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SUMMARY

The purpose of the HCI project is obtaining both the chip solution based on the digital
signal processor (DSP) architecture for the implementation of the HCI specific ASIC and
the methodology for the development and the design for the HCI DSP. Doing the design
and development of the HCI DSP, a lot of data to be processed and the real-time operation
have to be considered in the technological aspect so that the HCI system can obtain the
high performance and it can be used conveniently in the practical environment.
Furthermore, one chip solution, which is called SoC (System on a Chip) that contains
processing unit, memory unit, I/O unit, and the specific intellectual property, is emerging to
satisfy the needs of the end-users. In this project the HCI DSP based on the
state-of-the-art implementation such as HMM engine, FFT engine, and low power
architecture is developing. Specific engines are to gain the high performance and the low
power technology is to save the power consumption of the HCI system so that it can be
used with the small battery.

The range of the research and development for the HCI DSP is presented in the section
3 of the first chapter. The second chapter presents the state of the national and
international R&D related to the HCI DSP. In the third chapter, the resuilts of R&D for
HCI DSP are represented in the R&D stage aspect. The R&D of the multi-processor
co-design methodology such as the analyses of both the commercial micro processor and
digital signal processor, how to design the optimized low power architecture for the specific
application field, and etc. was executed in the first stage. In the second stage, the HCI
DSP architecture was set up exploiting the analyses of the HCI algorithm and the data
structure for the independent speakers, the fixed-point digital signal modeling, and the
industrial-educational cooperation system. The achievement of the R&D for the HCI DSP
and the contribution to the related technological fields are presented in the fourth chapter.
Finally, using the results of HCI R&D, that one can apply a new process in industry and
its effect were mentioned in the fifth chapter.
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@ var @ NxM=*P+D*2B = 43KB
@ mixture weight : N«M=*P*2B = 2 4KB
Al: 88.4KB
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. 1% 928 (Dynamic memory allocation)
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Project

M Object
B Design Digital Signal Processor for Signal Analysis
I Application : All-Pole Modeling by Linear Prediction with Application to Signal Analysis

M Schedule
DATE  TASK
«  Istweek DSPII =@ 212l& A& X Proposal 4

+  2nd week C language £ 01206t Linear Prediction 212/ # 8
. 3rd week Instruction Set Design

. 4th week Assembler Design & Assembly Implementation

. Sth week Define Pipeline Stage

+  6thweek Data-Path Design(VHDL/ALTERA 0| &)

. 7th week Control-Part Design(FPGA, VHDL/ALTERA 0| S)
. 8th week 1/O-Part Design(FPGA, VHDL/ALTERA 01 8)

. 9th week Fault-Simulation Test

. 10th week Power Evalutation

. 1 1th week FPGA Board Implementation % DEMO Presentation
. 12th week Overall Test & Evaluation(Performance, Power, Size)
. 13th week Final Report &4

B DEMO Application 2% :  original signal £ &/ % 5} 0] predictor parameter(oeffients)E il
£ synthesis 5t 2 Ct. original signal Dt synthesize & signal@ ) 1 5t0{ 2Lk,

Abst

—

-

% 0| parameterE 01 &5t CHAl signal

2 A¥dd £4 Z2AL A4




B Date: March 15, 1999

W Author: 458

Project

M Title: Implementation of a low-pass FIR filter based on a DSP processor

W Objectives:

- Design and implement a DSP processor (ISA and Assembler)

- Design and implement a low-pass FIR filter

- Power estimation and fault simulation

M Specification:

- Sampling frequency:
- Passband frequency:
- Stopband frequency:

- Gate size:

- Power:

- Data bus width;

- Fault coverage:
M Demo Plan:

16 KHz
SKHz - Passband ripple:

6 KHz - Stopband attenuation:

less than 50,000 gates
less than {00 mW

16 bits

80%

The input signal (sound) below a specifiedpassband frequency is passed (heard),

and the input signal above thepassband frequency is rejected (not heard).

3dB
60 dB

M 3 FIP LP 98 A7
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LPC Coefficients:

Original Coefficients:

1.0000 1.0000
-1.9551 -2.1346
2.0439 2.5473
-1.3301 -1.9539
1.2354 1.6693
-1.5762 -1.3591
1.3301 1.5996
-0.4316 -0.5565
0.1045 -0.1212
-0.2070 0.1773
0.3906 0.1189
-0.0977 -0.0243
0.0107 0.0167

%239 Coefficient &t
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807 sample & PreProcessing block
A Lbe PreEmphasis Energy FFT
=4 160 240 4096
S 160 239 6144
L 1
HE2 1
10*log10()
loge()
BHA| =4 4496
e 6543
Ly 1
HE2 1
10*log10(| 0
)
Az 0
lea] g Pre~-Processing
T Static Memory Dynamic Memory
m_fpEne/m_pInEn|m_dpInS|m_{fpWinjm_{fpDatim_dpOut Pre.—Emp Energy |FFT
rgy ergy pec dow aAB Spec hasis
120 1016 131064 {960 2048 164088 |fpInBuf
U & 10240
(Byte) fdpSpec
30720
farray
960
23 300k 10240 10240 41920
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C}t o4 A
8%?7H sample & At Melfiltering & Cepstrum
Melfiter  IDCT |Scale |°. & P “INormalize |2 Y M @M ITC
Window Cepstrum
=4 234 288 |9 8 1 27
R 202 279 1
L 9
a2
10%log10() 32
loge() 1
=49 567
S 482
= Ly 9
= HEo 0
10*log10() 32
loge() 1
:1:%5% i Melfiltering & Cepstrum
TE Dynamic Memory
Melfilter IDCT Scale C. °© P "INormalize Dynamic
Window Cepstrum
fft_coeffs
162816
mfsc—>spectral_data
He 12800
(Byte) mfcc~>spectral_data
3600
cep
7632
o_data
7344
£ 162816 175616 16400 3600 3600 18576
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Window

Dynamic
Feature
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ROM RAM Data Regs Program Data Address Data Address PR_aUS
[ Sequencer Generator 1 Generator 2 PRABUS
DR_8US
; T DRA_BUS
- - - N NP E AU [ I ISP UE S S - - ] - —— - —— DRW_8US

-l

—{ ORWA_BUS

- el o o

BUS Arbitrator

- - - (- -

- - - v ol o e o - - - - - -

HX REG]| [HY REG|

[~ RrEG] [AY REG]

[wx AEG] [MY REG]

External Mem I/F

RAM H Her'aEG [ AzreG ] AR
f I I |
e e
) T T ) T T
ADC i/F DAC I/F TIMER WOT SIO GPIO
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Ad B3 HENHEASF)

SIC, st = src
MOVI #num,  dst dst = #num
LOAD [src], dst dst = [src] » [src]: = Source memory address
STORE Src, [dst] [dst] = src - [dsf] := Destination memory address
POP <dst1, dst2, ..> dst1 = Data_mem{SP++), dst2 = Data_mem(SP++), ...
PUSH <sred, sre2, ..> Data_mem(--SP) = src1, Data_mem(--SP) = src2, ...
LOADD $Smem, dst dst=$Smem
STORED src, $Dmem $Dmem = src
MDTD src, dst, {ftsize [dsf] = [src] T $Dmem = $Smem
$Smem, $Dmem, {#size
MDTP src, dst, {#size Having no size factor, controller uses repeat count register.
$Smem, $Dmem, {#size}
MPTD src, dst, #size}
$Smem, $Dmem, {#size}




$Xmem, $Ymem, dst dst’=3Xmem + $Y¥Ymem
ADDC Src, dst dst=dst+src+C

$Smem, dst dst=dst+ $Smem + C
SUB srcT, srcz, dst dst = srcT —src2

$Xmem, $Ymem, dst dst= $Xmem - $Ymem
SUBB sTC, dst dst = dst - src—¢

$Smem), dst dst = dst - $Smem —¢
INC src, {dst} dst=src+1 or src = src + 1
DEC src, {dst} dst=src-1 or src=src—1
CMP srcT, src2 srcT —sre2 ; only changes flag register
CMPI SIC, #num src - #num ; only changes flag register
MULC src, srcd, dst dst'=srcT ™ src2

$Xmem, $Ymem, dst dst = $Xmem * $Ymem
SQUR SrC, dst dst = src?

$Smem, dst dst = $Smem ?
MAC srct, src2 MAC _reg = srcT * src2 + MAC_reg

$Xmem, $¥Ymem MAC_reg = $Xmem * $Ymem + MAC_reg

*MAC_reg selection => MAC_reg0, MAC_reg1

SQURA src MAC_reg = src* + MAC_reg

$Smem MAC_reg = $Smem  + MAC_reg

*MAC_reg selection => MAC_reg0, MAC_reg1

ADDAC srcT, src2 AZ_reg = src +src2 + AZ_reg

$Xmem, $Ymem AZ_reg = $Xmem + $Ymem + AZ_reg




AND sret, src2,  dst dst = src1 & src2

$Smem, src, {dst} dst = $Smem & src or src = $Smem & src
OR sret, src2,  dst dst = src1 | sre2

$Smem, src, {dst} dst = $Smem | src or src = $Smem | src
XOR sre, Src2, dst dst = srct 2 src2

$Smem, src, {dst} dst = $Smem * src or src = $Smem * src
NOT SrC, {dst} dst = src or SIC = SIC

$Smem, dst dst = $Smem

SHR

dst = grc >> #um)

SIC, dst, #num
SHL SIC, dst, #num dst = src << (#num)
SAR 8IC, dst, #num dst = src >> (#num), dstiMSB] = src[MSB]
SAL SIC, dst, #num dst = src << (#num), dst{MSB] = src[MSB]
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P No operation
RESET Software reset
WAIT #num PC=PC+T, #num indicate power down mode
INTR #num - Data_Mem(--SP) = PC+1, PC=1VAR + #num
*Software interrupt, IPR - Interrupt Vector Address Register
CALLID} $Padr Data_Mem(--SP) = PC+1(or PC + 3), PC = §Padr
* 8P : Stack Point, Padr : Program address
RET{D} PC = Data_Mem(SP++)
RETHD} PC = Data_Mem(SP++), Interrupt control bit = enable
JMP{D} $Padr PC = $Padr, * Unconditional jump
JMPC{D} $Padr, @cond PC=3%Padr if @condistrue, else PC=PC+1
RPT{D} #num Repeat next single instruction by n-times, RC =#num
RPTB{D} $Padr Repeat next instruction block,
End_address = $Padr
Start_address =PC + 1or (PC +3)
BRC be set by data transfer instruction

AF gy MHESHMMAEL)

Initialize HMM bloc

|| hmm_src, dst dst=hmm_src ; to read HMM register

_WR Tsrc, hmm_dst hmm_dst = src ; to write HMM register
HMM_MDH | $Smem, $SHmem, #num $Hmem++ = Smem++, #num times
HMM_MHD | $Hmem, $Smem, #num $Smem++ = Hmem++, #num times
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1. Block Diagram for Processor Architecture

PARALLEL I/F MEMORY I/F

A



2. H/W for Matrix operation

BUSB
BUSA

3 30, PreprocessingS #3 ASSPe o}71€l 4



A/D Converter >
(8kHz, 16Bit)

Data Buffering(104)

(frame length:80, r—

overlap data:24)

H(z) = 1- 0.8z

Overlap and add

(overlap & add data==:48)

Filter Bank

(Pre-emphasis)

—

D/A Converter

H(z) = 1+ 0.8z1

(16Bit)

Trapezoidal
Windowing
(104 + 2404 '0")

<

¥ # 31. Preprocessing(Pre—emphasis) 52t Block Diagram
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MAl TAD A& s 9 MO

1998 | 1999 | 2000 | 2001 | 2002
Units by Recoding Media (K) 27,931| 29,983 31,674| 33,139| 34,335
Tape-bsed(K) 12,010 8,995 4,751 3,313] 1,716
Tape-less(K) 15,921 20,988 26,923 29,825| 32,618
Units by Feature Category(K) 27,931| 29,983| 31,674| 33,139| 34,335
Standalone(K) 13,966| 14,092) 14,253| 14,250 14,078
Integrated with Corded Phone(K) 3,212 3,298| 3,167| 2,983| 2,747
Integrated with Cordless Phone(K) 10,754 12,593| 14,254| 15,907 17,511
Factory ASP géit:a(;c))rdmg Media - 51.5| 49.1 46.9| 46.7| 45.6
Factory Revenu'e .by Recording Media 819.5 1,031.5| 1,262.4| 1,392.6/1,487.0

: Digital ($M)

Total Semiconductors ($M) 408.4| 441.9) 488.0 538.4| 582.0

Notes : Answering Machine A ZHE (5.5%) / Semiconductor A& HEE (9.3%)

Source :

DataQuest Jan.18, 1999

W 32, Ad7y @ TAD(Tapless Answering Device)olAdl B2 3 42 3 AlA A1 A% odF

*ASP :

Average Selling Price



.1 COMPARISON OF THE OVERALL POWER CONSUMPTION DURING OFF CHIP DRIVING

Pattern Coffchip | Unencoded BYoenvading PET e ding PN enco-ling

Names (pF) P ()
P(W) | Red.(%)| PGlW) | Red.(%)| PGW) | Red.(%)

10 27.9 28.2 -1.1 18.1 35.1 17.6 36.9

15 38.2 36.9 3.4 23.5 38.5 23.7 38.0

SpeechOutput 20 485 45,6 6.0 28.9 40.4 29.8 38.6

25 58.9 54.3 7.8 34.3 41.8 35.9 39.0

30 69.1 63.0 8.8 39.7 42.5 42.0 39.2

10 297 28.1 5.4 23.2 21.9 22.5 24.2

15 407 36,7 9.8 30.4 25.3 30.4 25.3

ClassicMusic 20 517 45.3 12.4 37.7 27.1 38.4 26.7

25 626 53.9 13.9 44.9 28.3 46.3 26.0

30 736 62.5 15.1 52.2 29,1 54.3 26.2

E.2 COMPARISON OF AREA, DELAY, AND POWER OF ENCODERS AND DECODERS

Fender Decadar
BI BITS HIHR BI BITS HIHR
Area(im’) 19076 18626 4659 2662 11392 9968
Delay(ns) 3.29 3.87 0.38 0.15 0.38 0.38
Power() 2309 2409 411 120 2102 1618

W 33, [RSIMoleke ¥ Za] SimulatorE A28t PowerE BT E( Time Delays HSPICEE A}-4)
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