“iﬂ**”**ﬂﬂ**ﬂ*&“l**&ﬂ*ﬁ“**l“l“*&““*“ﬁﬂ&&ﬁ*) '::
£
procedure Polarform; )
const &
epsilonl = 1e-06; (* A tolerance. Anything <= epsilonl is @. *) i
. epsilon2 = 1e-@2; (* A tolerance. Any angle <= epsilon2 is B. *)
i : integer; (* A counter variable. *) :‘
temp : polar: (* A temporary variable. ) )
konst1 : real; (* Correction factor for phase angle. *)
I konst2 : real; (* Mognitude scale factor for forward FFT. ) }
p Max . real; (* Maximum magnitude of frequency data. ) %;
"y
function Arg (v:polar) : reol: -l
r,
begin {Arg} ﬂ'

) if v.Mog>=9
57
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then konst1:=@
else if v.Ph>=0
then konst1:=PI
else konst1:=-PI; &
if abs(v.Mag) <= epsiloni
then if v.Ph>=¢
then Arg:=+PI/2
else Arg:=-PI/2 U]
else Arg:=arcton(v.Ph/v.Mag)+konsti; 0
end; {Arg}

begin {PolarForm)}

konst2:=2*NumfFreqs*delta; C - K]

for i:=@ to n do begin Y
temp.Mag: =TempXPtr~[i]; i
temp.Ph :=TempYPtr~[i]; A
TempXPtr~[1]:=sqrt(sqr(temp.Mag)+sqr(temp.Ph))/konst2;
TempYPtr~[i]:=Arg (temp); ,

end; {for} Y

(**=* Eliminate "unreal" phase angles. %*#**)

Max: =TempXPtr~[@]:

for i:=1 to n do
if (Max < TempXPtr~[i]) then Max:=TempXPtr~[i]:

for i:=@ to n do \
if (TempXPtr~[i] < Max*epsilon2) then TempYPtr~[i]:=0; }

end; {PolarForm)
(*l’"*i”*ﬁ*“***“‘*““ﬁ**I““'**“ﬁ*"*“‘&”“&*““*'.ﬂﬁ.'*‘*”**“**““““*“““**“‘*“") \
~

begin {Transform)

p:=round{1n{NumFreqgs)/1n(2)); -:
n:=2*Numfreqs-1; (* = NumPoints-1 %) )

if NOT INVERSE

then begin D
(#** Should o window be applied to the time domain data? %*%») ¢
PrintText (’'Apply window [H/R/N]? ', 1,22); '
C1rEOL: '

end {then} r

else begin 5
PrintText ('Inverse FFT in progress. Please woit ...',1,22);

ClrEOL;
end; {else) )
Q)
(#*» Moke variable assignments while user reads prompt. *#*%) Y
if INVERSE ',

then begin 3

beta:=n/(freq~[n]-freq~{6]): . LY,

(**» Reorder data for inverse FFT wx%)
for i:=@¢ to n do begin

TempXPtr~[i]:=mag~[i]*cos(phase~[i]); X
TempYPtr~[i]:=mag~[i)*sin(phase~[i]): 3
end; {for) A

delta:=beta/{(n+1);
end {then)
else begin
for i:=@ to n do begin
TempXPtr~[i]:=amp1~[i]:
TempYPtr~[i]:=0;

W end; {for)

"¢ delta:=1/(time~[n]-time~[8])
end; {else)

) if NOT INVERSE then begin

GotoXY (23,22); ans:=ReadKey;
1f (UpCase{ans)='H') then
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for 1:=0 to n do
TempXPtr~[i]:=TempXPtr~[1]%(@8.5%(1-cos(PI*i/NumFreqs)))
else if (UpCase(ans)='R') then

for 1:28 to n do (*** Apply rear window *##)

TempXPtr~[1]):=TempXPtr~[1]%(@.5%(1-cos((B.5%PI*1i/NumFreqs)+PI1)));

if ans <> ENTER
then write (ans)
else write ('N’);
PrintText ('FFT in progress. Plecse wait ...',1,22);
ClrEOL;
end; {1f)

(#*» Perform FFT or IFT on datq. %%»)
StartTime:=timer;

Cooley_Tukey_ FFT;

EndTime:=timer;
delta_t:=EndTime-StartTime;

GotoXY (1,20);

write ('FFT performed in ',delta_t:6:1,' seconds.’);

(*** Prepare output arrays. %**)
if INVERSE
then begin
for i:=@ to n do begin
sign:=round(TempXPtr~[n-i]/abs(TempXPtr~[n-1i]1));

magnitude:=sqrt(sqr({TempXPtr~[n-1])+sqr(TempYPtr~[n-i]));

time~[i]:=1*delta;
ampl®[1]:=sign*magnitude/beta;
end; {for}
end {then})
else begin
(*#* Convert real ond imaginary parts »*#x)
(*#» to mognitude and phase parts. *un)
PolarForm;
for i:=0 to n do begin
freq~[i] :=i*delta;
mag~[1] :=TempXPtr~[i];
phase~[i]:=TempYPtr~[1];
end; {for}
end; (else)}

end; {Transform)

SPS prints the SPS menu, and gives the user the choice of one of
several signal processing functins:

Integration of time domain doto.

Differentiation of time domain data.

Fast Fourier Transform of time domain data.

Adjust (+,~-,*,/) time domain amplitude by a constant.
Multiply time base by a factor.

Subtract the mean of the time domain waveform.

G FE N =

SPS is called AFTER the data has been fitted, a procedure invoked
the first time one chooses selection 3 from the Main Menu.

(*** Apply Hanning window ###)

(unnuumuu»nunctnnunnununuuunnnun-nuutuu-unuunnnnnunuuﬁwn«nunnunn&unn»unnunnuunun)

«un)
i»a)
)
uuu)
LLL D]
n&n)
&an)
«nu)
unn)
»'u)
uwn)
“nn)
")

uun)

(n!.nnnnnnnnnlnﬁﬂnnuuu&uununnunnn&u&nuuununuﬁ*nwnunnunun&nnnn&nli&n*nuﬁuu&nun)

procedure SPS;

procedure SPSMenu;

[} | 0
BRI

var
Choice : char;

APPENDIX A

- an




* N
+
*
’
o
APPENDIX A I
5
. ‘
begin  {SPSMenu} o
ClrScr; i
PrintText ('Signal Processing Menu .6,1); !
PrintText ('Select Option by typing a number: ', 1,3); a
PrintText ('1. Integrate ',9,6); ()
PrintText ('2. Differentiate 1.9,8); ?
PrintText ('3. FFT ',9,18); N:
PrintText ('4. Inverse FFT ',9,12); &
PrintText ('S. Transfer Function ',9,14); 4,
PrintText ('6. Remove DC Level ',9,16); \]
PrintText ('9. Exit to Main Menu °',3,18);
PrintText ('Your Choice? ',1,22);
GotoXY (14,22); »
repeat . Yy,
Choice: =ReadKey; N
until Choice in ['1'..'6','9']; 4
MainChoice: =ord(Choice)-ord('8"'); v
write (MainChoice); e:
end; {SPSMenu} .
begin  {SPS) P&
window (StartColumn-1,2,808,25); i
DONE : =false: &)
if NOT ACCEPT then Fitting; oy
repeat g”
SPSMenu;; 'R
case MainChoice of »
1: Integrate; X
2: Differentiate; 0
3. begin {Transform} At
Transform (false); *%ﬁ
TRANS: =true; |:<
ORIG:=false; .i'
end; {Transform) W\
4: if TRANS then begin
Tronsform (true); o i
ORIG: =true; 3
end; {Inverse FFT)} 0
5: TransferFunction; N
6: RemoveMean; 'f
9: DONE:=true; (]
end; {case)}
until DONE; ’
DONE: =false; s,
window (1,1,80,25); )
ClrsScr; ~
end;  {SPS) L‘_
N
(IN““N““&&““““ﬂﬂﬂﬂ”‘ﬂ‘““ﬂ“*“ﬂﬂﬂ"'ﬂ““ﬂ'“.“N““““INH“!“““’*NN”“N“““'“N““.“ﬁ“hﬂ'“) \:‘
begin {Initiolization) ) !
end. {Initializaotion) in‘
‘-
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A-34 AdvancedOpts '
Unit AdvancedOpts contains two routines:

1. AdvancedOptions and
2. Read_DefaultOptions.

Procedure AdvancedOptions allows the user to change the type of inter-
polation used, the background and foreground colors used on color .,y
' monitors, the port to which the digitizer is connected, whether a printer is )
installed, and the default drive/directory for data. The user may also save ]
these options to a disk file called "FFT.cfg" on the current drive/directory. ()

Procedure Read_DefaultOptions reads the options saved to disk from the

file "FFT.cfg" if it exists. This file is only read when program FFT is first !-F
started. :$

-,A,..
S & a
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unit AdvancedOpts;
interface
uses

Crt,

Graph,
Global;

( LR 222222232222 2222222 222 X2 2222 222222222 2222 X223 02222222 X223 2223 X2 22222222 X2 2 )

(uun uuu)
(»** AdvancedOptions allows several options to be changed. *n)
(R ")

(iI‘l‘ﬂﬂ“”l“‘ﬂ’I““l'...“.'“l"*II'ﬂ"l'-ﬂﬂlﬂ‘“ﬂ.*ﬂﬂl“‘l“’l‘*ﬂ'llﬁ"**““ﬁﬂ‘*“')

procedure AdvancedOptions;

(‘ﬂlﬂIﬂ‘ﬂﬁﬂ"I'ﬂ‘ﬂ‘IIIhﬂ'ﬂHI“IDﬂlﬂ.HIl‘l“‘N“Iﬂlﬂlﬂlllﬂﬂllﬂl‘*lﬂ&*lllhl&l'lﬂﬂ*)

(nwn ")
(*#*» Read Default_Options reads the default options file that was saved %%x)
(**» previously by the user under the advanced options menu. ")
(nwn *aw)

('IIlHlIﬂ'ilHIllﬂ'l.-Ulﬂl'ﬁll'l*l"l*’*N*“llﬁi‘“'ilﬂﬂ*****“**ﬁ***Nﬂ**“”“ﬂ*ﬂﬂ')

procedure Read_DefaultOptions;

(lN““‘.‘ﬂﬂlHﬂﬂ"ﬂﬂﬂI.Q‘ﬂHﬂﬂﬂﬂ“‘ﬁ‘lﬂ““ﬂ“l'ﬂl!i*lﬂ&ﬁﬂ‘ﬁ'*ﬂl‘!.lll*“ﬂﬂ***Hﬂll*‘)
(lﬂlﬂIﬂﬂ*l"""ﬂ“‘..ﬂﬂﬂﬂlﬂ.“ﬁﬁ.ﬂl.ﬂ'ﬂlﬂﬁ"ﬂl'“-lﬂﬂ““"ﬂ"‘*“‘ﬂlllﬂﬂ“**ﬂﬂﬂﬁ“ﬂ)

implementation

procedure AdvancedOptions;

const

MaxP = 12;

Pow2 : array [5..12] of integer

= (32,64,128,256,512,1024,2048,4096);

var

choice : byte;

int : char;

DONE : boolean;

NewNum : integer;

temp s string;

Name : text;

error : integer;

ch ¢ char;

Drive : byte;

CurrentDir : string;
procedure AdvancedOptionsMenu;

begin ({ AdvancedOptionsMenu}
ClrScr;
Window (StartColumn-1,2,80,25);
PrintText (‘’Advanced Options’,9,1);

PrintText (’Select Option by typing a number: ’,1,3);
PrintText (’1. Linear/Spline Interpolation: ’,6,6);
PrintText (°2. Digitizer Port [0/1/2]: *,6,8);
PrintText (°3. Printer installed (y/n) ? *,6,10);
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“ PrintText (’4. Colors: *,6,12);
- PrintText (°5. Data Disk/Directory: *,6,14);
PrintText (°6. Save Options *,6,16);
?‘ PrintText (’9. Exit to Main Menu ',6,18);
Q PrintText (’Your Choice? ’,1,22);
' GotoXY (40,6);
) 1f SPLINE
[ then write (’S’)
'& else write ('L’);
GotoXY (40,8); write (SerialPort);
» GotoXY (40,10);
| if NoPrinter
T > then write (’N’)
! else write (°Y’);
; GotoXY (33,12);
write (ForeColor:2,’/’,BackColor:2,’/* ,DrawColor:2);
! ' GotoXY (30,14); write (DefaultDataDir:11);
* DONE:=false;
R end; { AdvancedOptionsMenu)
R begin {AdvancedOptions}
) AdvancedOptionsMenu;
?: repeat
Yo GotoXY (14,22);
repeat
ch:=ReadKey;
i) until ch in [*1°..%6,°9°];
RO choice:=ord(ch)-ord(°0’);
% write (ch);
y case choice of
' 1: begin
« GotoXY (40,6);
1f SPLINE
{ then begin
| SPLINE:=false;
; write ('L’);
' end (then)
t else begin
Y SPLINE:=true;
. write (’S’);
U end; {else}
s ACCEPT:=false;
2 end;
) 2: begin
K GotoXY (40,8);
: repeat
L ch:=ReadKey;
. until ch in [’0"..°2%];
: SerialPort:=ord(ch)-ord(’0’);
' write (SerialPort);
W . end;
: - 3: begin
) GotoXY (40,10);
! if NoPrinter
“ then begin
" NoPrinter:=false;
write (°Y’);
: end (then)
' else begin
) NoPrinter:=true;
k) write (’N’);
A end; {else)
end;
! 63
“
K
1)
'
4
)

;. AP AT f“{" lef J'-fff. L N PN .‘,.-',.‘I‘J‘II-,.( .(.' \I' o )
" l -\.;- ~ N . . A SN o .
aladnln JL Ln-,: .":r* m&x «-M.m-;.-:&-:-‘o AN N RIS N AL RN



APPENDIX A

Y

TRV R W YN

4: begin

GotoXY (30,12); C1rEOL;
GotoXY (1,22);
write (’Foreground color I’,ForeColor,’] ? °);
ClrEol;
readln (temp);
Val (temp,NewNum,error);
if error = 0 then ForeColor:=NewNum mod 163
GotoXY (1,22);
write (’Background color [’,BackColor,’] 7 ’);
ClrEol;
readln (temp);
Val (temp,NewNum,error);
if error = 0 then BackColor:=NewNum mod 16;
GotoXY (1,22);
write (’Drawing color [’,DrawColor,’'] ? °);
ClrEol;
readln (temp);
Val (temp,NewNum,error);
if error = 0 then DrawColor:=NewNum mod 16;
if GraphicsCard <> HercMono then begin
TextColor (ForeColor):;
TextBackground {BackColor);
end; (if}
window (1,1,80,25);
AdvancedOptionsMenu;

end;
o 5: begin

PrintText (’New data disk/directory? *,1,22);
readln (temp);
if length (temp) > O then begin
Drive:=0;
GetDir (Drive,CurrentDir);
($I-)} ChDir (temp); { $I+}
if IOResult = O
then begin
DefaultDataDir:=temp;
ChDir {CurrentDir);
GotoXY (30,14);
write (DefaultDataDir:1i); C1rEOL;
end (then}
else begin
PrintErrorMsg
(*Invalid disk/directory! ’,1,19,false,ch);
end; {else}
end; {if)
PrintText (’Your Choice? *,1,22); CIrEOL;

end;
6: begin

PrintText (’Saving Options. Please wait vee?,1,22);
Assign (Name,DefaultOptions);
Revrite (Name);
if SPLINE
then writeln (Name,’SPLINE Interpolation’)
elgse writeln (Name,’LINEAR Interpolation’);
writeln (Name,’'Digitizer at COM’,SerialPort,’:’);
if NoPrinter
then writeln (Name,’NO Printer installed’)
elgse writeln (Name,’Printer 1s installed’);
writeln (Name,’Foreground Color is °’,ForeColor:2)
writeln (Name,’Background Color is ’,BackColor:2)
writeln (Name,’'Drawing Color 1s *’,DrawColor:2);
writeln (Name,’Default data directory is °’,DefaultDataDir);

.
’
.
’
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Close (Name); v
PrintText (’Your Choice? *,1,22); ClrEOL;
end; b
9: begin )
DONE:=true; (3
Window (1,1,80,26); !
ClrScr;
end;
end; {case)}
PrintText (* °*,14,22); o
until DONE; ]
end; ({AdvancedOptions) \3

procedure Read DefaultOptions;

var
Name
temp
1,3
error
num

text;
string;
byte;
integer;
string [2];

Mty

o o0 20 s 0

begin  {Read_DefaultOptions}
if EXIST {DefaultOptions) then begin

Assign (Name,DefaultOptions);

Reset (Name); )

readln (Name,temp);

i:=Pos (’SPLINE’,temp);

if 15=1 ,
then SPLINE:=true -
elge SPLINE:=falsge;

readln (Name,temp); t

1:=Pos (°COM’,temp);

SerialPort:=ord(temp[i+3] )-ord(’0’);

if NOT (SerialPort in [0..2]) then SerialPort:=

readln (Name,temp); ()

if temp[1] in [*P’*,°p°’]
then NoPrinter:=false
else NoPrinter:=true;

readln (Name,temp);

i:=Pos (’is ’,temp);

num:=copy (temp,i+3,2);

Val (num,i,error);

if error = 0 then ForeColor:=i;

readln (Name,temp);

i:=Pos (’is °,temp);

num:=copy {temp,i+3,2);

Val (num,i,error);

if error = 0 then BackColor:=1i;

readin (Name,temp);

1:=Pos (’1s ’,temp);

num:=copy {temp,1+3,2);

Val (num,i,error);

if error = G then DrawColor:=i;

readln (Name,temp);

i:=Pos (’is ’,temp);

if 1 > 0 then begin
for J:=i+3 to length(temp) do

DefaultDataDir[j~1-2]:=temp[j];

DefaultDataDir[0]:=char (length(temp)-i-2);

end; {1f)

end; {1f)
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end; {Read_DefaultOptions}

( P2 222222323 R 2222 R 2 2 R 22 222 2 X222 2 222 X2 222222 23222322 222222222222 222X X2 J )

( (X2 S22 22222233222 22332222222 2 R 2222222 X222 223222222222 2R X2 222222 XX} )

begin ({Initialization}
end. {Unit AdvancedOpts}
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\ ,
! A-35 FileSystem
7 Unit FileSystem performs all the file operations of this program. FilelO i
first sets up a menu, then saves, retrieves, or deletes a file from disk. In .
> addition, a file may be imported from the Device Damage Testing (DDT) &
¥ programs written by James Loftus of Harry Diamond Laboratories, a disk

directory may be listed, or the information lines of a data set may be dis-

! played. The following procedures and functions are contained in this file: p
)

: 1. SaveFile--saves data to disk. .

‘ -"

p 2. RetrieveFile--retrieves data from a disk file. _

(

i 3

i 3. DeleteFile--deletes a disk file. A

B i
1

; 4. ImportDDT--imports a DDT file. '

it

/ 5. Directory--gives a directory listing. K

) o

' 6. ReadInfoLines--displays the information lines of a data set. .‘i

' &
4,

; ;
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('.Q“ﬁ.ﬁ““"’l*ﬂl"ﬁi“““ﬂ“ﬂﬂﬂ.‘ﬂ.'“ﬂﬁhﬂlhﬁ'“dIﬁ“ﬂ““ﬂ“ﬂﬁﬂﬂﬂ“ﬂﬁﬁﬂﬂﬂ'ﬂﬁﬂﬁ“.ﬂﬂ')

(rewn
(nnn
(nnw
(auu
(un»
(uun
(nn»
(Qﬂﬁ
(nnn
(nun
(unn
(n-n
(nun
(uuu
(»u-
(nun
(u-n
(»&u

(nnn

FileIOQ saves, rctrieves, or deletes files from disk. Data files
will be saved as follows:
1. Number of elements.

if ORIG then this is NumPoints
if TRANS then this is 2+*m.
2. x, vy (the time domain data point)
if applicable, the following is then saved:
3. freq., mag., phase (the frequency domain points)

4. From @ up to MaxInfo number of information lines.

Additionally, files may be "imported" from the Device Damage
Testing (DDT) programs. When imported, the DDT file is tronslated
to the format listed above. The operator is also given the option
of scaling the integer values of the DOT files to "true" values.

A directory may also be shown by giving a file mask. The file mask
is of the form [d:][path][filename][.ext]. Wildcards may be used.

nnu)
nuu)
nnu)
nnu)
nuu)
nuu)
uun)
unu)
nnu)
nn«)
unn)
«uu)
nun)
n-u)
nnﬁ)
(22D
»nu)
(22D

nnu)

(nﬁuﬂn&in&n&lnnﬂn&ﬂni&uu»lnhnnnnnnu&n&u‘uku**ﬂ*&nﬁ%nnuwnun*&nn‘un*&uuﬁnnn&n&u)

unit F

interf
uses

ileSystem;

ace

DOS,
Crt,

Glo

proced

bal;

ure FileIO;

(w&nnn»nnn»“«uuu%*u&&an»lnﬂ*ﬂ*&“l&unu;uﬁnunn»u&n*uﬁd&ﬂ%nﬁw»nnn&nuun&uﬁuuu&ﬁn*)

implementation

var
Response,Choice : shortint; (* FileIO menu choices
counter : integer; * counter variables
OKSave : boolean; (* overwrite old file?
IODONE : boolean; (* exit FileIO?
Name : text; (* file input/output stream
RespCh : char;

“)
*)
*)
*)
“)

(nnhnnnunnnnnnnuunnnunn*nnn»nnunannun&uuununnnnn*uunnunu&nuunnuu»unnunanuunﬂu)

(5««
(nﬂn
(nuu
(unn
(uun
(»uu

(uuq

Savefile tests if the specified filename already exists. If so, the
user is osked if the old file should be overwritten. If so, or if
the old file does not exist, then the data is saved as filename and
the user is returned to the Main Menu, otherwise the user is
returned to the FileIO Menu.

aﬁn)
un«)
*ww)
nnu)
nun)
won)

»nu)

(nn«nunuu&unnuaunnuuuununuiunuuuuunuuupnnunnunuuuuuulhnnunnuun&«unnunnu»«uunu)

procedure Savefile;

var

beg

i : integer;
filename : string:

in {SaveFile}
OKSave:=false;
IODONE : =false;
FillChor (filename.hSizeOf(filenome). 8);
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filename[@]:=char(g);

PrintText ('Save to filename: ',1,22);
ReadLn (filename);
if filename[2] <> *':' then if filename[1] <> '\' then

filename:=DefaultDatalir+'\'+filename;
(*%% Does file exist? If so, is it safe to overwrite it? *##)
if NOT EXIST (filename)
then begin
if length (filename) > @
then OKSave:=true
else OKSave:=false;
end {then)
else begin
PrintErrorMsg ('File already exists: overwrite (y/n)? ',
1,19,true,RespCh);
if (UpCase(char(RespCh))='Y"’)
then OKSave:=true
else OKSave:=false;
end; {else}

(#»*= If it is safe to write to the file, then sove the data. *%*#*)

if OKSave
then begin
{$1-) (* Turn off error checking. *)
PrintText ('Saving. Please wait...
Assign (Name,filename);
d Rewrite (Name);
. if TRANS
] then writeln (Name,2*NumFreqs)
N else writeln (Name,NumPoints);
if ORIG .
then for i:=@ to NumPoints-1 do
writeln (Name,time~[i]:precision,’ ',
ampl”~[i]:precision)
else for i1:=0 to 2*Numfreqs-1 do
writeln (Nome,time~[i]:precision,’ ',
ampl~[i):precision,’® ',
freq”[i):precision,’ ',
mag”™ [i]:precision,’ N
phase~[i]:precision);
for 1:=1 to MaxInfo do
. writeln (Name,info[il);
. Close {Name);
! PrintText (' '.1,28);
y PrintText (' ',1,22);
3 ($I+) (* Turn error checking on. *)
M if (IOResult <> @) then begin
' PrintErrorMsg ('Error on disk. File not saved! ',
, 1,22,false,RespCh);
end; {if)
end {then)
\ else begin
PrintText ('Your Choice? 1.1,22);
end; {else)
end; {SavefFile}

:1,20);

5D

)

(inunun«nuunn»nuunnullnlu»uw&«unuunnﬂunnunnuﬁnnu&ﬂﬁuu&n»uuuuuu*nnnnn«nu&nunu&)

(-nn

(*»* Retrievefile first calls EXIST. If the file exists, then the file

(*** 1is read and the user is returned to the Main Menu; otherwise the
; (#%* wuser is given an error messoge and returned to the FilelO Menu.

<~~~

nﬁn)
udn)
»nu)
«un)

uun)

(unnun»»ln»unnnnnnunnnrvunnnununnnn«uunun»nnui&nlﬂﬂﬁﬂﬂkunNﬂ“ﬂ“““dln*““nnuhunﬂ)

procedure RetrieveFile;
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var
J integer; (* temporary counter variable *)
x : real; (* dummy variable *)
y : real; (* dummy variable )
i : integer;
filename string;

begin {RetrieveFile}
PrintText ('’ Y,1,28);

PrintText ('Read filename:
ReadLn (filenome);
if filename[2] <> ':' then if filenome[1] <> '\’ then
filename:=DefaultDatcDir+'\’+filename;
(#*» Does file exist? if not, ERROR! If so,
if NOT EXIST (filename)
then begin
PrintErrorMsg ('File does not exist!',1,19, false,RespCh);
PrintText ('Your Choice? ',1,22);
end {then)
else begin
PrintText ('Reading. Please wait
Assign (Name,filename);
Reset (Name);
TRANS: =false;
ORIG:=false;
ACCEPT:=false;
Readln (Name,NumPoints);
read (Name,x,y):
if NOT EOLN (Name)
then begin
readln (Name,freq~[8],mag”[@],phase~[8]);
TRANS: =true;
end {then}
else begin
ORIG:=true;
freqg~[0]:=8;
mag”~[@]:=0;
phase™[@]:=¢;
end; {else)
time~[B8]:=x;
ompl~[8]:=y;
if TRANS
then for i:=1 to NumPoints-1 do begin
Readln (Name,time~[i],
ampl~(i],
freq~[1].
mag~[i],
phase~[1]):
end {then for)
else for i:=1 to NumPoints-1 do begin
Readln (Name,time~[i]

',1,22):

read the file. ##%)

1,1,20):

ampl1-[i]j:
freq~[i] :=8;
mag~(i] :-@;
phase~[1]):=@;
end; {else for)
if TRANS
then begin

NumFreqs:=NumPoints div 2;
ACCEPT:=true;

end {then}
else begin

ORIG: =true;

end;
i:=1;

{else)

while (NOT EOF (Name)) AND (i <= MaxInfo) do begin
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* g
Readln (Name,info[i]); h
i:=succ(i); )
end; {while) W
for j:=1i+1 to MaxInfo do \lf
info[i]:=blank; ]
I Close (Name); :
end; {else) %,
end;  {RetrieveFile) I::;
S
('“.ﬁ.‘“ﬂﬂlﬂl“ﬂ'.“l’“““.*“““*“'“..“I*ﬂ'l“ﬂﬂﬁ“ﬂ“‘“ﬂﬂ"lﬂﬂ““ﬂﬂﬂﬂﬂﬂﬂﬂ’“ﬂ.ﬂﬂﬂﬂ...)
(nnn nnn) “;,
(#*» DeleteFile deletes a file, if present, from disk, after asking the ##«) l‘
(*** user to verify that he wants to delete it. "nn) i
(nnn ﬁuu) ".
('.'.“"I'hiﬂﬂﬂ’“I&&II'*ﬂﬂﬂ“ﬂﬂlﬂ““ﬂﬂﬁ.ﬂ"'ﬂ*'"*“'““‘“..‘ﬂ.l“l&lﬂﬂ.ﬂiI““ﬂ“ﬁﬁﬁﬁ) ..
4
procedure DeleteFile; -
A ]
var (gt
filename : string; I
2
{ 03
begin {DeleteFile} .:I
PrintText ('Delete filename: ',1,22); "O.\
Readin (filename); .:|
if filename[2] <> ':*' then if filename[1] <> '\' then '
filenome: =DefaultDataDir+’\'+filename; !_'
if EXIST (filename) then begin \.:_
PrintErrorMsg (’Delete file (y/n)? ',1,19,true,RespCh); P,
if (UpCase(RespCh)="'Y"') .
then begin y
Erase (Name); '
end {then) W
else begin -
PrintText ('Your Choice? ',1,22); CLrEOL; !_
end; {else} N
end; {then} t
PrintText (° ',1,28);
PrintText ('Your Choice? *',1,22); \';
end;  (DeleteFile) z,.
|
(ﬁlIﬂﬂQlNh“lh”ﬂﬂﬂ”iﬂ““Nﬂﬂ““ﬂ““‘ﬂ“I““ﬂ“Qﬂﬂl'“‘ﬂ'ﬂﬂ”ﬁ“‘ﬂ'“ﬂ&ﬂll&ll“l“&l“lﬁ“l&hh) ’
(nn nu) . N
s procedure is a file ranslation utili Y- wi ranslate a bkl (1
(nn Thi d i file t lati tilit It 11 ¢t lat ) ‘..
* e from the Device Damage Testing program format to the format "
(#* file f he Device D Testi g f t the f ) !
(** required of this waveform aonalysis program. s} ¢
(== «u) 0.‘
(ﬂ“ﬂ."“"“'.“ﬂﬁ"ﬂ"ﬂﬂﬂﬁ“ﬂﬂ““.ﬂ“ﬂ““ﬂﬂ“ﬂ“'“‘“““'““*””““““N“ﬁ“““““ﬂ”ﬂﬂﬂﬂl“lﬁﬂ) "::
’,
procedure ImportDDT; ]
o
const 1
NumVertPoints = 512; (* Num vert points on 7912 digitizer *) 4
:‘
var ‘
delta : real; (* Dist between successive dato pts. *) Ry
i : integer; (* A counter variable ) SN
SCALE : boolean; (* Scale dota to real values? ") [}
DummyChar : char; (* Reads dummy char information *) Wy
VoltsDiv : real; (* Volts / div of digitizer ) Y
Transfer : real; (* Transfer function of probe ) .#:
filename : string; ‘2
1
procedure ReadIDStrings; :
type )
CodeRange = 9..2; s
"
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o
var X
SecondsDiv : real; R
VMax : real;

VMin : real; ..
TMax : real; ."_
dummy : string; AN
DiskNum : integer; 0.'
Code : integer; .l:
OKAY : boolean; ::‘
Voot

procedure ReadString (VAR StringToRead : string; )
EndCode : CodeRange); .
‘1
var . ¢ ‘
DONE : boolean; (* Done reading string? *) "
begin  (ReadString)
DONE : =false; o
i:=0; . »
repeat o
i:=succ(i); q%
read (Nome,StringToRead[i]); 'l
case EndCode of i
@: if StringToRead[i] = ',' then DONE:=true; .‘;
1: if StringToRead[1] = '"’ then DONE:=true: )
2: 1f EOLN (Name) then DONE:=true; X

end; {case} >

until DONE; Z
StringToRead{@#]:=char(i-1); by
end; {ReadString} Iy
¢
begin {ReadIDStrings) k.
ReadString (dummy,8); ),
Val (dummy,NumPoints,Code); W
NumPoints:=succ(NumPoints); | ]
—

read (Name,DummyChar);
ReadString (dummy,1);
info[1]:="NAME OF FILE: ’+dummy;

read (Nome,DummyChar);

ReadString (dummy,@);

if dummy[1] = ’'.' then dummy:='@"'+dummy;
Val (dummy,VoltsDiv,Code);
info[2]:="AMPLITUDE / DIV: '+dummy;

ReadString {(dummy,@);

1f dummy[1] = .’ then dummy:='@°’+dummy;
Val (dummy, SecondsDiv,Code);
info[3]:='SEC / DIV: ®'+dummy;
delta:=1@*SecondsDiv/pred(NumPoints);

ReadString (dummy,8);

i1f dummy[1] = '.' then dummy:='8'+dummy;
Val (dummy,VMax,Code);

infofs]:="MAX AMPLITUDE: °+dummy;

ReadString {dummy,8);
if dummy[1] = '.’
then dummy:='@"'+dummy
else 1f ((dummy[1] = '-') AND (dummy[2] = '.'))
then begin
dummy[1]):='8";
dummy : =’ -'+dummy;
end; {else if)}

AR
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Val (dummy, TMax,Code);
info[5]:="'TiME OF MAX AMPLITUDE: '+dummy;

ReadString (dummy,8);

if dummy[1] = '.* then dummy:='@’+dummy;
Val (dummy,VMin,Code);

info[6]:="MIN AMPLITUDE: '+dummy;

read (Nome,DummyChar);
ReadString (dummy,1);
read (Name,DummyChar);
info[7]:='TIME: °*+dummy;

read (Name,DummyChar);
| ReadString (dummy,1);
info[8]:="DATE: '+dummy;

read (Nome,DummyChar);
read (Nome,DummyChar);
ReadString (dummy,1);
read (Nome,DummyChar);
info[14]:='COMMENTS: ' +dummy ;

ReadString (dummy,®);

if dummy[1] = '.' then dummy:='@’+dummy;
Val {dummy, Transfer, Code);
info[9):='TRANSFER FUNCTION: ' +dummy;

read (Name,DummyChar);
ReadString (dummy,1);
read (Name,DummyChar);
info{167:="'0OTHER: ' +dummy ;

ReadlLn (Name,DiskNum);
info[11]):='DISK NUMBER: '+char(DiskNum+ord('®'));

o dnae lC e dhh A

read {Name,DummyChor);
ReadString (dummy,1);
read (Name,DummyChar);
info[12]:='DEVICE UNDER TEST: ' +dummy ;

read (Name,DummyChar);

ReadString (dummy,1);

info[13]:='PROBE: '+dummy;
end;  {ReadIDStrings}

var
s : string;
error : integer;

begin {ImportDDT}
SCALE:=true; .
PrintText ('Enter DDT filename: ',1,22);
readln (filename);
if filenome[2] ¢> ':' then if filename[1] <> ’'\' then
filename: =DefaultDataDir+’\’'+filename;
if NOT EXIST (filename)
then begin
PrintErrorMsg ('File does not exist!’,1,19, folse RespCh);
PrintText ('Your Choice? ',1,22); ClrEOL:
end {then)
else begin '~
TRANS:=false; ‘u,
ORIG: =true;
ACCEPT:=true; )
PrintText ('Scale data to real values? ',1,2¢);

:.;’; ':‘:.‘ij |-

e
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repeat
DummyChar: =ReadKey;
until (UpCase(DummyChar) in ['Y’,’'N' ENTER]):
write (UpCase(DummyChar));
1f (UpCase{DummyChar)='N') then SCALE:=false;
Assign (Name,filename);
Reset (Name);
ReadIDStrings;
NumFreqs: =NumPoints div 2;
for 1:=@ to NumPoints-1 do begin
readln (Name,s);
if (s[1] = '.")
then s:='@'+s
else if ((s[1] = '-') AND (s[2] = '.'}))
then begin
s[1]:='0";
s:='-"4+s;
end; {else if)
val (s,ampl~[i],error);
time~[i]:=i*delta;
if SCALE then
ampl~[i]:=amp1~[1]*(8*voltsDiv*Tronsfer/NumVertPoints);
end; {for}
Close (Name);
end; {else)
end; {ImportDDT}

(&nn&*&uuldnuu*unnnnuuulI*iu&nn&nnwl*uu&uhui%n&nuu&li&&u&wnu&&**nuu&u&&“#unnu)

(~~~ »nh)
{#»#*% This procedure lists the directory of the current (logged) drive. "xn)
(n»n “")

(nunnln&ulnu&nnn%uun&&uhﬂlﬁ*nnnnnﬂnl&an&ul*u“h*ubnhnl*&&nnunu*&ﬁunuuu*n&unn&n)

procedure DiskDirectory;

const
MaxDirectoryEntries = 200;
DefaultDrive = @;
Search = $30; {search for directories and files }
type
MaxEntries = 1..MaxDirectoryEntries:
Colors = 1..8;
var
NamR : array [1..MaxDirectoryEntries] of string [12];
EntryDir : array [1..MaxDirectoryEntries] of boolean;
DefaultDir : string;
buffer : string;
temp : SearchRec;
DirColor : byte;
DirBack : byte;
EntryNumber : byte;
NumkEntries : byte;
NumScreens : byte;
x . byte;
Yy : byte;
z : byte;
ch : char;
Drive : byte;
CurrMinX . byte;
CurrMaxX : byte;
CurrMiny : byte;
CurrMaxy : byte;
temp_int : longint;
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begin  {DiskDirectory)
CurrMinX:=succ(lLo(WindMin));
CurrMinY:=succ(Hi(WindMin));
CurrMaxX:=succ(Lo(WindMax)):
CurrMoxY: =succ(Hi{wWindMax));
Window (1,1,80,25);
DirColor:=abs{(7-ForeColor) mod 16);
DirBack :=abs((7-BackColor) mod 16);
ClrScr;
GetDir (DefaultDrive,DefaultDir);
ChDir (DefaultDataDir);
FillChar (NomR,SizeOf(NamR),@8);
FillChar (buffer,SizeCf(buffer),®);
buffer(8]:=char(8):
PrintText ('File mask: ',1,1); readln (buffer);
if (length(buffer) = @)
then begin
buffer:='# #'.
if DefaultDataDir[2] = ':°
then Drive:=ord(UpCase(DefaultDataDir[1]))-ord( A’ )+1
else Drive:=DefaultDrive;
PrintText (DefaultDataDir,12,1);
end {then)
else begin
if buffer[2] = ' {Get drive number}
then begin
Drive:=ord(UpCase(buffer[1]))-(ord(’A')-1);
if length(buffer) = 2 then buffer:=buffer+'». *’;
end {then}
else begin
if DefaultDataDir[2] = ':*
then Drive:=ord{UpCase(DefaultDataDir[1]))-ord{ A’ )+1
else Drive:=DefaultDrive;
end; {else}
end; {else)
EntryNumber: =@;
FindfFirst (buffer,search,temp);
if (DosError = @) AND (temp.Attr = Directory) then begin
{$I-)} ChDir (buffer); ($I+)
if IOResult = @ then buffer:='» %'
FindFirst (buffer,search,temp);
end; {if)
while (DosError = @) do begin
EntryNumber:=succ(EntryNumber);
NamR[EntryNumber]: =temp.Name;
if temp.attr = Directory
then EntryDir [EntryNumber]:=true
else EntryDir [EntryNumber]:=false;
FindNext (temp);
end; {while)
NumEntries:=EntryNumber;
NumScreens:=(NumEntries-1) div 72 +1;
if (NumEntries »= 1)
then begin
EntryNumber:=1;
for z:=1 to NumScreens do begin
for y:=3 to 20 do
for x:=1 to 4 do begin
GotoXY (28%x-19,y);
if EntryDir[EntryNumber]
then begin
TextColor (DirColor);
TextBackground (DirBack);
end {then}
else begin
TextColor (ForeColor):
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TextBackGround (BackColor);
end; {else)
write (NomR[EntryNumber]);
EntryNumber: =succ(EntryNumber);
end; {for)
if (NumScreens > 1) then if (z < NumScreens) then begin

PrintText ('Press any key for more entries....',1,24);
ch: =ReadKey;
ClrScr;
PrintText ('File mask: '+buffer,1 1);
end; {if)

end; {for)
end {then}
else begin
PrintErrorMsg (’'File not found! ',4,5,false,ch);
end; {else}
GotoXY (1,22);
TextColor (ForeColor);
TextBackground (BackColor);
temp_int:=DiskFree (Drive) div 1880;
if Drive > @
then ch:=char(Drive+ord{'A')-1)
else ch:='C’';

write ('Drive ',ch,’': has ', temp_int,’ kB free.');

{$1-) chbir (DefoultDir); {$I+)

ch:=char{IOResult); {Dummy assignment }
PrintText (’'Press any key to return ...’',1,24);

ch:=ReadKey;

ClrScr;

Window (1,1,86,25);
Window (CurrMinX,CurrMinY, CurrMaxX,CurrMaxy);
end; {DiskDirectory)}

procedure ReadInfolines;

var
ch : char;
int : byte;

begin {ReadInfolLines)
Window (1,1,86,25);
ClrScr;
GotoXY (1,1);
for int:=1 to MoxInfo do
writeln (info[int]);
PrintText ('Press any key to return to the file I/0 menu ...’',1,25);
ch: =ReadKey;
ClrScr;
Window (StartColumin-1,2,88,25);
end; {ReadInfolLines)

procedure FileIOMenu;

begin
(##* Set up window, print FileIO Menu, prompt for choice. nwn)
ClrScr;
PrintText ('File I/O Menu',11,1);
PrintText ('Select Option by typing a number:',1,3);

PrintText ('1. Save Data to disk ',9,6);
PrintText ('2. Retrieve Data from disk 1,9,8);
PrintText ('3. Delete Data from disk *.98,10);
PrintText ('4. Import DDV file from disk ',9,12);
PrintText ('5. Disk Directory 1,9, 14);
PrintText ('6 Display Informotion Lines ',9,16);
PrintText ('9. Exit to Main Menu ',9,18);

. PrintText ('Your choice? ',1,22);

)

0 76

ﬁ

p

K]

|:‘

'4

Y

Y

"4\\ fﬁ\ S 3 ' / Ay A l(
¥ e eV" Pt fl'fff" ' KRN, o
‘l...l'plvl. e X X Lo N > A"l.\!‘o'l ! ,. N

v $a”.0a% #a”

ot e

P A g Ay

A P -

W BT -

Q
(]
)
]
J




0 [T
‘l‘:!l" )

O
WX

AN ) :!“‘. u'!\:..'a:,'t:'-\l. W00,

APPENDIX A

GotoXY (14,22); ClrEOL;
TODONE : =false;
end; {FileIOMenu)

procedure FileIO;

begin  {FilelO}
Window (StartColumn-1,2,80,25);
IODONE : =false;
while NOT IODONE do begin
FileIOMenu;
repeat
RespCh: =ReadKey;
until RespCh in ['1'..'6','9'];
choice:=ord(RespCh)-ord('8');

case choice of (* Choice: *)
1: SaveFile; (* Save file. *)
2: RetrieveFile; (* Retrieve file. *)
3: DeleteFile; (* Delete file. *)
4: ImportDDT; (* Import file. *)
5: DiskDirectory; (* Disk Directory. *)
6: ReadInfolines;
9: IODONE:=true; (* Return. *)
end; {case)
end; {while}
Window (1,1,80,25);
ClrScr;

end; {Filel0}

(«mnunuunnnnn»uuunautnnnnn«unannuunna«nunnun&»u«hﬂnﬁl*nu«*nn&nnnuun&*n»nnuu*au)

begin {Initialization}
end. {Initializotion}
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CreateWaveform
Unit CreateWaveform creates one of four kinds of waveforms:

damped sine wave,

double exponential,

reciprocal double exponential, and
general exponential sum,

-

The damped sine wave is defined as
gt)=Ae* sin(2nfr +60) .
The double exponential is defined as
gt =A™ -e¥) .

The reciprocal double exponential is defined as

A
g)= S5 —To) _ B -10)

The general exponential sum is defined as
n
gt)= 2 Aie™* .
i=1

After the user inputs the various parameters required to create one of these
waveforms, he is given the option of adding noise to it. The amount of
noise added is defined by the user as a given signal-to-noise ratio, input in
decibels (dB).
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unit CreateWaveform; s
=
interface
uses 0l
Crt
- 4
Global: Al
.\
procedure AnalyticWaveform; )
‘.
(‘ﬂ“H‘QN'I“iﬂ'“‘“ﬂ‘“llﬂﬁﬁ‘Iﬂ‘”“"ﬂ"““ll‘iﬂﬁhl'&ﬂl“*Uﬂ*&ﬂ&ﬁ”“ﬂﬂ““’.ﬂ“““ﬂ“‘“')
W]
implementation a
procedure AnalyticWaveform; 'ﬂ
var }
choice : byte; (* Choice of waveforms to create *)
- RespCh : char;
procedure AnalyticMenu; :
J
begin {AnalyticMenu)} %‘
ClrsScr; :'.‘
window (StartColumn-1,2,80,25); Yy
PrintText ('Crecte Woveform Menu',9,1);
PrintText ('Select waveform to create by typing a number.', 1,3);
PrintText ('1. Damped Sine Wave ',9,6); g
PrintText ('2. EMP Double Exponential ',9,8); ]
PrintText (’3. Reciprocal Double Exponential’,9,18); ¢
PrintText ('4. General Exponential Sum',9,12); &
PrintText ('9. Exit to Main Menu *,9,14); ‘
PrintText (’Your Choice? ',1,22); §
GotoXY (14,22);
repeat 1
RespCh: =ReadKey;

until (RespCh in ['1'..'4','9']);

choice:=ord(RespCh)-ord('8');

if choice <> 9 then begin
NumPoints:=TNArraySize;
NumfFreqs :=TNArraySize div 2;

ALY Y _m»

end; (if)
end; {AnolyticMenu) A
procedure MakeDampSine; ,‘
var |£
i : integer;
. A . real; U
i alpha : real;
t : real; F;
beta : real; .
cycles : real; K
. phi : real; 3
dummy : GraphName; ’
'
begin {MokeDampSine) (u
PrintText ('Damped Sine Wave', StartColumn+8, 62);
PrintText ('This wave is of the form ',1,5); Iy
write ('A * exp(-alpha*t) * sin(2+*PI*f*t + phi).'); ’
repeat f
PrintText ('Period of wave = ',1,8); }
GotoXy (18,8): readln (dummy); >
if dummy = '' then dummy:='0"; (
String_to_Value (dummy,beta,dummy);
until (beto <> 9);
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Y
repeat R
PrintText ('Number of cycles = ',1,18);
i GotoXY (20,14);: readln (dummy);
if dummy = '' then dummy:='§’;
String_to_Value (dummy,cycles,dummy);
until (cycles <> @#);
repeat
PrintText ('A = '1,12);
GotoXY (5,12); readln (dummy);:
if dummy = '' then dummy:='@";
String_to_Value (dummy,A,dummy);
until (A <> 8); )
PrintText ('alpha = ',1,14); readln (dummy); ‘
if dummy = '' then dummy:='@";
String_to_Value (dummy,alpha,dummy);
PrintText ('phi (degrees) = ',1,16); readln (dummy);
if dummy = '' then dummy:='9"’; )
String_to_Value (dummy,phi,dummy); °
phi:=phi*pi/188;
for i:=@ to NumPoints-1 do begin
t:=beta*i*cycles/(NumPoints-1);
time~[i]:=t;
ampl~[i]:=A*exp(-alpha*t)*sin{2«PI*t/beta+phi);
end; {for)
TRANS:=faolse;
ORIG:=true;
ACCEPT:=true;
end; {MakeDompSine)

procedure MokeDoubleExp;

var
ch : char;
i : integer;
A 1 real;
alpha : real;
t : real;
beta : real;
timeofmax : real;
maxtime : real;
dummy : GraphName;

begin  {MakeDoubleExp}
PrintText ('EMP Double Exponential’,StartColumn+8,2);

PrintText ('This wave is of the form '1,9);

write ('A * [exp(-a*t) - exp(-b*t)}.')

repeat
PrintText ('Maximum amplitude = ',1,8); readln (dummy): »
if dummy = '' then dummy:='@'; -

String_to_Value (dummy, A, dummy);
until (A <> B);

repeat
PrintText ('risetime = '1.198);
GotoXY (12,16); readln (dummy);
if dummy = '' then dummy:='§";

String_to_Value (dummy,beta,dummy);
until (beta > @);

repeat
PrintText ('falltime = 'L1,12):
GotoXY (12,12); readin (dummy);
if dummy = '’ then dummy:='@';

String_to_Value (dummy,alpha,dummy);
until (alpha > @);
maxtime:=3*alpha:
alpha:=1n(18)/alpha;
beta :=1n{9) /beta:
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timeofmax:=1n(beta/alpha)/(beta-alpha);

A:=A/(exp(-alpha*timeofmax )-exp(~-beta*timeofmax));

for i:= # to NumPoints-1 do begin
t:=maxtime*1i/(NumPoints-1);
time~[i]:=t;
ampl~(1]:=A*(exp(-alpha*t)-exp(-beta*t});

end; {for)

TRANS: =false;

ORIG:=true;

ACCEPT:=true; J

end; {MakeDoubleExp}

procedure MakeRecipDoubleExp;

var

i
- A

alpha
b

t
beto
e
dummy

begin

integer;
real;
real;
real;
real;
real;
real;
GraphName;

{MaokeRecipDoubleExp)
PrintText ('Reciprocal Double Exponential’,StartColumn+8,2);
PrintText ('This wave is of the form

', 1,8);

write ('A / {expla*(t-tB)] - exp[b*(t-t8)])}.');

1
J PrintText ('Initial time =

} String_to_Vaolue

N PrintText ('Maximum time =
L]

String_to_Value
PrintText (A =
String_to_Value
PrintText ('a =
String_to_Value
PrintText ('b =
String_to_Value

i,

L -
B )

time~[i]:=t;

end; {for}
TRANS: =false;
ORIG:=true;
ACCEPT:=true;
¢ end;

e LA

',1,8); readln (dummy);
(dummy, t@, dummy);

',1,18); readln (dummy);
{dummy, beta, dummy );

',1,12); readin (dummy});
(dummy, A, dummy);

',1,14); readln (dummy);

(dummy, alpha, dummy);

',1,16); readln {dummy);
(dummy, b, dummy ) ;

for i:=f to NumPoints-1 do begin
t:=beta*i/(NumPoints-1);

ampl~[i]:=A/(exp(olpha*(t-t@))-exp(b*(t-tB)));

{MakeRecipDoubleExp)}

procedure MakeGeneralSum;

var

=B H 2 <
>

alpha
t
beta
NumTerms
dummy

P -
-

begin

integer:
integer;
real;
real;
real;
real;
integer;
GraphName;

{MaokeGeneralSum)

-

e T

L)
PrintText ('General Exponentiol Sum’,StartColumn+8,62): i
PrintText {'This wave is of tne form ',1,5);

write ('SUM A*exp(a*t).');

s
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GotoXY (16,8); readln (dummy);
if dummy = '’ then dummy:='@°*;
String_to_Value (dummy,beta,dummy);
until (beta > @);
for 1:=@ to NumPoints-1 do begin
t:=beta*i/{NumPoints-1);
time~[1]:=t;:
ampl”~[i]:=8;
end; {for)
PrintText ('Number of exponential terms:
GotoXY (36,18);: readln (dummy);
if dummy = '' then dummy:='@’;
String_to_value (dummy,t,dummy);
NumTerms:=round(t);
ORIG: =false;
for i:=1 to NumTerms do begin
GotoXY (1,14); ClrEOL;
GotoXY (1,16); ClrEOL;:
GotoXY (1,12); writeln ('Exponential term #',61);
PrintText ('A = '.5,14); ClrEOL; readln (dummy);
if dummy = '’ then dummy:='@"';
String_to_Value (dummy,A,dummy);:
if NOT ORIG then if A <> @ then ORIG:=true;
PrintText (’a = *,5,16); ClrEOL; readln (dummy);
if dummy = '' then dummy:='@"';
String_to_Value (dummy,alpha,dummy);
for j:=0 to NumPoints-1 do
amp1~[j]:=A*exp(alpha*time~[j]) + ampl~[j];
end; {for}
TRANS: =false;
ACCEPT:=true;
end; {MaokeGeneralSum)

'.1,18);

procedure AddNoise;

var
charchoice : char; (* Add noise?
dummy GraphName; (* Scale value of noise
scale real; (* Scale value of noise
max_r real; (* Max value of waveform
max_1 : integer: (* Index of max value of waveform
i : integer; (* Counter variable
nolse real;

begin  {AddNoise}
PrintText ('Add noise to waveform (y/n)? ',1,28);
repeat

charchoice: =ReadKey;
charchoice: =UpCase(charchoice);
until {charchoice in ['Y','N' ENTER]): ‘
if {charchoice = ENTER)
then write ('N’)
else write (charchoice);
(charchoice = 'Y') theR begin
PrintText ('Signal-to-Noise ratio (dB) =
if dummy = '°'
then Scale:=1@890
else String_to_Value (dummy,Scale,dummy);
max_1i:=0;
for 1:=1 to NumPoints-1 do
1f ampl~(1i] > ampl”[max_1i] then mox_1i:=i:
max_r:=ampl™[max_1];
Scole:=max_r*exp({-Scale/18)*1n(18));
Randomize;
for i:=@ to NumPoints-1 do begin
noise:=Scale*random;

if

' 1,22); read (dummy);

{(converts dB to real #)
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ampl~[i]:=ampl~[i]+noise;
end; {for)
¥ end; {if) ¢
X end;  (AddNoise) '
3
i var
':, Moke : boolean; (* Hos a waveform been created? *)
¥
- begin {Analyticwaveform)
g9
AnalyticMenu; b
Window (1,1,86,25); \
> ClrScr; .
r Make:=true;
case choice of
N 1: MakeDampSine;
A 2: MakeDoubleExp;
- 3: MokeRecipDoubleExp;
4: MakeGeneralSum;
" 9: begin
v Make:=false; b
" end; .l
:' end; {case) :4
w if Make then AddNoise; N
: end; {AnalyticWaveform) N
- (lhbﬂﬂﬂ“nhh’ﬂl“i‘ﬂ.““*&N.“ﬁDﬂﬂﬂ&l'“ﬂ'illilIﬂ%’“'*ﬂI“GQlﬂ’#ﬂﬂ“ﬂi“ﬂﬂi'*ﬂﬁﬁ*““ﬂ“)
-
\
N begin {Initialization) )
LY end. {Initialization) ‘3
[}
> 4
i '
N ;
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o A-3.7 GraphWaveform

’:: Unit GraphWaveform displays a graph of the data. The graph defaults to a

@ linear graph for time-domain data, a log graph for the magnitude of the

N, frequency-domain data, and a log-linear graph for the phase of the

: frequency-domain data. The following procedures are contained in this

v file:

x

v

K1 1. ClearWindow--clears a portion of the screen.

M)

Y

2. PrintMenu--displays the graph menu.

o _
4

4 3. ClearMenu--removes the graph menu.
¥

»

" 4. GraphData--graphs the data on the screen. /
; : 5. Changelnterval--changes the endpoints of the interval to be graphed.
! ]
:j 6. OutputScreen--prepares the screen to be printed.

Lo 7. ChangePlotType--changes to any of the four possible plot types.

\
L 8. GraphResults--performs the following:

.; a. Initialize system !
o b. Repeat \

(1) Option 1: Output Screen
- (2) Option 2: Change Plot Type, Intervals
0 (3) Option 3: Reset Parameters

(4) Option 9: Finished

-

SO

until finished.
¥,
»
w* b
h’ 0
>
'
"
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¢
L
: (lﬂ*““ﬂ‘ii“&l“hiﬁ&ﬂlIlhﬂﬂﬁ‘"*l'“'ﬂﬁﬂﬂ"ﬂl“*ﬂ“&ﬂ““ﬁ”'&&‘hh“.ﬂﬂli&ﬂlﬁ““ﬂﬁﬁﬂﬂﬂ&i)
o (wnw '“"‘)
(*** GraphResults plots either the time domain data or the frequency waw)
(##* domain data, as determined by the value of paorameter PlotType. The %#s)
. (#%» dota is either plotted over the whole interval, or over a user wun)
1l (#»* defined subinterval. Additionally, a hard copy may be made of the L1
' {##* current screen, a zoom factor may be given, or the type of plot may *#=)
:' (»#* be changed. Initially the plot is drawn as o log-log plot. Four “nu)
R (#»» types of plots are defined: wun)
. (nwn 1. Linear x, linear y. LALD]
(wnw 2. Log x, log vy. *un)
(nw 3. Log x, linear vy. nun)
] (enn 4. Linear x, log y. )
) ' (‘nnt nu»)
() (nun n«n)
' (Gﬂ“l*““ﬁ‘“”“““'“““*ﬂﬁi'lﬂi’*““““*“‘H“ﬂ”ﬁN'“"“ﬂ‘&“ﬁﬂ&”“*&Kﬂiﬁh“lﬁﬂi““ﬁﬁﬂﬂﬁﬂﬁ.)
R unit GraphWaveform;
-
f interface
B uses
+ Crt,
¢ Graph,
: {$U c:\pascals\grophix\drawgraf.tpu} DrawGraf,
| Global,
GraphText;
\ procedure GraphResults (PlotType : char);
o
[}
+ (“ﬂ“G”““ﬁﬂ“‘ﬁﬂ“&nﬂhﬂ&”d‘&ﬁﬂ“ﬂﬂ“ﬂ*ﬂﬂﬂ“i““‘i““lﬂﬁ“ﬁlvi““iil!“ﬂ“l““#l"i“““l‘ﬂllﬁ““)
implementation
procedure GraphResults (PlotType : char)
h const
" NormSize = 1
var
i : integer; (* Loop counter *)
MinFirst : integer; (* Smallest point that can be graphed. *)
MaxLast : integer: (* Largest point that can be graphed. *)
first : integer; (* Subintervol setup: graph from *)
last . integer: (* first to last points of Temp. )
RightEnd : real; (* Subinterval setup: user *)
! LeftEnd : real; (* inputted endpoints. *)
tempx : real; (* Temp var for swapping values. *)
) max imum . real; (* Lorgest value of maximum. *)
. response : byte; (* Choice of options. *)
temp . real; (* vVariaoble for swapping values. *)
ViewDONE : boolean; (* Done viewing graph? *)
Title : string; (* Title of graph. ")
| XTitle : integer; (* X coordinate to print title. *)
§ YTitle : integer: (* Y coordinate to print title. *)
TitlePos . integer:; (* Position of 'Title:' in title. *)
J : byte: (* Temp counter variable. *)
Piot © byte; (* Plot type. )
Plot“REQ : boolean; (* Frequency dota to be plotted? )
PlotMAG . boolean; (* Magnitude of frequency data? ) :
PlotPHASE : boolean: (* Phose of fregquency data? *)
dummy : char: «
.
procedure ClearWindow (x_T.y_1.x_2.y 2 : integer)
85
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N var

v : ViewPortType;

.
;‘ begin {ClearWindow}

4 GetViewSettings (v);

) SetViewPort (x_1,y_1,x_2,y_2,ClipOff);

ClearViewPort;
with v do
SetViewPort (x1,y1,x2,y2,Clip):
end; {ClearwWwindow}
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procedure PrintMenu;

ﬁ
[\
&% begin  {PrintMenu}
‘: PrintText ('Options: 1. Print Screen 1,23,22);
b PrintText (' 2. Change Parameters ',23,23);
o PrintText (' 3. Reset Parameters 1,23,24);
PrintText (° 9. Exit to Main Menu '1,23,25);
end; {PrintMenu}
N
;:: procedure ClearMenu;
)
N var
# x_1,y_1.,x_2,y_2 : integer;
'»
begin {ClearMenu}
K Text_To_Cart (1, 21,x_1,y_1);
¥ Text_To_Cart (88,26,x_2,y_2);
~h x_2:=pred(x_2);
R y_2:=pred(y_2):
'ﬂ Clearwindow (x_1,y_1,x_2.,y_2):
Qb end; {ClearMenu}
(””ﬁﬁ”ﬂh“ﬁ”‘“*ﬁ”.‘“”ﬁ’ﬂ‘“ﬂﬂhh&ﬂﬂi.lﬁﬂ““Qﬂﬂﬁﬂ*ﬁﬂﬂ”ﬂﬂ&&“&ﬂ“**ﬂﬂl“ﬂ“%““%&&&h“)
f‘ (nnn )
' (*** GraphData graphs the data. Initially, time data is graphed on a ")
J (*** 1linear (type 1) graph, magnitudes are grophed on log-log (type 2) waun)
C (#*» graphs, and phase is plotted on a semi-log (type 3) groph. LA
(uun nnu)
.’ (lNﬁ“lﬂN“‘ﬂ“‘ﬂﬂﬂ”““.‘“'ﬂ”Q““'ﬂ“"ﬂ‘l“”“&&Iﬂ““ﬂﬂ“”l““““““““H“l“ﬂ**“*ill““&“ﬂiﬂﬂ)
procedure GraphDato;
2;
. var
' x : PlotXYPtr;
N’ Y . PlotXYPtr;
<$: x1 : real;
i? x2 : real; .
y1 : real; -
. . y2 : real;
:} error : byte;
iy ErrStr : string[3];
- i : integer;
)
- begin  {GraphDota}
L new (x): new (v);
for i:=first to last do begin
) x~[1-first+1]):=0utArrayX~[i]:
vy [i-first+1]:=0utArrayY~[1];
%) end; {for)
,!' SetTextStyle (DefaultFont,VertDir, NormSize):
§ leftx:=2*TextHeight ('H'):
% SetTextStyle (DefaultFont,HorizDir ,NormSize);
e rightx:=7%((GetMaxX+1) div 8);
topy:=5*(TextHeight ('H') div 2);:
; if GrophicsCard ¢> HercMono
! 86
L
o
)
)
l"
& 1

) f-' J‘J~ 'n’ J' " ‘- 'J-'.A A I AL " '\' a \ o,
e S A
ey W LAy i, . Cad : '; : _;\.n" .\n" H_f'.nV'l‘Jl}.pv.l A




LR

-

-~

- e AR e

kel

-

-

LR N~
i

3% nld'etd pnta gt puat

S I L R A d RN RN R AT AU VNN WX WRT RO W W O AN B NN PR N P W )

then bottomy:=3*((GetMaxY+1) div &)

else bottomy:=3*((GetMoxY+1) div &) - 2#TextHeight ('H');
SetViewPort (@,@,GetMaxX,GetMaxY,ClipOn);
ClearWindow (@,0,GetMaxX,GetMaxy);
DrawGraph (x,y,last-first+1,Plot,

leftx, topy,rightx,bottomy,x1,x2,y1,y2,'’,'"' error);

if error <> @ then begin

str (error ErrStr);

PrintText ('[Error '+ErrStr+' in drawing routine.]*,23,18);

end; {1f error)
dispose (x); dispose (vy);
end; {GraphData)

(l.ilﬂﬂﬂl.ﬂ'l”&“"ﬂ&l*.ﬁ“I&H*“lﬂ#l‘ﬂ*ﬂﬂl‘Nﬂ*ﬂﬂ**O“*ﬂ**lh“ﬁl**“ﬂ“““ﬂ“!'l“l’“hhﬁ)
(uun &nn)
(**» Changelntervols divides the array to be graphed into subintervals Hun)
(#** from LeftEnd units to RightEnd units, as input by the user. #aw)
(uun nnb)

(unnd&nnn*nnIﬁ&&nnu!NIdl&&&hn&llnuuﬂnﬁnn&nnﬁnnuﬁﬂ“hlun&u&«ﬂu»&uu&*nu&nuunu&wn)

procedure Changelntervals;

var

i : integer;

LeftEndString : string; (* Left endpoint + multiplier *)
RightEndString : string: (* Right endpoint + multiplier *)
dummystring : string; (* dummy units string returned *)
old_last : integer; (* store old right endpoint *)
old_first : integer; (* store old left endpoint *)
x1,x2,y1,y2 : integer; (* Window coordinates of menu ")

begin {ChangeIntervals}
old_last:=1last;
old_first:=first;
(#*» Set up ‘interval to be plotted. ##%)
FillChar (LeftEndString,SizeOf(LeftEndString).®);
PrintText ('Interval from ',23,622);
readln (LeftEndString);
if length(lLeftEndString) > @
then String_to_Volue (LeftEndString,LeftEnd, dummystring)
else LeftEnd:=0;
FillChor (RightEndString,SizeOf(RightEndString),9);
PrintText (' to ',23,23);
readln (RightEndString});
if length (RightEndString) > @
then String_to_Value (RightEndString,RightEnd, dummystring)
else RightEnd:=0OutArrayX~[MoxLast];
if LeftEnd > RightEnd then begin
tempx:=LeftEnd;
LeftEnd:=RightEnd;
RightEnd:=tempx;
end; {if)
if LeftEnd < OutArrayX~[MinFirst] then LeftEnd:=OutArrayX~[MinFirst];
if RightEnd > OutArrayX~[MaxLast] then RightEnd:=OutArrayX~[MoxLast];
first:=MinFirst;
last: =MaxLast;
1i:=MinFirst;
while ((OutArrayX~[i] <= LeftEnd) AND (i < MoaxLost)) do i:=succ(i):
first:=1;
i:=MaxLast;
while ((OutArrayX~[i] »>= RightEnd) AND (i > MinFirst)) do i:=pred(i);:

last:=1;

1f (last-first) < 5 then begin
PrintText ('Too few points to plot! ',23,25);
Buzzer;

last:=o0ld_last;
&7
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[ ] .:
3
first:=old_first; %!
end; {then} ;:h
ClearMenu;
end; {ChangelIntervals} :‘
(“ﬁl”“ﬂﬁﬂl'*lﬁ“ﬂﬂﬁ“”““ﬂﬂ'“.'ﬂlﬂ".“'ﬂ'ﬂ‘ﬂ“ﬂ'.ﬁﬂl‘IﬂﬂhNhhiﬂnﬂﬂﬂlﬂﬂﬁﬁﬂhﬂlﬂlﬂﬂﬁ) ::
(nn» (22D »
{#»#* OutputScreen sets up the screen for a hard copy, then calls the (L) P4
(*## PrintScreen routine to produce the hard copy. wun) Y
(nnn nnn) -
(&ﬂ“lIIﬂﬂ“lN’ﬂ“*ﬂllﬂﬂ*'ﬂ*“"lﬂﬂﬂ‘ﬁ'ﬂﬂﬂ“llNﬂllﬁﬁI*ﬁiﬂ“ﬂi!ﬂ”"“ﬂl‘ﬂﬂlﬂ“ﬂh&ﬂiﬂﬁ'l) ;‘
‘N
procedure OutputScreen; . .;
var gﬁ’
PlotX : integer; (* coordinates to draw the units at %) ‘]
PlotY : integer; (* coordinates to draw the units at *) 4
labels : string: o
T : TextSettingsType; - »
begin  {Outputscreen} e
ClearMenu; ]
PrintText ('Horizontal units: ',1,23); 2
readln (info[MaxInfo-3]); M
PlotX:=(rightx+leftx) div 2 + 18*TextWidth (°'W'); .
PlotY:=bottomy+2; _,.
OutTextXY (PlotX,PlotY,info[MaxInfo-3]); ’
PrintText (' Vertical wunits: ',1,24); (=%
GetTextSettings (T); h
readln (info[MaxInfo-2]); ;
SetUserCharSize (1,3,1,2); '
SetTextStyle (DefaultFont,VertDir,NormSize); %ﬁ
SetTextJustify (CenterText,CenterText); | b
PlotX:=leftx-TextHeight ('H'); 2% ¢
PlotY:=({bottomy+topy) div 2; »
OutTextXY (PlotX,PlotY,info[MaxInfo-2]); Sa
SetTextStyle (DefaultFont,HorizDir ,NormSize); ::
SetTextJustify (T.Horiz,T.Vert); N
ClearMenu; W)
PrintText ('Title of graph: ',1,23); :
readln (info[MoxInfo-1]); o
PrintText ('Sub-Title: 11,28); k)
readln (info[MaxInfo]l);
ClearMenu; w
XTitle:=4@-(length(info[MaxInfo-1]) div 2); "
PrintText (info[MaxInfo-1],XTitle,1); -
XTitle:=4@-(length(info[MaxInfo]) div 2); t
PrintText (info[MaxInfo],XTitle,2); y
Print_Screen; )
info[MaxInfo-1]:='Title: *+info[MaxInfo-1]; _ .
J info[MaxInfo] :='Sub-Title: *+info[MaxInfo); :m
PrintMenu; oy
end; {OutputScreen) .}
, .
(hl““nﬂ“"“ﬂNl““‘lﬂlﬂﬁﬁ"”ﬂﬂlﬂH'ﬂﬁ“ﬁﬂ““ﬁﬂ““ﬂ'ﬂﬁll“li“ﬂ!““.“ﬂﬂ.ﬂﬂ“l."'!Klﬂ!'ﬂl) “:.
(wnn LX) h
(»#** changePlotType changes the plot number or the interval endpoints. ) &ﬁ
(*** It is assumed thot the window boundaries are already drawn. nwn) )
(»»u nnu) r—
(!N'“nn““'“ﬂ“““lﬂﬂ.ﬂﬂ“ﬂ““ﬂ‘lN‘ﬁ“.l"lﬂﬁﬂﬂ”ﬂ’ﬂ"“l.ﬂﬂl“'”“'ﬂﬂ“ﬂ“l““““'.&ﬂl“ﬂ.') ..-
procedure ChangePlotType; )
4
var .-"l
ch . char; n
NewPlotNum : byte: 88 )
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begin {ChangePlotType)
SetViewPort (@,@,GetMaxX,GetMaxyY,ClipOn);
ClearMenu;
PrintText ('Option: 1. Linear Plot ', 23,21);
PrintText (' 2. Log Plot 1,23,22);
PrintText (' 3. Log-Linear Plot +,23,23);
PrintText (' 4. Linear-lLog Plot ', 23,24);
PrintText (' 5. Change Interval ’,23,25);
repeat

ch:=ReadKey;
until (ch in ['1'..'5']);
NewPlotNum: =ord(ch)-ord('8"'):
ClearMenu;
if (NewPlotNum in [1..4])
then Plot:=NewPlotNum
else 1f (NewPlotNum = 5)
then Chongelntervals;
if PlotPHASE then
if Plot = Log
then Plot:= LoglLin
else if Plot = LinlLog
then Plot:= Lineor;
GraphData;
PrintMenu;
end; {ChangePlotType}

begin {GraphResults}
PlotMAG :=(UpCaose(PlotType) = 'M');
PlotPHASE: =(UpCase{PlotType) = 'P')

P1otFREQ :=PlotMAG OR PlotPHASE;
if PlotFREQ
then begin
MinFirst:=8;
Moxtast :=NumfFreqs-1;
if PlotMAG

then Plot:=Log
else Plot:=Loglin;
for 1:=MinFirst to MaxLast do begin
OutArroyX~[i]:=freq~[i];
if PlotMAG
then OutArrayY~[i]:=mag~[i]
else OutArroyY~[i]:=phase”[i]*1808/PI;
end; {for)
end {then)
else begin
MinFirst:=0;
MaxLast :=NumPoints-1;
for i:=MinFirst to MaxLast do begin
OutArroyX~[i}:=time~[i];
OutArrayY~[i]:=ampl~[i];

end; {for}
Plot:=Linear;
end; {else}

first:=MinFirst;
last :=MaxlLast;
InitGraph (GraphicsCard, GraphicsMode, '');
SetViewPort (@,8,GetMaxX,GetMaxyY,ClipOn);
if GraphicsCard <> HercMono
then SetColor (White);
GraphData;
ViewDone: =false;
PrintMenu;
repeat
repeat
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dummy : =ReadKey;

until (dummy in ['1'..'3','9']);

response: =ord{dummy )-ord('9’);
case response of
1: OutputScreen;
2: ChangePlotType;
3: begin
first:=MinFirst;
lcst :=MaxLast;
if PlotMAG
then Plot:=Log
else if PlotPHASE
then Plot:=Loglin
else Plot:=Linear;

GraphData;
PrintMenu;
end;
9: ViewDONE:=true;
end; {cose}
until ViewDONE;

CloseGraph;
TextColor (ForeColor);
TextBackGround (BackColor)
ClrScr;

end; {GraphResults}

(u'buInntun&&&nu&inlnu&uuunﬁnnnn*uiun*&&lulvﬂﬁﬂn*lvn*&uuﬁn»u&nuulﬂui&unn{u&nﬁ&ii)

begin {Initialization}
end. {Initialization}

)
-

)

x

-
2R

e 1 YW N Y S Y
\ () f . * " l
'. ";‘ wWhnty .'\,.‘!’\.. SN .o.o.o M o e

.

PN

)

XN o -\.'\"'\f.-\.

N s
\.5‘_

V\ﬁg‘ f f

‘\




UL MY T Y eV % Kot ¥ G Vet S et oW et Rt 0 b ol a8 a0 00 0V A T 0 Y 8 % % 8% 4% 0% A% A% AT AN 18, "TIROCR 4 oy

A-3.8

"

APPENDIX A

DigitizeWaveform

Unit DigitizeWaveform contains routines to digitize a waveform, using the
asynchronous routines of file Async (see sect. A-3.11) to talk to the
digitizer through the COM port. The procedures in this file are as follows:

1. Rotate_Waveform--rotates a waveform from the user’s coordinate sys-
tem to the digitizer’s coordinate system.

2. Draw_Waveform--draws the digitized wave.
3. Initialize_Digitizer--initializes the digitizer.
4. Read_Digitizer--reads a point from the digitizer.

5. Read_Keyboard--scans keyboard input for either an ESCAPE or EN-
TER being pressed.

6. Set_Up_Axes--uses first four input points to create x- and y-axes.

7. Add_Comments--adds comments at the end of the data file. These
comments are

test point,

test type,

attenuation factor,
probe number,
X-axis units,

y-axis units, and
additional comments.

®™ e ae o

These particular comment fields were chosen to suit the author’s purposes;
they may be changed without affecting the operation of the program.
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(»nnn*nun-n&»»nnnn»n»nnnﬂ»&nn»unnh*n'»unnnnnnnn»nnnnn»n»nnnnn»»n»w»nnnnnn»nnu)

(cnnt "”'“)
(%*» Digitizer is to read data directly from the digitizing pad, then *ha)
(##*» perform analysis on that data until it represents the "actual" wun)
(*** waveform in the photograph. The digitizer used is the Micro nn)
(#*» Digi-Pod 6"x6" Electromagnetic Type 7 digitizer from GTCO Corp. #uw)
(*** The input parameter DatoToDigitize determines whether to digitize nun)
(#*% time or frequency domain data. wun)
(&cuo “'"')

(Ilﬁ&llih&&&llﬂiihin*lIllﬂﬁ&*n“&*I&&ﬂn!in*nﬂﬂﬂ&&*ulnﬂﬂu&n!dﬂn&&unuiiﬂnuhnuunu)

unit DigitizeWaveform;

interface

uses
Crt,
Async,
Graph,
DrawGraf,
Global,
GraphText;

procedure Digitizer ( DataToDigitize : char);

(*“i“**ﬂ”“.&‘”**ﬂlﬁ**lﬂﬁ*Iﬁ“”*“*““*ﬂ&*.l“ll’**’ﬁﬁ***““*“““ﬂl*““l‘**l**&&"lﬂ&ﬂﬂ)
implementation

procedure Digitizer ( DataToDigitize : char);

const
Reset_Command = 'RS'; (* Reset digitizer to power-up *)
Point_Command = 'P1’; (* Set digitizer to point input *)
parity = '"N'; (* Set digitizer to no parity *)
baud_rate = 960¢; (* Set digitizer to 960¢ Baud *)
data_bits = 8; (* Set digitizer to 8 bits per word *)
stop_bits = 2; (* Set digitizer to two stop bits *)
Pauselength = 250, (* Pause after sending commands *)
ShortPauselength = 18; (* Delay between digitizer bytes *)
MinX = 108; (* Left edge of digitizer work area *)
MaxX = 2008; (* Right edge of digitizer work area *)
MinY = 209; (* Bottom edge of digitizer work area*)
MaxY = 1808; (* Top edge of digitizer work area *)
NormSize : byte = 1; (* Normal size of default font *)
var
ch1,ch2,ch3,ch4, chb : char; (* input from digitizer *)
in2,in3,in4,in% : integer: (* integer {ch) *)
STOP . boolean; (* done yet? *)
i : integer;: (* counter variable *)
INCOMING : boolean; (* valid data coming from digitizer? *)
EMPTY : boolean; (* is input buffer empty? *)
VALID_PORT . boolean; (* is a device connected to COM? *)
quit : char; (* done viewing picture? *)
min_time : real; (* minimum time *)
max_time . real; (* maximum time *)
min_amplitude 1 real; (* minimum namplitude *)
mox_amplitude : real; (* maximum omplitude *)
horiz_units . string: (* horizontal axis units )
vert_units : string; (* vertical axis units *)

(.nun-nun»nnnnuuuuunuuunhuuunuuunuununnnnnnnununuunulunuununnnnnnununﬂnnnunun)

(nun uuu)

(#»*» Rotote_Waveform transforms each point (x'.y') in oblique LLLD)]

(#»*» ccordinates to point (x,y) in rectongular coordinates. This is wuw)
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R
Y,
R (#** done to ensure true horizontal and vertical axes. The specific wuw)
. (##* steps performed are LALD]
? (wwn 1. Calculote true origin; set equal to (x1,y1). LALD]
S (enn 2. Determine scaling factors ond units. wun)
‘ﬁ (&AL 3. Transform oblique coordinates to rectangulaor coordinates. *un)
h (esen 4. Eliminate coordinate axes information. *uw)
R (enn 5. Eliminote non-sequential data points. Hun)
‘\ (n»» nuu)
(*“’““‘”.**“ﬂﬂﬂlﬂi"Iﬂﬂ'*ﬂ“***“ﬂ”*‘ﬂﬂ!ﬁﬂ!*ﬂﬂ“*“'*!lﬂﬁ“ﬂﬂ‘ﬂﬂﬂﬂﬂﬁ*l‘.'“““ﬁh&&h‘ﬂ)
¥
oy procedure Rotate_Waveform;
)
\ const
A:, epsilon = 1;
1
o var
- x@,y8 : real; (* coordinates of true origin *)
\ mr : real; (* slope of radius axis *)
W mx : real; (* slope of digitized x axis *)
f my : real; (* slope of digitized y axis *)
ﬁ r : real; (* magnitude of radius vector *)
i rx : reol; (* length of digitized x axis *)
Q ry : real; (* length of digitized y oxis )
[® theta : real; (* phose of radius vector )
phi : real;
A omega : real;
N i : integer; (* counter variable ")
, J : integer; (* counter variable ")
Ly K : integer; (* counter variable *)
: dummy ¢ string; (% time plus multiplier, units %)
N total_omplitude : real; (* amp/div * number of div *)
¢ xfactor : real; (* x scaling factor *)
yfactor : real; (* y scaling factor *)
delto_x : real; (* diff between x coor, origin =)
P delta_y : real; (* diff between y coor, origin =*)
Y
' begin {Rotate_Waveform)
! (nwn Calculate origin  ##»)
mx: =(TempYPtr~[2]-TempYPtr~[1]1)/(TempXPtr~[2]-TempXPtr~[1]);
if (abs (TempXPtr~[4]-TempXPtr~[3]) < epsilon)
then x@:=(TempXPtr~[3]+TempXPtr~[4])/2
h else begin
K my:=(TempYPtr~{4]-TempYPtr~[3])/(TempXPtr~[4]-TempXPtr~[3]);
x@:=(TempYPtr~[2]-TempYPtr~[3]+my*TempXPtr~(3]
& -mx*TempXPtr~[2])/(my-mx);
L) end; {else)
' y@:=TempYPtr~[2]+mx*(x@#-TempXPtr~[2]);
B TempXPtr=(8]:=x@;
. TempYPtr~{@]:=y@;
[,
* (*#*  Determine scaling factors  #»»=)
delta_x:=TempXPtr~[2]-x@;
[ delta_y:=TempYPtr~[2]-vy@;
i~ rx:=sqrt(sqr(delta_x)+sqr(delta_y)):
[ delta_x:=TempXPtr~[4]-TempXPtr~[3];
delta_y:=TempYPtr~[4]-TempYPtr~[3];
I ry:=sqrt(sqr(delta_x)+sqr(delta_y)):
: if (UpCase(DataToDigitize) = 'F')
18 then begin
FrintText ('Minimum frequency: ',22,21):
read (dummy):
y String_to_Value (dummy,min_time,horiz_units}):
PrintText ('Moximum frequency: ',22,21):; CIlrEOL:
GotoXY (41,21);: read (dummy);
K String_to_Value (dummy.max_time, horiz_units); ¢
R "
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xfactor:=(max_time-min_time)/rx;
PrintText ('Minimum amplitude: ',22,21);
GotoXY (41,21); read (dummy);
String_to_Value (dummy,min_omplitude,vert_units);
PrintText ('Moximum amplitude: 1,22,21);
GotoXY (41,21); read (dummy);
String_to_Value (dummy,max_omplitude,vert_units);
yfactor:=(max_omplitude-min_amplitude)/ry;

end {then)

else begin
min_time:=@;
PrintText ('Maximum time: ',22,21); ClrEOL;
read {dummy);
String_to_Value (dummy,max_time,horiz_units);:
xfactor:=max_time/rx;
min_amplitude: =0;
PrintText ('Total amplitude: 1,22,21);
GotoXY (39,21); read (dummy):
String_to_Value (dummy,mox_omplitude,vert_units):
yfactor:=mox_amplitude/ry;

end; {else)
PrintText (' '1,22,21);
(**» Switch from input coordinates to rectangular coordinates un)

delta_x:=TempXPtr~[2]-x8;
delta_y:=TempYPtr~[2]-y@;
theta:=arctan (delta_y/delta_x);
delta_y:=TempYPtr~[3]-y8:
if delta_y < epsilon
then begin
delta_y:=TempYPtr~[4]-y@;
delta_x:=TempXPtr~[4]-x48;
if delta_x < epsilon
then phi:=-PI/2
else phi:=arctan (delta_y/delta_x):
end {then)
else begin
delta_x:=TempXPtr~[3]-x@;
if delta_x < epsilon
then phi:=PI/2
else phi:=arctan (delta_y/delta_x):
end; {else)
omega:=pni-theta;
for 1:=5 to NumPoints + 4 do begin
delto_x:=(TempXPtr~[i]-x@#)*cos(theta)+
(TempYPtr~[i]-y@)*cos(omega+theta);
delta_y:=(TempXPtr-[i]-x@)*sin(theta)+
(TempYPtr~[1]-y@)*sin(omega+theta);
TempXPtr~{1]:=(delta_x*xfactor + min_time):
TempYPtr~[1]:=(delta_y*yfaoctor + min_amplitude);
end; {for)

(nnn Eliminote coordinate axes, non-sequential information. “uw)
if (UpCose(DataToDigitize) = 'F')
then begin

TempXPtr~[8]:=TempxPtr~[s];
TempYPtr~[8]:=TempYPtr~(5];
1:=1;
J:=6;

end {then)

else begin
TempXPtr~[0]:=0;
TempYPtr~[@]:=0;
TempXPtr~[1]:=TempxPtr~{5];
TempYPtr~[1]):=TempYPtr~[5].
1:=2;
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Jj:=6;
inc (NumPoints,1);
end; (else}
k:=8;
repeat
while TempXPtr~[j] <= TempXPtr~[i-1] do begin
inc (j.1);
inc (k,1);

end; {while}
TempXPtr~(1i]:=TempXPtr~[3]:
TempYPtr~[i]:=TempYPtr~[j];
inc (1,1);
inc (§.1);

until (i+k=NumPoints);

dec (NumPoints,k);

end; {Rotate_Waveforms}

(n&aunnuiunnn*unnnunnu»nnnuﬁunu&uununnunnnnnunl«nu&uuunn&*nnuunu&&aunwuunﬁnuu)

(enw unu)
(mun Draw_waveform sets up a window for drawing the digitized waveform, #=w)
(*** then draws it. ww)
(n&u aun)

(u*unnn»unnnnuuaun»n&nn*nun&unu»an&nnnnsnnnunnn*nuuuu&nnun&uun&uuanuﬁunpnnnnu)

procedure Draw_Waveform;

var

x : PlotXYPtr;
y : PlotXYPtr;
x1 : real;

x2 : real;

\al ¢ real;

y2 . real;
error : byte;

i : integer;

begin {Draw_Waveform)
new (x); new (y);
ClearViewPort;
leftx:=GetMaxX div 8;
rightx:=7*leftx;
bottomy:=3%(GetmaxY div 8);
topy:=7%(bottomy div 3);
for i:=1 to NumPoints do begin
x“[1):=TempXPtr~[i]:
y~[1]):=TempYPtr~[i];
end; {for)
DrawGraph (x.y.NumPoints‘1.leftx,topy.rightx,bottomy,
x1,x2,y1.y2,'', "’ ,error);
dispose (x): dispose (y);
end; {Draw_waveform)

(nnnuuﬁununﬂnunnnuluu¢ﬂuﬂnﬂniunnﬂnnnnnunnnunnnlaunnnunﬂuuuu&lnuwnnnuuuuunuunn)

(»un uun)
(%= Initialize Digitizer opens the COM port (port SerialPort, os cowew)
(#** selected from the Advanced Options Menu: the default is COoM1:) “un)
(*»* then sends commands to the digitizer to reset it to power up LA
(##* conditions, then set it to the point mode. The input buffer is nun)
(*=* then emptied. "uw)
(n-u u-n)

(unuunnuu-luunnnunnuunlnuuuunuununnun&uuuununhuulluu“nuuunuuuunnuunuuuuuunuuu)

procedure Initialize Digitizer;

begin (Initiclize&ngitizer)
95
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VALID_PORT:=true;
Async_Init;
if NOT Async_Open (SeriolPort.boud_rcte.parity,dato_bits.stop_bits)
then begin
write ('Invalid port!’');
VALID_PORT:=false;
end {then}
else begin
Async_Send_String (Reset_Command);
Async_Send_String (Point_Command);:
Delay (Pauselength);
repeat until NOT Async_Buffer_Check (ch1); -
end; {else)
end; (Initialize Digitizer}

(n»»xn&blnnn**»nl***n;**nﬂﬁ!!nnnnh*!ﬁnw*»***h#n»n*u‘&&**nn&nnln&unb»&kuuuuhun)

(u»& «nu) -
(*** Read_Digitizer tests if there is a charocter in the input buffer. *un)
(*** If yes, then the next four characters are read. (The Digi-Pad wn)
(#»* digitizer uses five bytes per input point.) The input buffer is LAl
(*** then emptied. Note that a delay MUST occur between each buffer wuw)
(*** check, or the computer will not recognize the information. wuw)
(»n* ..“)

(nl&&*&u»nnlu&ﬂuunn&&uu&luh&&»&&nnl%wnn&&i*i*ln&d*&nnﬁ**nuu&uunn*&nnuunnunnn»)

procedure Read_Digitizer;

begin  (Read_Digitizer}
if Async_Buffer_Check (ch1) then begin
Delay (ShortPauselength);
if Async_Buffer_Check (ch2) then in2:=integer(ch2) AND $3F;
Delay (ShortPauselength);
if Async_Buffer_Check (ch3} then in3:=integer(ch3} AND $3F;
Delay (ShortPauselength);
if Async_Buffer_Check (ch4) then in4:=integer(ch&) AND $3F:
Delay (ShortPauselength);
if Async_Buffer_Check (ch5) then in5:<integer{ch5) AND $3F;
inc (i,1);
TempXPtr~[i]:=(in3 shl 6) OR in2;
TempYPtr~[i]:=(in5 shl 6) OR ink:
PutPixel (round(TempXPtr~[1]).round(TempYPtr~[i]).white):
repeat until NOT Async_Buffer_Check (chi);
end: {if)
end; {Read_Digitizer}

(u*n&nnunln&nnunnnnﬁuu»nnnunuunu&uun*n&*uuinnnuununuuunnunnun&unnn&«ununnnnnu)

(n»n unn)

(*#* Read Keyboard detects either an ENTER or ESCAPE key being pressed, %*%%)

(**»* otherwise, keyboard input is ignored. LEXD)
g

(n-n unn)

(unwu»&nnnunnlnn»uﬁnlu“nnnnnﬁnnln»nnnuauun&nnununnunuuuunnn»nnnnw*nunun&«nunu)

procedure Read_Keyboard;

begin {Read_Keyboard)
if keypressed then begin
ch1:=ReadKey;
if chl = #13
then STOP:=true
else if chl = #27 then begin
PutPixel (round(TempXPtr~[i]) round{TempYPtr~[i]).black);
dec (1,1);
SetColor (DrawColor);
end; {else)
end: {if}
end; {Read_Keyboord)
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(unnann«ninunuu:un&unnunnuuuuunnunuunhunnunuununnuu-unqnnnnnnunuuunnnnnnuunun)

(nnu unn)
[) (=% Set_Up_Axes uses the first two points input as the left and right wnw)
(**» enpoints of the x axis, and the next two points as the top and *un)
(**» bottom of the y oxis. www)
(unu nnu)

(Dnn*ﬂ*lﬂln»nnnln»ni»nﬁ»hunn!n»uunlunuu&nnh*lﬂnnnulnnnlnnnlhnnnnunnhnnnnnunl.)

- 2

procedure Set_Up Axes;

var
correct : char;
OKAY : boolean;

begin {Set_Up_Axes)
repeat
- PrintText ('Enter x axis coordinates: ',22,21);
i:=0;
) repeat
Read_bDigitizer;
Read_Keyboard;
until 1=2;
Line (round(TempXPtr~[1]),round(TempYPtr~[1]),
round( TempXPtr~[2]), round{TempYPtr~[2]));
PrintText ('Enter y axis coordinates: ',22,21);
repeat
Read Digitizer;
Read_Keyboard;
until i=4;
. Line (round(TempXPtr~[3]),round(TempYPtr~[3]),
! round{ TempXPtr~[4]), round(TempYPtr~[4]))
PrintText ('Are axes correct? ',22,21);
Buzzer;
correct: =ReadKey;
if (UpCase(correct) = 'Y')
then OKAY:=true
else begin
| OKAY:=false;
b ClearViewport;
y SetViewPort (MinX,MinY,MoxX,MaxV¥,ClipOn});
STOP:=false;
end; {else)
until OKAY;
end; {set_Up_Axes}

(ln&nunnuﬂnnnnnnunnunuunn»“&unuuunlununnuuu&ﬂﬁu&uﬂnununuuInnulnnnuuunnﬁunu&nu)

(nnu uuu)
(#*»* Add_Comments is used to store descriptive information with the data ***)
. (#** as comments. These descriptors include LLLD]
(nn 1. Test Point. LLLD]
(nun 2. Test Type. LLLD)
(o 3. Attenuation factor. LALD)]
(nwn 4. Probe Number. *un)
[wun 5. x-axis units. LALD
(www 6. y-axis units. nun)
(#w» 7, Any additional comments. LEXD]
(l-» nuu)

(u«nanuunlunnnuuuuuunﬁunuuuunﬁunaunununnﬂunnnuuuunnunnnnuuu“nuunnuuunnununlnn)
procedure Add_Comments;
var i : integer;

begin
PrintText (' Test Point: ',22,21); read (info [1]):
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I\
S
PrintText ('Test Type: *,22,22); read (info [2]);: o\
PrintText ('Attenuation: ',22,23); read (info [3]); ¥
PrintText ('Probe Number: *',22,24); read {info [4]); »
PrintText ('Comments: *,22,25); read {(info {7]); %
info[1]:='Test Point: ‘+infol1];
info[2]:='Test Type: *+infof2]; ;
info[3]:="Attenuation: ‘'+info[3]; ‘{
info[4]:="Probe Number: ‘'+infol4]; !
info[5):='X-Axis units: '+horiz_units; O
info[6]:='Y-Axis units: ‘'+vert_units; W)
info[7]:='Comments: '+info(7];
for i:=8 to MaxInfo do infa[i]:=blank; .
end; {Add_Comments) ., ) ?
t
(“‘ﬂnl“ﬂﬂ’“ﬁ'ﬁ“.ﬂ“...“..‘ﬂﬂ“lﬂﬂl“"“ﬂ".ﬂﬂ“““"ﬂﬂﬂﬂ"ﬂﬂﬂ’ﬂﬂ.““ﬂ"ﬂﬂ“ﬂﬁﬂ“ﬁﬂﬂﬂﬂ) ::(
¢
begin {Digitizer) . ‘ﬁ
InitGraph (GraphicsCord,GraphicsMode, ''); .
SetTextStyle (TriplexFont,HorizDir NormSize): )
SetViewPort (MinX,MinY, MoxX,MoxY,ClipOn); Y

SetColor (DrawColor); ) d
STOP:=folse; ;
Initiclize Digitizer; \)
if VALID PORT then begin «
repeat until NOT Async_Buffer_Check (ch1); *

while keypressed do ch1:=ReadKey; ¥
Set_Up_Axes; )
PrintText ('Enter x,y coordinate pairs. v,22,21); O
PrintText ('Press ESC to erase, or ENTER to finish.',22,623); &
repeat .é.
Read_Digitizer; N
Read_Keyboard; q
until STOP; v
PrintText (' v1,.22.21): >
PrintText (°® 1,22,23); -

NumPoints:=i-4;
if (NumPoints >= 5)
then begin N2
Rotate_Waveform; N
Draw_Waveform;
Async_Send_String (Reset_Command):
Async_Close;

)
Add_Comments; 1
PrintText ('Strike ony key to return to Main Menu.',K22,28); f-
ORIG: -true; .

TRANS: =faolse;
ACCEPT:=false;
time™: =TempXPtr~;

T

oampl”:=TempYPtr™; !
end {then} )
else begin %;
PrintText (*'Too few points input. ',22,21); ’;_
PrintText ('Strike any key to continue ...',22,23); 39
ORIG:=false; W
TRANS : =folse; t.
ACCEPT:=false; "
end; {else} o~
Quit:=ReadKey; '
end; (if VALID_PORT) R
RestoreCRTMode; =
TextColor (ForeColor); L)
TextBackground (BackColor): ~
Clrscr; ¢
end; {Digitizer) A
('-ﬂl-“ﬂ“"*IN“NNlﬂﬂ'l“ﬂl'“.ﬂlﬂIﬂﬂﬂllﬂﬂﬁl“ﬂlNhU.nﬂﬁh'ﬂﬂN.IINH““!!“”.'NII!u!ﬂll) h
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A-3.9 DrawGraf

':' Unit DrawGraf contains routines which draw a waveform in a specified
;S: area of the screen. Four types of graphs may be produced:

5 . o .

n 1. Linear x-axis, linear y-axis.

-

‘ 2. Log x-axis, log y-axis.

3.0y

b

N ' 3. Log x-axis, linear y-axis.

KD

'n 4. Linear x-axis, log y-axis.

‘ v . . .

:' ! The data to be plotted are contained in the arrays pointed to by x and y.
) The first array contains the x-axis information, and the second contains the

_ corresponding y-axis information.

a

:S The following are the main procedures and functions contained in this file:
\J

"

v 1. Drop--drops nonpositive points on a logarithmic axis.

R - 2. MinMaxLin--finds minimum and maximum values for a linear axis.

3. MinMaxLog--finds minimum and maximum values for a logarithmic
" axis.

A"

e 4. Skip--determines how many tic marks to skip when writing numbers
" on axes.

. 5. LinearAxis--draws a linear axis.

o 6. LogAxis--draws a logarithmic axis.
N

e,

& 7. LinearScale--scales data for a linear graph.

N

‘o 8. LogScale--scales data for a logarithmic graph.

o

3

' 9. Graph--graphs data.

»
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In addition, when program FFT is started, this unit checks the type of

;: graphics hardware installed. If the hardware is incompatible with that for
g which the program is configured, then an appropriate error message is dis- ‘
; played and the program is aborted. 2

o
- -

A limited amount of error checking is also performed. Currently, only two

4 error messages are defined. These are !
3 0: no error; .
B : h
L4
" 1: zero or negative value on log scale.
hy
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unit DrawGraf;

interface
uses
graph,
crt,
GraphText;
const
MaxPlotPoints = 2048;
Linear = 1;
Log = 2;
LogLin = 3;
Lintog = 4,
type
real = extended;
PlotXYArray = array [1..MaxPlotPoints] of real:
PlotXYPtr = “PlotXYArray;
procedure DrawGraph ( x : PlotXYPtr;:
Y : PlotXYPtr;
NumPlotPoints : integer;
Plot : byte;
left_x : integer;
top_y ¢ integer;
right_x : integer;
bottom_y : integer;
VAR minx ¢ real;
VAR maxx : reol;
VAR miny : real;
VAR maxy : real;
horiz_units ¢ string;
vert_units ¢ string:
VAR error : byte
Y
{ error = @ no error
{ 1 zero or negative value on log scole

(* x data to graph
y data to graph
num points in x,y

{ =
1S

(n
(u
(u
(u
(&
(&

(*
(&
(&

)

type of plot

left window edge
top window edge
right window edge
bottom window edge

Horiz axis units
Vert axis units

error routine

*)
“)
*)
*)
*)
*)
*)
")

x %X %
N

(nunn&nnuuu&n&nnu&u&n&un&u*n&nu&&unnnun&n*ﬁln&nnnn*uuuqnn&u»uu&unuukuuunuun&&)

implementation
const
1n1@ = 2,3025850929940846;
MajorTic = 8;
MinorTic 4,
MinIntervals 2;
MoxIntervaols = 18;
MaxDecodes = 5;
char_size = 4,
Power : string [196]
= '1000000000"
togTable : array [2..9]) of real
= (9.3019,
6.4771,
¢.6021,
$.6990,
g.7782,
$.8451,
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6.9931, dl
$.9542);
f )
) type i
: SkipType = 1..5; k.
“‘ WrkString = string [208]; ."
X WorldType = record )
Y x_1 : real; (* minimum value of x in window ") !‘
* sx_1 : integer; {* screen coordinate for x_1 )
y_1 : real; (* minimum value of y in window ")
¥ sy_1 : integer; (* screen coordinate for y_1 ) -
. x_2 : real; (* moximum value of x in window *) K:
| sx_2 : integer; (* screen coordinate for x_2 *)
;: y_2 : real; (* maximum value of y in window =) ¥
X sy_2 : integer; (* screen coordinate for y_2 *) t
:o end; {record)
¢ var
D XLinear : boolean; (* is x axis linear? *) h
N YLinear : boolean; (* is y oxis lineor? ) s
:: . i : integer; (* counter variable *) "
& start : integer; (» first nonnegative point in arraoy *) .:
[ ScaleX : real; (* scale x data to proper range *) O
' ScaleY : real; (* scale y data to proper range *) J
FactorX : integer; (* increment on linear x axis *)
FactorY : integer; (* increment on linear y axis *) R
NumIntervalsX : byte; (* num of x intervals to plot *)
PosIntervalsX : byte; (* num of positive x intervals *) »}
; ] NegIntervalsX : byte; (* num of negative x intervals *) &
K NumIntervalsY : byte; (* num of y intervals to plot *) .:
h PosIntervalsy : byte; (* num of positive y intervals *) )
1 NegIntervalsyY : byte: (* num of negative y intervals *) ¥
NumDecadesX : byte; (* num of x decades to plot *)
M NumDecadesY : byte; (* num of y decades to plot *) g
PlotX : integer; (* x coordinate to draw char at *) :
Ploty : integer; (* y coordinate to drow char at *) 5
temp : real; (* temp var for swopping coordinotes *) ®
ZeroX : integer; (* x coordinate of graph's origin *) ®
? ZeroY : integer; (* y coordinate of graph's origin *) v
“ SkipX : SkipType; (* how many x tic marks to skip ») ™
h SkipyY : SkipType; (* how mony y tic marks to skip )
A world : Worldtype: (* limits of values to be graphed *) Y
char_height : shortint; b
> char_width . shortint;
)
D procedure SetUpWorld (x1, y1, x2, y2 : real; A
' sx1,sy1,sx2,sy2 : integer); Ly,
Ly
‘ begin  {SetUpWorld}
K with world do begin 5
" x_1:=x1; sx_1:=sx1;
Y y_l:=y1; sy_1l:=sy1; ]
by x_2:=x2; sx_2:=Sx2;
o y_2:=y2; sy_2:=sy2;
oy end:  {with) X
2 end; {setupworld} -
; function WhereX (x:real) : integer; (* finds screen coordinate of x *) 3
' \
L) begin  {WhereX) X
A with world do rd
0: whereX:=sx_1+round({(x-x_1)/(x_2-x_1))*(sx_2-sx_1)): h
Yy end; {whereX) N
d function WhereY (y:real) : integer; (*» finds screen coordinate of y *)
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begin  (WhereY}
with world do

0,0 gt

"oy v

whereY:=sy l+round(((y-y_1)/(y_2-y_1))*(sy_2-sy_1)):

end; {WhereY}

procedure DrawLine (x1, y1, x2,

var
sx1 integer;
sx2 integer;
syl : integer;
sy2 : integer;

begin  {DrawtLine}
sx1:=WhereX{x1);
sy1:=WhereY(y1);
sx2:=WhereX(x2);
sy2:=WhereY(y2);

Line (sx?%,syl,sx2,sy2);

end; {DrawlLine}

function log1@ (x:real)

begin
log18:=1n{x)/1n18;
end;

function exp18 (x:reol) :

begin
exp18:=zexp(x*1n18);
end;

procedure Drop ( x

Y
Plot

VAR start :

var
i integer;
J : integer;

begin {Drop)

start:=1;

i:=1;

BEERH

if NOT XLinear
while x~[1i]

1f NOT YLinear
while y~(j]

case Plot of
1: start:=1;
2: if 1 >= §

then
<= @
then
<= @

then start:=
else start:=

3:

4

end;
end;

start:=1;

start:=j;
{cose)

{Drop)

procedure MinMoxLin ( VAR
VAR
VAR
VAR
VAR
VAR

ag at Bal Val B say b

y2 real);
(* x1 in screen coordinates
{(* x2 in screen coordinates
(* y1 in screen coordinates
(* y2 in screen coordinates
real;
reol;
PlotXYPtr;
PlotXVYPtr;
byte;
integer);
(* number of nonpositive x elements *)
(* number of nonpositive y elements *)
do inc(i,1);
do inc(J,1);
=1
B E
min reol;
mox real;
Scale real;
Factor integer;
NumlIntervals byte;
PosIntervals byte;
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VAR NegIntervals : byte
)i

const

MaxPower = 21;
StepSize : array [1..9] of integer
= (1.2,5,10,208,50,100,200,500);

var
OKAY : boolean; (* Done with loop yet?
i : integer; (* Counter voriable
delta : real; (* Mox - min
MinFudge : boolean; (* Fudge factor for min computations
MaxFudge : boolean; (* Fudge factor for max computations

begin {MinMaxLin}

R R O S A T Y

3

delta:=abs{max-min);
i:=MaxPower+3;
repeat
dec (1,3);
Scale:=exp1@{1i);
until ((5 <= (delta/Scale)) AND ((delta/Scale) < 5868));
MinFudge:=false;
MaxFudge: =false;
if (abs(min/Scale) > MaxInt) then begin
min:=min/1089;
MinFudge:=*rue;
end; {if)
if (abs{max/Scale) > MaxInt) then begin
max : =max /1808,
MoxFudge: =true;
end; {if}

if min < @
then min:=pred(trunc({min/Scale))
else min:= trunc{min/Scale);
if max < @
then max: = trunc{max/Scale}

else max:=succ(trunc(max/Scale));
if max < @
then max:=@
else if min > @
then min:=g;
1f MinFudge then min:=min*18¢¢;
i1f MaxFudge then mox:=max*100@;

1:=1;
NumIntervals:=18;
OKAY:=false;
repeat
Factor:=StepSize[i]:
if ((NumIntervals*Factor) >= (max-min))
then OKAY:=true
else i:=succ(i);
until (OKAY OR (i = 18)):
min:=min*Scale;
max: =max*Scale;
if (min >= @)
then begin
PosIntervals:=NumIntervals;
NegIntervals:=0;
min:=@;
max: =NumIntervols*Foctor*Scale:
end {then}
else if (max <= @)
then begin
PosIntervals:=@:
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NegIntervals:=Numintervals;
min:=-NumIntervals*factor*Scale;
max:=@;
end {else if)
else {min < @ < mox)
begin
PosIntervals:s=trunc{max/{max-min)*NumIntervols+1);
NegIntervals:=trunc(min/(min-max)*NumIntervals+1);
NumIntervals:=PosIntervals+Neglntervols;
min:=-Neglntervals*Factor*Scale;
max:= PosIntervals®*Factor*Scale;
end; {else}
end; {MinMaxlLin)
procedure MinMaxLog ( VAR min
VAR mox
VAR Scale
VAR NumDecades
)i

real;
real;
reol;
byte

begin {MinMoxLog}
if min > @ then if min < 1
then min:=exp1@({pred(trunc(logi1B(min))))
else min:=exp1d (trunc(log18(min)))
if mox > § then if max < 1
then max:=exp1@ (trunc(logi@{max)))
else max:=expl1@(succ(trunc(logli@{max))))
if (min = @) then min:-max*exp1@{-MaxDecades);
NumDecades: =round(log1@8(max)~1ogi@{min)):
if NumDecades > MoxDecades then begin
min:=exp18{round(log1@({max)-MaxDecades)):
NumDecades : =MaxDecades;

end; {if}
Scale:=min;
end; {MinMaxLlog)
procedure Skip ( d integer;
s ¢ integer;
i : integer;
VAR SkipNum SkipType
)
begin {Skip}
if ((d<=s/5) AND (i>=4))
then SkipNum:=5
else if ((d<=s/4) AND (i>=6))
then SkipNum:=4
else if ((d<=s/3) AND (i>=8))
then SkipNum:=3
else if ((d<=s/2) AND (i>=18))
then SkipNum:=2
else SkipNum:=1;
end; {Skip}
procedure LinearAxis ( axis char;
min real;
max real;
Scale real;
Factor integer;
NumlIntervals byte;
PosIntervals byte;
NegIntervals byte;
units string
)
var
i : integer;
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.
[} ] : integer; &
’ Plot1 1 integer;
Plot2 : integer; -
OQutScale : integer; ¥,
OutX ¢ integer;
Quty : integer; |‘
v OutFactor : WrkString; \
D XAXIS : boolean; :(
z1 : integer; 4
' z2 : integer:
z3 : integer; .
¢ z4 : integer; I
¥ for_limit : integer: P
OK_to_Draw : boolean; )
g outstr 1 string [28]: :
?
W : begin  {LinearAxis) ¢
< XAXIS:=(UpCase(axis) = 'I'); ~
with world do begin 9
:, if XAXIS "
then begin »
Z1:=sx_1; 22:=sx_2; 2z3:=sy_1; zh:=sy_2; :"
end iy
else begin "
\ Zl:=sy_1; 22:=sy_2; 2z3:=8x 1; zh:=sx_2;
end; - ~
] end:  {with) <
. 1f XAXIS "
‘! then begin *
» Plot1:=WhereX (@), Y
Line (Plot1,z3,Plot1.z4); by
Line (z1,23,22,23): ."
D Line (z1,z4,22,24);
PlotX:=Plot1;
s PlotY:=z3+char_height; 1
ZeroX:=Plot1; :
L/ end
else begin ¢
; Plot1:=WhereY (8); &
K Line (z3,P10t1,z’+.P10t1); 0
Line (z3,21,23,22);
Line (z4,21,24,22); R
PlotX:=z3-4*char_width; "
PlotY:=Plot1-(char _height div 2); »,
) ZeroY:=Plot1; %
J end; {
b OutTextXY (PlotX.Ploty,'g'): {
M) R for j:=1 to 2 do begin
3 for_limit:=PosIntervals+(j-1)%(NegIntervals- PosIntervals);
for i:21 to for_limit do begin ™
h Plot2:=Plot1+(3-2%j)}*round(i{z2- z1)/NumIntervals); n)
Str ((3- 2*j)'1"Foctor QutFactor); K
v . if XAXIS -
then begin »
. Line (Plot2,23,Plot2,z3-MajorTic); t
[) Line (Plot2,z4,Plot2, z4+MajorTic); o
PlotX:=Plot2-(Length(QutFactor) div 2)*char_width; -
N PlotY:=z3+char_height; :
¢ OK_to Drow:=(i mod SkipX = 8); ol
end {then} ~
¢ else begin “
Line (23,Plot2,z3+MajorTic,Plot2); "
/ Line (z4,Plot2,z4-MajorTic,Plot2); ,‘
D PlotX:=23-(3+j)*char width;
PlotY:=Plot2-(char_height div 2): i
; OK_to_Oraw:=(i mod Skipy = @); 0:‘
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-
-
end; o)
if OK_to_Draw then OutTextXY (PlotX,PlotY,OutFactor); ;‘
end; {for i} m
end; {for j} .
if XAXIS
then begin Yy
OutX:=({z1+22) div 2)-4*char_width;
OutY:=z3+3*char_height;
end {then} A
else begin 3
outX:=z3-(18+MaxDecades )*char_width; >
OutY:=(21+z2-chor_height) div 2; oy

end; {(else}

if (Scale <> @) then begin
OutScale:=round(logi@(Scale));
str (OutScale,OutFactor);
if OutFactor <> '8' then begin

<~
B

PlotX:=0utX; ]
PlotY:=0utY; L4
outstr:='(x14 P ":
Out,Textxv (PlotX,PlotY,outstr); *
PlotX:=OutX; "
PlotY:=OutY-(char_height div 2); )
outstr:=" '+0QutFactor; »
OutTextXY (PlotX,PlotY, outstr); .
end;: {if)} ]
end; {then} o
end; {LinearAxis} ':
procedure LogAxis ( oxis : chor; r
min : real; :
max : real; [
Scale : real; 5
NumDecades : byte; '
units : string ’r
. AJ
4 ) \':
b var
i : integer; X
J : integer; 9
k 1 integer; *
Plot1 . integer: '
Plot2 ¢ integer; .
NewPlot : integer: Sy
outX : integer; Ny
outy . integer; “}
OutScale : integer: L\*
OutFactor : Wrkstring; o,
z1 : integer; [
z2 : integer; o
z3 : integer; ':,-
z4 : integer; ")
XAXIS : boolean; IC2
Sw
~.
begin  {LogAxis) e
XAXIS:=(UpCase{oxis) = 'I'): v o
with world do begin Y
if XAXIS o
then begin o7
z1:=sx_1; 22:=sx_2: 23:=sy_1; 24:=sy_2; Y
end ~
else begin o~
z1:=sy_1; 22:=sy_2; z3:=sx_1; 2zh:=sx_2; ~A
end; l\_
end; {with) ]
if XAXIS
108 ;:
."
™
N
)
WU
- ]

»

A A A A N e St N e e s e - "
‘\-'ﬁ-\"\ A T A P R LR L R A A, R R SR e R (T T
QO G R N R I o M L A NN S N "“ﬂ'd\ \$‘\,).‘*~'S\ N, "‘"-"\ N <‘

o




. " Y | ., W M - ¥ ¥ ™ g%
R RN AR AR R TW S 4 0 B D’ o 4, 0" Sl 0o bof XN A" 8 LA 104yt skl a2 wFew Ll

~

-

. e na -
o>

. APPENDIX A

WX

then begin
tine (z1,23,22,2z3);
¥ Line (z1,z4,z2,24); :
} end ‘
). else begin
Line (z3,z1,23,22); t
Line (z&4,z1,z4,22); :
) end; M
Plot1:=21;
for i:=1 to NumDecades+1 do begin
NewPlot:=round(z1+1*(z2-z1)/NumDecades);
for k:=1 to i do OutFactor[k]:=power[k];
OutFactor[@#]:=char(1i);
if XAXIS
then begin
Line (Plot1,z3,Plot1,z3-MajorTic);
Line (Plot1,z4,Plot1,z4+MajorTic);
PlotX:=Plot1-(i*char_width) div 2;
1Y PlotY:=23+char_height;
[ end
K else begin
. Line (z3,Plot1,z3+MajorTic,Plot1);
[ Line (z4,Plot1,z4-MajorTic,Plot1);
PlotX:=z3-(MaxDecades+1)*char_width;
PlotY:=Plot1;
end;
, OutTextXY (PlotX,PlotY,OutFactor); .
if 1 <= NumDecades then for j:=2 to 9 do begin h
) Plot2:=round(Plot1+(NewPlot-Plot1)*LogTable[j]);
| if XAXIS h
G then begin 1
s Line (Plot2,z3,Plot2,z3-MinorTic);
Line (Plot2,z4,Plot2,z4+MinorTic);
\ end
- else begin
Line (z3,Plot2,z3+MinorTic,Plot2);
tine (z4,Plot2,z4-MinorTic,Plot2);
Y end;
end; {for j}
» Plot1:=NewPlot; ’
: end; {for i}
if XAXIS \
then begin J
OutX:=(21+22) div 2 - 4*char_width: %
- Outy:=2z3+3%*char_height; )
. end
else begin
OutX:=z3-(18+MaxDecades )*char_width;
. OutY:=(z1+z2+char_height) div 2;
end;
if (scale <» #) then begin y
OutScale: =round{log18(Scale)): ‘
str {(OutScale,OutFactor): !
L if OutFactor <> '@' then begin Ny
PlotX:=0utX; A
PlotY:=0utyY;
OutTextXY (PlotX,PlotY,'(x18  )'): 1
PlotX:=0utX;
PlotY:=0utY-(char_height div 2);
OutFactor:s=' '+0utFactor;
OutTextXY (PlotX,PlotY,OutFactor);
end; {if} 3
\ end; {then) q
end; {LogAxis}
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5 procedure LinearScale ( VAR z . PlotXYPtr;
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VAR min : real; X
VAR moax : reol; \

Scale : reol; .
N : integer v )

- g o

var i : integer; (N
.“

pegin {LinearScale)
for i:=1 to N do

z*[1):=z"[1]/Scale; *

min:=min/Scale; . s

max: =max/Scale; ’ &

end; {LinearScale} .
“

procedure LogScole ( VAR z : PlotXYPtr: i
VAR min : reol; - A

VAR max . real; '

' Scale : reol;

' N : integer C

)i

var i : integer;

begin {LogScale}

for i:=1 to N do begin x

= if (z~[1] < min) then z~[i]:=min; N

" z~[i):=1l0g18{(z"[i]/Scale); "
3 end: {for)

A min:=log18(min/Scole): A

[ mox: =logi1@(max/Scale); h*.

end; {LogScale} '

procedure GraphArray (x : PlotXYPtr;
y : PlotXYPtr;
|/ N : integer):

new_x : integer; .
new_y : integer;
old_x : integer;
old_y : integer;
i : integer;

begin  {GraphArray)}
with world do begin
new_x:=Wherex (x~[1]):

new_y:=WhereY (y~[1]); ‘ -
for i:=2 to N do begin .
old_x:=new_x; R
old_y:=new_y;
new_x:=WhereX (x~[1]): ?

new_y:=WhereY (y~[i]);
Line (old_x.old_y.new x.new_y);
end; {for}
end; {with})
end; {GraphArray}

- o

procedure DrawGraph ( x . PlotXYPtr; {» x data to graph )

v . PlotXYPtr:; (% y data to graph *) “nd
NumPlotPoints : integer; {* num of points in A %) Ry
Plot . byte; (» type of plot *) -
left_x : integer; (% left window edge *) &
. top_y . integer; (* top window edge *) -
right_x : integer; (* right window edge *)
' bottom y : integer, (* bottom window edge *) X
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d
VAR minx : real; «&
VAR maxx : real;
VAR miny . real;
VAR maxy : real; %
horiz_units ¢ string;
vert_units : string; 0y
VAR error : byte a
) i "
8.
begin {DraowGraph} X
error:=0; &3
SetTextStyle (SmallFont,HorizDir,char_size); ;
" char_height:=TextHeight ('H'); '
char_width :=TextWidth ('W'); n
left_x:=left_x+(11+MaxDecades)*char_width;
bottom_y: =bottom_y-3%*char_height; >
v XLinear:=({Plot = Linear) OR (Plot = Linlog));
YLinear:=({Plot = Lineor) OR (Plot = LoglLin)); R
Drop (x,y,Plot,start); |;
for i:=start to NumPlotPoints do begin N'
x~[i-start+1]):=x"[1]; N
v~ [i-start+1]:=y~[1]: 5;
end; {for) (}
NumPlotPoints:=NumPlotPoints-start+1; -
minx:=x"[1];
maxx:=x~[1]; -
miny:=y~[1]; \
maxy:=y~[1]; -‘
for i:=2 to NumPlotPoints do begin \
if minx > x~[i] )
then minx:=x"~[i] A

else if moxx < x~[i]
then maxx:=x"{i]; =

if miny > y~[i] :
then miny:=y~[1i]

else if maxy < y~[i]

then moxy:=y~[i]: %
end; {for) :
if (NOT XLinear) AND (minx <= @) then error:=1;

if (NOT YLinear) AND (miny <= @) then error:=1;
if (error = @) then begin

if XLineor '

then MinMaxiin (minx,maxx,ScaleX,FactorX,NumIntervalsX. ¥
PosIntervalsX,NegIntervalsX) v}

else MinMaxlLog {minx,maxx,ScaleX,NumDecadesX); N

if YLinear ™

. then MinMaxLin (miny,moxy,ScoleY,FactorY,Numlntervalsy, W

PosIntervalsY,NeglntervalsyY)
else MinMaxLog (miny,maxy,ScaleY,NumDecadesY);

SetUpWworld (minx,miny.moxx,moxy.1eft~x.bottom_y,right_x,tOD_Y): :
if Xlinear "
then begin ph
Skip ((right_x-left_x},GetMaxX NumIntervalsX,SkipX): »,
LinearAxis ('i’',minx,maxx,ScaleX,FactorX,NumIntervalsX, w
PosIntervalsX ,NegIntervalsX, horiz units); »

LinearScale {x,minx,maxx,ScaleX, NumPlotPoints);
end (then) o

else begin

)
LogAxis ("1’ .minx, maxx,ScaleX, NumDecadesX, horiz_units): 5
LogScale (x,minx,maxx,ScaleX,NumPlotPoints); h
end; {then) A
if YLinear -Q
then begin A
Skip ((bottom_y-top_y).GetMaxY,NumIntervalsY.SkipY):

LinearAxis ('d’',miny,maxy,ScaleY FactorY,Numlntervalsy,

S A
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PosIntervalsY,NeglntervalsY,vert_units);
LinearScale (y,miny,maxy,ScaleY, NumPlotPoints):
' end {then)
’ else begin
N LogAxis ('d'.miny,mcxy,ScoleV.NumDecodesV.vert_units):
! LogScale (y.miny,maxy,ScaleY,NumPlotPoints);
end; {else}
with world do
SetUpWorld (minx,miny,maxx,maxy,sx_1,sy_1,sx_2.sy_2):
GraphArray (x,y,NumPlotPoints);
end; {if error = B8)
end; {DraowGraph}

-

(uuﬁuua-«u«-nuunh»nnn»v»u*ninnnu&nnununununuuunnuunl&nuunnlunnunuununnnu“unun)

var
GraphDriver, GraphMode, Error : integer;

procedure CgaDriverProc: external;
{$L \pascals\graphix\CGA.OBJ )

procedure EgaVgaDriverProc; external;
{$L \pascols\graphix\EGAVGA.0BJ }

procedure HercOriverProc; external;
. {$L \pascalé4\graphix\HERC.0BJ )

; procedure SmaollFontProc; external;
{$L c:\pascolt\graphix\LITT.0BJ }

X procedure TriplexFontProc; external;
{$L c¢:\pascal4\graphix\TRIP.0BJ )

procedure Abort(Msg : string):

begin
Writeln(Msg, ': ', GraphErrorMsg(GraophResult));
Halt{1):

end;

g o)

begin {Initiaolization section)}

{ Register all the drivers }
if RegisterBGldriver{@CGADriverProc) < # then
Abort('CGA');
| if RegisterBGIdriver(Q@EGAVGADriverProc) < @ then
Abort('EGA/VGA');
if RegisterBGldriver(@HercDriverProc) < @ then
) Abort('Herc');

{ Register all the fonts )
if RegisterBGIfont(@SmallFontProc) < @ then
! Abort(’'Small');

GraphDriver := Detect; { autodetect the hardware }

InitGraph(GraphDriver, GraphMode, '’'): { octivate graphics )}

if GraphResult <> grOk then begin { ony errors? )}
Writeln('Graphics initialization error: ', GraphErrorMsg(GraphDriver));
Holt(1);

end;

CloseGraph;

end. {Unit DrowGraf}
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APPENDIX A

A-3.10 GraphText
Unit GraphText cantains two routines:

1. Text_To_Cart; and

»  PrintText.

The first procedure converts text coordinates to screen coordinates in the
current graphics system. The second procedure replaces procedure

. PrintText in unit GlobalProcedures for writing text to the screen in
graphics mode.

113

& i.

S

PO

BN Byt T P

P

P e ol % o1 § Dl NS
o e - A

ko

2R P PN AL R



s te at8 a%e a'8 ataa¥i'ale” et Tt et R¥ 1 g v 0ut Rt 0t ha 000 6k A 4% R AN Rt (w19 oy » VAR ae 200 $%a 4720 R A 2.0 0ab 08V Ta" B0 it 208 atl &R I H

._.
P "

; APPENDIX A
( “u)
!‘ LR
unit GraphText;
¥ "
\ interface e
) uses 4
) Crt, O
,' Graph; {
o W]
' procedure Text_To_Cart ( tx,ty : integer; W
VAR cx,cy : integer):
procedure PrintText (s:string; x,y:integer); 3
U
" (.ﬂ“’ﬂ*"'ﬂﬂ’ﬂ‘*.'ﬂﬂiﬂ.ﬂ‘“ﬂ“ﬂ‘““’.““““l““ﬂ”ﬂ“ﬂ.‘Il'ﬂ‘ﬂ‘ﬂ“l“‘hﬂﬂ&ﬂﬂh“ﬂh“l“ﬂ“ﬂﬂ) ‘\
: (]
D
N implementation “
"
§ procedure Text_To_Cart ( tx,.ty : integer; m
) VAR cx.cy : integer); A
g
begin  {Text_To_Cart} hy
’ cx:=(tx-1)*((GetMaxX+1) div 80): .T
b cy:={ty-1)*((GetMaxY+1) div 25);: )
> end; {Text_To_cart} Al
A ¥
! . \
K procedure PrintText (s : string; o
': x : integer; 0
I y : integer); v
" ."
! const ‘
NormSize = 1; U
§ begin {PrintText)} (3
) GotoXY (x + length(s).y); "
X SetTextStyle (Defaultfont, HorizDir, NormSize); ;
) SetTextJustify (LeftText, K TopText); W)
Text_To_Cart (x,y.x,y): '(
¥ MoveTo (x,y); s,
: OutText (s);: .
MoveTo (x+TextWidth(s).y);
; end; {PrintText)
b
ﬁ (“ﬂ"ﬂ“‘““iﬂﬂﬂ“‘“.ﬂﬂ'ﬂﬂ‘ﬂ'“"“ﬂ“ﬂﬂ“‘ﬂ“‘ﬂ‘“““&ﬂﬂﬁk‘ﬂi”ﬂﬂﬁIll‘“““ﬂ.'.‘“.ﬂ“'ﬂ“'“)
> begin {Initialization} ]
end, {unit GraphText) .
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Async

Unit Async contains routines which allow Turbo Pascal to talk to an
asynchronous port (COM1 or COM2). The routines were developed from
Technical Information Sheet number 226, dated August 1, 1986, from
Borland International, Inc. The following routines are present:

1. Async_Init--initializes asynchronous routines.

2. Async_Open--opens the COM port; sets up the interrupt vector and
data buffer; sets the baud rate, parity, word size, and stop bits.

3. Async_Buffer_Check--reads a character from the buffer if present.

4. Async_Send--transmits a character.
Async_Send_String--transmits a string of characters.
Async_Close--turns off COM port interrupts.

7. Async_Change--changes COM port parameters (baud rate, parity,
word size, and stop bits).
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APPENDIX A o
';.‘.
(lllﬂﬂ“ﬂ.‘ﬂ.‘ﬁﬂ‘lﬂﬁﬂﬂlﬂ‘“ﬂﬂn'ﬂ“ﬂh‘.ﬁﬂ'“ﬂﬂ“ﬁ“ﬂn‘“ﬂ”“ﬂﬁﬂn.ﬁﬂ‘ﬂﬂﬂ“ﬁihﬂnﬂﬂﬂﬂ!lﬂﬂﬂ) 1 :
(anu nun) 'n
(#»» ASYNC.INC has been developed from Technical Information Number 226 ##%) °
(##» from Borland International, doted August 1, 1986. The program is wuw) &
(*=* highly dependent on the IBM PC and PC-DOS 2.0. nwn)
(anns nnu) *
(nnaunnn‘hnunaunuuunn‘&uuut&nnnunnnnnunn&nnnnnnnun&uuununnunnunuunnunuunnununnn) “
(nnn LX) ‘:
(##* ASYNC.INC - Asynchronous Communications Routines. ) l!;
(nuu nn«)
(##» Entry points: wew) 3
(mnn Async_Init wew) _':_\
(muw Performs initialization. wwn)
(an u-«) o
(€L Async_Open (Port, Baud : integer; nwn) A0
(nnn Parity char; www) e
(nue wordSize,StopBits integer) boolean; wnu) ]
(nun Sets up interrupt vector, initiclize the COM port for uw) » »
(nnn processing, sets pointers to the buffer. Returns FALSE if wuw) o
(nwn COM port not installed. wwe) ..‘)'
(nnn unn) "‘
(wwe Async_Buffer_Check (var C char) boolean wuwy (::
(o If a character is available, returns TRUE ond moves the "ww) l',‘
(nwn character from the buffer to the parameter; otherwise, wn) |\|.
(G4 returns FALSE. naw) "l‘
(n»n un-) ’
(nnn Async_Send (C : char); nun) X
(nwn Transmits the character. wun) N,
(nun uuu) J
[€LL Async_Send_String (S : string) LD ]
(wnw Calls Async_Send to send each character of S. *uw) %y
(nnn nun) ‘.'d
(enw Async_Close wun) .
(nnn Turn off the COM port interrupts. This must be called before ***)
(wun exiting the progra, otherwise unpredictable results will LLLD! ot
(mnn occur ond it will be necessary to reboot. wnw) )
(antu uun) [
(hnunilnuunnnunnnu“uuiu&uuunhununu“nlnnnnuuuunuununnn&unuunuunuunuunuuunnnn&ﬂ) !
unit Async; by
interface "
V1
uses DOS; F\'
n
type Ui}
real = extended; ~
procedure Async_Init; . 3\
procedure Async_Close; 5
‘-
function Async_Open ( ComPort integer; R :
BaudRate : integer; L
Parity ;. char; :-\_
wordSize integer; ]
StopBits integer ) booleon;
=
function Async_Buffer_Check (var C:char) boolean; it
l"‘
procedure Async_Send {C:char); ..f
bt il
procedure Async_Send_String (S:string): ! '
N
procedure Async_Chon'ge ( BoudRate integer;
Parity char;
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APPENDIX A

WordSize : integer;:
StopBits : integer):

‘-

(niuntnnuu»nnu!nnnuunnuhnhnuunui&iiﬂunnu«uuuhhnnunu“unnnnnuuuuuﬁhuhunnnnnunnnn)

implementation

const
UART_THR = $06; (» offset from base of UART registers for IBM PC. *)
UART_RBR = $¢9;
UART_IER = $@1;
UART_IIR = $02;
UART_LCR = $@3;
UART_MCR = $84;
UART_LSR = $@5;
UART_MSR = $#6;

- at.

I8¢88 IMR = $21; (* port address of the interrupt Mask Register.

Async_Dseg_Save : integer = @; (% Save DS reg in Code Segment
(* for interrupt routine.

Async_Buffer_Max = 4@95;

var
Async_Buffer : array [8..Async_Buffer_Mox] of chor;
Async_Open_Flag : boolean;
Async_Port : integer: (* Current open port number (1 or 2)
Async_Base : integer; (* Base for current open port.
Async_IRQ : integer; (* IRQ for current open port.
Async_Buffer_Overflow : boolean; (* Buffer overflow?
Async_Buffer_Used : integer;
Async_MoxBufferUsed : integer;

(*#* Async_Buffer is empty if Head = Tail ##%)
Async_Buffer_Head - : integer; (* Ltoc’n in buffer to put next char.
Async_Buffer_Tail : integer; (* Loc'n in buffer to get next char.
Async_Buffer_NewTail : integer;

Async_BIOS_Port_Table : array [1..2] of integer absolute $48:8;
(**» This table is initiolized by BIOS equipment determination code #*##)
(*#» at boot time to contain the base addresses for the instolled wwn)
(*»» async adapters. A volue of @ means "not installed." ")

const
Async_Num_Bauds = 8;
Async_Baud_Table : array [1..Async_Num_Bauds] of record
Baud : integer;
Bits : integer;
end {record}
((Boud:118; Bits:$80),
(Baud:15@; Bits:$28),
(Baud:3@88;: Bits:$40),
(Boud:608; Bits:$68),
(Baud:1209; Bits:$80),
(Baud: 2400; Bits:$AB),
(Boud:48¢@; Bits:$C@),
(Baud:960@; Bits:$EF));

procedure BIOS_RS232 Init (ComPort,ComParm : integer);
(#»* Issue Interrupt $14 to initialize the UART. See the IBM Technical
(#»* Reference Manual for the format of ComParm.

var
Regs : registers;
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)
begin  {BIOS_RS232_Init) g
with Regs do begin >
ax:=ComParm and $@OFF; (% AH:=@; AL:=ComParm ") )
dx:=ComPort; 'h
Intr ($14,Regs); .ﬁ
end; {with} %0
end;  {BIOS_RS232_Init) 8
A
procedure DOS_Set_Interrupt (v,s,o:integer); I:
(##* call DOS to set an interrupt vector ") =

var
Regs : Registers;

begin  {DOS_Set_Interrupt)
with Regs do begin
ax:=$2500 + (v and $0OFF);
ds:=s;
dx:=0;
MsDos {(Regs);
end; {with}
end; (DOS_Set_Interrupt)

(Oﬂ’““ﬂﬂﬁﬂ“Nﬁn‘ﬂ“!ﬂ“hl“lh&N“Q‘ﬂ“&&ﬂﬂﬂ“*i&*““h&nﬂ‘ﬂﬂ“&ﬂi”ﬁﬁhﬂ“*'ﬂll“ﬂl*ﬂhhﬂ“'ﬂ) L] !
(nuut uun)
(=#** ASYNCISR.INC - Interrupt Service Routine LALD]
(nunt ann) o
(uﬁ*Dﬁh*h&&lﬁﬁ‘Qﬁ‘&!“ﬂﬂﬂ‘lﬁﬂﬂ‘ﬂQﬁhﬂ’ﬂﬂﬂﬂlﬂ.**&ﬂ“ﬂ“&“ﬁ*‘“ﬁﬂn*.l&“ﬂ&ﬂﬁﬂ“*“'ﬁﬂ“lﬂ) -
‘K
procedure Async_ISR; g%
(*** Interrupt Service Routine. Invoked when the UART has received a www) *}
(**» byte of doto from the communication line. Written in mochine *uw) y:
(##* langucoge, the ossembly code is shown os comments. LA -1
begin {Async_ISR) 4
{(##» Note: on entry, Turbo Pascal has olready PUSHed BP and SP. oy
Inline ( (* Save all registers used. *) O
$58/ (» PUSH AX *) ’
$53/ (* PUSH BX ») L
$52/ (* PUSH DX *) W,
$1E/ (* PUSH DS *) st
$FB/ (» STI *)
(* set up the DS register to point to Turbo Pascal's data segment. *) 4
$2E/$FF/$36/Async_Dseg_Save/ {* PUSH CS:Async_Dseg_Save *) (f
$1F/ (* POP DS *) ,‘
..
(3
(* Get the incoming character. *) %;
(* Async_Buffer[Async_Buffer_Head]:=Chr(Port[UART_RBR+Async_Base]) *) N '
$8B/$16/Async_Base/ (* MOV DX,Async_Base *)
$EC/ (* IN AL,DX ") X
$8B/$1E/Async_Buffer_Head/ {* MOV BX,Async_Buffer_Head *) D
$88/$87/Async_Buffer/ (* MOV Async_Buffer [BX], AL *) “3
»!
(* Async_Buffer_NewHead := Async_Buffer_Head + 1 *) }
$43/ (* INC BX *) ~
-
(* 1f Async_Buffer_NewHead > Async_Buffer_Max *) »
(= then Async_Buffer_NewHead := 8 *) 3
$81/$FB/Async_Buffer_Max/ (* CMP BX,Async_Buffer_Max *) <
$7€/$02/ (* JLE L@G1 ) $
$33/$DB/ (* XOR BX,BX *) >
Ly
(* 1f Async_Buffer_NewHead = Async_Buffer_Toil *) .
( then Async_Buffer_Overflow := true *)
(" else begin *)
118 o
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3} (* Async_Buffer_Head := Async_Buffer_NewHeod; *)
N (* Async_Buffer_Used := Async_Buffer Used + 1; »)
(» if Async_Buffer_Used > Async_MaxBufferUsed then *) :
~ (* Async_MaxBufferUsed := Async_Buffer Used: ) )y
" (* end; *) ,
% ,
Y (* L#B1: then )
& $38/$1E/Async_Buffer_Tail/ (* CMP BX, Async_Buffer_Tail ) H
N $75/308/ (* JNE LDB2 )
’ $C6/3$P6/Async_Buffer_Overflow/$81/ (* MOV Async_Buffer_Overflow,1 *)
o $98/ (* NOP generated by assembler *) i
g. $EB/$16/ (* JMP SHORT L#93 )
() .
g (* LBB2: else *)
& $89/$1€/Async_Buffer_Head/ (* MOV Async_Buffer_ Head,BX )
B $FF/$06/Async_Buffer_Used/ (* INC Async_Buffer_Used *)
P - $8B/$1E/Async_Buffer_Used/ (* MOV BX,Async_Buffer_Used *)
1 $3B/$1E/Async_MoxBufferUsed/ (* CMP BX,( Async_MaxBufferUsed *)
. $7E/$84/ (* JLE L@93 *) \
«:’ $89/$1E/Async_MaxBufferUsed/ (* MOV Async_MaxBufferUsed, BX ) ]
!
Iy (* LEB3: end if “) \
: (* disable interrupts ) ]
» $FA/ (* CLI *)
: (* Port [$20] :- $20: use non-specific EOI *) -
$B8/$28/ (* MOV AL, $20 *)
& $E6/%$29/ (* OUT $20,AL *) :
z (* Restore the last registers then use IRET to return. The last *)
1 (* two POPs are required because Turbo Pascal PUSHes these regs )
% (* before we get control, although the manual doesn't show it. *)
Y $1F/ (* POP DS *)
h $5A/ (» POP DX v)
$58/ (* POP BX ") ;
N $58/ (* POP AX *)
¥ $5C/ (» POP SP *)
$50/ (* POP BP *) )
2. $CF); (% IRET *) y
e end; {Async_ISR}
# procedure Async_Init;
(»++ Initiolize variables. wan)
[}
+
y begin {Async_Init} \
P Async_DSeg_Save 1= DSeg: ]
0] Async_Open_Flag := FALSE; .
A Async_Buffer_Overflow := FALSE !
i Async_Buffer_Used c= @
Async_MaxBufferUsed S 'H
‘ end; {Async_Init) )
)
N procedure Async_Close;
¢ (*#» Reset the interrupt system when UART interrupts no longer needed. »**)
i ¢
var '
! 1.m : integer;
begin
if Async_Open_Flag then begin
| (* Disable the IRQ on the 8259. “)
Ry Inline ($FA); (* Disable the interrupts. ) ]
4 i:= Port [18888_IMR]: (* Get the Interrupt Mask Register *) )
m:= 1 shl Async_IRQ; (* Set mask to turn off interrupt *)

Port [I8¢88_IMR] := 1 or m;

(* disable the 8250 dota reody interrupt )
119
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§ N
Port [UART_IER + Async_Base] := 8; TN
(* discble OUT2 on the 8250 *) ._
. Port [UART_MCR + Async_Base] := §; |
X Inline ($FB); (* enable interrupts “) &3
k l
U
i (* Re-initiolize data areas to know the port is closed. *) A
K Async_Open_Flag:=FALSE; '.:‘
: end; {if) )
end; {Async_Close) :
; function Async_Open ( ComPort : integer; H}
f BaudRate : integer; ?‘
) Parity : char; o
b wordSize : integer: W
! StopBits : integer ) : boolean; (:
(*** Open a communication port. wee) 4
! t
aj var N
ComParm : integer; ﬂ
i,m . integer; ;
‘ ! g ¥
K begin  {Async_Open} Of
4 tf Async_Open_Flag then Async_Close; i
s if (ComPort=2) AND (Async_BIOS Port_Table[2] <> @) N
then Async_Port:=2
else Async_Port:=1; (= Default to COM1: ) S,
: Async_Bose:=Async_BIOS_Port_Table[Async_Port]; ¢
Async_IRQ:=Hi(Async_Base)+1; N
1f {(Port [UART_IIR+Async_Bose) ond $8¢F8) <> @ B!
| then Async_Open:=FALSE b
# else begin ‘ﬁ
Async_Buffer_Head:=8;
Async_Buffer_Tail:=9@; .
! Async_Buffer_Overflow:=FALSE; >
: (#%* Build the ComParm for RS232_Init. See the Technica® wun) }I
3 (+»* Reference Monual for description. wew) )
ComParm: =$00¢4@; .
d »
: (%*% Set up the bits for the baud rate. nun) »
i:=0; -
repeat .
i:=succ(i); A3
until (Async_Boud_Table[i].Baud = BaudRate)
A OR (i = Async_Num_Bauds): N
1 ComParm: =ComParm or Async_Baud_Toble[i].Bits; %)
. if parity in ['E','e'] )
then ComParm := ComParm OR $£918
else if parity in ['0','0"] ut
! then ComParm := ComParm OR $#008
] else ComParm := ComParm OR $@@@0;: (* Default to no parity *) iy
if WordSize = 7 i
then ComParm:=ComPaorm OR $88@2 '
¥ else ComParm:=ComParm OR $00@83; (* Default to 8 data bits. %) }
if StopBits = 2 o
then ComParm:=ComParm OR $@@04 ’
; else ComParm:=ComParm or $0@00: (* Default to 1 stop bit. =) =
]
J (*** use the BIOS COM port initialization routine to save “wu) n
(*** typing the code. www) '
BIOS_RS232_Init (Async_Port-1,ComParm); ¢
D0S_Set_Interrupt (Async_IRQ+8.CSeg,0fs(Async_ISR)); .
3
(=** Read the RBR ond reset any possible pending error LRLD]
(»** conditions. First turn off the Divisor Access Latch Bit ww») o
120 A
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F IO

(*** to allow access to RBR, etc. nnw)
Inline ($FA); (* Disable interrupts. ")

1.1.5-»

Port [UART_LCR+Async_Base]:=Port [UART_LCR+Async_Base] AND $7F:

(#*#» Read the Line Status Register to reset any error it ") )
(##» indicates wnw) !
< i:=Port [UART_LSR+Async_Base]; o
1 (»*+ Read the Receiver Buffer Register in case it contains wuw) 2N
(#*» o character. wuw) !
y i:=Port [UART_RBR+Async_Base]; RS
o
(**+ Enable the IRQ on the 8259 controller. XL -:'
i:=Port [I8088_ IMR]; (* Get the Interrupt Mask Register. %) ',:
m:=(1 shl Async_IRQ) XOR $@8FF; e
Port (18888 IMR]:=1 AND m; o
' (»»* Enable the Datao Ready Interrupt on the 8250. LALD ]
Port [UART_IER+Async_Bose]:=$81; , A
(*»» Enable OUT2 on 8258. o) ; )
i:=Port [UART_MCR+Async_Base]: o
Port [UART MCR+Async Base]:=i OR $§8; 0
Inline ($FB); (* enable interrupts nwn) :
Async_Open_Flag:=TRUE; .
Async_Open: =TRUE; e
end; {(if-else) ]
end; {Async_Open} "‘-’_
"
function Async_Buffer_Check (var C:char) : boolean; -
(**» See if a character has been received; return it if yes. LEED)] &0y
begin {Async_Buffer_Check) :"‘"
if Async_Buffer_Head = Async_Buffer_Toil ,.‘:
then Async_Buffer_Check:=FALSE val
else begin el
C:=Async_Buffer{[Async_Buffer_Tail); "
Async_Buffer_Tail:=succ (Async_Buffer_Tail): ‘’
if Async_Buffer_Tail > Async_Buffer_Max then Async_Buffer_Tail:=@: “a
Async_Buffer_Used:=Async_Buffer_Used-1; ]
Async_Buffer_Check:=TRUE; W&
end; {else) .
end: {Async_Buffer_Check} \

procedure Async_Send (C:char);

w,

(**» Transmits o chaoracter. LEXD]
.
var []
i.m counter : integer; Y
™~
begin {Async_Send) -:
- Port [UART_MCR+Async Base]:=$8B: (* Turn on OUT2, DTR, and RTS. *) o

a
(**% wait for CTS “ns) Yy
counter:=MaxInt; : ~
while (counter <> B) AND ({Port [UART MSR:Async_Base] AND $12) = 8) do b
counter:=pred (counter); ‘i\
(*»= Woit for Transmit Hold Register Empty (THRE). LLLD) k
if counter <> @ then counter:=MoaxInt; \
while (counter <> @) AND ((Port [UART_LSR+Async Base] AND $28) = @) do LY.
counter:=pred (counter);
i1f counter <> @ ‘
then begin [
(**» Send the character. wue) ’
Inline ($FA);: (* disable interrupts )
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I Port [UART_THR+Async_Base]:=0rd(C):
Inline ($FB); {* enable interrupts *)
' end {then} Rt
.' else 3
4. writeln (’'<<<TIMEQUT>>>'); (1
:. end; {Async_Send}
: procedure Async_Send_String (S:string); :
¢ (*** Transmit a string. *) :
var
b i : integer;
' [
) begin {Async_Send_String) e
: for i:=1 to length (S) do L
R Async_Send (S[i]): A
: end; (Async_Send_String} )
) procedure Async_Change ( BoudRate integer; [
Parity char; $
D wWordSize integer; !
A StopBits integer); .
1y (#=» Changes communications parameters. The BIOS routines cannot be wuw) >~
h (»** used because they drop DTR. ww) n
const .
g Num_Bauds = 15; '
divisor_table : array [1..Num_Bauds] of record .
~ baud integer; it
divisor integer; 1
end {record} !
- ((boud:58; divisor:23g4), !
(baud:75; divisor:1536),
(baud:118; divisor:1947), r
\ t
Y (boud:134; divisor:857), .
hY (baud:15@; divisor:768), -
(boud:300; divisor:384), ’:
N (baud:60¢; divisor:192), .
' (boud:12@@; divisor:98),
" (baud: 180@; divisor:64), t
: (boud:200¢; divisor:58),
o (boud:24@8; divisor:48), e,
|: (baud: 360@; divisor:32), .
D (baud:48¢9; divisor:24), ’
:. (baud:7288; divisor:16), Lt
(baud:9688; divisor:12)); g
t
D)
) var v 3
i : integer;
e, dv integer; .
) ler integer: .
o
begin {Async_Change} *J
(»*» Build the Line Control Register and find the divisor LA %
W (»#* (for the baud rate). unw) I
' [
p i:=8;
repeat !
i:=succ (i) (
until (Divisor_Toble[i].Boud = BaudRate) OR (i = Num_Bouds); ;
3 dv:=Divisor_Table[i].divisor; Ry
¥ )
) ler:=0;
case Parity of
g’ ler:=1cr OR $18; {* even parity *)
'g’ ler:=1cr OR $£8; (* oad parity *) .
: "N’ ler:=lecr OR $08; (* no parity =) (X
) 122 N
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'™M' ; lcr:=lcr OR $28; (* Mork pority *) )
:{ 'S' : ler:=lcr OR $38; (* Space parity *)
‘W else lcr:=lcr OR $0¢; (* Defaoult to no parity. ) N
W end; {cose} 0
:‘ ()
A case WordSize of :
) S: lcr:=lcr OR $08; K

6: lcr:=1cr OR $81;
7: lcr:=lcr OR $@2;:
8: ler:=1lcr OR $83;

)

1 else lcr:=1cr OR $#4; (* default to 8 bits. *)
[} d
‘ end: {case} ]
" !
l. if StopBits = 2 h
' then lcr:=lcr OR $@4 &
else lcr:=lcr OR $88; (* default to 1 stop bit. »)
lcr:=lcr AND $7F; (* make certoin the DLAB is off. )
A Inline (S$FA); (* disable interrupts. *)
!0
0. (##* turn on DLAB to access the divisor. XL )
:. Port [UART_LCR+Async_Base]:=Port [UART_LCR+Async_Base] OR $80; J
t
K (*** set the divisor. wmn)
Port [Async_Base]:=Lo (dv);
- Port [Async_Base+1):=Hi (dv);
%
(*** turn off the DLAB and set the new communications parameters. wuw) *
Port [UART_LCR+Async Bose):=lcr: A
-
¥ Inline ($FB); (* enable interrupts. *) h
LN end; {Async_Change}
(lﬂhﬂ&.*l“ﬂl'ﬂ“ﬂ“&Nﬂ.“ﬂ““ﬂ'ﬂﬂﬁ.ﬁﬂQlﬂﬂ‘“ﬂﬂ“‘ﬁﬂﬂ“&lﬂ&‘“ﬁ*“h“!ﬂﬂﬁﬂﬁ'&ﬂ““&ﬂ“l“") 9
d
| ! begin {Initiolizotion) K
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DISTRIBUTION
1
) ADMINISTRATOR DIRECTOR
DEFENSE TECHNICAL INFORMATION CENTER DEFENSE NUCLEAR AGENCY (cont'd)
? CAMERON STATION, BUILDING 5 ATTN TITL

ATTN DTIC-DDA (12 COPIES)
ALEXANDRIA, VA 22304-6145

: ASSISTANT TO THE SECRETARY OF DEFENSE
) A" OMIC ENERGY

ATTN EXECUTIVE ASSISTANT

WASHINGTON, DC 20301

&4

DIRECTOR

DEFENSE COMMUNICATIONS AGENCY
ATTN CODE B410

ATTN CODE . 3(

WASHINGTON, DC 20305

Sy

. DIRECTOR
COMMAND CONTROL ENGINEERING CENTER
¢ ATTN C-660
‘ ATTN G-630
) WASHINGTON, DC 20305

h DIRECTOR
DEFENSE COMMUNICATIONS ENGINEERING CENTER
. ATTN CODE RY00
ATTN CODE R123, TECH LIB
ATTN CODE R111
1860 WIEHLE AVENUE
. RESTON, VA 22090

ASSISTANT CHIEF OF STAFF FOR
INFORMATION MANAGEMENT

COMMAND SYSTEMS INTEGRATION OFFICE

ATTN DAMO-CAZ

‘ THE PENTAGON

! WASHINGTON, DC 20301

e T N,

DIRECTOR

: DEFENSE INTELLIGENCE AGENCY
A ATTN DB-U4C2, D. SPOHN
WASHINGTON, DC 20301

< CHAIRMAN
JOINT CHIEFS OF STAFF
. ATTN J-3

n ATTN C3S
WASHINGTON, DC 20301
NATIONAL COMMUNICATIONS SYSTEM
DEPARTMENT OF DEFENSE

OFFINE OF THE MANAGER

ATTN NCS-TS, D. BODSON

3 WASHINGTON, DC 20305

A

) DIRECTOR
'Q DEFENSE NUCLEAR AGENCY
, ATTN RAEV
' ATTN DDST
ATTN RAEE
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WASHINGTON, DC 20305

OFFICE OF UNDERSECRETARY OF DEFENSE
RESEARCH & ENGINEERING

DMSSO

2 SKYLINE PLACE

SUITE 1403

5203 LEESBURG PIKE

FALLS CHURCH, VA 220#1

UNDER SECY OF DEF FOR RSCH & ENGRG
DEPARTMENT OF DEFENSE

ATTN STRATEGIC & SPACE SYS 90SO RM 3E129
ATTN STRAT & THEATER NUC FORCES
WASHINGTON, DC 20301

DEPUTY DIRECTOR FOR THEATRE/TACTICAL C3
SYSTEMS

JOINT STAFF

WASHINGTON, DC 20301

COMMANDER-IN-CHIEF
US FORCES, EUROPE
ATTN ECC3S

APO, NY 09128

ASSISTANT CHIEF OF STAFF FOR
AUTOMATION & COMMUNICATIONS

ATTN DAMO-CUT

ATTN DAMO-C4S

DEPARTMENT OF THE ARMY

WASHINGTON, DC 20360

US ARMY BALLISTIC RESEARCH
LABORATORY

ATTN DRDAR-TSB-S (STINFO)

ABERDEEN PROVING GROUND, MD 21005

US ARMY COMBAT SURVEILLANCE & TARGET
ACQUISITION LABORATORY

ATTN DELET-DD

FT MONMOUTH, NJ 07703

COMMANDER

US ARMY ELECTRONIC SYSTEMS ENGINEERING
INSTALLATION AGENCY

ATTN ASBH-SET-S

FORT HUACHUCA, AZ 85613

US ARMY ENGINEER DIV HUNTSVILLE
DIVSION ENGINEER

ATTN HNDED FD,

PO BOX 1600

HUNTSVILLE, AL 35807
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DISTRIBUTION (cont'd)

COMMANDER DIRECTOR
US ARMY INFORMATION SYSTEMS COMMAND US ARMY MISSILE LABORATORY (cont'd)
ATTN CC-OPS-WR, O.P. CONNELL/R. NELSON USAMICOM
FT HUACHUCA, AZ 85613 ATTN DRSMI-RH, DIR, DIRECTED ENERGY
DIRECTORATE
COMMANDER ATTN DRSMI-RL, SPE ASST GROUND EQUIP &
US ARMY INFORMATION SYSTEMS MISSILE STRUCTURES DIR
ENGINEERING COMMAND ATTN DRSMI-RR, RESEARCH DIR
SUPPORT ACTIVITY ATTN DRSMI-RS, SYS ENGR DIR
ATTN ASB-TS-A, B. EGBERT ATTN DRSMI-RT, TEST & EVAL DIR
FORT MONMOUTH, NJ 07703-5000 ATTN DRSMI-RD, SYST SIMULATION & DEV DIR
ATTN DRSMI-RE, ADVANCED SENSORS DIR
COMMAND ATTN DRSMI-RK, PROPULSION DIR
b US ARMY MATERIEL COMMAND ATTN DRSMI-RG, GUIDANCE & CONTROL DIR .
ATTN DRCRE REDSTONE ARSENAL, AL 35809
ATTN DRCDE
5001 EISENHOWER AVE COMMANDER
ALEXANDRIA, VA 22333-0001 US ARMY MISSILE & MUNITIONS
CENTER & SCHOOL
DIRECTOR ATTN ATSK-CTD-F
US ARMY MATERIEL SYSTEMS ANALYSIS REDSTONE ARSENAL, AL 35809
ACTIVITY
! ATTN DRXSY-MP, LIBRARY COMMANDER
i ABERDEEN PROVING GROUND, MD 21005 US ARMY NUCLEAR & CHEMICAL AGENCY
ATTN MONA-WE
COMMANDER 7500 BACKLICK ROAD
US ARMY MISSILE COMMAND SPRINGFIELD, VA 22150
ATTN DRCPM-CF, CHAPARRAL/FAAR
ATTN DRCPM-HD, HELLFIRE/GLD OFFICE OF THE ASSIST SEC
ATTN DRCPM-PE, PERSHING OF THE ARMY (RDA)
ATTN DRCPM-DT, TOW DRAGON DEPARTMENT OF THE ARMY
ATTN DRCPM-RS, GENERAL SUPPORT ATTN DAMA~-CSS-N
ROCKET SYS WASHINGTON, DC 20310
ATTN DRCPM-HEL, HIGH ENERGY LASER SYS
ATTN DRCPM-ROL, ROLAND CHIEF
ATTN DRCPM-VI, VIPER US ARMY SATELLITE COMMUNICATIONS
: ATTN DRCPM-HA, HAWK AGENCY
: ATTN DRCPM-MP, STINGER ATTN DRCPM-SC
ATTN DRSMI-T, TARGETS MANAGEMENT OFFICE FT MONMOUTH, NJ 07703
ATTN DRSMI-U, WEAPONS SYS MGT DIR
ATTN DRSMI-D, PLANS, ANALYSIS, DIRECTOR
& EVALUATION TRI/TAC
; ATTN DRSMI-E, ENGINEERING ATTN TT-E-SS, CHARNICK
b ATTN DRSMI-Q, PRODUCT ASSURANCE FT MONMOUTH, NJ 07703
ATTN DRMSI-S, MATERIEL MANAGEMENT
ATTN DRSMI-W, MGMT INFO SYSTEMS COMMANDANT
REDSTONE ARSENAL, AL 35809 US ARMY WAR COLLEGE
ATTN LIBRARY
DIRECTOR CARLISLE BARRACKS, PA 17013
US ARMY MISSILE LABORATORY
USAMICOM COMMANDER-IN-CHIEF
ATTN DRSMI-NPR, REDSTONE SCIENTIFIC ATLANTIC
INFO CENTER ATTN J6
ATTN DRSMI-RPT, TECHNICAL NORFOLK, VA 23511
INFORMATION DIV
ATTN DRSMI-RN, CHIEF, TECHNOLOGY COMMANDER
INTEGRATION OFFICE NAVAL ELECTRONIC SYSTEMS COMMAND
ATTN DRSMI-RA, CHIEF, DARPA PROJECTS ATTN PME 110-241D
OFFICE WASHINGTON, DC 20360
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DISTRIBUTION (cont'd)

NAVAL ELECTRONICS ENGINEERING ACTIVITY,
PACIFIC

BOX 130

ATTN DON O'BRYHIM

PEARL HARBOR, HAWAII 96860-5170

CHIEF OF NAVAL MATERIEL

THEATER NUCLEAR WARFARE PROJECT OFFICE
ATTN PM-23

WASHINGTON, DC 20360

COMMANDER

NAVAL OCEAN SYSTEMS CENTER
ATTN CODE 83, J. STAWISKI
SAN DIEGO, CA 92152

COMMANDING OFFICER

NAVAL ORDNANCE STATION

ATTN STANDARDIZATION DIVISION
INDIAN HEAD, MD 20640

COMMANDER-IN-CHIEF

PACIFIC

ATTN C3S-RF-1

CAMP H. M. SMITH, HI 96861

COMMANDING OFFICER

NAVAL RESEARCH LABORATORY
ATTN CODE 4720, J. DAVIS
WASHINGTON, DC 20375

COMMANDER

NAVAL SURFACE WEAPONS CENTER
ATTN CODE F-56

DAHLGREN, VA 22u48

COMMANDER

NAVAL SURFACE WEAPONS CENTER
ATTN CODE F32, E. RATHBURN
ATTN CODE F30

WHITE OAK LABORATORY

SILVER SPRING, MD 20910

DEPARTMENT OF THE NAVY

DIRECTOR, NAVAL TELECOMMUNICATIONS
DIVISION

OFFICE OF THE CHIEF OF NAVAL OPERATIONS

ATTN OP941, HAISLMAIER

ATTN OPS43

WASHINGTON, DC 20350

HQ, USAF/SAMI
WASHINGTON, DC 20330

AIR FORCE COMMUNICATIONS COMMAND
ATTN EPPD
SCOTT AFB, IL 62225
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COMMANDER

US AIR FORCE SPACE COMMAND
ATTN KRQ

ATTN XPOW

PETERSON AFB, CO 80912

1842 EEG
ATTN EEISG
SCOTT AFB, IL 62225

HEADQUARTERS

ELECTRONIC SYSTEMS DIVISION/YS
ATTN YSEA

HANSCOM AFB, MA 01730

HEADQUARTERS

USAFE

ATTN DCKI

RAMSTEIN AFB, GERMANY

SYSTEM INTEGRATION OFFICE
ATTN SYE
PETERSON AFB, CO 80912

AIR FORCE WEAPONS LABORATORY/DYC
ATTN NTC4, TESD, IESM
KIRTLAND AFB, NM 87117

CENTRAL INTELLIGENCE AGENCY
ATTN OWSR/NED
WASHINGTON, DC 20505

DIRECTOR

FEDERAL EMERGENCY MANAGEMENT AGENCY
NATIONAL PREPAREDNESS PROGRAM SUPPORT
ATTN OFFICE OF RESEARCH )
WASHINGTON, DC 20472

DIRECTOR
FEDERAL EMERGENCY MANAGEMENT AGENCY
STATE & LOCAL SUPPORT BR
ATTN SL/EM/SS/LS, LOGISTICS
SUPPORT BRANCH
WASHINGTON, DC 20472

LAWRENCE LIVERMORE NATIONAL LAB
ATTN TECHNICAL INFO DEPT LIBRARY
ATTN L-156, H. CABAYAN, L. MARTIN
PO BOX 808

LIVERMORE, CA 94550

DIRECTOR

NATIONAL SECURITY AGENCY
ATTN R15

9800 SAVAGE ROAD

FT MEADE, MD 20755
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DISTRIBUTION (cont'd)

AMERICAN TELEPHONE & TELEGRAPH CO
ATTN SEC QOFC FOR W. EDWARDS

1120 20TH STREET, NW

WASHINGTON, DC 20036

AT&T BELL LABORATORIES
ATTN R. STEVENSON

1600 0SGOOD ST

N. ANDOVER, MA 01845

AT&T BELL LABORATORIES
ATTN J. SERRI
CRAWFORDS CORNER ROAD
HOLMDEL, NJ 07733

BDM CORP

ATTN CORPORATE LIBRARY
7915 JONES BRANCH DRIVE
McLEAN, VA 22102

BOEING CO

PO BOX 3707

ATTN R. SHEPPE
SEATTLE, WA 98124

ENERGISTICS CORP

ATTN R. MANRIQUEZ

1125 JEFFERSON DAVIS HWY
SUITE 1500

ARLINGTON, VA 22202

ENGINEERING SOCIETIES LIBRARY
ATTN ACQUISITIONS DEPT

345 E. 4TTH ST

NEW YORK, NY 10017

ENSCO, INC

ATTN R. GRAY

540 PORT ROYAL RD
SPRINGFIELD, VA 22151

IIT RESEARCH INSTITUTE
ATTN J. BRIDGES

ATTN I. MINDEL

10 W 35TH STREET
CHICAGO, IL 60616

INTERNATIONAL TEL & TELEGRAPH CORP
ATTN A. RICHARDSON

ATTN TECHNICAL LIBRARY

500 WASHINGTON AVENUE

NUTLEY, NJ 07110

MARTIN MARIETTA CORPORATION
PO BOX 5837

ATTN DR. C. WHITESCARVER
ORLANDO, FL 32805

‘a¥ a ¥

MISSION RESEARCH CORP
ATTN TOM BOLT

735 STATE STREET

SANTA BARBARA, CA 93102

MISSION RESEARCH CORP

ATTN W. STARKE

4935 N. 30TH STREET
COLORADO SPRINGS, CO 80933

MISSION RESEARCH CORP

EM SYSTEM APPLICATIONS DIVISION
ATTN A. CHODOROW

1720 RANDOLPH ROAD, SE
ALBUQUERQUE, NM 87106

PRI, INC

ATTN W. HAAS

6121 LINCOLNIA RD
ALEXANDRIA, VA 22312

R&D ASSOCIATES

ATTN W. GRAHAM

PO BOX 9695

MARINA DEL REY, CA 90291

R&D ASSOCIATES

ATTN DIRECTOR, DR. J. THOMPSON
1401 WILSON BLVD

SUITE 500

ARLINGTON, VA 22209

ROCKWELL INTERNATIONAL CORP
ATTN D/243-068, 031-CA31

PG BOX 3105

ANAHEIM, CA 92803

SCIENCE ENGINEERING ASSOC
ATTN P. FLEMMING

ATTN V. JONES

701 DEXTER AVE, N
SEATTLE, WA 98109-4318

SRI INTERNATIONAL
ATTN A. WHITSON

ATTN E. VANCE

333 RAVENSWOOD AVENUE
MENLO PARK, CA 94025

TRW DEFENSE & SPACE SYSTEMS GROUP
ATTN J. PENAR

ONE SPACE PARK

REDONDO BEACH, CA 92078
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DISTRIBUTION (cont'd)

TRW DEFENSE & SPACE SYSTEMS GROUP HARRY DIAMOND LABORATORIES (cont'd)
ATTN E. P. CHIVINGTON ATTN CHIEF, SLCHD-NW-EC
2240 ALAMO, SE ATTN CHIEF, SLCHD-NW-ED (15 COPIES)
SUITE 200 ATTN CHIEF, SLCHD~NW-EE
ALBUQUERQUE, NM 87106 ATTN CHIEF, SLCHD-NW-P
ATTH CHIEF, SLCHD-NW-R
TRW, INC ATTN CHIEF, SLCHD~NW-RA
COMMAND & CONTROL & COMMUNICATIONS ATTN CHIEF, SLCHD~NW-RC
SYSTEM DIV ATTN CHIEF, SLCHD~NW-RH
ATTN N. STAMMER ATTN CHIEF, SLCHD~NW-RI
5203 LEESBURG PIKE ATTN CHIEF, SLCHD~TT
SUITE 310 ATTN H. LESSER, SLCHD-IT-EB
FALLS CHURCH, VA 2201 ATTN J. O. WEDEL, JR., SLCHD-IT-EB
ATTN B. ZABLUDOWSKI, SLCHD-IT-EB
GEORGIA INSTITUTE OF TECHNOLOGY ATTN A. FRYDMAN, SLCHD-IT-RT (2 COPIES)
OFFICE OF CONTRACT ADMINISTRATION ATTN R. J. CHASE, SLCHD-NW-~EC
ATTN RES & SEC COORD FOR H. DENNY ATTN A. HERMANN, SLCHD-NW-EC
ATLANTA, GA 30332 ATTN C. LE, SLCHD-NW-EC
ATTN A. NGUYEN, SLCHD-NW-EC
US ARMY LABORATORY COMMAND ATTN R. J. REYZER, SLCHD-NW-EC
ATTN TECHNICAL DIRECTOR, AMSLC-TD ATTN D. TROXEL, SLCHD-NW-EC
ATTN R. L. ATKINSON, SLCHD~NW-ED (15 COPIES)
INSTALLATION SUPPORT ACTIVITY ATTN H. E. BOESCH, JR., SLCHD-NW-RC
ATTN LEGAL OFFICE, SLCIS-CC ATTN C. FAZI, SLCHD-NW-RE
ATTN R. KAUL, SLCHD-NW-RE
USAISC ATTN P. B. JOHNSON, SLCHD-ST-A
ATTN RECORD COPY, ASNC~LAB-TS ATTN W. WIEBACH, SLCHD-ST-AB
ATTN TECHNICAL REPORTS BRANCH, ATTN P. ALEXANDER, SLCHD-ST-AD
ASNC-LAB-TR (2 COPIES) ATTN C. ARSEM, SLCHD-ST-AD
ATTN D. M. HULL, SLCHD-ST-AD
HARRY DIAMOND LABORATORIES ATTN J. LOWE, SLCHD-ST-AD
ATTN D/DIVISION DIRECTORS ATTN J. DENT, SLCHD-TA-F (2 COPIES)
ATTN LIBRARY, SLCIS-IM-TL (3 COPIES) ATTN R. GOODMAN, SLCHD-TA-0S
ATTN LIBRARY, SLCIS-IM-TL (WOODBRIDGE) ATTN J. J. FALTER, SLCHD-NW-ED (50 COPIES)
ATTN LAB DIRECTOR, SLCHD-NW-E
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