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Real-time Implementation of MPEG-4 HVXC Encoder and
Decoder on Floating Point DSP

2735 4 ¥ EAL, Ao
(Kyeongok Kang*, Hoon Na**, Jin-Woo Hong*, Dae Gwon Jeong**)

2 o

£ =2dMe Q8 & dAY o|FF T3 o] W v Ege] 8F7HE Eold AHEE ¢ d& MPEG4 T2
9] HVXC(Harmonic Vector eXcitation Coding) €| FE ¥F 45 DSPY TMS320C670te] AAIF 7@ &S
7l

AAE FRAE A =do] F2E QYR on], LATEY) HAxe A5 A% Azlel Bol 28dHE T FH
o thE C o] R ojfge] Aol el JAHHE FYsict. £Y, DSPe R T2y dReje] T2 33 SH=
4, DSPe] W& gjole] ojuele) 49 28 88 9 background DMA WA-E 0|83 HAAHAE FHsict. J=g
A7} 2kbpsH 4kbpse] B E Lol & R BYE AR £ F glon, AdBrie] S 2kbpse] ol A
Aol vl8] < 96% B=2R FYAIE GEIAUST £, v[FY FAEH Hrlel A 2kbpse| v]EZA F MOS
245% AUt
ol AL 7Y, A3
FRRE 432

ABSTRACT

In this paper, we described the realtime implementation effort of MPEG-4 audio HVXC (Harmonic Vector eXcitation Coding)
algorithm for very low bitrates, which has target applications from mobile communications to Internet telephony, on
current high performance floating point TMS320C6701 DSP.

We adopted a hardware structure for real-time operation. In order for sofiware optimization, we used C- and assembly-
language level optimizations for time-critical functional codes. Utilizing the internal program memory of the DSP as the
program cache, the intermal data memory overlap technique and DMA functionality, we could get a goal of realtime
operation of HVXC codec both at 2 kbitfs and at 4 kbit/s. For an encoder at 2 kbitfs, the optimization ratio to original
code is about 96 %. Finally, we got the subjective quality of MOS 2.45 at 2 kbit/s from an informal quality test.

Key words: HVXC, TMS320C6701, Realtime implementation, Optimization

LM E

MPEG-4 2C|2 X2 7)&o|AE2kbpsc)A] 64kbps
7HX9] W Weel v Egbimae)S AWsta glew,
3l BERAA 7 F& AL IV Sis o2
2& 37K ¥ele) ze(codec)E AlFdn Utk F; A HE
&2 ~ 6kbps)2] patameuic €], FIb B EL(6~ 24kbps)
* ETRI 343472974 o) A3
= QRYTUa FTAADUY

YR 19999 129 8

2] Code Excited Linear Predictive(CELP) R4, 12|32 1
B E&(16kbps ©]4)¢} Time-to-Frequency(T/F) Zeo] ¢l
TH1}2).

o] o)A parametric 2Y-& ALt oo T
d 2re 9 US5E 2kbpsollA F 6kbps 7HRS] wj¢
@ HEER FIH7] Y} AMgsY, 2719 £%e=
FAS)e] 9k 2 £ she HVXC(Harmonic and Vector
eXcitation Coding) ZYl o228 -FAAFE2 ~ dkbpsAt
ol2 & BHd= 88o|x, £ dhix HILN(Harmonic
and Individual Line plus Noise) IFH 224 4kbpsc]/de|



38

YEZE 2997 22 24 ol8l9 AFEE ¢ Egse
EZolt}.

¥R, ITU-TIHAN FFEoz AAY 24 Rivze
6.3/5.3kbpsS] G.723, 8kbps®) G.729, !6kbpse) G.728,
32kbpse] G.7215°] gick. 2} MPEG4clAr Xejgh
9 FE71e 8kHz®| BEs} FapoM= 2 ~ 24kbps,
16kHze] BR3 FoME 16 ~ 64kbps7iH| o] vlokgt
HESE AYY £ Utk 5 ITU-T 9 84 257 8
KHzo| EE38} ZFnfelr 2kbpsd 2L e vlELE
APopR] ZE 16kHzo] FEZ} Fuppolr] £& HES
< AYstA] Zshe dde] dvh ti&o] MPEG4 g4
F-Z 7)ol A<= bitrate scalability, complexity scalability &
o] 71%ol AFEE PHol Utk 5 HVXCH @
2.0kbpse] YESE FARE FoN /Y R ¥ B,
+4 UM A REE sted Ao Y2
Brolvt. EJ, 29 19 Jebd Za} Zo] MPEG 28
o 9§ F% FHAY7KMean Opinion Score(MOS) test)
Aol &, u] dAw FFo 24 4.8kbpse} CELP &
2 EE AL FSI0168E B} o & 53 4
S Helx leH3.

MOS S0
P
40
. -
w a0 P
Fe] o T
8 . —g—
- 20
©
§ st | g
@ 10
1 2 3 4 5 [ 7 Codec

Codac 1 ; Parametric 2 kbite
Codec 3 : Ref. FS1018 4.8 kbit/s
Codee 5 MNRU 20 Codac B: MNRU 30

Codec 2 : Paramatric 4 kbils
Codec 4 : MNRU 10
Codec 7 : MNRU 40

38 1. HVXC =49 ¢ g3 Y} g3t

Fig. 1. Subjective quality test result for HVXC codec. This
test was conducted in Nokia, FhG and NTT. In Nokia
and FhG, the test Janguages were English, German and
Swedish. In NTT, the language was Japancse. The
above was the Nokia test result averaged for all
European items.(source : ISQ/IEC N2424, October
1598).
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Fig. 2. Blockdiagram of the HVXC encoder. For voiced signal
harmonic VQ of spectral envelope of LPC residuals is
used, On the other hand, for unvoiced signal vector
excitation coding (VXC) is used.

¥ 214 & = UFe] or|aze] gt seju)e s
FaE9 M e IjAe), az9 NZEe] ¥ e(shape)o]
g VQ 228 s U o) S(gain)el] ¥ 2Ze =
=8 Addag dA4acl e 2486 g #y
ol e stochastic =X Ydx 3 o] Sof g Ane}
g AdaE ALPH1]2).

HVXC Q3de] H|ESL 7|E AlZ(base layer)ahg
L85l 2kbpso|l . #A A| E(extension layer) & AR
ALl 4kbps7tA) ZhEsict. E4, s HES T
Me B@3e2 12 ~ 1.7 kbpse] B1ESS 7}A 3 9ok
B 14 23 vEgM B3 deloiee wiE &%
EE Jehdrch

Gu2)F DL A4 Anormal delay) B=Y o 56ms
(=2e] 46ms, K2 10ms)o|R, A A A(short delay)
Fed of 33.5ms(¢12Y 26ms, T 7.5ms)elch ol
o] FnalE XE 26msot 46ms7t 7R=EH 46ms 7t
Mgy 42 A % ZAde look-aheadE 175
o} 26mse] Afoe Al ZFYT AR n Hx A2
T35 €o

2@ 34 HVXC =3de] gy 2F vehdch
8kHz2] HE8 FappolX Zagdel oy 160 NF



4% 443 DSPE ol §3 MPEGHVXC 9121 ¥ dmre] 442 74 39

(20ms)olvl, 256 AE Zelel #Y F& ALY LPC £
Mg FHPcL FA8 sl 256 M Dol g3}
o 2¥Eyl T 3Pl TP disiNe 80
AEQAms) S99 B Zy Yol ¥ stochastic WE] F
ABHVXC)E ST

B 1. ¥-33} sejojed] o v|E ¥
Table 1. Bit allocation of the encoded parameters.’]’ corresponds

to 2 kbps and “2° to 4 kbps.

Parameter Voiced Common Unvoiced
LSF 1 18 bits/20ms
LSF 2 8bits{20ms
Viuv 2 bitsf20ms
Pitch 7bits{20ms
hamonic 1 shape 4+4bitsf20ms
hamonic ! gain 5bitsf20ms
hamonic 2 split 32bits{20ms
VXC 1 shape 6bits{10ms
VXC 1 gain 4bitsf10ms
VXC 2 shape SbitsfSms
VXC 2 gain Sbitsf5ms
Total(1)2kbps 40bitsf20ms 40bitsf20ms
Total(1&2)4kbps 80bits{20ms 80bis/20ms
Fraon (H0NpNE) Frome (¥00vamples)
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Fig. 3. Fame stucture of HVXC. The normal and low delays
for encoder are 46ms and 26ms, respectively, and
those for decoder are 10ms and 7.5ms, respectively.
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Fig. 4. Blockdiagram of the HVXC decoder.
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Fig. 5. Blockdiagtam of the TMS320C6701 DSP.
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Table 2. DSP core wait ststes on memory locations [S]. For
the memory-test purpose the core uses a typical
memory copy function for data exchange.

SOurce mMemory d:;.f?r;jm g:g:;eswf]o:ﬁ average wait states
intemal intemal 2165 ¢
SBSRAM intemal 28754 14
SDRAM intemal 37337 18
intemal SBSRAM 14416 7
SBSRAM SBSRAM 41078 20
SDRAM SBSRAM 49852 24
internal SDRAM 17767 8
SBSRAM SDRAM 45746 22
SDRAM SDRAM 63061 30
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Fig. 6. Structure of the hardware platform. This system is
called Multimedia Audio and Speech Integrated Codec
(MASIC) system and consists of 2 TMS320C6701
DSPs operating at 160 MHz.
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Fig. 7. Operation flow of the realtime HVXC encoder.
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Table 3. Algorithm complexity of MPEG-4 audio objects [1]).
These data are comesponding to single channel

decoder.
Object type | SHMPENE | ey MOPS)* | RCUGKWords)**
frequencv(KHz)
HVXC 3 2 1
NB CELP 8 1 1
WB CELP 16 2 1
AACLC s 3 3
);cAaf;ble 3 3 4

* Processor Complexity Units, ** RAM Complexity Units
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A AR E s7t A= 20mse] ZH g 2ol ul)
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2kbpse} F99] @ Zajle] diFg FALS 5828
million cyeleo]|giT.
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execution) 2 AA) 37 AAEEo] 77.6% 8 HR|FCHI.
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Table 4. Analysis of functions for optimization and optimization
result.

Oycles Unoptimized

Cycles* |Ratio(%)** {cycles*) | matio(%)

Pitch
Estimation | +423:522 417 1,348,728 443

VoV
decision 35317 0.1 11,922 66.3

Spectral
envelope VO 2,020,386 9.4 1,169,706 42.1
VXC 431,832 21.4 167,450 612
Etc. 509,137 50 323,866 36.4
Total 5,420,194 776 3,021,672 443

Unoptimize d— Optimzed .,

optimized  ratio= Unoplimize d

* Cycles every execution
** Percentape to the total cycles of the encoder per execution
(function call).

33 glolvee] Y A 3449 FHE g}
ol sl ® 49 20| machine cycle® B 44.3%
FEE FYPATE dEslen, /ALd 43 gols
glg] REs ALY =6 T2 0P & TP M
e E 59} o] 8.84 million cycleo| Tk 3, BB
27 AFshe e S ALEH VM ZSd) B3
87.1% A=Y FYPA0o] GEE 7.53 million cycle2)
& ZeidF At Ak

E 5 33 colBeiy] BE L e d] % Az
Table 5. Optimization results from the optimized modules and
the Compiler optimization.

« | Optimized
Status Cycles eatiof %) Notes
. 58.28 Unoptimized
i v

Original VM 17.53 699 | Cache enable
Substitution of . .
optitmized modules 8.84 84.8 Optimized library
Compiler 7.53 87.1 | Level 3(-03)
optimization

* Cycles per frame (million cycles),
** Ratio to the original VM code
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Table 7. Optimization result of the encoder at 4 kbps.

E 6. 2kbps 7A%9] 12y A3 A= Function Cycles/frame | Ratio(%)

Table 6. Optimization result of the encoder at 2 kbps. LPC analysis & VQ 441,246 17.8
Cycles* Mid-tem Final Optimized Pitch Estimation 448,796 18.1

Function optimization | optimization | ratio(%) Fine pitch scarch & Spectral

LPC analysis & VQ| 1,068,600 | 417,980 60.7 envelope estimation 293,114 (.8

Pitch Estimation 1,051,149 | 446,868 575 VUV decision 101,172 4.1

Fine pitch search & VQ of spectral envel 494,216 19.9

Spectra) envelope 693,775 | 293,165 57.7 Q of spec ope 2

estimation VXC 480,901 19.3

V/UV decision 499,919 100,500 799 Total 2,485,527 100

VQ of speciral 886,351 | 480,653 458

envelope

vXC 771,231 382,393 50.8 _ i

Total 4977525 2,121,559 57.5 8.4. HVXC clar] sxeso] H3s

= ks o : AAT HVXC Hay Zzayel Fasge 14 8u%

* Cycles per frame
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Fig. 8. Operation flow of the realtime HVXC decoder.
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gold A2} et d4 52 background DMAE ©)&
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Table 8. Optimization result of the decoder at 4 kbps and
short delay,

Cycles* Pre- Post- Optimized
optimization | optimization | ratio{%)

Function

Parameter decoding(LSP,
Hamonic VQ, VXC) 385,567 298,920 22.5

Parameter interpolation 20,362 13,394 342
Voiced component
synthesizer 3,174,592 | 1,661,316 47.7

Unvoiced component
svnthesi 774,269 363,230 531

Total 4,354,790 | 2,246,860 484

* Cycle per frame
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Fig. 9. System configuration for realtime operation test. The
MASIC system in the encoder mode uses 2
TMS320C670t DSPs. On the other hand, The MASIC
system in the decoder mode uses only one DSP.
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