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Automatic Speech Recognition (ASR)
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B pTE 20 42 50 4L 2 60 45, ET7% (Acoustics)
HMiEE2~ (Phonetics) HITHBIHIEF R RS,
{# FIRAR VTR ( Template Matching) 773335 3
BhL. ERAET.

F=FrE 20 fit22 60 AFAL A 80 4R, B 5
(Pattern Recognition) 75 #EF T H1 /NS IRAL17]
o RS A IR

EVURREL 20 fit4g 80 AFHLAJG, PR /RELRAEAL (Hidden

Markov Model, HMM) H] PAAEFEE H 9 sh )
A, AT EEEEIRARSG T, BETEHE
% (Statistical Model) {1475 5 1 8 B 7 B AIE S
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Thomas
Edison invents
the first dictation
machine

1784

o s D s ol e
1879

Wolfgang von
Kempelen creates
the Acoustic-
Mechanical
Speech Machine in
Vienna

IBM Shoebox
can understand
16 English words

IBM Tangora,
using the Hidden
Markov Model,
predicts upcoming

phonemes in

speech

Google launches
a voice search
app, bringing

speech
recognition to
mobile devices

Y S (i S

Harpy, created at
Carnegie Mellon
University, can
comprehend 1,011
words - and some
phrases

Bell Labs releases
Audrey, capable of
recognizing spoken

digits with 90%
accuracy - but only
when spoken by its

inventor

Speech-recognition word-error rate, selected benchmarks, %

Switchboard Switchboard cellular

Broadcast

The National
Security Agency
(NSA) starts using
speech recognition
to isolate key words
in recorded speech

Log scale
100

® ~ Meeting speech

speech \\_\_\!BM, Switchboard ”
‘\ , 4
The Switchboard corpus is a collection of recorded .5.1%
telephone conversations widely used to train and Microsoft 2017, Switchboard
test speech-rec ognition systems
1
T T T 1 T T T T T T T T | T 1 T T T T P g p—s Y ) o . B
1993 96 98 2000 02 04 06 08 10 12 14 16 17

Apple
announces Siri,
ushering in the
age of the voice-
enabled digital
assistant
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(:) Backfed Input Cell

v Input Cell

é:S Noisy Input Cell

@ Hidden Cell

© rrovablistic Hidden Cell
@ spiking Hidden Cell

@ outputcell

. Match Input Output Cell
. Recurrent Cell

. Memory Cell

. Different Memory Cell

) Kernel

Q: Convolution or Pool

Markov Chain (MC)

A mostly complete chart of

Neural Networks ........

©2016 Fjodor van Veen - asimovinstitute.org

Perceptron (P) Feed Forward (FF)  Radial Basis Network (RBF)

Recurrent Neural Network (RNN)
Py k) )

Long / Short Term Memory (LSTM) Gated Recurrent Unit (GRU)
-~ Ao L) L)

o —

N TR NN NN
WA DA I

s

Auto Encoder (AE) Variational AE (VAE) Denoising AE (DAE) Sparse AE (SAE)

Deep Belief Network (DBN)
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J
= Al 2 A




& i
WL ELES Y S NI EER

Deep Convolutional Network (DCN) Deconvolutional Network (DN) Deep Convolutional Inverse Graphics Network (DCIGN)

Generative Adversarial Network (GAN) Liquid State Machine (LSM) Extreme Learning Machine (ELM) Echo State Network (ESN)
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Deep Residual Network (DRN)
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Inpurc layer

convolution layer |

sub-sampling layer
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The main elements of speech production, acoustic transmission, and speech perception.

Speech production Acoustic transmission Speech perception
Sound wave
> <l :
(acoustics)
Vocal tract
{articulation)
Larynx
(phonation)
External Middle Internal
> car ear car
(hearing)
Lungs

(energy)




FPER (—)

TR

+ Robust
aqgainst channel
effects and
noise

- Difficult to
extract

- A lot of
training data
neede

- Delayed
decision
making

High-level features

Phones, idiolect
(personal lexicon),
semantics, accent,
pronunciation

+ Easy to extract

+ Small amount
of data
necessary

+ Text- and
language
independence

+ Real-time
recognition

- Affected by
noise and
mismatch

Prosodic & spectro-
temporal features

Pitch, energy,
duration, rhythm,
temporal features

Short-term spectral
and voice source
features

Spectrum, glottal
pulse features

Learned (behavioral)
Socio-economic status,
education, place of birth,
language background,

personality type, parental g Kk % ) H
influence

Physiological (organic)
Size of the vocal folds,
length and dimensions of
the vocal tract

FRHB M
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UBM component [ UBM component
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Five fully-connected hidden layers with ~ d-vectors Spk ID
P-norm (2000 --> 400) * 5 400

Feature maps Feature maps Feature maps Feature maps

Bottleneck
128@6*33 128@3%11 256@2*%8 256@2*4

Spk 1
Spk 2

Spk 3

Spk n-2

Spk n-1

Convolutional Max-pooling Spkn

Convolutional Max-pooling

Deep speaker
feature

Time-delay (-2, 2) Time-delay (-4, 4)
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DECtalk lets micros read
messages over phones

BY PEGGY ZIENTARA
Senior Editor

be use of the telephone as a

“universal terminal” came one step

closer to reality when Digital
MW(DEOM
a voice synthesizer umit that can “read™
aloud ASCHI text messages,

DECtalk, which the company says will
be available in March at a price of $4000,
allows you to call in to a personal com-
puter from anywhere in the world by
touch-tone telephone (including pay
phones), 1o hear electronic mail messages
stored in memory.

DECtalk can also “tell” you what you
Just typed into memory on the compater
keyboard if you simply press a punctisation
mark key and the Return key.

Business applications are expected to
include access 1o company data bases by
traveling sales representatives; access by
lawyers to public and private computer
files during trial breaks; direct customer
transactions with banks and stock broker-
age firms; direct catalog and retail sales;

via any touch-tone phone.

The DECtalk hardware, which fits
caslly under a 12-inch monitor, will
feature cight different types of voices,
including that of an old man, a deep-voiced
man, a typical middle-aged man, two
different women and a child. The unit
ataches 10 2 personal computer via an
RS-232C serial interface.

DEC claims to have licked the tradi-
tional voice technology trade-offs of hav-

ing ecither good wvosces with hmited
vocabularies or unlimited vocabularies
with poor voices. DEC's unit has a
“virtually unlimited vocabulary,” Kramer
said, and the speaking rate can be adpasted
from 120 to 350 words per minute. Tone
and modulation can also be regulated.

Heuristics — interpreting word con-
text 0 improve pronunciation — and a
canw«moddddnmwalm
allow DECualk to produce
mou.mmwuvuhuﬂnnluumd
digitized or synthesized voice technology,
Kramer explained.

The unit accepts ASCII text, which it
applies 10 an internal dictionary and a set
of letter-to-sound rules indicating proaun-
clation and context imterpretation to
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