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DECUS Program Library Write-up DECUS NO. 8-485

1. Program Title: Geometric Data Truncation for Fourier
Transform Programs

2. Abstract: This program is intended for use as a truncating-
weighting subroutine in conjunction with a Fourier
Transform program. The application of a weighting
function to the data record before the application
of a Fourier transform program reduces the spread in
frequencies which results from the transformation
of a finite record. This procedure is often called
apodization in that it removes the side lobes in the

transformed record that results from a rectangular
data window.

3. Requirements:

3.1 Storage: The subroutine occupies 115(8) locations and
1s relocatable at the time of assembly.

3.2 Hardware: PDP-8

3.3 Software: The user must have a mainline program for
gathering and storing in serial order the data before
the application of this truncation algorithm. Following
the weighting of the data the transform must be applied.
The real series must be stored in serial order and
without gaps. The length must be of the form 2N, just
as required by the FFT. Additionally, the data must
be in signed 11 bit, fixed-point format.

4. Usage: The program is intended to be assembled along with
the mainline program. It is to be called after the
data are gathered and before the actual FFT. The weighted
data are replaced in their original locations with
the original contents being lost. The subroutine is
called with the number of data points in the AC and the
address of the first point in CALL +1. Return is to
CALL +2.

5. Discussion: When performing the discrete Fourier transform
on a finite record in the time domain an inherent
distortion results in the frequency domain.

The FFT gives the power spectral density of an observed
signal. Denating Fourier transforms by (~ ) and
convolutions by (%),

A(v) = A(t) & F(v) = F(O)
where
A(v) = S A(t)e 12mvtye



If F(t) is the temporal representation of the observed
signal, the power spectral density is given by

F(v) =

S F(t)e 12MVtge F(T)

The data window here extends from -« to +« and weights
each datum equally, i.e., A(t) = 1 for -« < t g +=,

The multiplication of two functions in the time domain
is equivalent to convolving the transforms of the two
functions in the frequency domain.

A(t)-F(t) = A(B)*F(t) = A(V)*F(V)

0

S Alw - v')F(v)dv’

For the case of an infinite data window

A(v) = A(Y) = S 1o 12™t4t = s(v - v')

Hence the power spectral density

CO

F(v) = S F(t)e-Ziﬂtht

Sw S(v - vI)F(v)dv'/|,

is the true power spectrum.

Infinite records are impossible and the observations
of the temporal signal must be terminated. This
limiting of F(t) is truncation.

The most common form of truncation is the rectangular
data window. Observations are made for a certain period
of time and all information before and after this period
is neglected. This gives rise to an A(t) that is a
rectangle of unit height. The Fourier transform,
A(v) = sin mv, is a function with a finite spread and

TV
smaller side lobes, (see Fig 1A). The true spectrum is
then convolved with a function which spreads each
frequency into several frequencies.

Several other truncation functions have been used.
These functions reduce the spread of the central peak



6.

s

8.

and/or remove the side lobes. Two of these are the

triangular function with A(v) = (sin wv)z (see Fig. 1B).
TV

and the Gaussian function with A(v) = e—“vz, (see

Fig. 1C). The application of these functions involves

a degree of data handling that may be overly time

consuming in order to obtain a clean power density

spectrum.

This program involves a geometric truncation which
requires no multiplications, or divisions, and yet
gives a smooth truncated signal to be transformed.
In the frequency domain the function to be convolved
with the true spectral function has no side lobes
and a minimal width.

Description: The data record is first divided into 16

blocks. The binary representation of each datum

within a block is shifted to the right a number of

times dependent upon the position of the block in the
data record. The components of the blocks would be
shifted 7, 6y Syeasls 1s 0; 0; 15 Z,:5.., 6, 7 places,
resulting in multiplications of the components by

1/128, 1/64, 1/32,...1/2, 1, 1, 1/2, 1/4,..., 1/64, 1/128
respectively. These factors are indicated by the hori-
zontal bars in Fig. 2.

The truncation function when smoothed to its average
value is the hyperbolic secant, sech (mt). The geo-
metrical function has a number of discontinuities but
at points of discontinuity the Fourier transform
integral converges to the average

limit L[A(t * €) + A(t - €)]
e~>0 2

of the right and left hand limits.
The Fourier transform of sech (mt) is sech (mv), (see

Fig. 1D). So the function to be convolved with the
true spectrum has no side lobes and minimal width.

Execution Time: The time required to weight a data record is

User

(100 ws) x (data record length).
For example, a 512(10) point record length can be
weighted in 0.0512 seconds.

Modification: The user who intends to transform data

records of a fixed length may wish to shorten the
subroutine by calculating and storing some of the
constants which would otherwise be recalculated and
stored at each execution time.



9. Listing: A listing is below.

10. Logic Flow Chart: A logic structure flow chart follows
the listing.

11. References:
(1) Bergland, G. D. "A Guided Tour of the Fast Fourier
Transform", IEEE Spectrum, 6, 41 (1969).
(2) Bingham, C., Godfrey and Tukey, '"Modern Techniques
of Power Spectrum Estimation.'" IEEE Trans. Audio
Electroacoustics, AU-15, 56 (1967).
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/GFNFRALLIZED AFOTIZATION FUNCTION

/F.fe PAFNHAERTT, 3¢ SFETFMPFF 1071

/FOF DATA OF LENGTH 21N, THAT IS 1024, 512, 256, FETC
/RUNNING TIMF , 1¢¢ MICFOSFEC TIMFS DATA LFNGTH

/DATA FFSTORED TC OFIGINAL LQCATION.

/CALL WITH NIMFFF OF DATA FOINTS IN AC AND ADDKFSS
/CF FIFST POINT IN CALL+1, FFETUFRN IS TO CALL+2
/FFCGEAM QOCCUFIFS 115(8) LOCATIONS

LA
LEAR R EeO AR, r
LEM ] 3313 LCA FTES /NIMPER OF DATA FOINTS (R)
LECD 1600 TAD I PAFOD
LEPT 3311 rcr AT /ALCTKEESS COF FIFST TATWM
UEMAL 2200 1S7 AFOD /SET FETUEN TC CALL +92
4605 1313 TAL FTS
s4ere 710 Tt
LeMT  T01P FTE
LELD 3L CA TEMEP /JZLENGTH OF ONF I'ATA PLOCK
€11 13¢29 TAY TEMF?
4612 Tend Cla
L€13 33 € I'CAr CNTE3 /MINUS PLOCK LENGTH
LEL 4 1313 TAaL FTES
4615 1R(A€ TAT CNTER
2E] € 130 ¢ TAT CNTER
L4617 T/ CIa
LE20 3377 CA CNTE# /78CTUAL # OF FCINTS TO PF SHIFTED
LED] 1213 AT FTS
LER2  TOLR HAR
L4EPT 1311 TAT. AT
L€ 0 13p2 TAT: TFME?
L€25 3312 "Cp ATITDS /ATDFESS OF OPNI PLOCK OF ONI HALF
LHERE 13124 TAT M7
4€27 3373 ICA CNTH® /MINUS 7, MINUSE €6, MINUS 5, oo
LERP 13¢¢€ 1L.OOF1, TAT CNTFR
4E31 IR1E DCA CNTFES
4632 1711 SLOCF1, TAD 1 AT /GFT LATLM
LEITZ  L2€5 JVMS SFESE /SHIFT
L€34 3711 CCA T AL /ZDFFOSIT SHIFTELD LATWM
L4E35 9211 1S7 AT /UFDATF ADDFFSS
H4E3E 22307 157 CNTRz /ALL COMFLETE?
4€37 PRNE IS7 CNTE3 /NQO, FLOCK COMFLFTE?
LELR 5232 JMF SLOOF1 /NO, GET NEXT DATWM
VARV PRCR 1S7 CNTEE /YFS, EFELUCKF SHIFT OR GO TO oND HAL F
LELHD 523p JVE TLLOOF) /DC NFXT PLOCK
NEHT T ROP CLo CILL /SECONT HALY INITIALIZATION
Lentsr 7001 I1AC
Lens oy Cla
LELE RBEA [CA CNTR@® /MINUE 1, MINUS 2, MINUS 35 eoe
Leny 12¢0¢  1.COF 2, T CNTER
HESE 31 ICA CNTFS
LES] 1712  SLOGF2, ToL I ADLe /GFT I aTivV
LESP LD ES JMS SFEPR /EHIFT
LES53 R712 LCA I A /JTFFCSIT SHIFTFD TATIM

LESL  DR1P 187 ALLe /UFLATE ATITFCC



H4EHS
4H4E5

L4657
HEED
LEE]
LEEP
LEER
LHERL
A€ 65
LEEFE
LEET
LET
H€671
LET 2
267 3
LET N
LET S
LET E
LETT
riygedn
X701
iy Robal
a0
Vig EDT
Vi RS
410 €
a7 7
a7 ) ¢
2711
(7192
/713
Vig AW
47158

ATT]
ATTP
A} OT
N T
CNTRE
CNTF1
NTFZ
CNTER
CNTE 4
CNTES
L.CO¥
LOCE?
LCOF2R
M7
FTS
SKIF
SO0

231 SKIF,

AREA  SEOF,

71000 1.00FER,

o315
5070

SFEE

COer  TEMY 1,
rOnr TRVFS,
COPE  CNTEF,
PEeE CNTE,
FOOE  CNTED,
CrGe ONTRR,

(G0 G CNITE/2,
FEeC CNTRE,

Aeee ATT,
PO aTyo,
CORE  PTS,
7771 M7,

COERE CON'T,

AR
n71e
Leer
4718
h7 ¢ 3
Vidy R GWA
o7 (s
LT (€
4707
271 ¢
Lz
L€l
£e7 e
b7 14
471 3
LECr
L ERE

SLO0TP  ses)

SPCF
TFVE 1
TEMPP

LEER
a7 0]
ANEGS

187
JM T
JM P
187
JMF
TAr
CIa
JVT
[

neA
AT
N
TAT
CLI.
cra
oM.
T
157
JVE

JME

CNTRZ
SKIF

I AFOR
CNTES
SL OOF2
CNTR¢

LCOFP

TFME ]
caTr-e
CNT

TEMP]

ON T
LOGES
I SESF

/AL, COMFLFTE?
/N0, SKIF
FETUFN

/FLOCK COMFLETE?

/YES,

/NCs GET

/YFS,

/SHIFT SUR,

/STOFF

/ETOFF

NFEXT DATIM

INITIALIZE FOR NEFXT RLOCK

(MOI'ITFIFT

NIMFEFP
/JGFT SHIFT COUNTFF

FOT

L.OCATL

USE

IFC-08=-MJA=-T)
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Initialize:
number of data
1lst half address
length of block

number of shifts Deposit
ﬂl Datum

Get Datum

[o

L asg

Shift Right

Shifting

Deposit
Datum Increase
Shift

Reduce
Shift

Initialize for
second half

B
&
Get Datum

-

Shift Right







