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ABSTRACT

The purpose of this thesis is to reduce the computational load on a gereral purpose DSP chip with the optimized
MPMLQ{Mulii Pulse Maximum Likehood Quantization) method so that the MPMLQ speech codec can be implemented
in 2 real time. In the process of MPMLQ, the residual signal extracted from the original speech signal can be represented
with the most similar extitation signal using the comelation method. The corrclation method is likely to make multiple
overflows in DSP operations and thcy should be checked after every operation. Not to mentation, the processing time de-
aling with oveflows takes many portion of total MPMLQ calculation time. So in this paper, 1 reduced the magnirude of
the input speech signal by 2 bits not to make multiple overflows which resuits in the reduced magnitude of a residual
signal and properly modified the fixed codebook pain table which represents the magnitude of an exitation signal in
MPMLQ. The resuit showed 0.040325 dB increment in SSNR, and 17.7% bettier performance in computations. It was pos-
sible to implement a real ritne operation on fixed point general purpose DSP.
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Fig. 3.2 Graph about thc comparison of otiginal MPMLQ and
modified MPMLQ.
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Table 4.1 Fixed codcbook gain fable 1 for cxperiment.

kgl dB

24| 330 | 320 | 315 | 3.10 | 305 | 300 | 295
0 ] I 1 ] ] ] {

T ] 1 | 7 | 2
2 ] TREE 2 | 2 PR
ERDE 2 2 3 3 3 3
4| 2 3 3 4 4 | 5 5
s |4 [ a 5 5 6 | 7 7

6 | 5 6 7 8 8 | o | 10
7 8 9 10 1 12 13 4
g 1 13 14 16 17 19 20|
9 | 16 19 2 22 | 24 26 | 29
0| 24 28 30 32 34 37 a0
1] 35 40 43 46 49 52 56
12| si 58 61 65 70 [ 74 79
131 74 83 88 93 9 | 105 | 1n
(4] ws [ 120 | 127 ] 133 | 1a0 | 148 | 156
15| 158 | 179 | 182 | 191 | 200 | 209 | 219
16 | 232 | 251 | 262 | 272 | 283 | 205 | 307
17 339 | 363 | 376 | 389 | 403 | 417 | 432
18| 495 | 525 | s40 | 356 | 572 | s89 | 606
19| 724 | 759 | 776 | 794 | 813 | 832 | 851
20 | 1059 | 1096 | 1116 | 1135 | 1155 | 1175 | 1195
20 | 1549 | 1585 | 1603 | 1622 | 1641 | 1660 | 1679
22 | 2265 | 2201 | 2304 | 2317 | 2331 | 2344 | 2358
23 | 3310 [ 330 [ 3311 | 3311 § 3300 ; 3310 | 3340 |
B 42 488 4 34 IS E ol dHoly 2
Table 4.2 Fixed codebook gain table 2 for cxperiment.

ke : dB

2| 290|285 | 280, | 275|270 [ 265 | 260
0 2 2 2 2 3 3 3

1 2 2 3 3 4 5

2 3 3 4 4 5 5 6

3 4 5 5 6 7 8

4 6 6 7 8 9 10 1

5 8 9 10 1 12 14 15

6 T 13 14 15 17 19 20

7 16 17 19 21 23 25 28 |
g8 | 22 24 2 29 31 34 37

9 | 31 1 36 39 43 46 50
0] a3 47 50 54 58 63 68
1| eo 65 69 74 79 85 9]
12 | 84 90 95 102 | 108 | 115 | 123

13 L7 124 132 140 148 157 166
4| 164 | (73 | 182 | 192 ] 202 | 213 | 224
15 | 229 | 240 | 251 | 263 | 275 | 288 | 302
16 | 320 | 333 | 347 | 361 | 376 | 391 | 407
(7 | aa7 | 462 | 479 | 495 | 513 | 531 | 550
18 | 624 | 642 | 66t | 680 | 700 | 720 | 74t
19 | 871 | 891 | 912 | 933 | 955 | 977 | 1000
20 | 1216 | 1237 | 1256 | 1281 | 1303 | 1326 | 1349 |
21 | 1698 | 1718 | 1738 | 1758 | 1778 | 1799 | 1820
23 | 2371 | 2385 | 2399 | 2413 | 2427 | 2441 | 2455 |
23 | 3311 | 3300 | 330 | 3311 | 3311 | 3311 | B0 |
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3 412 ADSP218I1o| SEE MPMLQY 9
MPMLQ2 Alg=54ke] af Bl Aerh o2 vl 4
A+ ol ot

)

Sl x= 3 Ha)e b @3

O 400 M= AR do) sy} she] uf§l
T AT ok 604 Wt zfolzt ULSE &+ Tl

£ MPMLQ Halgl MPMLQ
ml=1; mE=1;
i0="h; 0=0; i0t="h, 10=0;
i1="h; Il=0; tl=h; 11=0;
mr=0, ne=0;
cnir=60; onir= 60
do until sum ; do unti! sum ;
mx0 = dm{i0,m1); mxQ = dm{iG,m1),
myQ = dm(il,m1); my0 = dm(il,mt);
mr=mt § mx0*myQss); | sum: mr=mr + mx0* myQ(ss);
sum; if my sal mr;

T8 4.1 Y Ay DSPellAM 9] AR 38
Fig. 4.1 Example of real-time implementation on fixed point
DSP.
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Table 4.3 The characteristic of input speech signat.

Input Speech Signal Type Frame < (Frame: 30msec)
bl | 512
2 656
o 1 983
B o 2 674

1681 E H9le] A SAAA 14v]E HE9 dH SA4e
2o 39-E 7 Sol= LPCAHES Pich$ol ofF 2L
el Wslg ke AUk ©|AS dA) Y RE
g & oYy 3o Z7] e dAT AY edge
AL Ael Walsl 422 4 ¢ YUtk E 44e 3
Azl vhE LPC AlFe] ¥gtE Hols vt

G ZWoA <917 N B AALY S AP o
olele] 7 gl 1o ¥ MPMLQeIAM < 0.1dBe] 34 A
31 stk ol A4S wsske W E sl
Fa4 Wl #ddt) PE€ Ak Y skt
® 4.62] 4% AARAM LimHe} go] HEY MPMLQ
oA 2.70dBY] 1AL Ad A & o|Ee0)EE 3
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A
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Fig. 4.2 Simulation Program.

4.3.2 AAZ 7Y 4Y

MPMLQE 123 429) Algaold Teodlos A&
o4l slo] 7t REE hAT Ak E 479 Bk o| B
= 29 2.32] 8558 7o G723 AAelx MPMLQ
o ANES WeRE Vel 25 2 RES Al ADSP2SI
of PHAAES o) AWst N-g S ehha ok

H 4.5 MPMLQ% ¥ ¥ MPMLQ 2-2Hlat
Table 4.5 Speech quality comparison between MPMLQ and
the proposed MPMLQ.

aebA] # oA 939 MPMLQY| 23 sisd o) 94 ;B
Sl 22 2.7dB T Aadrt ® 4.5 veid 2 7 | @ [oge [ e ] W2 | wm@
HE 2.7dBUAE AT VY MPMLQS & MPMLQ 4 18.960831|18.528168|19.805878]19.143625 19.109626
- ; : : 1 :
¢] SSNRE vl AHeoldh of ZHrjd 2jshd Wdg MPMLQ
LY - o o 8 gl
MPMLQ= A% diejtiel 3leiA oF 0.0403252dB(% ) M;;'fo 18.960623 (8 704473{19.792524[19.142183( 19.149951
ol SAANE Bk a3 428 A|Rdo)HE )
SSNRe] 23} Z+& Mol Ao|ch Aol  |-0.000208|0.176305 |-0.013354|-0.001442|0.04032525
E 4.4 a3 wp2 LPC Al
Table 4.4 LPC cocfficient according to input signal.
Frame No.| Sub No. | Input Data Type| O° 1 2’ ¥y 4 R 6' 7 8’ 9
Sub 16hit 106 | 028 | 014 | 007 | 005 | 006 | -001 | 002 | 001 | -001
Framel 14bit 116 | 028 | 014 | 007 | 005 | -007 | 000 | 002 | 00t | -00i
Framel
Sub 16bit 119 | 025 | 012 | 007 | 004 | 007 | -001 | 0.4 | 000 | -0.02
Frame2 14bit 119 | 025 | 0412 | 006 | 004 | 007 | 00t | 003 | o1 | -002
Sub 16hit 1.4 | oot | 004 | 001 | 005 | 000 | 002 | 004 | 002 | 003
Framel 1 4bit 103 | ooz | 004 | 001 | 005 | 00 | -002 | 004 | 002 ] 003
Frame2
Sub 16b 098 | 006 | 007 | 025 | -002 | 002 | 007 | 017 | -009 | 000
Irame2 L4bi 098 | 006 | 008 | 026 | -003 | -002 | 007 | 016 | 008 | 000
Sub 16bit 104 | 007 | 007 | 023 | 025 | 017 | 00t | 006 | 011 | 014
Framel 14bit 104 | 2007 | 007 | 023 | 025 | 016 | 001 | 006 | 010 | 0.14
Framcl
Sub t6bie 147 | 034 | 003 | 002 | 015 | 031 | 025 | 605 | 017 | ot
Frame?2 14bit (17 | 034 | 004 | 000 | 045 | -031 | 025 | 006 | 0.16 | 0.10
Sub 16bit 103 | 041 | 047 | 037 | 039 { 036 { 015 | 004 | 003 | 002
Framel 14bit to2 | -040 | 047 | 038 | 039 | 035 | 015 | 004 | 003 | 002
Frame4
Sub 1 6bit 076 | 010 | -009 | 015 } 025 | 018 [ 001 | 005 | 018 | -006
Frame2 14bit 075 ) onn | 010 | 015 | 025 | 017 | 001 | 005 | 018 | -0.16
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Table 4.6 Result of the modified fixed-codebook gain table.
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3.30 | 18.930483

18.504933 1 19.015878

19.083725

18.883755

3.20 | 18B.862725

18.431285: 19.696878

19.060795

19012921

3.15 | 18.885565

18.440141 1 19.001210

18.984715

18.827908

3.10 | 18.838737

18.360917 | 18.899321

18.975052

18.768507

305 13.830138

18.401235 18.881705

19.010492

18.793393

3.00 | 18.895964

18.400103 1 18.991735

18.945787

18.808397

2.95 |18.800673

18.398784 | 19015147

19.002738

18.804336

290 | 18.665758

18.331247 | 18.892154

19.022310

18.727867

2.85 | 18.768745

18.339046 | 19.412915

19.038763

18.889867

2.80 |18.882442

18.411210|19.431759

18.996191

18930151

2.75 | 18.834839

18.691732119.518333

19.122577

19.041870

2.70 {18.960623

18.704473 | 19.792524

19.142183

19.149951

2.65 | 18.780226

18.500174| 19.703118

19.035414

19.004733

2.60 | 18911410

18.314914 1 18.766943

18.775210

18.692119

B 4.7 G7231 7} B%

w2 Al

Table 4.7 Computation-tim¢ about cach module of G.723.1.

Module Profile(%) ;mplcm;"l'm

High Pass Filier 0.416 0418 | 0.117

LPC Analysis 4.009 4.008 | 1.122

I.SP Quantizer 3.495 3493 | 0978

LSP Decoder 0.022 0.020 | 0.006

LSP interpolation 0275 0274 | 0077
Formant Perecptual Weighting 1.705 1.708 | (0478
Pitch Estimator 9.559 9560 | 2677
Harmonic Noise Shaping 1.345 1.348 | 0387
Impulse Response Calculation 2.789 2.787 0780"
Zero Input Rcsp;;r;sc 2.840 2-.;39 0.795
Pitch Prediclor 33.661 32.640 | 9.139
MPMLQ 36302 | 37.303 | 10.445

Excitation Decoder 0.523 0533 | 0.149
Pitch Decoder 0.109 0.108 | 0.030
Mcmory Update 2,950 2970 .0.832

E 4.8 42430 748 2%
Table 4.8 Result of real-time implementation
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