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<Abstract>

Sound Field Effect Implementation
Using Fast Algorithm

Sung Young Son, Joung Il Seo, Minsoo Hahn

It is difficult to implement sound field effect on real time using linear convolution in
time domain because linear convolution needs much muiltiply operations. In this paper three
ways is introduced to reduce multiplication operations. Firstly, linear convolution in time
domain is replaced with circular convolution in frequency domain. It means that it operates
multiplication in place of convolution. Secondly, one frame will be divided into several
frames. It will reduce the multiplication operation in processing that transforms time
domain into frequency domain. Finally, QFT will be used in place of FFT. Three ways
result much reduction in multiplication operations. The reduction of the multiplication
operation makes the real time implementation possible.

Keywords: linear convolution, circular convolution, QFT (Quick Fourier Transform)



86 @Aag A47E

S 59 “FHHANA 55H SoZREH ZAHEZO|Y FEAAM A=
3L o Foste AR Aot 3 A HAT YFE Yo &
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7] RrAl(early reflection), :—‘1-7] 7} Ag3] dojxls BEQ F3 vhAl(reverberation)
2dg "Hrh z7] A SN AHA 2ol EAstE WA o A g
AHE YeE 3 glom, —r? YhAbE 8@ wkAbmsh oAl REALS] WRALE AFE

ol dAe] P E o] FFHAAA =Ede RS vt

12. 78 =5

e Ese PRE FYW29 YABE A AN MY BHEL 53
stof FREY 4 Aok T A FAN HY BHEL ojgsd 24 AHE
7] AHE GAG Bl B AVE FHstoor Bt oA WL £ &
Gl AT FRE WA B 99 De AuE BUUAE olBFoA
o ANFL 2o AY AL 2Y F = AAT, oo B AP 54
2 gz 9% Foe] WBEA Bote wHol TP WAV B EEoAE A
7 Fol Ao NY BHEL 25 FAolMel enAMoln WPoT x|, £
Patm, =3 Y459 EUY2 AFE G s AR THYe Yoy
ANY i EHE 7bH & ol =Y Fo4 YHozol VL As| FFT

(Fast Fourier Transform) 4! QFT (Quick Fouriér Transform)& ©] &30 24 <4t
F ALE FEZ Aolth A 7R BHoE Fo AAFES EYLEAN &4 A
9] AN Y 7te RS RAFY $7 Aol I FYF2E ol FH A
I} ‘8 }‘33}'4— AE &4 glo] BYgE2e BEAS WIS FHe A4 &

%%91 %“éi 27401]*1 At FEMY Hy BEXREH Fag FHodlA
oW P@Aol B W ety A=, F JHA “o‘ﬂﬂl gk Fo ALdFS ALt
sla] vlmch 3FME ASE AT A7y MBEHYLE Ure AAHH
a0 W Fo A4EFE Absla 239 @49} H ﬂfat} 47l M= 71E9 FFT
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2 (M k(n)S 2
e M—n)o NEE &xH o2 ojFso Azt dolee g3 1 F9 #9
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itk E a(n)9] vlolEl7E X7 & Nix N, 2ol FA& & Ut o
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X=[X0,X1 ..... X[] (4)
X.=[0,...., 0,x(N'—M+1),..,x(N—1]"k=0 (5)
X=[x(N'"—M+1),.., %N + kN —M+1)] Tk=0 (6)

@, k=N\/M+20Ith N'2MY 3% 96 HE e 2ol N'9 7]
o WY H'Z 835} @tk E¥ $UWAE 4 (HF Lol U &
.

H=H = r0),D),....W(M=1),0,...,0] T @)

eHF@AolE W A 8)9% ol H'#H X,o Fa FHodxe g9 4
Mo 2RE 28 J3E V,E FIH

Y,=IFFTIFFT(x,) - FFT(H")] 8)

)N FFTE 14Fd SBEL GoE, Q44 © 249 WY
4 JErATL oW FFT £9 %9} ztzte) W de) g2 Az 996N 5 uE
Ao ¢8 2o 4T UpRl H'H X, AT 49904 <8 2Hge

st V@ Ted ol Az oy APHoeH HE ARE Ae 4

—~—0
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4. QFT (Quick Fourier Transform)

Zzm4 ggozo HES 93 YO FFT il QFTE ol&£¥gozx F9
AFE Y F Ao QFTE FFTeke 28 dHlolee Zolg} Aagle] wWE
DFT (Discrete Fourier Transform}& 3% < Qlth. ¢Jole] ZolE 71z dlo]E 9

QFTE 98¢ A% 84 BEO2 Urn = oA 4 $ES S84 718+

re

¥gog rold DFT F4oIM 4 (169 Fsto NUZ tflg o 74 ¥
200 H1 $¥F BEe WAYL Agsel AVY + YomE AVFE F
g 5 Uk

e RPN — o5 (2mnk/N) — jsin(2nnk/ N) (16)

ghot dlolElel Holz} 2 Molatw QFTE A% F24& 01 43)A Discrete Cosine
Transform3} Discrete Sine Transforme] AR S E © wWE A4 axns5 714 & 7}
Ath

—1

DFT(k,N,2)= g5, x(m)e 2" k=0, N1 a7

DCT(kE,N+1,x)= g‘,ox(n)cos(ﬁnk/]\/) k=0,,N (18)
-1

DSk, N—1,x)= ;Elx(n)sin(nnk/N) k=1,-,N—1 (19)

o714 4 (17)= Discrete Fourier Transform(Z°] N)E Yelig 2 a7 o
Al Al (18)2 Discrete Cosine Transform(Z¢] N+1)9} 2(19) Discrete Sine Transform(Z
o] N-DE Yetd £ Utk sined cosine?] HAA FAE dolB® & (20), 4 (21)
7 23 85 Z1EE A (22), 4 23)2E vEd 5 e AL ¢ U

COS(MZ_VN—JL)E)= cos(—z%\’;ﬁ) (20)
sin(ldﬂj—v_—nm) = —sin( 275\’;/8 ) 2n
x (n)=x(n)+x(N—n) n=1,-,N2—-1 (22)

xo(m)=x(n)— x(N—n) n=1,- N2—1 (23)
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9 A& Aol (N2+1)2 DCTY Zo] (N/2-1)¢] DSTE WHERA 2] (248 4
(25)%F =&t

DFT(k,N,x)=DCT(k,N/2+1,x ) —iDST(k,N/2—1,x,)

k=1, ,N/2—1 (24)
o714  DFT(0,N, x)=DCT(0, N/2+1,x )°l 1,

DFT{N—#k,N,x)=DCT(k,N/2+1,x.) +iDST(k,N/2—1,%x,)

k=1, ,N/2—1 (25)
o714 DFT(N/2, N, x)=DCT(N/2, N/2+1,x )l t}.

a8l3 $eE Fast DCT, DST ¢1eEE AM&stH, =3 A Esl(recursive
decomposition)& DCT, DSTell 22 2 &go =2 Fof d4zds £¢9 ¢ AT3]

L S B

<¥ 4> 43 #F

¥4z EYE~
58 Aa ] FE AS5H
ME Fo 44.1 kHz 44.1 kHz
2 = x 2x
A AT 185 & 29 2
Holg #F 819,200 7N 129,687 7§
CPU 500 MHz
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