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Speech has a central position in human communication

Bell (1876) 
discovery of 
telephone

Rayleigh (1900) 
theory of sound

Békésy (1961) 
frequency coding

Shannon (1948) 
speech & language 
transmission

Turing (1950) 
thinking machine

Speech 
spectrogram 
(1946)

Markov chain 
(Baum, 1960)

Understanding speech production and acoustics led to …

 Improved communication  Enhanced hearing

Itakura (1970) 
Autoregressive 
modelling

 Advanced speech technologies

 Text-to-Speech Synthesis (TTS)
 Automatic Speech Recognition (ASR)



Example of natural human-machine communication

… with the CRL statistical spoken dialogue manager
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Main Speech Technologies

Trend: End-to-end deep learning solutions

TTS NLGWords

Action

Dialogue 
Manager
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Combining speech with machine learning will lead to effective human-machine communication

1. natural, speech enabled, human-machine 
interface for information retrieval

Learn from human: 
Data driven approaches

Human-like:
thinking machine

make suggestions, 
compare, planning

 Design human centric information processing algorithms and services to create and access 
knowledge effectively, for improving productivity and quality of life

2. learn human’s procedures

Numerical, Text, 
Spoken, …

DataOntologyKnowledgeInterface Understanding

οντολογία: study 
categories of being and 
their relations

From information retrieval to thinking machines

ASR: Automatic Speech Recognition; NLU: Natural Language Understanding; 
NLG: Natural Language Generation; TTS: Text-to-speech



Automatic speech recognition: speech to text
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request(hard-drive) {0.71}
inform(product) {0.22} …
request(purpose) {0.001}

Action

User Input:
I want an expensive business laptop

Statistical Dialogue Manager

ASR: Automatic Speech Recognition; NLU: Natural Language Understanding; NLG: Natural Language Generation; 
TTS: Text-to-speech

ASR

I want an expensive business laptop {0.79}
I want inexpensive business laptop {0.18}
I wonder mean expensive business laptop {0.03}

N-best list
NLU

Dialogue Act:
inform(type=laptop, 

price=expensive,
purpose=business) {0.87}

Evidence

NLGSystem Output:
Do you need the hard drive to 
be small, medium or large?

TTS
Template 
filling

Belief 
Tracking

Policy 
Manager

Belief
State

Belief state:Dialogue 
Manager

1

0.5

NONE   small  medium large

purpose

price

hard drive

0

1

0.5

NONE   business   gaming
0

1

0.5

NONE   cheap    mod.   exp. 
0

 Transfer learning

Restaurant:
area
price range
food 

Laptop:
family
purpose
weightrange
pricerange
batteryrating Common abstract space

Domain Independent Parametrization (DIP) In Domain Transfer 
learning

Success 
rate 85% 82%



Flexible and high quality visual text-to-speech synthesis 

Text Text 
analysis

Speech

Expressiveness

Very low volume
information

High volume
information

Phonemes
Prosody: 
Intensity, Duration, Tone

Sound 
generation

Xpressive TalkTM



Intelligibility of speech in noise

Problem: Speech Perception in Noise

Same Signal Energy

Noise

frequency
Spectral Shaper (SS)

Input Speech Output
Speech Input speech envelope Noise envelope

Output
speech
envelope

time

Dynamic Range Compression (DRC)

Speech

Noise

Speech
Modified

Solution: Spectral Shaping and Dynamic Range Compression (SSDRC)

Speech modified + noise

 Applications:

SSDRC

Enhanced Hearing

Public address systems

Transportation

Telecommunications



Example of natural human-machine communication

… with the CRL statistical spoken dialogue manager


