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Abstract

The goal of this research project is to study, simulate and design effective streaming speech and
audio algorithms/systems transmitted in the wideband wireless environment on DSP platforms.
The topics under study are speech and audio compression, and 802.16a error control codes. The
adopted codec for audio compression is MPEG-4 AAC and the codec for speech compression is
AMR (Adaptive Multi-Rate). This year, three tasks have been implemented on DSP, and we ac-
celerate them to meet the requirements of wideband wireless transmission. In the audio compres-
sion part, the two heaviest computational units in the AAC encoder are the psychoacoustic model
and the bit allocation algorithm. To speed up the encoder, the psychoacoustic model computation
is modified and thus MDCT coefficients are used to replace the Fourier transform coefficients
without sacrificing accuracy. The bit allocation algorithm is simplified from a two-loop structure
to a one-loop structure. The improvement in the final version is 78% and thus the real-time com-
putation requirement is achieved. In the speech compression codec part, the C code of AMR is
modified by using the TI intrinsic functions, and, at the end, the computation speed is improved to
14.05ms/frame. In the error control coding part, the Syndrome Computation and the Chien Search
are the most time-consuming components in a Reed-Solomon Coder. The Syndrome Computation
unit is modified by using the FFT radix-4 technique to enable four independent parallel computa-
tion processes in one loop. For computing the Chien Search, the BRS Algorithm is applied to re-
duce the Galois Field multiplications. The final decoder with the above and other modifications
can reach the rate of 176.4Kbytes/sec.

B 423 ¢ MPEG, DSP, AMR, Audio Compression, AAC, Psychoacoustic model, Bit allocation,
Reed-Solomon Code, Syndrome computation, Chien Search
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A. Part 1: Audio Coding
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B. Part 2: Speech Coding
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C. Part 3: Reed-Solomon Decoder
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Decoder Version Code Size | Cycle | Improvement Percentage (%)

Lee RS Decoder 5284 | 447,109 N/A
Using the Intrinsics 4936 | 238,050 46.76
Modified RS Decoder 5584 | 121,466 48.97
Compiler File-Level Opt. 5048 | 11,650 90.41

Compiler File-Level Opt.

(Lee RS Decoder) 4732 | 121,169 72.90

# C.1. Reed-Solomon %78 % szt 71| %

27 TleeRS Decoder % i — £ 082 SR B b o L& 7P 71U g
| g e &g intrinsic function L o @ AP en V3 R (s v F gR h E (R 48.97%
G o % iR g 1 (8 L B W EERE 97.30%e R IR R o b pESL P
74 Lee RS Decoder ® # i * intrinsic function £2 %3 B 3 e L gy iw » H e tg AP R
3 72.90% ° # 5 i@ * A en 3N F A & intrinsic function 2 fic o R BF R AL B e
AR o A B G e

C.4.2 Remainder Decoding Algorithm

% Remainder Decoding Algorithm #2 5 # F 4 & * Chien #75 /% ¥ Forney ;# & % {7 5 {3
FRIL DT R o FIP AP R R s R Y ] e R ' Reed-Solomon S #8 (gt A AL
Re-Encoding) ~ WB & /2 & B4 » £ k& @i m s (vl o 2 ¢ 3-8 Syndrome
#1 Re-Encoding & 38 4 ¢ p m,;rz 50 KFRY @5 ﬁﬁ% g0 & 320 @ Berlekamp-Massey
2 WB i i w2 kR ELP o F) A R ﬁﬁlﬁﬁﬁwﬁorﬁ?m@
FI o d Remamder Decoding 42 5 ¥ &ie B 48 5 B~ xﬂzﬁp BE Lo P HEEAFRE S R
% 0 #1712 & ¥ Re-Encoding & WB J# & /2 % #@ SenfR B4/ Renfpho 50 f24 00 - B4R
FipE i ‘E‘::,Fé * intrinsic function % #& = # 225 o — 2 & f|* intrinsic function % v 4 2 AT 48
g - 2 G4 ;awi"ll FER vk > Ea RO LI Y o TG B Y
KB R Ze B R s B o intrinsic function it > T e & MR B A i E it o &k
o ¥ i¥ Elmrmé*ﬁ&wﬁr%\ C 2o %\ # * intrinsic function 2 % F Bk s d i > Hipawy
%G (Frc L P BALRAALS S P - B P Arafen 2 iTecd s €14 # * Remainder
Decoding Algorithm & & 5 »z 5 o u% * intrinsic function £2 %3 % :< L {4 » Remainder Decoding
Algorithm R 5 # 3 »% 5 = Reed-Solomon %45 42 5 -

Procedure Code Size | Cycle | Improved Percentage (%)
Re-Encoding without Intrinsics 436 | 191,484 N/A
Re-Encoding with Intrinsics 996 2,926 98.47
WB Algorithm without Intrinsics 2,036 | 33,683 N/A
WB Algorithm with Intrinsics 2,208 2,672 92.07

4. C.2. Re-Encoding £ WB i & i 2%t 71| %

C43DSP % > R

TERA E L A KRR E PR mgc#;} BT RAPRFIRI DSP T S 7 % - &
TEY BB B As 1 BB V|terb| ERE R S RN Pﬁ““?iﬁ 7R
* DSP T o b opl 1 sty e & C3#7 7 o Reed-Solomon f%#%5 B & (& ¥ 2 i 3
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176.40Kbytes/sec sr/ed® g B - 87 % = & F Bz N 4pdz. T o ¥ 12 {8 ] 96.44% ity & o
@ e Viterbi f275 B2 6 0 EJZE R PG 5 17.42Kbytes/sec o v 5 4R It fRAGARR P oeh-
X HLEE o & Viterbi B F ORS¢ KR REEE I HEFEE A ENER S S Ruk
2o @ DSP A BFIRFAEILE » & LIS 4ciE 0 T LY Frod FPGA 13 0 4
FR > (FEEHT FAILGEY o

Implemented , . 0
Decoder Name Code Size | Processing Rate (Kbytes/sec) | Improvement Percentage (%)
Original RS 47 137 575 58.80 N/A
Decoder
Improved RS | 17 139 g55 176.40 96.44
Decoder
Viterbi 17,120,975 17.42 N/A

% C.3. Reed-Solomon %5 % £2 Viterbi 245 %>t DSP + F 32 »%it
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