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Abstract Speech recognition is becoming a popular technology for the implementation of human interfaces. How-
ever, conventional approaches to large vocabulary continuous speech recognition require a high performance CPU.
In this paper, we describe a speech-recognition system designed using a C-based design methodology and compare
several hardware implementations for the computationally intensive parts. Pipelining, parallel processing, buffer
memory solution, and for loop unrolling to compute the Hidden Markov Model (HMM) output probability at high
speed were implemented and their performances evaluated. It is shown that designers can rapidly explore a wide
range of complex circuits using this methodology and that real time speech recognition in small portable systems is
possible.
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computation
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Table 1 Number of integer bit

By ML | BEEREE (%)
TRENBUR 94.72
11bit BE/INUR 4.36
12bit B/ 13.54
13bit BRI 18.51
14bit EE/NUR 94.72
15bit BEE/MEUR 94.72
16bit EE/INEUR 94.72

%2 /MYy b LBERER
Table 2 Number of decimal bit

MR M | BEEREE (%)
TREN/ VR 94.72
15bit EE/MUR 0.55
16bit BEIE/MSUR 0.55
17bit BEE/NEUR 13.42
18bit BB/ 94.72
19bit BB/ 94.72
20bit EE/NMEUR 94.72
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Table 3 Design results

[EIBEHERE EIERKUHE | JLIERFRY

gates ms

DY I ] 17,580 25.77
HME 2K8E RAM H#ElEL | 28,540 14.07
UHME 2KE RAM #lHb | 28,781 11.41
YRR 4 KE RAM Fl%L | 50,709 6.13
WHBLE 4 3KE RAM HEHO | 49,418 5.77
RATSSAV0E RAM 28l L | 50,418 5.90
A TS 0E RAM 28I1H 0 | 49,105 5.40
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Table 4 Data buffering

EIBEHRRY EIREHRE | LR
gates ms
O—fr vy VILE 46,868 20.71
WHLE 23K RAM 284U | 88,220 10.32
AFNE 2 KEE RAM SEHY | 87,600 10.37
AFPAE 4 KE RAM 9#l%xL | 168,830 5.17
UHNE 4 KEE RAM D8IHb | 167,982 5.19
RALTS54 08 RAM 28k L | 167,982 4.90
NRALTS54 08 RAM %IHD | 166,846 4.89
#£5 75%< unroll #IF
Table 5 Pragma unroll
[EIEEHE AR EIBEAIA | ALTERERY
gates ms
U—br vy VILE 41,867 4.03
WHHNE 2 RHE RAM HEIEL | 79,778 5.63
WHNE 258 RAM o#lHb | 79,643 3.61
UFNE 4 RE RAM 28 L | 150,603 4.82
WHIAE 4 RE RAM H#lHY | 149,679 1.60
LTS5 4 08 RAM #lxL | 138,058 5.13
RATSA4 V0B RAM HElHD | 142,609 1.26
%6 T—ENRyT7rERL TS Y unroll
Table 6 Data buffering and pragma unroll
EIBEHE AR [EIBEHRE | ALEBRERY
gates ms
=4 vy v VILE 73,184 6.47
WHANE 2 K8E RAM 28l L | 140,829 4.35
YHPNE 2KHE RAM 28lHD | 142,249 2.64
UFULE 4 RKE RAM HEIEL | 273,128 4,27
RULE 4 RKHE RAM HEIH Y | 277,346 1.47
RATS54 V0B RAM 2817z L | 269,778 4.36
NRALTS4 /508 RAM 438150 | 268,703 1.12
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