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quantity of data obtained
by hardware measure-
ments, software simula-
BERS tion, or any other

==0d. The numbers may correspond to
cal measurements or to values of a
wn or unknown mathematical func-
Do you need to keep all this data?

© zn you keep only samples of it and
= reconstruct the original data set to
=0 a specified accuracy, using the

p— ]

= written a set of BASIC programs

« znswer these questions by using the
2oist sampling theorem to find the

+=st sampling rate that can be used to
astruct the original data to a preset

eree of accuracy.

“me Nyquist sampling theorem says that
= :=-bandwidth function can be recon-

wotzd exactly from a set of sampled

00, O R e f oo

=2 as the sampling frequency, 1/7, is
=1 than twice the highest frequency
=sznt in the Fourier spectrum of f{z).
"=z reconstruction algorithm is given
¢ “Nyquist sum”:

_ v fin?) sin[(x/7)(t — n7)]
E (w/7)(t — n7)

n= —oo

Hardware implementations of Nyquist
«mpling and reconstruction are familiar;
*= hardware embodiment of the equation

w2ove is in fact the low-pass smoothing
~er used in digital-to-analog conversion
nardware.

In the case at hand, the frequency con-
=t of the original function is unknown.
~owever, you can use the Nyquist sum
“zuation to find a suitable value of 7 (the
smpling interval) through a trial-and-

values of 7 until the observed error of the
Nyquist sum exceeds a preset limit.

The BASIC Programs
There are five programs in all. Initially
you must run them in sequence.

Listing 1 generates a file named DATA,
which contains values from a typical func-
tion. The original data values are preceded
by count N.

The program in listing 2 reads N+1
values from the file into the array A().
The program then asks you to specify the
accuracy to which this data must be re-
constructed.

The software sampling interval L is then
set equal to 2, and the Nyquist sum equa-
tion is used to reconstruct A() from the
subset consisting of every Lth item in A( ).
If this reconstruction is successful to
within the specified accuracy, L is in-
cremented by 1 and the reconstruction
process is repeated.

With each iteration of this process, re-
construction is attempted from a subset of
fewer data samples until the accuracy re-
quirement fails. The original data count
N, the largest successful L value, and the
compressed data (every Lth item in A())
are then written into the disk file CDATA.

Listing 3 reverses the process of listing
2, reconstructing the original data set to
within the specified accuracy from the
compressed data file CDATA.

The original data count, the sampling
interval, and the compressed data are in-
put from CDATA as N, L, and the array
B( ), respectively. The Nyquist sum equa-
tion is then applied to reconstruct the
original data set, which is written into the
disk file RDATA.

RDATA is identical in format to the
original data file DATA; that is, the first
entry is the data count N, followed by the
N+1 reconstructed data values.

PROGRAMMING INSIGHT i
fobert J. Sciamanda |
Another Approach

i ®
~ Jto Data Compression
= ‘
.se these BASIC programs to explore the Nyquist sampling theorem
~a uppose you have a large  error approach, trying larger and larger Listing 4 provides an explicit check of

the compression-reconstruction process.
After running the reconstruction program
(listing 3), run listing 4 to see a side-by-
side comparison of the original and
reconstructed data sets.

[Editor’s note: BYTE added listing 5,
which plots the points from DATA and
RDATA on the screen. The listing requires
an IBM PC or compatible machine with
BASICA and high-resolution graphics.]

All listings (except 5) were written in
Microsoft GW-BASIC for a Zenith Z-150.
They should run without modification on
IBM PC compatibles and with only minor
changes on other computers equipped
with BASIC and a disk drive.

Using the test data generated by listing
1 and electing an accuracy of 0.005, listing
2 (the compression algorithm) ran in 45
seconds on a Z-150 and found the largest
successful sampling interval to be L = 3.

Will It Work with Real Data?

How much your real data can be com-
pressed by this method—or whether it can
be compressed at all—is a function both
of your required accuracy and of the fre-
quency content of the data. The more er-
ratic the data variations, the higher the
component frequencies and the higher the
required sampling frequency.

An important factor contributing to the
frequency content of the original data is
the smoothness of the transitions to and
from the value O at the beginning and end
of the data domain. The value 0 is pre-

continued

Robert J. Sciamanda is a physicist ar
American Sterilizer Co. (2424 West 23rd
St., AMSCO 620, Erie, PA 16514). Previ-
ously he taught physics at Gannon Uni-
versity and designed automated inspection
systems for EG&G at the Idaho National
Engineering Laboratory.
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Inquiry 149

P

Finding a Low-Cost PROM or PAL*
programmer is only half of the
battle. Finding a company that
won't desert you when you need
support or service is the other half.

Logical Devices Products cost you
less because we offer the best price
performance ratio in the market,
and because once you buy our
products you will experience less
down time and more reliable
operation than most other units. In
addition you get features that were
evolved from our years of experi-
ence of serving people who
program chips.

We offer a wide range of products
from dedicated programmers to
universal software driven models.

GANGPRO-8 production programmer.
8 EPROMs to 27512 with RS-232 option.

PROMPRO-8X universal portable.
RS-232. Programs PROMs/PAL*s/Micros
PALPRO-2X Low Cost PAL* only pro
grammer. Dedicated, RS-232 unit.
SHOOTER Low cost EPROM only
programmer. RS-232, Stand-Alone.
PC-PRO [BM PC plug-in EPROM card
2716-27512

ALLPRO pin driven software based
universal unit, programs every
imaginable fuse programmable IC.

CAST boolean software/silicon compiler
for PLDs. JEDEC output

UV ERASERS FROM $49.95

All products carry 90 day Warranty
& 14 day Money Back Guarantee

USA 305-974-0967
ENGLAND 44272277323
AUSTRALIA 03560-1011

*PAL IS A REGISTERED TRADEMARK OF MONOLITHIC MEMORIES INC.
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DATA COMPRESSION

Listing 1: A program to generate a data file for testing the Nyquist
compression technique. The program evaluates the Gaussian function

10 OPEN "O",#1,"DATA" :REM Make a test data file by taking
20 PRINT#1,50

30 D=.2

10e7¢ = 298 j = 0.t0.50.

:REM 51 samples from a Gaussian

:REM curve centered at i=25.

40 FOR I1=0 TO 50

50 A=10%EXP(-(5-D%I1)~2)
60 PRINT#1,A

70 NEXT I

80 CLOSE

Listing 2: This program reads the sample data file called DATA, prompts

the user for the required accuracy, and then determines whether the data

can be compressed and reconstructed using the Nyquist sampling theorem.

If possible, the compressed data is written to a file called CDATA.

10 OPEN "I", #1,"DATA"

20 INPUT#1,N

:REM Get data count.

30 DIM A(N)

40 FOR I=0 TO N

:REM Get original data set.

50 INPUT#1,A(I)

60 NEXT I

70 CLOSE

80 INPUT "Enter desired accuracy ";E
9@ FOR L=2 TO INT(N/2-.5)

100
110
120
130
140
150
160
170
180

190
200
210
220

230
240

250
260
270
280
290
300
310
320
330
340
350

360

W=3.141593/L

FOR I=1 TO N :REM Reconstruct missing values.
IF I MOD L=0 THEN 190 :REM Branch at sampled values.
G=0

FOR J=0 TO N STEP L :REM The Nyquist sum.

M=Wx(I-J)

G=G+A(J)*SIN(M)/M

NEXT J

IF ABS(G-A(I))>E THEN 210 :REM Sum done; test
accuracy.

NEXT I :REM If ok, reconstruct next value.

NEXT L :REM Increment sampling interval.

L=L-1 :REM Highest successful sampling interval.

IF L>1 THEN 260 :REM L=1 means no compression
possible.

PRINT "For an accuracy of +/-";E;"all of this data
must be kept."

PRINT "No compressed data file (CDATA) will be
generated."

END

OPEN "O",#1,"CDATA" :REM Create compressed data file.

PRINT#1,N,L :REM Write data count, sampling interval.

FOR J=0 TO N STEP L :REM Write compressed data set.

PRINT#1,A(J)

NEXT J

CLOSE

L$="th"

IF L=2 THEN L$="nd"

IF L=3 THEN L$="rd"

PRINT "Every ";L;L$;" data value has been kept in the
compressed data file (CDATA)."

PRINT "The original data set can be reconstructed to
an accuracy of +/-";E




Inquiry 231

DATA COMPRESSION

Listing 3: This program reads compressed data from CDATA and uses it to
reconstruct the original data by applying the Nyquist sampling theorem.

19 OPEN "I",#1,"CDATA" :REM Compressed data.

20 INPUT#1,N,L :REM Get count, sampling inverval.

30 K=INT(N/L):DIM B(K)

40 FOR I=0 TO K :REM Get compressed data.

50 INPUT#1,B(I)

60 NEXT I

: 70 CLOSE

S 80 OPEN "O",#1,"RDATA" :REM Create reconstructed data.
ZERO WAIT STATE 90 PRINT#1,N :REM Write data count.

e 1 MB high speed (120NS) DRam on board 100 W=3.141593/L

* 6/8 MHz (10 MHz opt.) 110 FOR I=0 TO N :REM Reconstruction

Cilicon o Plioenis BI®S 120 IF I MOD L = @ GOTO 190 :REM Branch at sampled values.

e Built-in 2 serials & 1 parallel port 130 G=0

S Resol Butlon S turhe xode LED 140 FOR J=0 TO K :REM The Nyquist sum.

e Hold up to 5%ht drive 150 M=w*(I‘J*L)

e Clock/calendar w/battery backup & 160 G=G+B(J ) *SIN (M)/M

e rechargeable AA battery set mounted 170 NEXT J

e 200 Watt power supply 180 GOTO 200 :REM Sum done; store this value.

e Setup software 190 G=B(I/L)

e Hard cover User's Manual 200 PRINT#1,G :REM Write reconstructed value to file.
ALL FOLLOWING MODELS WITH AN 210 NEXT I :REM Go reconstruct next value.

IBM® COMPATIBLE ENHANCED 220 CLOSE :REM Done

KEYBOARD 230 PRINT "The reconstructed data file is RDATA"
CALL FOR BEST PRICES ON OUR
ADD-ON CARDS

Above configuration + Listing 4: This program displays data from the original and reconstructed
- 1.2 MB floppy drive data files.

- WD H/F disk controller

10 OPEN "I",#1,"DATA" :REM Original data file.
20 OPEN "I",#2,"RDATA" :REM Reconstructed data file.
30 PRINT " DATA RDATA BrGor
MODEL 1 + 40 IF EOF(1) THEN CLOSE: END
- Hercules compatible 50 INPUT#1,A :REM Get original data value.
monographic w/printer port 60 INPUT#2,B :REM Get reconstructed value.
- Mono monitor 70 ER=ABS(B-A) :REM Calculate error.

80 PRINT USING “#.#####°~~~ #.#####"""" #.####":A,B,ER
90 GOTO 40

MODEL 1 +

- EGA card (16 colors,
640 x 350 Res.)

- EGA monitor

Listing 5: This program plots the data from DATA and RDATA on the
screen (high-resolution capability required). Note that the scale and offsets
may differ for the two plots.

MODEL 2 + 10 SCREEN ©,0,0 :REM Text screen

A 20 SZ=4-INT(-(640+7)%200/32) :REM Size of graphics array.
3 Seagat? 30MB high speed 30 DIM SC(SZ) :REM To hold graphics screen.
hard disk (39MS) 40 VRES=200: HRES=640

50 REM
60 YES?(1=;)
70 NO=(1=0
w/256K, 1FD + CTL, K.B., 80 SS=NO : REM Screen not saved yet
150 WATT P.S. 90 FILES

100 LINE INPUT "Name the input file ";FI$
110 IF FI$=NU$ THEN END
120 OPEN FI$ FOR INPUT AS 1
130 INPUT #1,N
149 PRINT FI$; " contains ";N+1; "values"
150 INPUT #1,Y
160 MINY=Y: MAXY=Y
e aE e 170 FOR K=1 TO N

San Jose, CA 95131 1ee INPUT #1 .Y

e ol e 190 IF Y>MAXY THEN MAXY=Y

continued
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IBM COMPATIBLES w/Turbo, 256K Ram, Keyboard,
w/1 Floppy...509  Plus 20MB Hard Disk. . . 899

DATA COMPRESSION

PANASONIC Business & Executive Partners. . .. CALL

ATARISTCOMPUTERS . ... ................ CALL
MODEMS, BOARDS, DRIVES
Evercom 1200 Infemal 119 SixPakPlus 384K. . ......209
Hayes Modems. . ... ... . CALL SixPak Premium. 249
Practical Modem 1200 ... 135 Intel Above Board PC .225
Genoa Spectrum . . . 185  Above Board AT.......355
Hercules Graphics +. ... . 189 Tallfree J-Ram3 ... .. . 189
Auto Switch EGA ........389  J-Ram3AT. ... 249
EGA Wonder . . S o5b et laser R (e e sAbY
Tecmar EGA Master . ... .. 285 Microsoft Mach 10 .. 265
Video 7 Vega Deluxe.. . .. . 385 Seagate 20MBKif . ... . 389
384K RAM Card. .. .......99 Seagafe 30MBKit..... . 459
Captain 384K . . .. ..165 Filecard 20MB. .........579
Advantage Premium. . . .. . 439 Filecard 30MB. . . .. 679
Rampage/EGAAT . ...... 759 Hardcard 20MB. ... ... ... 679
OTHER HARDWARE
EPSON-All Models ... BEST Sweef P600 749
LX/FX/EX/LQ _PRICES Roland DXY-800 Plotter. . . 409
Citizen 120D. . ......... 189 Houston Inst DMP-29 . 1799
Panasonic 1080 1. ... ...209 Amdek722 509
Panasonic 1091 1. .. 269 NEC 1401 Multi-Sync 639
Panasonic 1092 ........ 315 Sony KV1311 RGB/TV CALL
panasonic P3131 . . ..... 265 Sony 1302 Multi-Sync . .. CALL
Summaskefch 1201 ... .. 379 Thompson 36432 RGB. 329
SOFTWARE
WORD PROCESSING —ACCOUNTING —
ion... ... ..389 BPIEnterprise/Mod ... 429
ﬂ?ﬁlﬂ?ﬂgfs“’ F §3g Complete Bus. Actng 159
Microsoft Word 3. ... ... 249 DACEZ Accounting ... 42
Word Perfect 4.1 ... 209 Open Systems \3/Mod . ... 429
PFS: First Choice g9 Real World. ... CALL
PFS. Pro Wiite .. ....... 115 Tox Preparer............195
Reference Sef. . 5153 — SPREADSHEETS —
Lotus/Symphony ... ... CALL
DATABASE HAL SR .103
dBase Ill Plus. . . . .399 Framework Il %4 :3099
Rapid File ....259 OpenAccessll..........289
Paradox. . . . . 449 Ability. BEF N6
Powerbase. . ....... 199 Mosaic Twin ... .. ST
R Base SystemV........349 PFS: Pro Plan. . .. 145
Reflex. . ... ke 183
Revelation . . 529 UTILITIES
PFS: Pro File. .. ..., 145 piicg Pascal.............59
.-+ 239 Microsoft C . $Hh260
Quick Basic 22160
GRAPHICS —— Turbo Pascal Ver3 ... 59
Click Art Pers. Pub. . ... .. 1094 14RO RO i
quiew . . ! 9
Fontasy £ AN 23 Windows 59
Freelance Plus. . 339 Carbon Coby R
Harvard Pres. Graphics .. . 229 £oqpack 8 sar
Generic Cad. . ...........69 \odon Utilities e 55
In*A*Vision ...".........255 L
Pop-Up Deskset £9.43
Newsroom Pro........... 79
Printmaster Plus. 36 HOTR i £
1 Disk Optimizer 32
ProDesign Il 169 S 56
Show Partner ...48 Xiree S
Dr. Halo Il w/Mouse .. ... 109 Statgraphics .. i ang
Total Project Manager . . . . 289

800-662-2686 orders only

for Ca. Orders, Tech Support, 445-668-9350
Call or Write for Free Catalog

PAYMENT: (No Fee For Credit Cards) Visg, MasterCard,
Cashier's Checks, Personal Checks with 2 week hold,
Qualified P.O.'s. California residents add sales tax.
SHIPPING: UPS ground-2% per order, $5 min. FREE for swW
orders over $1000. UPS Blue-3% per order, $7 min. FREE for
SW orders over $4500. Printers, Monitors, Disk Drives,
Computers — Call for charges.

All Products New with full warranties.

Price & availability subject to change without notice.

584 CASTRO ST, SUITE 487 SAN FRANCISCO, CA 94114
a division of MCSS, Inc. Computer & Software specialists since 1981
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200 IF Y<MINY THEN MINY=Y

210 NEXT K

220 CLOSE

230 PRINT "Values range from ";MINY; "to ";

240
250
260
270
280
290
300

WHILE INKEY$=NU$: WEND

XSCALE=(HRES-1)/N
CcLS
SCREEN 2

been saved previously.
REM
OPEN FI$ FOR INPUT AS 1
INPUT #1,N

INPUT#1,Y

310
320
330
340
350
360
370
380
390
400
410
420

FOR X=1 TO N
INPUT #1,Y

NEXT X

CLOSE

GET (0,0)-(639,199),SC
WHILE INKEY$=NU$: WEND
430 SS=YES
440 SCREEN 0,0,0
450 GOTO 990

PRINT "Press any key to continue";
YSCALE=(VRES-1)/ABS (MAXY-MINY)

:REM Graphics screen
IF SS THEN PUT (0,0),SC :REM Restore screen if it has

PSET (@,VRES-1- (Y-MINY)*YSCALE)

LINE —(X#*XSCALE ,VRES—-1-(Y-MINY)*YSCALE) :REM Connect.

:REM Hold til key pressed.
:REM Screen has been saved.
:REM Go back to text screen.

MAXY

:REM Plot 1st point.

sumed for values “before” and “after” the
N+1 data values. This is because in the
reconstruction of each function value, the
Nyquist sum equation requires the use of
sampled values over the complete domain
of the function, that is, from n = — to
n = +oo. When the series is truncated,
as it must be in any practical implemen-
tation, the algorithm operates as if all the
truncated sample values are 0.

In both hardware and software imple-
mentations, it is common practice to
preprocess the data, using filtering and
windowing techniques to limit the high-
frequency content. Filtering eliminates or
smooths out exceptional fluctuations or
discontinuities in the data, while window-
ing techniques modulate the truncation of
the data domain, providing smooth tran-
sitions to and from the value 0. Such tech-
niques allow sampling at a lower frequen-
cy, but at the risk of doing violence to the
data. The trade-off must be made on a
case-by-case basis, assessing the extent to
which the high-frequency content is arti-
ficial, that is, due to noise or introduced
by truncation of the data domain.

For the Curious
It is instructive to use the algorithm of the
Nyquist sum equation to reconstruct
typical functions (truncated sinusoids,
Gaussians, etc.) from sample sets ex-
tracted at a variety of sampling frequen-
cies to exhibit the so-called aliasing effects
of undersampling. These effects are best
studied by comparing plots of the original
and reconstructed functions.

To create data from a particular func-
tion, change listing 1. Note that the first

value written to the file must be a count
that is one less than the number of data
values to follow. For instance, if the file
contains 10 values, the count should be 9.
To control the sampling frequency with-
out regard to Nyquist accuracy limitations.
change listing 2, lines 80-100, to

_\

80 PRINT “Sampling rate (2 to ”;
INT(N/2-.5); )"
90 INPUT L: IFL < 20R L >
INT(N / 2—.5) THEN 80 |
100 OPEN “O’, #1, “CDATA” n

and delete lines 110 through 260 and line
360.

Run the modified program to generate
the sampled data file CDATA, then run
listing 3 to attempt a reconstruction of the
original data. Use listings 4 and 5 to com-
pare the original and the reconstructed
data.

Intellectually, the theory behind the Ny
quist theorem is intriguing and elegant
and it requires only a knowledge o
Fourier transform theory. Carson Chen’
“An Introduction to the Samplin
Theorem” (National Semiconductor Ap
plication Note 236) is a concise and readi
ly available synopsis of Nyquist theory anc
includes an excellent bibliography. Chen’
explanation is included in the Nationa
Semiconductor Data Conversion/Acquisi/Ol
tion Databook (Santa Clara, CA: Nationagy
Semiconductor Corp., 1984, page 12.46) o

On the practical side, the Nyquist tech ]
nique deserves more attention and devef!1¢
opment as a software calculation tool
alongside traditional numerical interpolzgyj
tion. W
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