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Abstract

In this paper we proposed a candidate algorithm on G.711.1 and G.722 superwideband extension codec which is under
standardization by ITU-T. The proposed codec not only provides an interoperable bitstream with ITU-T G.711.1 and
G.722, but also encodes a superwideband signal with a bandwidth of 50-14,000 Hz using superwideband extension layer.
The candidate codec consists of a core layer to provide an interoperability with conventional wideband codecs and
superwideband extension layer using linear prediction-based sinusoidal coding. The proposed extension codec operates on 5
ms frame and provides four superwideband bitrates of 64, 80, 96, and 112 kbit/s depending on the core codec. Since the
resulting bitstream has an embedded structure, it can be converted into core bitstream by simple truncation without
transcoding. The proposed codec has a short algorithmic delay and low complexity and passed the qualification test of
G.711.1 and G.722 superwideband extension codec performed by ITU-T.
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Table 3. Track structure of the first stage sinusoidal
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Table 4. Track structure of the second stage sinusoidal
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Table 5. Track struclure of the third stage sinusoidal
coding.
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Table 9. Overview of the subjective listening test.
1. &4n2E XNH U =255 449 la 2a/b/c/d 3a
B =RA Ade GTLYGTZ 4vidol=de 24| AREEH | R A9 | etgEg e
4 Zde dugE Xdo i3t = e ¥ 2a'Music@25dB SNR
: SNR
6% Zod, A Fueld Ade G ;oo weh | wpas |me | DORERBSR ) g,
77} 11.969 ms9} 13.844 mselth. 24IT@15dB
3 7% 29 | ITU-T G722.1C 24 Kbit/s, 32 kbit/s, 48 kbit/s
¥ 7% 8& A% GI111/G72 SWB g4 =99 Alg 9 | ITU-R BS.1285 triple stimulus/hidden ref/double blind test
AN vr2y 27%E 47 el Aotk A9 ¢ | A3 23 %3
44 |47 49 gé;zi
E 6 G7I11GT2 SWB &% mEle| #2Y x|o 5w % >
Table 6. Delay contrbutions of G711.1/G72 SWB 2a/b/c: Dynastat Inc.
extension codec. O 94ETRI Dyrastat Inc
Za/b/c: Bv} G &Y 2da B
ERET) = A4 U % 5 %) )
EEX DR 5 ms
G722 MDCT lookahead 5 s 9 e
QMF ?t_s_é:]/ra_ﬁ %E‘f 1965 1;2 % %7}'?‘:1:]' }élﬁ ZT: BH7g ;g.%‘o’] %%‘oﬂ E}‘B} 4 7H‘°’]
GaILL GT71LL 94 319 11875 ms BE-AYE2 YpojR =), 7 F-2482 ulF &, Al
QMF £33 49 Oms | 2a g, AR ARAY L A $AE EASE
E 7. G711.1/G72 SWB &3 39| AA AN &4 F2E EAHUh o AL FL A
{h2]: WMOPS) &g 93] ITU-R BS.1285¢9 “triple stimulus/hidden
Table 7. g;;%?;?ﬁegoggpmogs)ﬁﬁ1‘1/ G.72 SWB reference/double blind test” Wg AT, o]
CE ' e Ref-A-B' Woletns shzdl, Agel ol
c ﬁtj} H33 7] .¥-" ? =) . ~ L. “ ? ST G AP Ky
T TR e W s SgAs v1E 4E Ref, 45 ‘A" 2 4E B
GIILL 1519 7% 2315 2 o]FoA 3 /e UL NMEL 7 A Fuitt 2 3
E 8 G711.1/G72 SWB & z:H o oza 2F HHEElel 4 | o] o, BF ‘A" AF ‘B F 3
2 () 16H|E 95 e 71E AZH 5Y3 AZola YUviRE =Zdd 9
Table 8. Memory requirements of G.711.1/G72 SWB A Ad AZolh “A"¢} “B” = 71F =L B3
extension codec (in 16-bit words). - o wmet wen — . aw o
7 : Sz g3, HdgA= A7 BT Fol VI AEE
IEL WEe £5% A 14 5 o = s 91 AN
RAM (siaticrsoratch) T wA Adg og, Uz A diEiNe 71 S
GT2 Program ROM 4731 ] F4 A3 AEE 10004 499 HAFE Hrie)
Data ROM 4447 b7y o 7} AE Zaldoel A e A =3
RAM (Staﬁc.q.scratch) 5’266 at 101__ ‘]- = r:i % T\_.—:# RS 78‘7!4 ~‘l:! Q-J’}”‘ L}E}
G711 Program ROM 4869 A Aoz Z Al 249 7 249 9@ H3F F
Data ROM 576 ¢, EF 93, %% AT7HCH) R FE 274
Alg 23 58 g8t Utk 047]"1,‘%2%1 87 A
2. F#Hel ZH HIt A2 5 %9 AZFF7A Student t-HAFE ol &3}
E =5 Add GT711.1/G72 #¥golmm Aok ® 10014 £ =FoA AldE fuefolmiis
34 Y ¥4 H/1E Y8 FEHA HH AL g 9 AF 3a2 CuT/G722 Rlsm &1L A9
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Table 10. Subjective listening test results.

we EEE 71E 29 Pass/Fail
MY =4 FER* 2 EFHA CI% 7IE 23 FER B ¥ 893 CI%
CuT=/G7122 Rlsm 0% 4439 0.486 0.082 G7221C@2kbit/s | 0 % 3465 0954 0162 Pass
CuT/G.722 R2sm 0% 4738 0362 0.061 G.7221C@32%bit/s | 0 % 3933 0842 0.143 Pass
CuT/G.722 R3sm 0 % 4761 0.354 0.060 G.7221C@48kbit/s | 0 % 4428 0549 0.003 Pags
CuT/G.711.1 R3sm 0% 4703 0.346 0.069 GI21C@32kbit/s | 0 % 34933 0842 0.143 Pass
1a CuT/G711.1 Rdsm 0% 4738 0.339 0.068 GI21C@48khit/s | 0 % 4428 0549 0.003 Pass
CuT/G.722 Rlsm 3% 3.285 1047 0177 G722.1C@24kbit/s | 3 % 2519 0.983 0.167 Pass
CuT/G.722 R2sm 3% 3465 1.147 0.1 G7221C@32%kbit/s | 3 % 2.768 1.065 0.181 Pass
CuT/G.722 R3sm 3% 3.700 1072 0.182 G7221C@48kbit/s | 3 % 2.819 1078 0.183 Pass
CuT/G.711.1 R3sm 3% 3773 1013 0172 G7221C@32%bit/'s | 3 % 2.768 1.065 0.181 Pass
CuT/G.711.1 Rdsm 3% 3932 0.980 0.166 G7221C@48kbit/s | 3 % 2.879 1078 0.183 Pass
CuT/G.722 Rlsm 0% 3771 0819 0.164 G7221C@24kbit/s | 0 % 2.706 1012 0.203 Pass
CuT/G.722 R2sm 0% 4551 0.461 0.092 G7221C@32%bit/'s | 0% 3195 0903 0.181 Pass
2a CuT/G.722 R3sm 0 % 4.379 0.521 0.104 G7221C@48kbit/s | 0 % 4.180 0580 0.116 Pass
CuT/G711.1 R3sm 0% 4392 0580 0.116 G7221C@32%bit/s | 0% 3195 0903 0.181 Pass
CuT/G711.1 Rdsm 0% 4.789 0277 0.056 G.722.1C@48kbit/s | 0 % 4180 0.580 0.116 Pass
CuT/G.722 Rlsm 0% 3774 0.74 0.151 G7221C@24kbit/s | 0% 3083 0901 0.181 Pass
CuT/G722 R2sm 0% 4743 0.276 0.065 G.7221C@32kbit/s | 0 % 3690 0794 0.159 Pass
2b CuT/G.722 R3sm 0% 4821 0.210 0.042 G.7221C@48kbit/'s | 0 % 4356 0528 0.106 Pass
CuT/G.711.1 R3sm 0% 4541 0479 0.095 G.7221C@32%kbit/s | 0 % 3690 0794 0.159 Pass
CuT/G.711.1 Rdsm 0% 4881 0.164 0032 G7221C@48kbit/s | 0 % 4.356 0528 0.106 Pass
CuT/G.722 Rlsm 0% 3.938 0.681 0.137 G72.1C@24kbit/s | 0 % 2789 0902 0.181 Pass
CuT/G.722 R2sm 0% 4501 0.526 0105 G7221C@32%bit/'s | 0% 3414 0.894 0.179 Pass
2 CuT/G.722 R3sm 0% 4559 0473 0.095 G7221C@48kbit/s | 0% 4279 0565 0.113 Pass
CuT/G711.1 R3sm 0 % 4368 0542 0.109 G7221C@32%bivs | 0% 3414 0.8%4 0.179 Pass
CuT/G.711.1 Rdsm 0 % 4827 0.198 0.039 G.7221C@48kbis | 0 % 4279 0566 0.113 Pass
CuT/G.722 Rlsm 0% 4314 0727 0.123 G.7221C@2Abit/s | 0 % 3924 0.784 0133 Pass
CuT/G.722 Rlsm 0% 4657 0.463 0079 (.722.1C@32%kbit/s | 0 % 4.396 0630 0.107 Pass
2d CuT/G722 R3sm 0% 4722 0.492 0.083 G.7221C@48kbit/s | 0 % 4649 0.382 0065 Pass
CuT/G.711.1 R3sm 0% 4679 0447 0076 G7221C@32%kbit/s | 0 % 4.396 0630 0.107 Pass
CuT/G711.1 Rdsm 0 % 4763 0427 0.072 G7221C@48kbit/s | 0 % 4649 0.382 0.065 Pass
CuT/G.722 Rlsm 0% 3.831 0.876 0.175 G7221C@24khit's | 0 % 4.065 0.749 0.150 Fail
CuT/G.722 R2sm 0% 4.663 0.373 0.075 G722.1C@32%kbit/'s | 0 % 4510 0439 0.087 Pass
3a CuT/G.722 R3sm 0% 4745 0.34 0.071 G722.1C@48kbIYs | 0 % 4742 (.29 0.059 Pass
CuT/G.711.1 R3sm 0% 45838 0.383 0.078 G7221C@32%bit/'s | 0 % 4510 0439 0.087 Pass
CuT/G.711.1 Rdsm 0% 4735 0.312 0.063 G7221C@48kbit/s | 0 % 4742 0.29% 0.059 Pass
V.2 E 2 G2 A 4] vEXEY T84S AU}
iz A mde] wEl Rlsm(64 kbit/s), R2sm(80
2 =8dAE ITU-T SGI6 Q10914 #23 2 kbit/s), R3sm(% kbit/s), R4sm(112 kbit/s)9} 77-3}9}o]
T GILYGT2 wostoledie &4 g A EWE EXEYS AFAch £, Atd zde &
IR duFdEe AGsar. Aot® srygojmuis 28& A9 2 EFZEE ToR(Terms of Reference)9]
g 292 7€ 29HY 38HE AT GTIL & g 2 BEsg o, FAHA 3 NLE
G722 94 =9 duFee ozl G2 ¥4 = 53 ITU-T GTILI/GT22 fHool=wi= &g =9
g 45 Ade A FE B4 4 A 45 7 FA oAkl B(AE F 35 e MY B/E T U
BEI 29E o] 8F wgel=is g PHE A Ne FAsT olE dFAE Vter § IE2

+ 4 392 5 msd ZHUYAA FH3, 56
kbit/s, 64 kbit/s 3 80 kbit/s9} 71& ITU-T G7111

* FER: “Frame Error Rate”9] o2 Z#9] &7 21L& 9wk
** CuT: "Codec under Test”e] 2ol AE o4 mdg shejzic

(560)

20093 7€) JHHE ITU-T SGI6 WP3 (Working
Party 3) 89l GTILI/GT2 %5 gfol=mle &4
2 ®59 27 A3 (qualification test)& T3} L.
0 dA ojg sMor HAAs/EAH dAE Y
Fol}.
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