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Abstract

In the application requiring the interoperability of different networks such as VoIP and wireless communication system,
two speech codecs must work together with the structure of cascaded connection, tandem. Tandem has several problems
such as long delay, high complexity and quality degradation due to twice complete encoding/decoding process. Transcoding
is one of the best solutions to solve these problems. Transcoding algorithm is varied with the structure of source and
target coder. In this paper, transcoding algorithm including the LSP conversion, the pitch estimation and new perceptual
weighting filter for reducing complexity and improving quality is proposed. These algorithms are applied to the pair of
AMR and G.723.1. By employing the proposed algorithms in the transcoder, the complexity is reduced by about 20%-58%

and quality i1s improved compared to tandem.
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e 22 AsRss g U $ATGY o] E 1. G7281% AMR SMERFs|0L £X
ECS $AGY nlEEE FH WislE vl AL Table 1.  Characteristics of G.723.1 and AMR.
7] W old gAE e & Yo Bl AMR

& =edAe G7231% AMR 545331E A% Frame size 30ms/frame 20ms/frame
deRes duEs Addn. denes G212 LFC 10th order 10th order
VoIPl 4|, AMR 34/t ]38 AA de] A=< 5-tap predictor, 1-tap predictor,
SR 370 gl = sxnsssle 548 4 ACB integer resolution | 1/6 or 1/3 resolution
B G7231¢ 30ms, AMRS 20mse] ZHY ZHolg FCB ACELP/MP-MLQ ACELP
ZRAA H7 ", Ag"H FuzRsst g
G7231 3=g g9 HELTH AMR 2z Yo HEG 475kbpsol A 122kbps7HA) 871¢] A4 &S A Q@
e Wigkg A "ok AlbE ¢nElES LSP ¥E AMR2 20mse] ZHd ZolE 7141 7Jr zHdLe 4
#4, A" 1 FA FAAA, R 3E A e FEEYdoz ook ®3, LPC%_’—*—?% A%
AZe AZ7tE "E2, 3A 3REez FAdrh 5ms®} look ahead AAAIHE 7HA 2, F s A
LSP W& 34L& £Ad LSP #2vHE 78184 A A Zmsolt), & 1L F SARIHIY F8 &
2]9} look-ahead delayE 1#isle] FAldhe] LSP g AEE HAFr
e 2 g Ec AHE 1 93X ZARAH L A3 43553 g EdA $A9H FADGY SAEF
2 JAE He AFo g4 Asgle] ATzl FERT AoFE o APl o
npAHe g AR I3VE A A4 tEIEHE A EYW G7231& 0mse] Z#o] Aolg 7ML, Wi
gozM ANFE AT, 2L AT ¢ AMRE 20ms9] ZH Y A7]|E 2zt zpo]& st A
9] kA A& Bt AN FER I3 daglge IR3F3Y dugdES 72319 T Z#HY 60ms
AT HEES AE $3 J27 HL& dAFgoeR HEZS Hgutol, AMRY Al Zad, § 60ms HIE
e HEGRE WEgth g2 Agstoo} 3o F 2RI E)9] LPCY A
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Structure of the proposed transcoder. Fig. 2. LSP conversion using linear interpolation.
Z 2 LSP dizle] Y SH(PESQ
Table 2. Obiective quality(PESQ) of LSP conversion.
AMR(Kbps) 475 | 5.15 59 6.7 74 7.95 10.2 12.2
GGI—A Conventional 3047 | 309 | 3168 | 3241 | 3287 | 3309 | 3390 | 3420
) Proposed 3073 | 3125 | 3184 [ 3255 | 3.301 | 3.323 | 3.399 | 3424
G63)—A Conventional 3104 | 3150 | 3214 | 3299 | 3358 | 3375 | 3490 | 353
) Proposed 3118 | 3161 | 3.240 | 3314 | 3376 | 3400 | 3499 | 3539
A—G(53) Conventional 3133 | 3161 | 3215 | 3252 | 3281 | 3315 | 3339 | 3365
) Proposed 3149 | 3169 | 3242 | 3283 | 3301 | 3315 | 3.3%5 | 3.362
A—G(6.3) Conventional 3196 | 3239 | 3310 | 3359 | 3399 | 3421 | 3468 | 348
) Proposed 3.227 | 3255 | 3323 | 3374 | 3414 | 3433 | 3483 | 3492
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Fig. 3. Objective quality related to pitch search range.
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Fig. 4. Objective quality refated to pitch search method.
Z 3 =Ix| A giHof w2 oA MZHWMOPS) H] 1(AMR—G.723.1)
Table 3. Comparison of WMOPS related to pitch search method(AMR—
G.723.1).
G.7231 5.3 kbps 6.3 kbps
Full search 1.402 1.545
A->G Pitch smoothing 0.761 0.761
proposed 0.066 0.066
E 4 EA AM Lol mhE Mk

= oo

(WMOPS) B 1il(G.723.1—AMR)

Table 4. Comparison of WMOPS related to pitch search method(G.723.1—AMR).

AMR(Kbps) 47 | 515 59 6.7 74 7.95 10.2 12.2

Full search 1133 | 1133 | 1231 | 1231 | 1231 | 1231 | 1439 | 1251

G—A | Pitch smoothing | 0349 | 0355 | 0346 | 0346 | 0346 | 0349 | 1439 | 0.349
Proposed 0093 | 0093 | 0120 | 0120 | 0120 | 0120 | 0120 | 0.120
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Table 5. Comparison of obiective WMOPS related to pitch search method(AMR—G.723.1).
AMR(Kbps) 47 | 515 59 6.7 74 795 | 102 | 122
Full search 3086 | 3120 | 318 | 3256 | 3306 | 3327 | 3397 | 3431
G(5.3)—A | Pitch smoothing | 3054 | 3102 | 3162 | 3241 | 3300 | 3311 | 3397 | 3432
Proposed 3073 | 3125 | 3184 | 3255 | 3301 | 3323 | 3399 | 3424
Full search 3128 | 3169 | 3251 | 3324 | 3334 | 339 | 3504 | 3548
G(6.3y~>A | Pitch smoothing | 3107 | 3149 | 3233 | 3313 | 3380 | 3339 | 3504 | 3533
Proposed 3118 | 3161 | 3240 | 3314 | 3376 | 3400 | 3499 | 3539
Full search 3144 | 3176 | 3238 | 3281 | 3308 | 3.324 | 3363 | 3.387
A—G(5.3) | Pitch smoothing | 3107 | 3145 | 3.206 | 3258 | 3277 | 3307 | 3343 | 3.3H4
Proposed 3133 | 3165 | 3218 | 3258 | 3277 | 3301 | 3334 | 3350
Full search 3212 | 3261 | 3318 | 3371 | 3410 | 3437 | 3478 | 3507
A—G(6.3) | Pitch smoothing | 3193 | 3233 | 3292 | 3350 | 3397 | 3419 | 3463 | 34%0
Proposed 3200 | 3240 | 3303 | 3364 | 3336 | 3427 | 3458 | 3492
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Fig. 5. (a) Magnitude Response of Filters, (b) Phase Distortion of speech.
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E 6 HotE Zelol Y ZE(PESQ)
Table 6. Obijective Quality(PESQ) of the proposed filter.

AMR(Kbps) 475 | 5.15 5.9 6.7 74 795 | 102 | 12.2
A—G(53) Original 3113 | 3141 | 3202 | 3229 | 3257 | 3.278 | 3309 | 3311
Proposed 3126 | 3154 | 3212 | 3248 | 3.2/5 | 3308 | 3323 | 3.328

A—G(63) Original 3184 | 3218 | 3286 | 3332 | 3367 | 3389 | 3431 | 3439
Proposed 3197 | 3234 | 3297 | 3348 | 3383 { 3413 | 3441 | 345

GBI —A Original 3017 | 3059 | 3126 | 3196 | 3247 | 3268 | 3.341 | 3.376
Proposed 3022 | 3063 | 3128 | 3197 | 3248 | 3.269 | 3.340 | 3.371

G6.3)—A Original 3061 | 3109 | 3182 | 3253 | 3316 | 3.340 | 3428 | 3476
Proposed 3066 | 3112 | 3181 | 3258 | 3322 | 3342 | 3434 | 3476

E 7. Aot MSHESE AdD2|EAMR—GT723.1)2 ¢ AZHWMOPS)
Table 7. WMOPS of the proposed trancoding algorithm{AMR— G.723.1).

AMR(Kbps) 475 | 5.15 59 6.7 74 795 | 102 | 12.2
Tandem 20458 | 20453 | 20457 | 20472 | 20417 | 20470 | 20432 | 20476
A—G(5.3) Transcoding 8560 | 8555 | 8569 | 8574 | 8519 | 8572 | 8534 | 8578
Reduction(%) ] 58.158 | 58172 | 58.161 | 58.118 | 53.275 | 58.124 | 58.232 | 58.107
Tandemn 23.744 | 23739 | 23.743 | 23.758 | 23.703 | 23.7%6 | 23.718 | 23.762
A—G(6.3) Transcoding 12.239 | 12.234 | 12238 | 12.253 | 12198 | 12251 | 12.213 | 12.257
Reduction(%) | 48454 | 48465 | 48456 | 48426 | 48538 | 48430 | 48507 | 48418

E 8 HotE MZREFE ¢n2lE(G7281—=>AMRIS] o L=HWMOPS)
Table 8. WMOPS of the proposed trancoding algorithm(G.723.1—>AMR).

AMR(Kbps) 475 | 5.15 59 6.7 74 795 | 102 | 12.2
Tandem 10.768 | 9.778 | 11.096 | 13411 | 12.644 | 13166 | 12.830 | 13.120
G(B3)y>A | Transcoding 8512 | 7522 | 8767 | 11.034 | 10.317 | 10.839 | 10.295 | 10.057
Reduction(%) | 20.951 | 23.072 | 20.975 | 17.351 | 18404 | 17.674 | 19.758 | 23.346

Tandem 10.772 | 8778 | 10094 | 12411 | 11.644 | 12.166 | 11.830 | 12.120
G(6.3)>A | Transcoding 8516 | 6522 | 7767 [ 10.084 | 9317 | 9839 | 9.29% | 9057
Reduction(26) ] 20.943 | 25.701 | 23.053 | 18749 | 19.85 | 19.127 | 21.429 | 25.272

£ 80 AU 45953 Quese ANFL tn 29 TIAE v B S5 AR
~dem4j3} Hwate] wojFeh EIH meAFEo] A 33
Fe 4ERE3 YUNELS ASFOZA tandemBd  AE tandem Aol 3ol tha

o
of "3, AMRAAN G723129 AsR3sre A$ & A3 B gstdE SFo] FAHYh A, A
oF 484%-582%9] datFol Z2Am, Wl WY HEE P Ui ABH gL FFHAG
Bl o 18%-23%9] Aol Hadgth
3. FoE 23 I}

2. s SE HI} Z94 &2 Brke YelME A/B A3 ke &

ARH &2 H718 Yl NTT-Korean data 96 ith A3% Hrbols 24 Ho] Folstdy FA/AA
APy Agate, ITU-T F#<He) PESQMS A8 8ba Zhzh 49o] 283 & 967)e) AS¢ AHEATh
Atk 23 6% 7¢ 2z AMRAIA G731 Wk ¥ 0% 102 A/B AE% Hrte 2%E RAZFT. F
G721 AMR=Z¢] A3R3317)9 ARy $2& #3 &2 #A7ke AMRE 515, 795 9+ 122kbpsE Ak
tandem’t2) 3 MY MAET TPGME BA  £IAT, XN BAFSe] HIE FrkdA G721
G.72319) 53 kbps®} 63 kbps®) ABVH LAY HFE oA AMRES AR 539 A9 whe) wake] 7
Bozth a9 6014 BaFEo] AMRAA G7231 % ¢ EF tandem HAdl Mgt e AIES Yehie
o A3 R33I)E ALTFoEN AN AE st & 5 Uk G723104 AMRES AER D
o tandem®Al Hlstd] Sdo] FAPL & £ Atk vl we AEEO AS AR 27 FrdAE
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o sam =g
W 1 % J 1 | CuTskm SIS Sk 67k Ak T9Sks 02k 122k Awrste
475kbs  S.ASkbs  SSkigs  67kbm  T4Kbs  795kbs 102kiys 122k Aversge
AMR bit-rate Bre-race
a7 6. MoHE AERFsPe ey FE a8 7. AMotE MAsREE(e AEH 33
(AMR—G.723.1) (G.723.1—AMR)
Sig. 6. Objective quality of the proposed trancoder Fig. 7. Objective quality of the proposed trancoder
(AMR—(G.723.1). (G.723.1—>AMR).
E 9 FaH SHYIHGTBI—AMR) 10, &3y SHIHAMR—G.723.1)
Table 9. Subjective quality of the proposed transcoder Table 10. Subjectlve quality of the proposed transcoder
(G.723.1—AMR). (AMR—G.723.1).
Direction\bit—rate Preference Direction\bit—rate Preference
{(kbps) Tandem No Transcoding {(kbps) Tandem No Transcoding
preference preference
G(.3)—>AMRG.15)] 2917% | 23.96% 46.83% AMR(5.15)— GBI 19.79% | 25.00% 55.21%
G(5.3)—=>AMR(7.95)] 25.009 | 33.33% 41.67% AMR(7.95)—>G(5.3)} 27.08% | 36.46% 36.46%
G(5.3)— AMR(12.2)] 22.92% | 37.50% 39.58% AMR(12.2)—>G(5.3)] 2017% | 39.58% 31.25%
Average 25.69%| 31.60% | 42.711% Average 25.35% | 33.68% 40.97%
G(6.3)—>AMR(.15)] 35.42% | 34.38% 30.21% AMR(5.15)—G(6.3)] 21.88% | 36.46% 41.67%
G(6.3) = AMR(7.95)] 36.46% | 27.08% 36.46% AMR(7.95)—>G(6.3)] 25.00% | 45.83% 29.17%
(6.3~ AMR(12.2)] 3058% | 34.38% 26.04% AMR(12.2)—G(6.3)] 25.00% | 45.83% 29.17%
Average 37.15%| 31.94% 3.090%5 Average 24.65% | 40.63% 34.72%
tandem Aol H]gle] tha e AR FAS BYA Ve et Qb AR A F94 $F e
% Fdd 23 A og ds Ge @ 4 du, SN0, AR YErss eadee Aegens
ol JEH s duEg AHEFHOEN 49 W tandem WAol wste, HEEH HEF mep of
T} ol EAS 7MAA Hi, AHAE olEE & 20%-38%9 QAirHe AAE § dx, ARnH 39
g oS Azay] dqiol F4e M & & Aok FEH 83 9)E S,
Aete dsisst dungge tE 52 MA3EE B
V.4 B odg & F AUk olF AFHELS AtE FEF 53}
dagEol 71€ tandemFA el Hs HE Hed B
2 =EdAe 74 B4 AHEEHE AMRI VoIP S dFe} ®=3 Aok LSPHE WU, HHE uE
o AHEEE GT231 SAREsY] ke Asnss o HA A4 WY gurssg A% Ane A4
2YES ARtttk Agd s A LSP ¥ % 4t & JaFasr)e St FATe &
AME 1% 93z AN AsE53/E 9 A= ARz8l71e] 5L ol 83td, A st 48
& AANE BHE g FAWY MELS FA 5 AL, B ANBL A Asglel A2 F 9
wol vEds Wy o AL FndEe AW L /KR A
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