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This paper presents real time implementation of 4kbps EHSX {Enhanced Harmonic Stochastic Excitation)
speech coder that combines the harmonic vector excitation coding with time-separated transition coding. The
harmonic vector excitation coding uses the harmonic excitation coding for voiced frames and used the vector
excitation coding with the structure of analysis-by-synthesis for unvoiced frames, respectively. For transition
frames mixed with voiced and unvoiced signal, we use the time-separated transition coding. In this paper,
we present the optimization methods of implementation speech coder on the EMS320C6701° DSP. To reduce
the complex for real-time implementation, we perform the optimization method in algorithm by replacing the
complex sinusoidal synthesis methed with IFFT. and we apply fully pipelines hand assembly coding after
converting it from floating source to fixed source. To generate a more efficient code. we also make use of the
available EMS32006701™ resources such as Fastest67x library and memory organization.
Keywords : EHSX (Enhanced Harmonic Stochastic Excitation), Harmonic vector exciting, vector excitation,
Transition, Optimization
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Fig 1. Block diagram of EHSX encoder.
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Table 2. Cycle comparison to rs6701 and FastRTSE7x library.

rs6701 FastRTS67x ARS
Total (cycle) 62,345,720 43,656,900

E 3. IFFTAKZY AOI2 H[m

Table 3. Cycle comparison to use (FFT.

IDFT A2 IFFT AR
Total (cycle) 2,148,038 84,871

E 4, i M2 A2 oS0 WS SN

Table 4. Cycle comparison to cache memory.

s Gl IS Tl AR
Encoder (cycle) 16,544,562 2,070,710
Decoder (cycle) 5,673,132 659,476

Total (cycle) 22,217,694 2,730,188
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I 5. CIO|EE Uiy oi=2|of &3t o)
Table 5. Allocated example to internal data memory.

char bufferA(512):
#tpragma DATA_SECTION(bufferB, “my_sect’)
char bufferB(512):

E 6. LPC &4 BejS| C 2
Table 6. C source of LPC synthesis filter,

for(i=0:i{num:i++)

temp=L_muit(in(i-num) ,ipcfir{0}) //Q25
for(j=1: K=NFIR: j++)

temp =L_msu(temp ,in(i-j), negate(lpcfir(j)));
temp = L_shl{temp. 3): //Q(26+3)=Q28
outli) = round{temp):  //Q(28-16)=Q12

D REasdoA DRLEROR] HE

HEipol n3LpHoR0] WA BHE 34
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ol(nop)7t A&, ¢ Fen 4, F 714 71§
& 3he BHE 27| k. dE S0 L¥EE]
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WS Y & A7l Q2o ¥ e Aolth o}
Ao} & 6 AA7FAE 7HA= LPC §/dBE 9 ZSR
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E 7. HOZ2RIE H2S single-cycle FZ EI0[®
Table 7. fully pipelined single-cycle loop tabie,

_’Prolo

1

.D1 Idh | Idh | Idh | Idh { Idh [ idh | Idb | Idh
M1 mpy | mpy| mpy
L1 add
.81 sub | sub { sub | sub | sub | sub | sub
.52 bi{b|b b |lb b

# 8. ¢ coding®} assembly coding® AlOIE bl
Table 8. Cycle comparison to ¢ coding and assembly coding.

Total
{cycle)

13,275 2.800

B 9, Ho|Z2lchE 28 0iMEa] [0 LPC ST
Table 9. LPC synthesis filter of fully pipelined hand assembly

coding.

mvk .s2 12, b1 : set up inloop counter
[l 1dh .41 *ad—, a7 : load pres(i-j)
[l 1dh .d2 *bd++, b7 . ioad Ipcfir(j)

- (&%)
[l Idh .d1 *ad4—, a7 . load presli-j]
Il ldh .d2 *b4++, b7 : load lpcfir(j)
Il mpy .mlix a7, b7, a5 . pi=a4 * b4

[l (b1) b .81 inloop ; branch to inloop

Il (b1) sub .52 b1, 1, bl :decrement inloop
counter
inloop:

idh .d1 *ad—, a7 : load pres(i-j)

[l 1dh .42 *bd++, b7 : load lpcfir(j)

Il mpy .mix a7, b7, a5 : pi=a4 * b4

Il add .11 a5, a8, a8 : temp=temp+pi

Il (b1 b .s1 inloop ; branch to inloop

[l (b1) sub .s2 b1, 1, b1 ; decrement counter

. inner loop branch occurs here

E 10. $2 gl i
Table 10. the principle function cycle.

Pre-processing 487,611 106,720
Compute LPC 817.632 10,123
LSP conversion 311.066 7.489
LSP quantization | 2,187,193 8,727
Encode| VAD 3,091 563
Open-loop pitch 6,676,336 | 54,441
Closed-loop pitch | 2,495,168 | 266,775
Codebook search |36,067,010| 726,339
LPC filter 246,510 2,800
Sub | Encoder 52,666,261 | 2,070,710
total | Decoder 9,896,702 | 659,476
Total | Encode+Decoder |62,462,963|2,730,186
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Fig 4. Waveform of C source.
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I 11. MOS AlE 2}
Table 11. Result of MOS test.
*=R =2 o4x} TA|
{5 476 | 470 | 4.72
8kbps CS-ACELP 419 | 3.70 | 3.94
8kbps QCELP 3.61 338 | 3.48

4.8kbps DOD-CELP 3.03 | 366 | 2.79
EHSX 84 30(C ¥2alF) | 3,73 | 3.33 | 3.53
EHSX 34 3C(DSP ¥¥) | 3.67 | 3.28 | 3.45
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