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DECUS Program Library Write-up DECUS N O . 8-485 

1 . Program T i t l e : Geometric Data T r u n c a t i o n f o r F o u r i e r 
Transform Programs 

2. A b s t r a c t : This program i s i n t e n d e d f o r use as a t r u n c a t i n g -
w e i g h t i n g s u b r o u t i n e i n c o n j u n c t i o n w i t h a F o u r i e r 
Transform program. The a p p l i c a t i o n o f a w e i g h t i n g 
f u n c t i o n t o t h e data r e c o r d b e f o r e the a p p l i c a t i o n 
o f a F o u r i e r t r a n s f o r m program reduces the spread i n 
f r e q u e n c i e s which r e s u l t s from the t r a n s f o r m a t i o n 
o f a f i n i t e r e c o r d . This procedure i s o f t e n c a l l e d 
a p o d i z a t i o n i n t h a t i t removes the s i d e lobes i n the 
t r a n s f o r m e d r e c o r d t h a t r e s u l t s from a r e c t a n g u l a r 
data window. 

3. Requirements : 
3.1 Storage: The s u b r o u t i n e occupies 115(8) l o c a t i o n s and 

i s r e l o c a t a b l e a t the time o f assembly. 
3.2 Hardware: PDP-8 
^ • S o f t w a r e " : The user must have a m a i n l i n e program f o r 

g a t h e r i n g and s t o r i n g i n s e r i a l o r d e r the data b e f o r e 
the a p p l i c a t i o n o f t h i s t r u n c a t i o n a l g o r i t h m . F o l l o w i n g 
the w e i g h t i n g o f the data the t r a n s f o r m must be a p p l i e d . 
The r e a l s e r i e s must be s t o r e d i n s e r i a l o r d e r and 
w i t h o u t gaps. The l e n g t h must be o f the form 2N, j u s t 
as r e q u i r e d by the FFT. A d d i t i o n a l l y , the data must 
be i n s i g n e d 11 b i t , f i x e d - p o i n t f o r m a t . 

4 . Usage: The program i s i n t e n d e d t o be assembled a l o n g w i t h 
the m a i n l i n e program. I t i s t o be c a l l e d a f t e r the 
data are g a t h e r e d and b e f o r e the a c t u a l FFT. The w e i g h t e d 
data are r e p l a c e d i n t h e i r o r i g i n a l l o c a t i o n s w i t h 
the o r i g i n a l • c o n t e n t s b e i n g l o s t . The s u b r o u t i n e i s 
c a l l e d w i t h the number o f data p o i n t s i n the AC and the 
address o f the f i r s t p o i n t i n CALL +1. Return i s t o 
CALL +2. I 

5. D i s c u s s i o n : When p e r f o r m i n g the d i s c r e t e F o u r i e r t r a n s f o r m 
on a f i n i t e r e c o r d i n the t i m e domain an i n h e r e n t 
d i s t o r t i o n r e s u l t s i n the frequency domain. 
The FFT gives t h e power s p e c t r a l d e n s i t y o f an observed 
s i g n a l . Denoting F o u r i e r t r a n s f o r m s by ( ) and 
c o n v o l u t i o n s by ( * ) , 

A(v) = A T t J 8, F(v) - FTtT 

where ' 
A ( v ) = \^ 

J - o o 



I f F ( t ) i s the temporal r e p r e s e n t a t i o n o f the observed 
s i g n a l , the power s p e c t r a l d e n s i t y i s g i v e n by 

F(v) = FCtje-^^TTvt^^ FTtT 

The data window here extends from -°° t o and we i g h t s 
each datum e q u a l l y , i . e . , A ( t ) = 1 f o r -<» .< t ̂  +«>. 

The m u l t i p l i c a t i o n o f two f u n c t i o n s i n the time domain 
i s e q u i v a l e n t t o c o n v o l v i n g the t r a n s f o r m s o f the two 
f u n c t i o n s i n the frequency domain. 

A ( t } - F ( t ) = ATtT*FTty = A ( v ) * F ( v ) 
I 

A(v - v ' ) F ( v ) d v ' 
I 

For the case o f an i n f i n i t e data window 

^ - i Z r v t ^ ^ = 6 ( v - V ' ) A(v) = ATtJ = t 1 
J -oo 

Hence the power s p e c t r a l d e n s i t y 

F(v) = F ( t ) e - 2 i ^ v t ^ ^ s: 6 ( v - v')FCv)dv' 

i s the t r u e power spectrum. 

I n f i n i t e r e c o r d s are i m p o s s i b l e and the o b s e r v a t i o n s 
o f the tempo r a l s i g n a l must be t e r m i n a t e d . This 
l i m i t i n g o f F ( t ) i s t r u n c a t i o n . 

The most common form o f t r u n c a t i o n i s the r e c t a n g u l a r 
d a t a windo^sT. Observations are made f o r a c e r t a i n p e r i o d 
o f t i m e and a l l i n f o r m a t i o n b e f o r e and a f t e r t h i s p e r i o d 
i s n e g l e c t e d . This gives r i s e t o an A ( t ) t h a t i s a 
r e c t a n g l e o f u n i t h e i g h t . The F o u r i e r t r a n s f o r m , 
A(v) = s i n TTV, i s a f u n c t i o n w i t h a f i n i t e spread and 

TTV 
s m a l l e r s i d e lobes, (see F i g Ifi^. The t r u e spectrum i s 
th e n convolved w i t h a f u n c t i o n which spreads each 
frequency i n t o s e v e r a l f r e q u e n c i e s . 

S e v e r a l o t h e r t r u n c a t i o n f u n c t i o n s have been used. 
These f u n c t i o n s reduce the spread o f the c e n t r a l peak 
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and/or remove the s i d e l o h e s . Two o f these are the 
t r i a n g u l a r f u n c t i o n w i t h A ( v ) = / s i n TTV) ̂  (see F i g . I B ) . 

I TTV / 2 
and the Gaussian f u n c t i o n w i t h A(v) = e'"'̂ '̂  , (see 
F i g . I C ) . The a p p l i c a t i o n o f these f u n c t i o n s i n v o l v e s 
a degree o f data h a n d l i n g t h a t may he o v e r l y time 
consuming i n o r d e r t o o b t a i n a c l e a n power d e n s i t y 
spectrum. | 
This program i n v o l v e s a geometric t r u n c a t i o n which 
r e q u i r e s no m u l t i p l i c a t i o n s , or d i v i s i o n s , and y e t 
gives a smooth t r u n c a t e d s i g n a l t o he t r a n s f o r m e d . 
I n the frequency domain the f u n c t i o n t o he convolved 
w i t h the t r u e s p e c t r a l f u n c t i o n has no s i d e lohes 
and a minimal w i d t h . 

6. D e s c r i p t i o n : The data r e c o r d i s f i r s t d i v i d e d i n t o 16 
b l o c k s . The b i n a r y r e p r e s e n t a t i o n o f each datum 
w i t h i n a b l o c k i s s h i f t e d to the r i g h t a number o f 
times dependent upon the p o s i t i o n o f the b l o c k i n the 
data r e c o r d . The components o f the b l o c k s would be 
s h i f t e d 7, 6, 5,..., 1 , 0, 0, 1, 2,..., 6, 7 p l a c e s , 
r e s u l t i n g i n m u l t i p l i c a t i o n s o f the components by 
1/128, 1/64, 1/32,...1/2, 1, 1, 1/2, 1/4,..., 1/64, 1/128 
r e s p e c t i v e l y . These f a c t o r s are i n d i c a t e d by the h o r i ­
z o n t a l bars i n F i g . 2. 

The t r u n c a t i o n f u n c t i o n when smoothed t o i t s average 
v a l u e i s the h y p e r b o l i c s e c a n t , sech ( i T t ) . The geo­
m e t r i c a l f u n c t i o n has a number o f d i s c o n t i n u i t i e s h u t 
a t p o i n t s o f d i s c o n t i n u i t y the F o u r i e r t r a n s f o r m 
i n t e g r a l converges t o the average 

l i m i t - [ A ( t • e) + A ( t - e) ] 
e->0 2 

o f the r i g h t and l e f t hand l i m i t s . 

The F o u r i e r t r a n s f o r m o f sech (-rrt) i s sech (TTV) , (see 
F i g . I D ) . So the f u n c t i o n t o be c onvolved w i t h the 
t r u e spectrum has no s i d e lobes and m i n i m a l w i d t h . 

7. E x e c u t i o n Time: The time r e q u i r e d t o w e i g h t a data r e c o r d i s 
(100 ps) X ( d a t a r e c o r d l e n g t h ) . 

For example, a 512(10) p o i n t r e c o r d l e n g t h can be 
w e i g h t e d i n 0.0512 seconds. 

8. User M o d i f i c a t i o n : The user who i n t e n d s to t r a n s f o r m data 
records o f a f i x e d l e n g t h may w i s h t o s h o r t e n the 
s u b r o u t i n e by c a l c u l a t i n g and s t o r i n g some o f the 
c o n s t a n t s which would o t h e r w i s e be r e c a l c u l a t e d and 
s t o r e d a t each e x e c u t i o n t i m e . 
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9. L i s t i n g : A l i s t i n g i s below. 

10. Logic Flow Chart: A l o g i c s t r u c t u r e f l o w c h a r t f o l l o w s 
the l i s t i n g . j 

11. References: 
(1) B e r g l a n d , G. D. "A Guided Tour o f the Fast F o u r i e r 

T r a n s f o r m " , IEEE Spectrum, 6, 41 (1969). 
(2) Bingham, C, Godfrey and Tukey, "Modern Techniques 

o f Power Spectrum E s t i m a t i o n . " IEEE Trans. Audio 
E l e c t r o a c o u s t i c s , AU-15, 56 (1967). 
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T r u n c a t i o n F u n c t i o n (Geometric § sech TTX) 



/ G F N F F A M Z F D A F O r i Z A T I ON F I W G T T O N ] 
/ F . A . P A P N H A P n . , 3 0 S F F T F W P F P 1 0 ? 1 ' 
/ F O I - D A T A OF L E N G T H p t N , T H P T I S I G P / i , 5 1 P 5 6 * F T C 
/ P U N N I N G T I M F , I P G M I C F O S F C T I M E S DATA L F N G T H 
/ P A I A P F S T O P F P TO O F I G I N A J . . L O C A T I O N . 

/ C A L L P I T H N l i M P F P OF D A T A P O I N T S I N AC A N D A D D P F S S 
/ O F F I P S T P O I N T I N C A L L + R P F T L F M I S TO C A L L + P 
/ F P C G R A M O C C l ' P I F S 1 1 5 ( 8 ) L O C A T I O N S ^ 
* A f f ' P 

A 6 0 C P P P P APOD:, P 
/ I f P 1 3 3 1 3 EGA F T S / N l M p F F OF DATA I D I N T S ( 8 ) 
/J f P p 1 f CP T A D I A P O D • 
/ i f P 3 3 3 1 1 DCA A D D I / A D D P F S S OF F I P S T D A T I M 1 
/ I f p / i P P P P I sz A P O D / S F T P F l l D N TO C A L L + P I! 
4 f - P 5 13 13 T A P F TS 
/ i f p f 7 P I P F T P li 

A f P7 7 P 1 P F T i ­ 'j 
A f I P 3 3 P P r e A 1 FY Y P /LFJNJGTH OF ONF D A T A F L O C K 
Af -1 ! 1 3 P P T A P TEMPP 
A f 1 ? 7 P / 1 1 C I A 
A f 13 3 3 P f DCA C N T P 3 / M I N I ' S F L O C K L E N G T H i 
A f 1 A 13 13 TA r F T S 
A f 1 5 1 3 P f T A P CN TP 3 
A f 1 f 1 3 P f T A I : C N T P 3 
A f 17 7 c " I I C I A 
A f P P 3 3P7 DCA CNTP/i / A C T U A L # OF P O T N I S TO P F S H I F T E D 
A f P I 1 3 1 3 T A P F T S 
A f P P 7 I P PAP 
A f P 3 1 3 1 1 T A P A D P I :i 
A f P/i 1 3 P P T A P I F M P P 
A f P 5 3 3 1 P r cA A DPP / A D D P F S S OF P N P H . O C K OF PN E H A L F 
/I f p f 1 3 1 A TAP: M7 
A f P7 3 3 P 3 PC A C N T P P / M I N U S 7 , M I N U S f , M I N U S 5 , . . . 
A f 3 P 1 3 P f l . O O F R T A P CNTPP. 
A f 3 1 3 3 1 P DCA C N T P 5 
A f 3 P 17 1 1 S L O O P 1 , T A D I A P D l / G F l E A T I M 
A f 3 3 A 'P f 5 JM S S F S P / S H I F T 'i 
A f 3 A 3 7 1 1 ECA I A D D I / D F P O S I T S H I F T E D D A T L M 
A f 3 5 P 3 1 1 I SZ A DP 1 / U P D A T F A D D P F S S [ 
A f 3 f P 3 P 7 I SZ C N T P i i / A L L C O M n ^ F T E ? '! 
A f 37 P 3 P f I SZ C N T F 3 /NO, P L O C K C O M P L F T F ? 
/| f /I p 5 P 3 P J M p SLOOP 1 / N O , G E T N E X T I -ATLM 
A f / I 1 P 3 P 3 J SZ C N T P P 1 / Y F S , P F D U C F S H I F l OP GO TO PN D H A L F 
/ I f / i P 5 P 3 P J M P L O O P 1 / D O N E X T P L O C K 
/ i f /i 3 7 3 P P CL A C L L / S F C O N L H A L F I N I T I A L I Z A T I O N | 
/ I f / I / I 7 P f' 1 I AC i 
/ I f / . 5 7 PA 1 C I A 
A f A f 3 3 P 3 PCA C N T P P / M I N U S I , M I N U S P, M I N U S 3 , • • • 
A f / I 7 1 3 P ( P O O F P ^ TAP CN TP 3 
/ I f 5 p 3 3 1 P DCA CN T I- 5 
A f 5 1 17 I P S L O O F P , T A D I A P P P / O F T l A T l M 
A f 5P A P f 5 .TM S S P S P / S H I F T 

f 5 3 37 1 P DCA I A P P P / r F P O S I T S H I F TP P l A T U M 
A f 5 /' P 3 1 P I SZ A P I P / U F F A T F A r i P F S S ^ 
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/ i f 5 5 P 3 P 7 I SZ CN TP A 

/ J f- 5 f 5 P f P J M I ' S K I I" 
5 f P P . JMl P I A F O l ' 

A f 6P P 3 I P S K I E I SZ C N T P 5 
/I f f 1 5P 5 1 J M F S L O O F P 
A f f P 1 3 P 3 TA) - C N T P P 
/ I f f 3 7 P /I 1 C I A 
/'Ofii 5 P /i7 J M P L O O P p 
/I f f 5 P P P P S P S P 

A f f f 3 3 P 1 PC A T F Y F 1 
/ f f 7 1 3 P T PM 7 i - p 

/J f 7 P .'• 3 1 5 T PA PN T 
/Jf7 I 1 3 P ) T P P T F N F l 
A f 7 ? 7 1 PP r n o r p p . I , 
/ i f 7 3 7 5 1 P S F A 
/ i f 7 A 7 PP i " p v i . 

/I f 7 5 7 P I P T A • 

/ .' / 7 f P 1 5 I SZ CN T 
A/7 7 cy o y o F L O O P 3 
/ 7 P P 5 f f •.A' ! I S F S P 
/ 7 P 1 P p p P TFN 1 1 , P 
/i7 P p P p p p T I M i : r-i - > 

/r/ p 3 p p p p PMT} ' P , P 
/7 P /• r p f P CNTV- 1 , p 

/7 f' 5 P P P p PMTP p . V 

A7 P f r r f.' p- 3 , r 

/7 17 (•• p p CM TVi A , r 

/7 ) P r • r n f • p M T P '-̂  c 

/7 1 1 P P P P A r r 1 p 
/7 ] P P 0 p P AT r 

/7 1 3 P P P P P T S , p 
i q 1 /• 7 7 7 1 M 7 , 7 7 7 1 
/7 1 5 p P P P PN' ! , P 

AF i ; ; ! /'7 I ! 
AF T P /!7 1 3 
A l o r A f P P 

CNT A 7 i 5 
CNTRC A7 f^3 
CNTF I / 7 P A 
CNTPP /i7 p 

C N T P 3 /'7 P r 
CNTF'/-' /i7 P7 
O v T P S /-7 I P 
l . C O V ! /' ( 3 

L i ' i C F P /! (-• /,7 

LC'OF 3 /• f 7 P 
N7 A7 1 A 
FTS /!7 1 3 
SK I F /! f f r 
SI . 0 0 1 1 /i /• 3 
.R.OC'FP /• f 1 1 
SF SF /! f f p 

TF'V-F 1 /!7 P 1 
TFN PP /'7 P P 

/ A L L P O N P L F T i - ? 
/N 0> SK I F 
/ Y F S , F^FTLPN 
/ F L O C K C O f l H . F T F ? 
/ N O , G F T NF>'T DA T I M 
/ Y F S , I N I T I A L I Z E F O P N F X T P L O C K 

/ S H I F T S l i p . ( M O P I F I F F F F C - P H - F N J A - D ) 
/ S T O F F N I M F F P 
/ ( - F T S H I FT c m N T FT 
/ 5^7 f i r s TOT L O C A L U S F 



CALL 

I n i t i a l i z e : 
number of data 
1st h a l f address 
le n g t h of block 
number of s h i f t s 

4 
Deposit 
Datiom 

Get Datum 

5 S h i f t Right 

No 

Deposit 
Datum 

No 

Return 

.Yes 
Increase 
S h i f t 

' No 
I n i t i a l i z e f o r 
second h a l f 

Get Datum 

i 
S h i f t Right 




