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Abstract: In this article, the history and development ofegh science and
technology in USSR are described. The prehistogpetch research is summarized,
and the organization and the main directions cdagsh in the USSR since the 60's
are described. The review of the speech reseatchtyin Soviet Belarus is given
and the main achievements in the field of speenthggis are described.

1 Introduction

In 1991, as the world watched in amazement, thadeSaynion disintegrated into fifteen
separate countries. On August 19 of 1991 a groufhafd-line” Communists organized a
coup d'état. After three days of massive protdst, coup organizers surrendered, realizing
that without cooperation with the military, theyddiot have enough forces to overcome the
power of the entire population of the country. Thevents were anxiously watched by
hundreds of participants of the Congress of phomstiences (including the author of this
article) which was held at this time in Aix-en-Peoxe, France.

In the Soviet Union, science and technology wasrgrortant part of national policy, practice
and identity. Moreover, both science and technplegre closely associated with the
ideology and practical work of the Soviet statdiisTwas one of the main reasons for the lack
of links with the world of science. Soviet scistdgi had very limited access to foreign
literature. They had no practice in  foreign laages and rarely participated in international
conferences. Their scientific works were usuallpl@hed in Russian, and therefore were
almost inaccessible to foreign scholars. Howetlesre were a large number of scientific
areas in which Soviet scientists succeeded. The® a@pplies to speech science and
technologies. The purpose of this article is tonoglgghtly the "Iron Curtain” over the history
and development of speech science and technologibe USSR.

2 Prehistory *

The world’s earliest attempts to produce synthgieech were made over two hundred years
ago [1]. During the reign of Catherine Bt. Petersburg\cademy of Sciences announced a
competition to create a talking machire.1779, Russian Professor Christian Kratzenstein
explained physiological differences between fives&an vowels (/a/, /e/, /i/, /o/, and /u/) and
made an apparatus to produce them artificially cbiestructed acoustic resonators similar to
the human vocal tract and activated the resonabgrsvibrating reeds like in music
instruments. The basic structure of resonatorlasva in Figure 1. The sound /i/ is produced
by blowing into the lower pipe without a reed cagsa flute-like sound.

*) The material of this section is partly basedtioa Internet sources [2]
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Figure 1 —Kratzenstein's resonators [2].

It is worth to note also distinguished contributiamf Russian
mathematician Andrey Markov (1856 — 1922). He depetl the
theory of stochastic processes [2], which is nolWleda a Markov
chain. Nowadays a hidden Markov model, that is akigha chain for
which the state is only partially observable, i® timost effective
instrument for speech recognition and synthesis.

The next notable attempt to synthesize speech issiRualready
belongs to the 30s of XX century, and is associawth the
development of the sound film and electronic mubkicMoscow the
electronic music studio engineer Scriabin MuseumSBalpo decided Prof. A. Markos
that soundtracks could be created artificially. Hainted” sound
waves on a specially designed large scale, phqtbgrg them frame by frame, and played
them through a finished film projector. Althoughetlwork was very time-consuming and
inefficient, Sholpo voiced a few cartoons in thiaywby the device that he had created -
variafon).

Murzin who knew of Sholpo, as they say, chose tterovay. He chose a method of speech
synthesis using a Fourier series - which is a sdnel@mentary spectral components in

musical acoustics known as a "pure tone." Banké'pones" Murzin designed as a glass disc
that is very similar to a modern CD. It was covenath a photographic emulsion, and using a
special machine, it was recorded in concentricsiig4 photo-optical sound tracks "pure

tone". The process of sound synthesis is showmngin2-

Figure 2 —Functionally-optical circuit synthesizer ANS

The light from the source (1) passes through aingtadisk photo-optical oscillator (2) and
intensity-modulated audio tracks. Between the disé photocell (4) there is a mask (3) with
holes for the selection of rays with desired tramhly. The photocell is followed by

normal path amplification for projectors (5).

In the early 40's in the Soviet Union the first @egoon speech coding and recognition
emerged. In 1941-1942 in blockadéédningrad L. L. Myasnikov completed his doctoral



thesis on workrelated to the system of recognition of isolatedkgm sounds - all the vowels
and some consonante 1943, in the journdiSuccesses of physical sciences'phélished an
article, which for the first time described a devior Russian speech phonemes recognition.
The works of Myasnikov outpaced the first foreigariss on speech recognition for 10 years.

Immediately after the end of the Second World Wae, major investments in this area of
science were made directly by Stalin. In Moscow, dhganization "RI-100" (the "sharashka™)
was established, where a large group of matheraasiciphysicists and engineenere
solving the problemsf coding of the speech signal, the voice iderdtfmn and recognition
of keywords in speech. This period of speechareseis well described by Solzhenitsyn's
novel "The First Circle". In the late 60's the aurtlof this article had the luck to cooperate
with several prototypes of the heroes of this novel

In the early postwar years, the speech researchcaaducted mainly in the interests of
multiplexing communication. To address these issuEs Leningrad Institute of

Telecommunications a strong team of scientistsbied..A.Varshavsky and V.S.Fedorovich
was created. Eithevithin or in close collaboration with the same tear@any future leaders of

the Soviet speech scientists began their reseacckswAmong them are L.A. Chistovich,
L.V. Bondarko, V.. Galunov, M.F. Derkach et al.

3 The review of theUSSR speeciiesearch activity from the 1960’

A sharp increase of interest in the problem of spaecognition and synthesis both in the
USSR and abroad occurred in the early 60's, wighdievelopment of computer technology.
Computer companies realized that in the long renrttachine would include a variety of
means of computer-human communication in its moswenient form - a speech dialogue.
To solve this problem was a very tempting goal, iisdemed not very difficult to achieve.

The illusion of an easy solution was for all thagleo were not familiar with the problem.
After a report on modest results of the studieg, famous Soviet cybernetician who was not
engaged in a speech signal field of science, &kt fact that our speech researchers can not
teach a machine to recognize it is a misunderstgndilankind has used speech for millions
of years, and they cannot understand how it isyred. Need to talk with familiar German
Acousticians, they certainly can do it".

Under the influence of the public order and illusaf problems easiness hundreds of research
groups around the world began to work with speeghass. In the 1970s, there were more
than 150 teams in the USSR. Until the late 60'smihe main results related to the speech of
psychoacoustics and phonetics were made, the Sswregitific school had a leading position
in the world.

Many Soviet researchers started acquaintance Wwéhptoblem on the book by Sapozhkov
MA "The speech signal in cybernetics and commuitpat(1963). Outstanding contribution
to the development of speech researches in the US&Rmade by the scientists from
Pavlov’s Institute of Physiology, Academy of Sciescof the USSR (L. Chistovich, V.
Kozhevnikov, V. Lublinskaya, et al.). Their collee monograph "The Speech. Perception
and production "(1968) was a handbook for anyoneo wdtudied physiology and
psychoacoustics of speech.

Phonetic and linguistic problems of speech comnatmn were fruitfully studied by
scientific groups of Leningrad, Moscow, and Odessaiversities (L.Bondarko, L.
Verbitskaya, L. Zlatoustova, R. Potapova, T. Bramho, E. Nushikyan, etc.).

*) The material of this section is partly basectioa article [3]



The development of various aspects of speech témiyowas conducted in many
organizations. The groups with the most membetignarea were:

* Novosibirsk Institute of Mathematics and Novosiki&ate University (N. Zagoruiko,
G. Voloshin, V. Velichko, A. Kel'manov, etc.),

» Kiev Institute of Cybernetics (T. Vintsyuk, E. Ludh, V. Bogino, etc.),

* Minsk Institute of Technical Cybernetics (B. Loban®. Degtyarev, B. Panchenko,
etc.),

* Moscow Computing Center of the USSR Ac. of Sc. (Vrunin-Donskoy,
V.Chuchupal, etc.),

* Moscow Institute for Information Transmission Pk (I. Turbovich, G.Tsemmel,
V. Sorokin, A. Knipper, etc.),

* Moscow Institute of Radio Communications (A. PiregG. Slucker, etc.).

Coordination of the work carried out through officichannels by the Council of speech
recognition and synthesis of the USSR Academy afrfees Presidium (Academician Yury
Zhuravlev as chair). However, the most importané nwas played by an unofficial body,

which was, — the All-Union Seminar on the problemaatomatic recognition of auditory

images (in Russian abbreviation - ARSO), which s@svened annually, and then every two
years between 1965 and 1992.

The idea of the ARSO was born during a narrow woksin 1963 in Novosibirsk, attended
by Bondarko, Golubtsov, Zagoruiko, Kozhevnikov &Mistovich, representing the group of
mathematicians, engineers, linguists and psychsiedi was decided to organize a school-
seminar, where the "school" section included leg@iecialists in different aspects of the
problem who would make summary reports and giveational lectures, while the

"Seminar” section implied the participants who wbuteport on results of their latest
researches.

Various speech research centers (see fig. 3, &)dard in the ARSO organization in different
years, namely:

ARSO-1 (Novosibirsk, Russia, 1965),
ARSO-2 (Trakaj, Lithuania, 1966),
ARSO-3 (Novosibirsk, Russia, 1967),
ARSO-4 (Kiev - Kanev, Ukraine, 1968),
ARSO-5 (Sukhumi, Georgia, 1969),
ARSO-6 (Tallinn, Estonia, 1971),
ARSO-7 (Alma-Ata, Kazakhstan, 1973),
ARSO-8 (Lvov, Ukraine, 1974),
ARSO-9 (Minsk, Belarus, 1976),
ARSO-10 (Thilisi, Georgia, 1978),
ARSO-11 (Erevan, Armenia, 1980),
ARSO-12 (Odessa, Ukraine, 1982),
ARSO-13 (Novosibirsk, Russia, 1984),
ARSO-14 (Kaunas, Lithuania, 1986),
ARSO-15 (Tallinn, Estonia, 1989),
ARSO-16 (Suzdal, Russia, 1991),
ARSO-17 (Izhevsk, Russia, 1992).
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Figure 3 — Map of the ARSO (from 1965 to 1992)

Figure 4 —Members of the ARSO-9 program committee in Minsk
(From left to right: Boris Lobanov, Taras Vintsikalentina Ignatova and Valery Trunin-Donskoy)

Many scholars from different cities participated tee ARSO. For example, on ARSO-9
(Minsk, Belarus, 1976) the total number of registeparticipants was 239. They represented

73 organizations from 30 cities of the USSR, incigd

« Moscow - 74

* Leningrad - 37
e Minsk-33

e Kiev-17

e Lvov-6;



* Penza, Tomsk, Dnepropetrovsk — at 5 persons (fidiat);

* Novosibirsk, Thilisi, Tallinn, 1zhevsk - at 4 pers¢of 20);

» Kaunas, Odessa, Yerevan, Kuibyshev, Yaroslavl, &oZRoland) - at 3 people
(18 in total);

* Vilnius, Gorky, Kharkov, Taganrog, Ryazan - at 2jple (10 in total);

* Kazan, Zhitomir, Riga, Frunze, Severomorsk, AralWarsaw (Poland) - at 1
person (7 in total).

Among the ARSO-9 patrticipants were 15 DrSc (7%) @dPhD (32%). 20% of the ARSO-9
present were female participants, and 70% of thadhlinguistic education.

After disintegration of the USSR the unique ARSAR@O-17, Izhevsk, Russia, 1992) was
held with only a few dozen participants. For congaar, during the heyday of ARSO-13 in
1984, in Novosibirsk about 800 participants gatdemhich was comparable in size to such
an international conference as thet Eurospeech 1989 - Paris, Frankethis ARSO 291
reports at 14 sections were submitted, namely:

Phonetics and prosody - 42

Speech production and perception - 21
Models of speech dialogue systems - 27
Models of speech signals preprocessing - 7
Vocoders - 15

Phonemic features extraction- 32
Segmentation of speech - 16

Speech Synthesis - 25

Speaker identification and verification - 12
10 Recognition of speech commands - 28
11.Continuous speech and keywords recognition — 21
12.Hardware for speech signals analysis — 8
13. Systems for the speech study - 16

14. Application of speech systems - 21

This section list shows that in spite of the minim@ntacts with Western scientists because of
the "Iron Curtain”, Soviet scientists developedeaywvide range of speech communications
problems, and they obtained many original scientéisults. For example, G. Slutsker [4] and
T. Vintsuk [5] in 1968 developed independently i&W-algorithm of speech recognition,
which later became widely used in the world. Basedesearch results obtained in the 80's
industrial samples of speech recognition systemi$5-3ynthesizers and voice verification
systems were created.

CoNoohrwWNE

It was a romantic period of search for new scientésults in the study of speedhe ARSO
was the central event in the speech communitygalae showcase of the latest achievements.
In contrast to large conferences with diverse stbjavhich every time gathered new people,
the ARSO maintained high stability of key playe 8RSO-members" knew each other well,
and it excluded the possibility of false advertisif questionable results. Both developers
and customers of speech systems were able to nig&etive judgments about the team’s
work level and abilities.  After discussions, AR&@mbers could adjust the direction of
their researches.

Essentially, the APCO played an important role leé informal but effective All-Union
Center for the coordination of scientific works the field of speech researches and
technologies.



4 The review of the speech research activityy Soviet Belarus

4.1 The initial stage of speech researches

The first group of speech researchers in Belarusavganized by the author of this article in
1965 in Minsk Radioengineering Institute. At thehe it included also N. Degtyarev , B.
Panchenko, M. Fateev, etc., which for a long tinoeked, and some of them still work in this
direction.

The group’s early studies were connected with wgrlout of general principles of a speech
signals analysis and allocation of informative @ees that would perform a continuous
speech signal as a sequence of phonetic segmengs.résults of these studies were
summarized in the author's PhD-dissertation, "Samestions of the analysis of speech
signals”, defended in 1968 at Moscow Institute afliR. The most important results of this
work were later published in prestigious internadilojournals [6, 7].

These researches became the basement for the pieegib of a rather simple device for
speech commands recognition « SESAME — 2*» was ldped for the first time in the
USSR. In 1968 it was awarded by a silver medahefAll-Union Exhibition in Moscow.

The device consisted of two parts: the analyzespafech signal features, such as "voice",
"noisy", "vowel", etc., and the decision-making tuon relative positioning and a number of
features in the speech command. Sufficiently higlelility of recognition of 20 words
(including the names of numbers) was achieved,rdbgss a speaker’s voice , volume and
tempo of pronunciation.

During the same period, some specialized devicee vdeveloped for experimentally-
phonetic researches of speech: the Spectrograpmtombgraph. Thanks to them during the
next years, numerous researches were conductedomepc laboratories of the Institute of
Linguistics of the National Academy of SciencesBeflarus and Minsk Institute of Foreign
Languages.

Studies of dynamic spectra of speech gave rishaaévelopment of nonlinear methods for
comparing spoken words with their patterns (DTWHmod) [5, 6]. In 1969 further
development of the DTW method for a very importgnactical case when borders of
recognized words are unknown was proposed [8]. &t solve the problem of detection
and recognition of sound combinations in a contiususpeech signal.

The beginning of 1970s is marked by the start ofkvem the creation of speech synthesizers
for the Russian language. An important role indegelopment of Russian speech synthesis
was played of the author’s visiting in 1970 thedeadtory of Professor Lorenz (Edinburgh
University), where one of the first models of fomhasynthesis of speech signals was
developed. It was the formant synthesizer that allowed toaobby the author high-quality
synthesized samples of Russian speech for theifirstin history.

*) The previous model — «<SESAME - 1" — was desiyfe the purpose of opening the lab
door with a voice.



The first, though not a fully advance
model of the Russian text-to-spee(
synthesizer, "PhonemePhone-1" (s
Figure 5) started speaking in the eai
70's. Its successful creation
primarily  associated with  the
development of new methods ¢
hardware implementation of formar
synthesis of speech signals. As tl
result of experimental studies
complete set of phonemes’ formai
"portraits” was created, whicl
allowed for the first time to create
system of Russian speech synthe
for any text. Later on, an improve
version of the synthesizer Figure 5 —Synthesizer "PhonemePhone-1"
"PhonemePhone-2" was constructe

It contained more detailed rules or

"phoneme - allophone” transformation.

4.2 Speech Communication Laboratory (1975 - 1987)

In December 1974 at the Minsk Branch of the Insitof Communications (MONIIS) the
Speech Communication Laboratory was established¢chwplayed a crucial role in the
guidance for developing applications for speesthmology in Belarus. At the APCO-9,
held in 1976 in Minsk, the first prototype of an@uated telephone information service with
synthesized voice responses was demonstratedhelfate 70's this service was used for a
long time in Minsk as a system of automatic teleghoall-around of debtors in long. By the
mid 80's, this system was implemented in many<iiethe USSR - from Brest in Belarus to
Kamchatka and Sakhalin in Russia.

However, successful implementation of speech
synthesizers in real conditions demanded still muork
towards further improvements of the technologgelit
and the quality of the synthesized speech. Thenmai
disadvantage of the first synthesis model"
PhonemePhone - 1, 2" was a poor quality of the
.~ synthesized speech, due to the usage of the most
. simplified models of sounds interaction within sgee
production (effects of coarticulation and reduc}joas
well as unsophisticated speech intonation modelshe
next version - "PhonemePhone - 3" the additionatsun
of articulation and speech intonation modeling were
introduced, which significantly increased the quyabf

the synthesized speech.

In 1979, the "PhonemePhone-3" was exhibited at the
World's Fair "Telecom-79" in Geneva (see Figure 6).

Arthur C. Clarke, the famous science fiction writer
after visiting the USSR pavilion and listening tlee
speech synthesizer, wrote in a book reviewpu"

Figure 6 —Synthesizer
"PhonemePhone-3h Geneva



anticipated my fantasies from the "Space Odyssey - 2001" movie. The Swiss newspaper
“Observer” published an article with the followinigfle: "Now Russians study foreign
languages with a computer that speaks".

The next landmark in the history of industrial haade was the creation of a new digital
model of a speech synthesizer and recognizer. darhe the basement for the speech
synthesizer "PhonemePhone - 4" and the
voice terminal - "Mars" (Fig. 7), which
were constructed for the first time in the
USSR in 1983 It became possible due to
the efforts of the Design Department,
led by V. Afonasev and laboratory staff
members N. Degtyarev and V.
Shaternik. In the voice terminal "Mars"
== the functions of speech recognition and
synthesis were first integrated. The
algorithm of speech recognition was
based on the decision-making DTW
method with a set of formant parameters
of the speech signal. Designs of the "Mars" wengopmed on the microprocessor. Original
technical solutions used in the creation of systéPlonemePhone" and "Mars" were
protected by copyright USSR certificates for invens.

The beginning of 1984 is notable for the final foiation, theoretical and
experimental development of a common lingvo-acougtiproach to the problem of text-to-
speech synthesis, its implementation in the formedhnical systems and practical application
in automated models of management and communigatidme results of these studies were
summarized in the author's doctoral dissertatigh,nfethod of automatic text-to-speech
synthesis for Russian ", defended in 1984 at trsitlte of Electronics and Computer
Science, Academy of Sciences of the Latvian SSerLthe results were adapted for speech
synthesis systems for other European languagesatticular, by 1987 thanks to the
collaboration with E. Karnevskaya, a professor ondk Institute of Foreign Languages, the
English version of the synthesizer — Er—— R S

[9] had been developed and th '
demonstrated at the Worl 7hpnt gaa e demo o a

Congress of Phonetic Sciencds reetly gerd Eeghih sy My
where it was highly appreciate
by the English-speaking experts. G S T

Figure 7. —Voice terminal - "Mars"

m £
Here is a facsimile review abou 5:5.
this demonstration by Profess o5,
Gunnar Fant, one of the mo v @
prominent researchers in the ST
world of speech (see Fig. 8). Figure 8 - Facsimile review of G. Fant

4.3 Speech Recognition and Synthesis Laboratory (19881:991)

In 1988, the Laboratory MONIIS was reorganized ithte Speech Recognition and Synthesis
Laboratory at the Institute of Technical Cyberngtiacademy of Sciences of Belarus (now -
the United Institute of Informatics Problems), ledthe author of this article who was invited
by the Directorate of the Institute for this pasiti As many still remember well, the end of
the 1980s was marked by the appearance of thepknstonal computers, so naturally the
laboratory paid attention to some questions relagegtjuipping computers with voice systems
as new information input and output. The formantthod, which had a key role in the



development of text-to-speech synthesis systemsaftong time, was unsuitable for this
purpose because it demanded a huge amount of ai@deid in real time, which was
unrealizable for the PC at that time.

In the late 1980s, a new microwave (MW) methodtfa synthesis of speech signals was
suggested [10]. Instead of formants calculating thethod implied using a pre-prepared set
of microwaves of a natural speech signal. The gesisted of microwave signal segments of
the length equal to the period. Their total numlvenich was required for generating any
sound of speech, reached a few hundred. The MWaeadethas implemented in the

synthesizer of Alexander lvanov "PhonemePhone-Sthenform of a specialized software,

oriented towards working with an internal sounddoar with an autonomous device that was
connected to the RS-232 (see Fig. 9). Surprisingnaay, its compactness (only 64K bytes)
allowed equipping the first IBM PC-XT and even datePC ES1840 with speech synthesis.

The speech synthesizer was asked-for in many pehcpplications, but especially it was
proposed [9] was, and even still i7
needed for blind computer user
At the beginning of the 1990s
over a hundred of sets
specialized hardware and softwa
products for the blind have bee
created and distributed by Georg
Losik in Russia, Ukraine an(
Belarus. Its quite legible sound ca
be still heard on the Internet g
when purchased on the market
ROM *“Talking mouse”. Later on,
versions for the Czech and Poli
on the basis of the MW-method Figure 9 — Microwave speech synthesizer

were designed (after about 3

months of stay in the country on the invitation cofstomers), as well as an autonomous
single-board module of speech synthesis, the Ulaailanguage version of which for a long
time was used by Kiev Metro lines.

PC sound
carc

Autonomous
device

5 Conclusion

As shown above, in the 60s - 80s in the USSR forlaege groups of successful researchers.
Largely their scientific achievements were worldsd in those years. After the disappearance
of the USSR and Republics’ withdrawal from it, @entific community was disintegrated.
In addition, the process of liberalization pursumdthe Russian and other CIS countries,
virtually instantaneously rose "iron curtain”, thgh which many of the leading scientists and
specialists left with their experience in leadirggearch centers: the U.S., Belgium, Israel,
Australia, etc.

Many of the above-mentioned schools of the USSRhdidecovered from the brain drain of
leading professionals. The situation was also weadeby all the difficulties of economic
liberalization of the early 1990's. But despitethls, some of them managed to survive that
period thanks to market mechanisms which were ngnat that time. It can be explained by
the fact that in the 1990s it became possible tabésh and develop well-functioning private
companies, including those in the field of highhealogy. A brilliant example of such a
successful and big company is the Speech Techndlayyer (STC) in St. Petersburg (see
Fig. 9).
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Figure 9 — Employees of the CSTs on vacatitittp://speechpro.com/compgny

In present, a range of research institutes andeusities in St. Petersburg, Moscow, Kiev and
Minsk continue to work successfully in the fieldsgfeech technologies, although the number
of their workers is not so quantitatively signifta
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