
Dept. for Speech, Music and Hearing

Quarterly Progress and
Status Report

Speech research in China -
impressions from a visit

Carlson, R. and Granström, B.

journal: STL-QPSR
volume: 21
number: 4
year: 1980
pages: 001-013

http://www.speech.kth.se/qpsr

http://www.speech.kth.se
http://www.speech.kth.se/qpsr






STL-QPSR 411 980 .- 
2 .  

I The Chinese speech scientists are very motivated and curious 

about what i s  going on abroad. In Beijing we gave three lectures 

a t  the Acoustic I n s t i t u t e  on the subjects "Speech Research i n  

Sweden", "Perception and Production of Prosodic Phenomena i n  

Speech" and "The Relation between Writing and Pronunciation i n  a 

Text-to-Speech System". A l l  the lectures were well attended also 

by researchers outside the  Ins t i t u t e .  In the l a s t  lec ture  we 

presented a preliminary text-to-speech system for Chinese, deve- 

loped a t  our Ins t i t u t e .  I t  accepts the Pinjin spell ing as input 

and produces standard Chinese as output. No group in  China i s  

presently working on speech synthesis but there is much of inte- 

res t  in starting such activities.  Such a project, especially with 

Chinese character input certainly involves many fascinating prob- 

l ems .  - - .  

Traditionally, research in China i s  separated from education 

i n  a way s imilar  t o  the system i n  the Soviet Union, where re- 

search i s  carried out in  the inst i tutes of the academies and with 

un ivers i t i es  almost en t i r e ly  focussed on education. However, 

there appears to  be an effort  in China to  develop a system where 

academies and univers i t ies  share the responsibi l i ty  for  both 

education and research. This could be seen by the personal commu- 

nication between the  two organizations and the use of teachers 

from the academies a t  the universities. Thesis work a t  the acade- 

mies could also be carried out by students a t  the universities. 
psrr 
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Modern acoustic research is relatively young in China, but 
1 

acoustics played a ro le  i n  the design of h i s t o r i c a l  monuments 

some thousands of years ago. The echo wall in  the Temple of 

Heaven, Beijing, is a good example of this. Another manifestation 

of the Chinese i n t e r e s t  for acoustics i s  the brass wash " f i sh  

basin" of the Hang dynasty, that  makes use of vibrations to  throw 

water up in  the air.  -1 LCJ -7% .+ su t n 6  : ; 5 - $ r { f  .-- - - ,. ,. , r: mc,-' -...:, . ' ;  
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The research group of Acoustics, Beijing was s ta r ted  i n  

1957 and became the I n s t i t u t e  of Acoustics in  1964. I t  i s  pre- 

sently headed by Prof Wang De Zhao and has around 400 employees. 
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INSTITUTE OF ACOUSTICS 
ACADEMIA SINICA : 

The I n s t i t u t e  has a  centra l  position i n  acoustic research i n  

China and i t s  main publication i s  Acta Acustica edited by Prof 

Maa Dah You, presently deputy d i rec tor  a t  the Ins t i t u t e .  He has 

been a t  the Institute since it started and has worked mainly with 

room acoustics. He i s  also a  former student of Leo Beranek. Acta 

Acustica i s  the official  Journal of the Chinese Acoustical Socie- 

ty, and papers from researchers outside the Inst i tute are accep- 
L - I -  
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The Acoustical Society of China was founded in 1964 but did  

not have a second meeting until  May 1979. The intention now is t o  

continue with a meeting every th i rd  year. The revival  of old 

societies and the creation of new ones is typical for the present 

situation in China. 
- i E I -  - .: 5 , -  FZ 

The Acoustic Inst i tute in  Beijing covers a variety of topics 

i n  acoustic research i n  the frequency range from 10-4 t o  10 +12 

Hz. Even though our main interest was in speech communication we 

spent some time on interesting work in other areas like ultraso- 

nics,  p iezoelectr ic  hardware and SAW (Surface Acoustic Waves) 

devices for signal analysis. One project with immediate appl ica- 

tion concerned the localization of typhones with the help of an 

infrasonic technique. Methods for visualizing sound fields with 

holographic methods were also demonstrated. The work was support- 

ed by a workshop with original methods for growing crystals. 

The Underwater Acoustics Laboratory showed experiments to  

develop underwater transducers and also a large watertank used to  

evaluate different kinds of transducers. The main interest of the 

group was to  study sound transmission under shallow water condi- 

t ions  ( typ ica l ly  the Chinese Sea ). A Chinese computer DJS-6, 

with 16k word memory, was used for signal processing. The Insti- 

tu te  also had developed a special hardware FFT spectrum analyzer. 

The computer f a c i l i t i e s  were going t o  be expanded with a PDP 

11/70 computer within a year. 

In audio acoustics the Inst i tute had good testing fac i l i t i es  

such as  an anechoic chamber ( 400 m3)  and a large reverberation 

room (450 m3) with a maximum of 25 sec reverberation a t  500 Hz. 

Some work was a l so  carr ied out  i n  musical acoustics with I 
analysis  of ancient instruments such as 2000-year old chime 

.r*17 bells. This work was demonstrated to  us by Prof Chen Tong. 
1 , &, .i ~ 4 9  
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Most of our time a t  the I n s t i t u t e  we spent with the group 

working in  speech acoustics and communication. This group has 

around 30 persons and i s  headed by D r  Zhang Jia-Lu. The work 
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English. Confusions between consonants a l s o  showed some language 

s p e c i f i c  p e c u l i a r i t i e s .  The phoneme / 1/ w a s  f r equen t ly  confused 

n o t  o n l y  w i t h  /n /  b u t  also w i t h  / m / .  I t  was ment ioned  t h a t  t h e  

/1/ and / m /  d i s t i n c t i o n  was a c t u a l l y  n e u t r a l i z e d  i n  s o m e  d i a -  

lects. Chinese does n o t  have consonant c l u s t e r s  w i t h i n  s y l l a b l e s  

and phonet ic  dependencies between consonants and vowels are w e l l  

developed.  These f a c t s  c o u l d  p a r t i a l l y  e x p l a i n  t h e  i n t e r e s t i n g  

f inding  t h a t  Chinese s y l l a b l e s  have considerably h igher  i n t e l l i -  

g i b i l i t y  compared t o  European languages under s i m i l a r  t ransmis-  " 

s i o n  condit ions.  I n  t h e  t o t a l  communication s i t u a t i o n  th is  advan- 

t a g e  f o r  Chinese is  counteracted by t h e  many words wi th  t h e  same 

p r o n u n c i a t i o n .  T h i s  r e s u l t s  f rom the s m a l l  number o f  p o s s i b l e  

Chinese  s y l l a b l e s  ( a b o u t  1200 i n c l u d i n g  t h e  d i s t i n c t i v e  t o n e ) .  

The four  tones  ( f i v e  including n e u t r a l  tone  ) were almost  never 

confused i n  an i n t e l l i g i b i l i t y  test. 

Speech t ransmiss ion  techniques were s tudied  e s p e c i a l l y  aim- 

ing  f o r  an improved vocoder. Microcomputers o f  seve ra l  k inds  were .  

used  b o t h  i n  s i m u l a t i n g  s y s t e m s  and i n  t h e  f i n a l  d e s i g n .  I t  w a s  

clear t h a t  t h e r e  i s  a b i g  e f f o r t  i n  China to  s t a r t  production o f  

c h i p s  and even  mic rocompute r s .  I n  t h e  d e s i g n s ,  we found t h a t  

about h a l f  o f  t h e  ch ips  were domes t i ca l ly  made. 

S i n c e  Ch inese  i s  a t o n e  l anguage ,  it i s  e s s e n t i a l  f o r  t h e  

u n d e r s t a n d i n g  o f  vocoder  speech  t o  g e t  a good fundamenta l  f r e -  

quency ana lys i s .  The research  was very  much concentrated on t h i s  

subjec t .  A method wi th  r ecu r s ive  d i g i t a l  f i l t e r s  and a s s o c i a t i v e  

dec i s ion  l o g i c  to t r a c e  t h e  frequency contour was demonstrated i n  

a d i g i t a l  2400 bit/sec channel vocoder. The fundamental frequency 

t r ack ing  w a s  remarkably good. The over-a l l  q u a l i t y  o f  t h e  system 

appeared somewhat muffled. Perhaps t h i s  w a s  due t o  t h e  s e l e c t i o n s  

o f  c h a n n e l s  which were  chosen  t o  conform t o  t h e  bands  o f  e q u a l  

con t r ibu t ion  found i n  t h e  previous ly  mentioned experiments. The 

c o m p a r a t i v e l y  wide  l o w  f r e q u e n c y  bands  may be n e g a t i v e  f o r  the  

o v e r a l l  qua l i ty .  I n t e l l i l g i b i l i t y  t e s t s  showed a r e s u l t  o f  around 

65 % r e c o g n i t i o n  o f  c o n s o n a n t s  i n  nonsense  s y l l a b l e s  f o r  b o t h  

ma le  and f e m a l e  speake r s .  Resea rch  was a l s o  conducted  on  t h e  

e x c i t a t i o n  funct ion  used i n  the syn thes i s  c i r c u i t s  o f  t h e  voco- 

d e r .  I n  a n  e x p e r i m e n t a l  sys t em t h e  p u l s e  shape  c o u l d  be changed I I 
depending on fundamental frequency and amplitude. 
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Speech recognit ion has been a p ro jec t  a t  t h e  I n s t i t u t e  f o r  

almost t en  years  and i s  headed by Prof Xii Huan-zhang. Although 

t h e  machinery used seems t o  be very simple i n  t h e  eyes of t h e  

Westener, an excellent system for recognizing isolated words was 

demonstrated by D r  Yu Tie-chen. The system was speaker adaptive. 

A Briiel and Kjaer 1 /3  octave band frequency analyser  was used 

a f t e r  some modifications t o  shorten the integration time. I t  was 

connected t o  a Varian minicomputer with 8k words (16 b i t )  1.8 

usec memory cycle.  Each word ( ut terance  ) was s tored  a s  15 

b inary  spec t ra .  The sampling poin ts  were se lec ted  so t h a t  t h e  

cumulative spectral derivatives between samples were approximate- 

l y  equal. The comparison between the input and the reference was 

done with help of an "exclusive-or-method" . The biggest vocabula- 

r y  t h a t  has  been t r i e d  was 400 words, which were recognized i n  
- r .  about real  time with 97.7 % accuracy. 

Yu Tie-chen a t  the speech recognition system. ' ' ' 
i \ * .  ' . c  ' _  

I . .  . I 

Yu Tie-chen had jus t  been t o  an i n t e r n a t i o n a l  computer 

conference in  Hong-Kong . The sys tem received appropriate appre- 

c i a t i o n  and he received severa l  o f f e r s  t o  make a commercial 

implementation of the speech recognition system. He could also, 

with a big smile, report on a speech recognition system from the 

province of Taiwan. They had used LPC a n a l y s i s  a s  input  and 

obtained around 70 % correct on a 20-word vocabulary. 
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One application t h a t  is under development is a parcel sor- 

t i n g  system f o r  t h e  p o s t  o f f i c e  i n  Hangzhou. The vocabulary 3 S. 

cons i s t ed  of  t h e  names o f  t h e  provinces  and around 100 c i t y  

names. The system is planned t o  be ready i n  a couple of years. 
2. .oalX 7 .- 
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I n s t i t u t e  of Linguist ics,  Academy of Social  Sciences, Beijing. 
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The I n s t i t u t e  of L i n g u i s t i c s  c o n s i s t s  o f  many d i f f e r e n t  

r e sea rch  groups,  s e v e r a l  w i th  q u i t e  t echn ica l ly -o r i en t ed  pro- 

j e c t s .  We were met by Prof Wu Zong-ji and D r  Lin Mao-tsan. Prof 

Wu Zong-ji h a s  been engaged i n  l i n g u i s t i c  r e sea rch  dur ing  h i s  

whole l i f e  and i s  s t i l l  ve ry  a c t i v e  i n  t h e  development o f  s t an -  
V ' 

dard Chinese (Putonghua). P a r t  o f  t h i s  work i s  devoted t o  an 
a c o u s t i c  a n a l y s i s  o f  t h e  Chinese s y l l a b l e  and h a s  r e s u l t e d  i n  a 

monograph t h a t  w i l l  be  i n  p r e s s  i n  1981. A t  t h e  Ninth In te rna-  

t iona l  Congress of Phonetic Sciences i n  Copenhagen 1979 Prof Wu 

presented a feature  system describing the  Chinese phoneme struc- 

ture.  Prof Lin Mao-tsan i s  studying Chinese tone sandi ru l e s  fo r  

phrases of varying length ( i.e. context dependent tone changes). 

The knowledge o f  t h e s e  r u l e s  i s  o f  g r e a t  importance f o r  t h e  

development o f  e.g. a text- to-speech system. Resu l t s  o f  t h e i r  

l i n g u i s t i c  research a re  presented i n  one of the  journals from the  

In s t i t u t e ,  Zhongguo Yuwen. 

The I n s t i t u t e  i s  t h e  c e n t e r  of  l i n g u i s t i c  r e sea rch  and has  

t h e  main r e s p o n s i b i l i t y  f o r  d e f i n i n g  s tandard  Chinese (Putong- 

hua). Some spel l ing reforms have been carr ied out  and resulted i n  

s impl i f icat ions  of some Chinese characters. Pinjin,  the  o f f i c i a l  

way o f  t r a n s c r i b i n g  Chinese w i t h  t h e  La t in  a lphabe t ,  h a s  n o t  

enjoyed any large-scale acceptance. There does not seem t o  be any 

p o l i t i c a l  in tent ion t o  promote Pinj in  a t  the  expense of Chinese 

character  writing. In primary school, Pin j i n  i s ,  however, star- 

t i n g  t o  g e t  used i n  p a r a l l e l  w i t h  t h e  t r a d i t i o n a l  w r i t i n g .  I n  

books for  the  blind,  Bra i l l e  coded Pinj in  i s  used, but  the  prob- 

lem t o  s p e c i f y  t h e  d i f f e r e n t  t ones  has  n o t  been solved.  The 
J 

necessary lo s s  of information when a Chinese character  is trans- 

formed t o  P i n j i n  s p e l l i n g  i s  a l a r g e  problem. The I n s t i t u t e  o f  
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2 .  

Outside t h e  I n s t i t u t e  of Linguist ics ,  Beijing. 
I 

L i n g u i s t i c s  h a s  r e c e n t l y  pub l i shed  a d i c t i o n a r y  of  t h e  b a s i c  

Chinese words (800) organized according t o  t he  P in j in  spell ing.  

Working w i t h  Chinese characters  i n  information systems c a l l  

f o r  new techniques, and t h e  I n s t i t u t e  i s  heavi ly  engaged i n  t h i s .  

Methods f o r  i n p u t / o u t p u t  and s t o r i n g  of  Chinese t e x t  a r e  s t i l l  

f a r  from s tandard ized .  There i s  even a newly-founded s o c i e t y  
1 ,I} i . 

I - a p ' , d s f  D f * . , i  i l i , j ~ $ &  ,c$c, eriAAL ;= *, 
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devoted to  these problems, "The Chinese Society of Chinese Infor- I 
I 

mation Processing". Optical character recognition (OCR) techni- 

ques play an important role in  th i s  work to  find methods to  input 

characters into a computer. . liC P- 

Discussions with Wu Zong-ji and Zhang Jia-lu. 

Two pa ra l l e l  projects  on machine t rans la t ion  were demon- 

s t ra ted  t o  us by Prof L i u  Yang-quan and Prof L i u  Zhou from the 

machine translation research section. The source language used t o  

be Russian but ,  since 1960, has been English. Both projects  

produce Chinese character output. The current  ambition i s  t o  

handle t i t l e s  of scientific papers. 

We a l so  heard about a language understanding project  t h a t  

has recently s tar ted.  The intention is  t o  use an ATN grammer 

(augmented t r ans i t i on  network grammer ) and case theory as the 

framework for sentence analysis.  Free word order i s  common i n  

Chinese and has to  be taken into account even in a f i r s t  approach 

to  sentence analysis. 
I rc', 

' t '  ' 2 I . r ' - . ~ r  r, . \c  , * a .  , . 
On another occasion, we met L i  Jia-zhi from the Institue of 

Psychology, Academia Sinica. He i s  working on the same problems I 

and has a l so  a t o t a l  question-answering system running. I t  i s  ' 

operating on a small data base containing information about 

animals . 
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The I n s t i t u t e  of  Acoustics,  Univer i ty  o f  Nanjing. 

The I n s t i t u t e  of  Acoustics,  Univers i ty  of  Nanjing was f 0 m -  

ded i n  1955 and i s  headed b y  P r o f  Wei Rong-jue. He i s  a l s o  the 

cha i rman  o f  t h e  Department  o f  Phys ic s .  I t  i s  unusua l  f o r  i n s t i -  

t u t e s  t o  be wi th in  u n i v e r s i t i e s  i n  China, b u t  t h i s  was an excep- 

t i o n .  During t h e  c u l t u r a l  r e v o l u t i o n  it had  b e e n  d i f f i c u l t  t o  

continue work, and t h e  I n s t i t u t e  w a s  more or less closed during 

t h a t  t i m e .  Now when the  i n t e r a c t i o n  be tween e d u c a t i o n  and r e -  

search i s  encouraged,  t h e  s i t u a t i o n  i s  q u i t e  f a v o u r a b l e .  The 

I n s t i t u t e  is ,  as t h e  I n s t i t u t e  o f  A c o u s t i c s  i n  B e i j i n g ,  engaged 
I 

i n  a v a r i e t y  o f  p r o j e c t s  i n  a u d i o  a c o u s t i c s ,  s u r f a c e  a c o u s t i c s ,  

u l t r a  acous t i c s  and molecular acoust ics .  The I n s t i t u t e  had good I 

measuring f a c i l i t i e s  wi th  d i f f e r e n t  test chambres and recording - i 

s tud ios ,  e.g., the best anechoic chamber i n  China ( 1000 m3 ) I 

Many o f  the a u d i o  a c o u s t i c  p r o j e c t s  were  focused  on n o i s e .  

Several  noise  suppression schemas had  been  s i m u l a t e d  on compu- 
I 

t e r s .  In room acous t ics ,  no i se  absorbers  were t e s t e d  and develop- 
l 

ed, including a c t i v e  absorbers  f o r  low frequency no i se  reduction. 

Holographic techniques were used t o  test and c o r r e c t  loudspeak- I 
ers . 

In  the more s p e c i f i c a l l y  speech-related areas, s t u d i e s  had 

been c a r r i e d  o u t  dea l ing  wi th  s t a t i s t i c a l  a n a l y s i s  of  Chinese and 

i n t e l l i g i b i l i t y  tests. Also, under reverberant  condi t ions  Chinese I 

s y l l a b l e s  appea red  more i n t e l l i g i b l e  t h a n  what  i s  r e p o r t e d  f o r  I 
English.  

One p r o j e c t  i n  p r o g r e s s  i s  t o  c l a s s i f y  and d e s c r i b e  d i f f e -  

r e n t  voices ,  both sub jec t ive ly  and objec t ive ly .  Both p ro fes s iona l  

r ad io  announcers and s i n g e r s  had been under study. The instrurnen- 

t a l  techniques used were long t e r m  average spec t r a ,  fundamental 

frequency a n a l y s i s  and s tandard spectrographic ana lys i s .  
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7 Inst i tute of Physiology, Academia Sinica, Shanghai. 

The Inst i tute of Physiology, Shanghai was s p l i t  off from an 

ins t i tu te  dealing with bio-chemistry i n  1958. I t  has today about . . .* 
350 persons employed. A new s p l i t  i s  planned for 1981 when a 

separate inst i tute for brain research w i l l  be created. Shanghai , 

i 
appeared to  be the centre for physiologically-oriented research 

t 
i n  China. 

*WA-J  - 7 C . '  L z L G ~ S J .  3 J -  , aL?iIJ4V>3 

-2 
O u r  v i s i t  was concerned only with the group working on the 

auditory functions headed by Prof Liang Zhi-an. This group was 
1 

very interesting in that it combined basic physiological studies i 
with development of c l i n i c a l  methods and the  group was a l so  

Li 
engaged in psychoacoustical research. 

J l - l i s , .  e Y . L J l  f l ')ST Pfli-trJat 

S 
The analyzing propert ies of the auditory system had been 

investigated with psychophysical methods. Measures such as diffe- 

rence limen could be duplicated by measuring evoked responses 
3 

from the cortex of animals. 
j 

. Liang Zhi-an a t  a chinese-built computer for running 

electo-physiological experiments. 
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