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Foreword

The Defense Advanced Research Projects Agency sponsored a meeting on
June 3, 1982, at Lincoln Laboratory to review the results of the DARPA
Packet Speech Program and to demonstrate packet speech technology to a
group of invited visitors from the Department of Defense. The purpose of
this document is to record the proceedings of the meeting by collecting the

visual aids used in the technical presentations and in the demonstration.
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PACKETIZED SPEECH QOVERVIEW
3 JUNE 1982

LT. COL. DUANE A. ADAMS
DARPA



PACKETIZED SPEECH

OBJECTIVES

ACHIEVE POINT-TO-POINT AND CONFERENCED
NARROWBAND DIGITAL SPEECH THROUGH PACKET-
SWITCHED NETWORKS

DEVELOP ALGORITHMS FOR DEGRADED SPEECH
ENVIRONMENTS

DEMONSTRATE MULTI-USER INTEGRATED DATA/
VOICE TRANSMISSIONS

MAINTAIN COMPATIBILITY WITH END-TO-END
SECURITY AND INTERNET PROTOCOLS

DEVELOP LOW-COST PACKET SPEECH HARDWARE




PACKETIZED SPEECH

MAJOR THRUSTS
= ALGORITHMS
— NETWORKS
— HARDWARE




PACKETIZED SPEECH

Y

TIME

SPEECH FREQUENCY RANGE: 0-4000 Hz
SAMPLING FREQUENCY: 8000 SAMPLES/SEC
PCM DATA RATE: 64,000 BITS/SEC



PACKETIZED SPEECH

VLR LPC APC CVSD PCM
o | I S o ek T 0 | | ] VDY B P a1 L% | | e
100 1,000 10,000 100,000
PHONEMIC FORMANT SPEECH WAVEFORM DIRECT
TRACKING MODELS TRACKING DIGITIZATION

DIGITAL SPEECH REPRESENTATIONS




PACKETIZED SPEECH

WHY NARROWBAND?

— FACTOR OF 25 REDUCTION IN BANDWIDTH
OVER PCM

— INTELLIGIBILITY VERY GOOD
— COMPUTATIONALLY FEASIBLE
— MULTIRATE PERMITS SERVICE UNDER

OVERLOAD AND DEGRADED NETWORK
CONDITIONS
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PACKETIZED SPEECH

VOCODER ALGORITHMS
— LINEAR PREDICTIVE CODING (LPC)
— CHANNEL VOCODER
— HOMOMORPHIC VOCODER
— SPECTRAL ENVELOPE ESTIMATION



PACKETIZED SPEECH

CONTROL PACKETS

HEADER CALL SETUP

DATA PACKETS

HEADER DIGITIZED SPEECH

10
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PACKETIZED SPEECH

NETWORK ISSUES | -

NETWORK DELAYS

VARIANCE IN PACKET DELIVERY

LOST PACKETS AND PACKET REASSEMBLY
NETWORK CONTROL STRATEGIES

PACKET AGGREGATION

12




PACKETIZED SPEECH

ADVANTAGES OF PACKET SPEECH

— INTEGRATED VOICE AND DATA

— INTERNET

— SILENCE DETECTION

— VARIABLE RATE SPEECH

— BROADCAST/CONFERENCING

— SURVIVABLE SPEECH, IF DESIRED

15
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PACKETIZED SPEECH

PACKET TO CIRCUIT INTERFACE

WB SATNET

PBX

-
P

STNI
PVT | caRD
T
PACKET/
CiRcUIT L==ANBIER
INTERFACE
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PACKETIZED SPEECH

MAJOR MILESTONES

- 1974

1976

1977

TR =il = et e i

CVSD DEMONSTRATED ON ARPANET

LPC DEMONSTRATED ON ARPANET

NVP PROTOCOLS DEVELOPED

LPC CONFERENCE ON ARPANET

VARIABLE FRAME RATE LPC

17



PACKETIZED SPEECH

MAJOR MILESTONES (CONT.)

1978 CVSD DEMONSTRATED ON PACKET RADIO NET
SATNET CONFERENCING WITH LPC

SPECTRAL ENVELOPE ESTIMATION ALGORITHM

1979 REAL-TIME VARIABLE RATE CHANNEL VOCODER

INTERNET SPEECH DEMONSTRATED

1980 VOICE TERMINAL DEMONSTRATED ON LOCAL NET

18




PACKETIZED SPEECH

MAJOR MILESTONES (CONT.)

1981 NVP-1I/ST PROTOCOLS
CHI-5 ARRAY PROCESSOR DEVELOPED
LPC SPEECH ON PACKET RADIO NET

PCM ON WIDEBAND CHANNEL

L)



PACKETIZED SPEECH

MAJOR MILESTONES (CONT.)

1982 COMPACT LPC VOCODER (NEC)
LPC ON WIDEBAND NETWORK

MULTI-RATE SPEECH ON WIDEBAND
(PCM AND CVSD)

INTERNET CONFERENCING

MOBILE LPC ON PACKET RADIO NET

20




PACKETIZED SPEECH

@a @J
?I ﬁ;’
ARPANET f
MP AP . CHI ™X2 FDP
32 120 0
CHI SYSTEMS LINCOLN LABS

INITIAL NETWORK LPC
DENMONSTRATION
(December 1974)
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SUMMARY OF

PACKET SPEECH DEMONSTRATION SEQUENCE
JUNE 3, 1982

LOCAL CALLS ON LINCOLN LEXNET
POINT-TO-POINT
1. PCM (64 KBPS)
2. ECVSD (16-64 KBPS)

5. LPC (2.4 KBPS) USING SINGLE-CARD LPC IN PVT)
CONFERENCE

4,  PCM 4-PARTY CONFERENCE

CALLS OVER WIDEBAND SATNET
POINT-TO-POINT
v POMILL -~ 18]

6. PCM LL - SWITCHED TELEPHONE NETWORK INTERFACE AT ISI
(CALL TO LOCAL L.A. WEATHER)
CONFERENCE
/. 3-SITE, 4-PARTY LPC CONFERENCE
LL (2 PARTIES ON LEXNET)
IST (ON LEXNET)

SRI (ON PRNET UNIT IN SPEECH LAB, USING CHI-V LPC
AND SIUY

POINT-TO-POINT (MOBILE)
8, LPC SRI (MOBILE PRNET UNIT) - LL (LEXNET PVT)

MOBILE VAN RUN DEMONSTRATING PRNET SPEECH AND
ALTERNATE ROUTING

24
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SPEECH CONFERENCING

JAMES W, FORGIE
MIT LINCOLN LABORATORY



QUTLINE

1. VOICE CONFERENCING SYSTEM DESIGN ISSUES
2, HISTORY OF PACKET COMFERENCING

3. CURRENT WB NET CONFERENCING SYSTEM

6l



VOICE CONFERENCING SYSTEM DESIGN CHOICES

1. SUMMATION OR SIGNAL SELECTION

2. VOICE OR PUSH-BUTTON CONTROL

3. CENTRALIZED OR DISTRIBUTED CONTROL
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ADVANTAGES OF PACKET TECHNIQUES FOR CONFERENCING

1, EFFICIENT USE OF COMMUNICATION RESOURCES
2. CONCURRENT EXCHANGE OF VOICE AND CONTROL MESSAGES
3, EASY AUGMENTATION FOR MULTIMEDIA CONFERENCING

4, SIMPLE IMPLEMENTATION OF DISTRIBUTED CONTROL
FOR SURVIVABILITY -
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WIDEBAND INTEGRATED VOICE/DATA NETWORK

CLIFFORD J. WEINSTEIN
MIT LINCOLN LABORATORY



WIDEBAND INTEGRATED VOICE/DATA NETWORK
®MOTIVATION FOR WIDEBAND EXPERIMENT
oEXPERIMENTAL SYSTEM DESCRIPTION
© CHANNEL ASSIGNMENT AND PACKET MULTIPLEXING

®EXPERIMENT STATUS
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CONCENTRATOR/GATEWAY
FUNCTIONS
®GATEWAY BETWEEN WB SATNET AND LEXNETs, PRNET, ARPANET, EDN
oSTREAM (ST) PROTOCOL FOR EFFICIENT PACKET SPEECH

eDoD STANDARD INTERNET PROTOCOL (IP) FOR DATA AND CONTROL

LPLEMENTATIONS

o MINICONCENTRATOR (LINCOLM)

- PDP-11/44 WITH Z80-BASED PACKET PROCESSOR
- DEVELOPMENT TESTBED FOR INTERNET STREAM PROTOCOLS

® VOICE FUNNEL (BBN)

- MULTIPLE MC68000 PROCESSORS CONNECTED VIA BUTTERFLY SWITCH

- VERY HIGH THROUGHPUT CAPACITY (2-20 MBPS)
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18 NOV 81

22 JAN 82

3 FEB 82
22 FEB 82
4 MAR 82
9 APR 82
22 APR 82

/ MAY 82

13 MAY 82
21 MAY 82

1 JUNE 82

WIDEBAND NETWORK SPEECH FXPERIMENT MILESTONES

LL TO IST (PCM, 2 CONVERSATIONS, ONE USING STNI AT ISI)

PCT=—=PC] } VIA SATELLITE { 2 HOSTS ON LL PSAT
PCI—LEXNET 2 CONVERSATIONS
FUNNEL AT LL TO GATEWAY AT ISI (PCM)

PCI AT LL TO PCI AT DCEC (2 CONVERSATIONS)

3-SITE SPEECH (LL, ISI, DCEC) IN 2-PARTY COMBINATIONS
FUNNEL AT LL TO FUNNEL AT ISI

SRI (LEXNET) TO ISI (LEXNET)

SIMULTANEOUS LPC CALLS
PVT (LL) —=PRNET (CHI-V) AT SRI
PVT (LL>—=LEXNET (AP120B) AT ISI

2-SITE (LL/ISI), 3-PARTY PCM CONF
3-SITE LPC CONF: PVTs AT LL, ISI, SRI

3-SITE LPC CONF: LEXNET PVTs AT LL, ISI; PRNET AT Skl
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EUTURE DIRECTIONS

o MULTI-USER, MULTI-SITE EXPERIMENTS

- MULTIPLEXING TO TEST SYSTEM LIMITS
- ADAPTIVE TRAFFIC CONTROL OF VOICE AND DATA
- INTERNET VOICE CONFERENCING
- VOICE-CONTROLLED SYSTEMS
© PACKET VIDEO DEVELOPMENT/EXPERIMENTS

® SECURE PACKET SPEECH SYSTEM DEVELOPMENT/EXPERIMENTS
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PACKET RADIO SPEECH

EARL J. CRAIGHILL
SRI INTERNATIONAL
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PACKET RADIO CONCEPTS

e BROADCAST RADIO
® PACKET-SWITCHED
® MULTIPLE ACCESS
o MULTIPLE-HOP

e MOBILE OPERATION

e AUTOMATED NETWORK
MANAGEMENT AND CONTROL
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ALGORITHMIC ACHIEVEMENTS

JOHN MAKHOUL,

VISHU VISWANATHAN
BOLT BERANEK AND NEWMAN INC,



MAJOR CONTRIBUTIONS

-~ @ Fundamental Understanding of the Basic
Theoretical Issues of Speech Coding at Data
Rates Ranging From 64,000 bits/s Down

to 100 bits/s

e Development of Practical Coding Algorithms
That Maximize Speech Quality and Intelligibility

® Dissemination of Information to DoD Agencies
and Scientific Community at Large

91



HO33dS
QIZISIHLNAS T

H3IZISIHLNAS [¢—
(4) x

4300230

T3INNVHI
NOISSINSNVH.L

nk

H43Q0ON3 A_ﬂ.mmﬂﬂdzq
nx

|

43A1303Y

Y431 1IWSNVYHL

HO33dS
(y)s Q31dAVS

92

N3 LSAS NOISSIHdINOI HO33dS ¥V 40 SLNINOJINOD



"HIMOd NOISSINSNYHL MO

SNOILYOII1ddV
W3 LSAS ONININ ANV AAVN

SNOILVIINNWWNOI 4H

SNOILYIINNWWOI INITIHIM
"ALITYNO SNOILVIINNAWOD

HJ33dS ALITVNO HOIH

HJ33dS ALITVYND HOIH

SHHVIN3Y

S/S119 00€ - 0Sl

S/S1149 008 - 00¥
S/sLigM v'¢-G'L

S/S119) 96

S/SL1aX 9l

S/sL11aM v9

31VYH - 119

H3IA0J0A LN3IWOD3S

S43A09d

31VvHd

NOILVZILNVYND HOLI3A 119

. . MO
"313 'H3AOIJ0A TINNVHI Jd’1
SH3dO0I a3110X3

- 3010A HO (299) SH3A02

SH3A0J ANva3svd 31VH

119

(0dV) S43AO0D WNIa3w
JAILI1A3Hd IAILAVAY

43d09D

W3d 9071 119 -8 v 3lvy 119

HOIH

———————r

3dAl

SH3IA0I HO33dS 40 S3dAL

93



il

'

HO33dS d3.1114
(3).s = ONIdVHS

(1)n
TYNDIS NOILONNA
s NOILV110X3
NOILVYLIOX3 HO 39HNOS

JILIHLINAS IVH193dS

bl

(3).%

1dAdOIN SISTFHLNAS TVHINIO V

94



SOURCE MODELS
FOR LOW BIT RATE VOCODERS

1. Pulse/Noise Model

I e l , | e Pulse Source for Voiced

o Sounds
Pitch Period
fate . TT 40 Random Noise for Unvoiced

S O SR A Sounds

® Developed Robust Pitch and Voicing
Extraction Algorithms

® Model too ldealized for Certain Sounds
— Buzzy Speech Quality

2. Mixed-Source Model
® Uses Pulse and Noise Sources Simultaneously

® Eliminates Buzzy Quality and Produces More
Natural-Sounding Speech

® Application in Phonetic Synthesis and Text-
to-Speech Systems
95



SPECTRAL MODELS

Linear Prediction (All-Pole) Model: LPC Vocoder
Filter-Bank Model: Channel Vocoder

Cepstral Model: Homomorphic Vocoder
Formant Model: Formant Vocoder

Spectral Amplitude Representation: Spectral
Envelope Estimation Vocoder

Pole-Zero Model

WHAT WE LEARNED:

An Accurate Representation of the Short-Term
Speech Spectral Envelope, Especially at Spectral
Energy Peaks, Is Necessary for Good-Quality
Speech Synthesis
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SPECTRAL MODELING BY LINEAR PREDICTIO:.
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CONTRIBUTIONS
IN LINEAR PREDICTION

1. Fundamental Understanding of Linear Prediction

— Relation Between Time Domain and
Frequency Domain

— Spectral Matching Properties
2. Lattice Analysis and Synthesis Structures

— Filter Stability

— Quantization and Roundoff Properties
— Hardware Implementation

— Adaptive Algorithms

3. Fixed-Point Implementation

4. Results Used In Other Fields

39
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QUANTIZATION OF
SPECTRAL PARAMETERS

® Quantization Properties of Different Parametric
Representations

— Reflection Coefficients {Ki}

® The Notion of Spectral Sensitivity for Optimal
Quantization

— Log Area Ratios {L;!

— Arc Sine Parameters

VOCAL TRACT MODEL

i+1 e Iog 1+Ki
A. 1-K;

|
101
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VARIABLE FRAME RATE TRANSMISSION

IDEA:

— Coder Parameters Are Transmitted Only if They
Have Changed Sufficiently Since the Last Transmission

METHOD:

— Transmit Selected Frames of Parameters, with the
Selection Made Independently for Pitch, Gain and
Spectral Parameters

— Reconstruct the Untransmitted Parameters by Linear
Interpolation

i R —\/\\

TIME
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VARIABLE FRAME RATE
TRANSMISSION-RESULTS

Bits/s

1. Fixed Frame Rate
100 Frames/s 5600

2. Variable Frame Rate
Average: 31 Frames/s 2075

RESULT:

Systems 1 and 2 Produce the Same
Speech Quality
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" ROBUST PERFORMANCE UNDER
TELEPHONE SPEECH INPUT

® Frequency Distortion Caused by Telephone
Access to the Packet Voice Network

® A Blind Deconvolution Approach to
Remove the Effect of the Telephone Channel

® Adaptive Filtering Techniques to Reduce
the Effect of Echo on Vocoded Speech
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MEDIUMBAND SPEECH CODING

-

TRANSMITTER]
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MULTIRATE SPEECH CODING

® Transmission at a Wide Range of Bit Rates
to Accommodate Varying Traffic Loads on
the Packet Network

® Embedded-Code Systems
® Specific Designs Considered:

— CVSD/PCM (16 to 64 kbits/s)

— LPC Vocoder/Adaptive Transform Coder
(2.4 to 16 kbits/s)

— Channel Vocoder/Sub-Band Coder
(2.4 to 9.6 kbits/s)
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STATE-OF-THE-ART
IN SPEECH COMPRESSION

® Virtually Transparent Speech Quality
at 16 kbits/s

® Quality and Intelligibility Degrade With
Decreasing Bit-Rate,
Especially

— Below 4.8 kbits/s
— For Female Speech

— Under Acoustic Noise and Channel
Distortion Conditions

® Substantially Improved Intelligibility
and Quality of 2.4 kbits/s Vocoders
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AREAS OF FURTHER RESEARCH

PROBLEM: How to Maximize Speech Quality
and Intelligibility for Every bit That We Use
in Transmission?

® Source Modeling
— Pitch and Voiced/Unvoiced Decision

® Spectral Modeling
— Female Speech

@® Pattern Recognition and Information
Theoretic Coding Techniques

® Understanding and Modeling of the Effects
of Coding Techniques on Human Speech
Perception

110



VERY LOW RATE VOCODER

RICHARD SCHWARTZ
BOLT BERANEK AND NEWMAN INC.



VERY LOW RATE VOCODER

® Requirements

— 100-200 bits/s
— Intelligibility in a Conversation
— Naturalness

® Applications

— Low Power Communication

— Degraded Channel Conditions

— “Burn Through” Jamming Networks
— Speech Storage

111



VERY LOW RATE
VOCODERS

1. Phonetic Vocoder~100 bits/s

2. Segment Vocoder ~150-300 bits/s

112
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FEASIBILITY STUDY

© Approach

— Feature-Based Phonetic Recognition
— Phonetic Synthesis-by-Rule

® Conclusions

— Over 80% Correct Phonetic Recognitior
Is Necessary for Intelligibility in Context

— Phonetic Synthesis Must be Improved
to Obtain Desired Natural Speech Quality
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PHONETIC VOCODER

© Requires Phonetic Recognition
— Still a Difficult Problem

® Requires Manual Labeling of
Diphones

— Labor Intensive
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SEGMENT VOCODER

® A Segment Is a ““Diphone-Like” Sequence of
Spectra Between Two Steady State Sounds

@ Segment Templates Are Selected Automatically
(Unsupervised)

— There Is No Phonetic Labeling

@ Result: Segment Vocoder Speech Is
Intelligible at About 150 bits/s
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BIT ALLOCATION
FOR SEGMENT VOCODER

Bits/Segment

Segment Template Code 10
Segment Duration 1%
Pitch 1
Energy 1%
Total Bits/Segment 14
Average Segment Rate 11 per sec

Average Bit Rate = 11x14 = 154 bits/s
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PACKET VOICE TERMINALS
AND
THE LEXNET LOCAL NETWORK

GERALD C. O'LEARY
MIT LINCOLN LABORATORY



PACKET VOICE TERMINAL AND LEXNET

R ® PYT REQUIREMENTS

®ARCHITECTURE

® SPEECH PROCESSOR OPTIONS

o LEXNET

o CURRENT STATUS

oFUTURE DIRECTIONS
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PACKET VOICE TERMINAL RFQUIREMENTS

o ACCOMMODATE PCM AND NARROWBAND SPEECH PROCESSORS
¢ [MPLEMENT PACKET VOICEtPROTOCOLS

e SUPPORT CONNECTION TO DIFFERENT PACKET NETS
oTELEPHONE-LIKE USER INTERFACE

® SOURCE OF PACKET SPEECH TRAFFIC FOR WIDEBAND PACKET
VOICE EXPERIMENTS
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TERMINAL DESIGN

®MICROPROCESSOR CONTROLLED MODULES (8085 SERIES)

oFUNCTIONAL PARTITIONING FOR FLEXIBILITY

(A) LOCAL NET INTERFACE (2K ROM, 2K RAM)

(B) PROTOCOL PROCESSOR (2K ROM, 10K RAM, 32K RAM/ROM)
(C) PCM CODEC AND VOCODER INTERFACE

(D) TELEPHONE INSTRUMENT

(E) NARROWBAND VOCODER (INTERNAL/EXTERMAL)

o PROTOCOL PROCESSOR SUPPORTS NVP-11 AND ST PROTOCOLS AND
CONFERENCING (~ 28K BYTES) e

¢ INTERFACE TO LINCOLN EXPERIMENTAL NETWORK (LEXNET)

(A) EXPLOITS LOCAL NETWORK TECHNOLOGY (SIMILAR TO ETHERNET)
(B) CSMA/CD TRANSMISSION PROTOCOL

©200 INTEGRATED CIRCUITS, 40 WATTS, 8-1/2" X 10-1/2" X 16-1/2" E
PACKAGE
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SPEECH PROCESSOR OPTIONS
o64 KBIT/SEC PCM

®16 - o4 KBIT/SEC EMBEDDED CVSD

e 2400 BIT/SEC LPC

o SWITCHED TELEPHONE NETWORK INTERFACE CARD

o NETWORK TIMING MEASUREMENTS CARD
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EMBEDDED VOCODER

oVARIABLE RATE VOCODER
®RATE-QUALITY TRADE-OFF
oGENERATE PACKETS OF DIFFERENT PRIORITIES

® ASSUMES A NETWORK WHICH DISCARDS LOW PRIORITY PACKETS
WHEN CONGESTED

® RECEIVER WILL MAKE BEST RECONSTRUCTION WITH WHAT IS
RECEIVED

® EXPERIMENTAL REALIZATION

16 KBPS CVSD MINIMUM RATE
ERROR SIGNAL QUANTIZED TO 2, 4, OR 6 BITS
RATES 16, 32, 48, OR 64 KBPS

FORMS PACKETS OF DIFFERENT PRIORITIES
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LINCOLN EXPERIMENTAL PACKET VOICE NFTWORK C(LEXNET)

® CONNECTS PVTs TO FORM DISTRIBUTED TELEPHONE SYSTEM

o CONCENTRATOR INTERFACE BOX PROVIDES HIGH RATE CONNECTION TO
SATELLITE CHANNEL

o CONFERENCE ACCESS CONTROLLER

o LINCOLN"S NET SPANS ABOUT 1000 FEET

o] MBIT/SEC ON RG-53/U COAXIAL CABLE



SUMMARY

®CURRENT STATUS

NETWORKS AT LINCOLN (2),
IS]
SRI
DCEC

10 TERMINALS

® FUTURE DIRECTIONS

INTEGRATE PACKET VOICE CAPABILITY TO OTHER
DoD DATA NETWORKS

SECURE SPEECH TERMINALS

TECHNOLOGY TRANSFER

VOICE CONTROLLED CONFERENCE SET UP

NETWORK TIMING MEASUREMENTS
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COMPACT LPC VOCODER

JOEL A. FELDMAN
MIT LINCOLN LABORATORY



PYT SINGLE BOARD 2.4 KBPS LPC VOCOBER

HARDWARE
ARCNITECTURE
PROCESSORS° TASKS

PROCESSORS’ REAL-TIME AND MEMORY USAGE

INITIALIZATION OPTIONS
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FLEXIBLE ARRAY PROCESSORS

GLEN CULLER
CHI SYSTEMS, INC,



DEVELOPMENT OF FLEXIBLE ARRAY PROCESSORS

ARRAY PROCESSOR OVERVIEW

SIGNAL PROCESSING FRO ARC

THE FIRST LPC SPEECH ON ARPANET

THE FPS-120B COMMERCIALIZATION

THE PLASMA SIMULATION SPINOFF

THE LPCAP

THE CHI-5, A GENERAL PURPOSE ARRAY PROCESSOR

CHI-5 ARCHITECTURE ONTO VLSI CHIPS
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CHI-5 CHARACTERISTICS

GENERAL PURPOSE COMPUTER WITH ARRAY PROCESSOR INTERIOR
TWO ARRAY MEMORIES 1024 WORDS EACH
MATRIX ADDRESSING FOR ARRAY MEMORIES
FOUR STAGE PROGRAMMABLE PIPELINE
16 PORT MEMORY
8 PROCESS PORTS
8 10 PORTS

Q-BUS AND UNIBUS INTERFACES

TWO CHANNEL RS-232 INTERFACE
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CHI-5 EXECUTION TIMES

DOT PRODUCT: N/4  usec

LATTICE REDUCTION: N/2  usec

2 MULTIPLIER LATTICE FILTER: IN  wusec
(10 POLE)

RUNNING AVERAGE: /5N usec «

FLOATING POINT:

ADD 3 usec
MULTIPLY 3 usec

DIVIDE 8  usec
LOGARITHM 10 usec

FFT:

128 COMPLEX 1.24=. 1.5 msec
1024  COMPLEX 11.50°="1550 mser
1024  COMPLEX .20 - 8,0 msec

LPC (164 POINT FRAME):

COEFFICIENT ANALYSIS 2.3 msec
(BERG REDUCTION)

PITCH ANALYSIS 1.6 msec
SYNTHESIS ARG T T

TRANSFER RATE: 1 MILLION WORDS/SECOND
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ARRAY PROCESSOR ARCHITECTURE

1/0 CONTROL
e T
1/O DATA = I
I MEMORY CONTROL f=—X
DR |_ v
MEMORY [ FER e
- — vy
L L PROGRAM
DX DY MEMORY
|
. e X ADDRESS [ X Y.l
~— " | MEMORY CONTROL |y MEMORY
. &
Xk [ | ' y
i | | ]
ADDRESS ] ADDRESS[*—X
y —s| CONTROL MEMORY CONTROL |
SHIFTER SHIFTER
> XL |- > YL |=
>| MA | MULTIPLIER | MB [J
| =%l =
X Y MP s
e ke
W —— W, —— Y e
Y ——] Y VY e
-t G __>H
— -
i e e
= e
V s
U -4
=t |
2 TR =toul L:‘ v | l—: w J
+|REG ~ |REG ~|REG »| REG
: -
| "X
Y 1 § A

FLOATING POINT AND
OTHER OPERATORS

B47T-1
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VLS ARRAY PROCESSOR

EDWARD GREENWOOD
MOTOROLA - GOVERNMENT
ELECTRONICS GROUP
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SINGLE CHIP LPC

ROBERT BRODERSEN
UNIV. OF CALIFORNIA/BERKELEY
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'LPC Vocoder chip summary

t L

ARrea Power
(sq. mils) (milliwatts
Pre-amp — 400 S
. Hnti-aliacsing
& T ey — 2400 8
RGE fil % geggaa éala
LP ilters x X
S0 S50 otn 0 g
LFPC digital
correlator (750010 ,000 40 -
AsD converter - 10,000 159"
FPitch tracker :
tilters (/DDOO) 209 15
estimators 7 “/4880 o ARSI
Leoactitivig®” (7808 20 i
Formatting .
Interpolation
Clocks (2000) 8600 32
., Power amp & -
. output filt.- 2000 18 =
Total . 61,600 330
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