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modified discrete cosine transform

Low delay window switching modified discrete cosine transform
for speech and audio coder
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Transform) WS AIQFRCE A= 291 dare}SS ARN-Sto] 412.0] S/4do] W] Mh= Flo] F-tollA] 34 #Js}
£ 7)A5}a1, #]X|H TDAC(Time Domain Aliasing Cancellation)& ARE-3}0] dilg]& XA 122 Y = %=
MDCT "S- AlRFgic}. A 1= 2917 HhH2 7] =9 A91A dare|Fo] thE Zolo] S H(overlap
-add)& AP A3t She), e dolo] S-S AASsIo] el A 122 B9 5 el A50] S4o]
et w90 FFE 27N Fof Ze| o) AR E sk G HEE 1 bit A 4= QUSIT AlRKRE 4arelE-5-MDCT
715l 84/ 2 t] @ . 5517|21 ITU-T(International Telecommunication Union - Telecommunication) G.729.1 5.3}
710] Agsto] oS ERIstom, dare)E X ¢k ANk 2 A7 |HA FUT SES FA1E = 2ASick

AR Y= A3, AR A L], 233 MDCT (Modified Discrete Cosine Transform), TDAC (Time

Domain Aliasing Cancellation)

ABSTRACT: In this paper, we propose a low delay window switching MDCT (Modified Discrete Cosine
Transform) method for speech/audio coder. The window switching algorithm is used to reduce the degradation of
sound quality in non-stationary trasient duration and to reduce the algorithm delay by using the low delay TDAC
(Time Domain Aliasing Cancellation). While the conventional window switching algorithms uses overlap-add
with different lengths, the proposed method uses the fixed overlap add length. It results the reduction of algorithm
delay by half and 1 bit reduction in frame indication information by using 2 window types. We apply the proposed
algorithm to G.729.1 based on MDCT in order to evaluate the performance. The propose method shows the
reduction of algorithm delay by half while speech quality of the proposed method maintains same as the
conventional method.

Keywords: Window switching, Low-delay algorithm, Overlap-add, MDCT (Modified Discrete Cosine Transform),

TDAC (Time Domain Aliasing Cancellation)

PACS numbers: 43.60.Ek, 43.60.Dh
LM 2 =k 0 2 27151, o) 3t o] ALgFe] 7}
£ 71236 0% FAl Al2we] g 71 AL

2utEZO] thFabEH A Ho]E] AH| 2 o]-g-o] olof tf-&-5}7] YJ5te] I QJol| A 11<:2] o] E] A
H| A7} 758 LTE(Long Term Evolution) A] ~E]0]

‘tCorresponding author: In-Sung Lee (inslee@chungbuk.ac.kr)

Department of Radio Cmmunication Engineering, Chungbuk National A5t = Qith LTES] 5402 VoIP(Voice over
UnlverS}ty, 1 Chungdae-ro, Seowon-Gu, Cheongju, Chungbuk 28644, Tnternet Protoco)b} VoLTE(Voice over LTE) g} o EH
Republic of Korea

(Tel: 82-43-261-3223)

110



24 1 2] Q B5317|E 98k A A A Ax-$ 223 modified discrete cosine transform 111

AW ol 85 &4 AulAv} F71ek gl 1
2%] 9] 2.4} 77 ¢l 9] EVS(Enhanced Voice Service) = I]
Z1gol A o] FA1E 2| st = gick! o] =gt w7
B BT 84 AlAE 720 ATelS W e
Al A AT of e}, U EQ A Aol whet FAl

A 910] 5744 0 2 AL 7] w o] S-S o]
a4 AulART B 2| 9lo] WhatslA k.
whahA] ALGA 7L B S 7% F8} 200 ms o]
319] &4 Au| A7} QLE 31 ¢l o™ TS 0] 83}
R R e e DEREEEE
S AR SR8 o] Hlgi

ESF G4 A1E A o ARE-El+=DCT(Discrete Cosine
Transform) S /g ot 2.t @ Al & 4] 2] of] ARg-E uf
o= W EA|7} WAYEHA ek DCTU FFT(Fast
Fourier Transform)2} -2 F=ub<> M $HHH O A1 2.5}
o150 % 5 &2 s ool A A 2] sfjoFdt 2| ¢
757 e = A o] AR L R A P SR
23 2]-83F AAC(Advanced Audio Coding)L} MPEG-
(Motion Picture image coding Experts Group)-Layer 32}
A= 2t Yo A DCTE AR ¢
AE Fiofl A Qlg5o] W0l A &2 2 A
A3 kB o) 9} -2 DCTe) BAH S B
7] $J3f MDCT(Modified Discrete Cosine Trans-
form) 0] A]9H5] 91k 542 MDCTE= DCTL}
FFTeH= Th2 | eMDCTE %3 A5} el 41
B2 PP B gtk whebA] AES ¢
1] 5 915]7] 2314 TDAC(Time Domain Aliasing Cancel-
lation) 41 2] F-& ARE-SHH, o] Aol A L 4
o NiFZ-2] A o] WAYSHA B TS 7HA AL Q)
t}. [6]

weha] 2 E=ollAs g dee 272 Al
5 AT o A= 54 AsHE siEstr] 9
sto] A% o] Fofl whet A=
A= 297 dare|Eat A1
2J3t A XA TDAC &are]
otk Y= 29 oAl

N
=
o

Sfor o

B

e o
Qﬂ

_mir

_1

o L
lu
s
N
&
ol
i

21 =L 37| Med Ama|F

7)30] Bz 413 o] otofl 4] A150] W7} 2}
o AH A Asebd 7] g 37)5 Alb, Wbt
A A Al B Watshs Rbe] A4S
371 918 o e 2719] A= AEshs Aol
AL oItk 5 0] E4o] B A 279
S92 Helsly] o) H mej o ko] o X & 7
STk UESE A8 A e oA S
Fate] T 271 Abole] 4] Zfol S AXISHA B
o 48 0.2 chgw} gro] olgick

2pr(Nem) = <3 (ay(om) —ayom — 1) (1)

7| A N 7]1Z0] B 71&F 2 Zg|Q] F7]o|th
1AL j= 7o) H= N A7) bl A jHA 22
% m& St 22 o] Aolelch 718 4

o v %] Zfo] & Liehdl o] 2718 ok Ze|¢]
o Hg3 Aw$ A7)2 el Ak 5440
2= o3} o] A ojHr).

ul

N) —minxD]F(N m). )

xmin(

22 =R AQE ¢hid|

no attack

stop
(type=3)

Fig. 1. Window switching algorithm.
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Fig. 2. Existing used windows - (a) normal window,
(b) start window, (c) short window, (d) stop window.
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Fig. 3. The overlab-add problem of DCT.
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Table 1. PESQ experiment results.

Test signals Delay (20 ms) Delay (10 ms)
English female 1 3.7744 3.7744
English female 2 3.7987 3.7987

English male 1 3.9142 3.9144
English male 2 3.8642 3.8641
Korean female 1 3.6948 3.6949
Korean female 2 3.7478 3.7477
Korean male 1 3.9991 3.9991
Korean male 2 3.9927 3.9928

Fig. 13. Results of using existing MDCT with 20 ms
delay.

Fig. 14. Results of using low-delay window switching
algorithm with 10 ms delay.
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