
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Perception of Simple Rhythmic Patterns in a Network of Oscillators

Permalink
https://escholarship.org/uc/item/8871b14h

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 18(0)

Authors
Eck, Douglas
Gasser, Michael

Publication Date
1996
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8871b14h
https://escholarship.org
http://www.cdlib.org/


Percept io n o f  S i m p l e R h y t h m i c Pattern s i n a  N e t w o r k o f  Oscillator s 

Douglas Eck and Michael Gasser 

Computer  Scienc e Department ,  Cognitiv e Scienc e Progra m 
Indian a Universit y 

Bloomington ,  I N 4740 5 

deck9indiana.edu ,  gasserSindiema.ed u 

Introductio n 

Recentl y severa l  computationa l  model s o f  th e perceptio n o f 
rhyth m base d o n oscillator s hav e bee n proposed .  Oscillato r 
model s captur e th e cognitiv e predispositio n t o discove r  peri -
odicit y i n auditor y patterns ,  an d model s i n whic h oscillator s 
exhibi t  phas e and/o r  perio d couplin g wit h input s als o tolerat e 
deviation s from  perfec t  periodicity . 

However ,  curren t  oscillato r  model s onl y addres s temp o an d 
mete r  perception .  I n thi s pape r  w e ar e concerne d wit h a 
mor e comple x capacity ,  th e abilit y  t o recogniz e an d reproduc e 
rhythmi c patterns .  Whil e thi s capacit y ha s no t  bee n wel l  in -
vestigated ,  i n broa d qualitativ e term s i t  i s  clea r  tha t  peopl e 
ca n lear n t o identif y an d produc e recurrin g pattern s define d i n 
term s o f  sequence s o f  beat s o f  varyin g intensit y an d rests :  th e 
rhythm s behin d waltzes ,  reels ,  sambas ,  etc .  Ou r  short-ter m 
goal  i s a  mode l  whic h i s "hard-wired "  wit h knowledg e o f  a 
set  o f  suc h patterns .  Presente d wit h a  portio n o f  on e o f  th e 
pattern s o r  a  labe l  fo r  a  pattern ,  th e mode l  shoul d reproduc e 
th e patter n an d continu e t o d o s o whe n th e inpu t  i s  turne d off . 
Our  long-ter m goa l  i s a  mode l  whic h ca n lear n t o adjus t  th e 
connectio n strength s whic h implemen t  particula r  pattern s a s 
i t  i s  expose d t o inpu t  patterns . 

Approach 

We hav e develope d a  connectionis t  architectur e whic h real -
ize s ou r  short-ter m goal .  Th e mode l  consist s o f  a  singl e in -
put/outpu t  uni t  an d networ k o f  couple d oscillator s o f  varyin g 
restin g periods .  Thes e period s ar e expecte d t o captur e th e mi -
cropuls e an d harmoni c period s characterizin g variou s rhyth -
mi c patterns .  A n identifie d familia r  patter n take s th e for m o f 
a stabl e patter n o f  activatio n acros s th e networ k o f  oscillators . 

Th e networ k consist s o f  tw o type s o f  oscillators ,  puls e os -
cillator s an d continuou s oscillators . 

Puls e oscillator s provid e a n interfac e betwee n th e pulse -
lik e worl d an d interna l  continuou s oscillators .  The y ar e ac -
tivate d b y th e inpu t  uni t  an d b y othe r  oscillator s onl y whe n 
the y ar e nea r  thei r  zer o phas e angle .  The y als o adjus t  thei r 
phas e angl e i n respons e t o a n activate d inpu t  o r  oscillator ,  bu t 
again ,  onl y nea r  thei r  zer o phas e angle .  Puls e oscillator s ex -
hibi t  a  periodi c outpu t  whic h activate s th e network' s outpu t 
unit ,  a s wel l  a s othe r  oscillators .  A t  a  give n period ,  ther e i s a n 
inhibitor y cluste r  o f  puls e oscillator s whic h i s reponsibl e fo r 
findin g a  downbeat .  Othe r  puls e oscillator s a t  a  give n perio d 

ar e responsibl e fo r  beat s an d rest s a t  point s withi n th e mea -
sure .  Bea t  puls e oscillator s excit e an d ar e excite d b y th e in -
put/outpu t  unit ;  res t  puls e oscillator s inhibi t  an d ar e inhibite d 
by th e input/outpu t  unit . 

Unlik e puls e oscillators ,  continuou s oscillator s d o no t  con -
nec t  directl y t o th e input/outpu t  unit .  Instea d the y connec t  t o 
othe r  continuou s an d puls e oscillators ,  respondin g throughou t 
thei r  phas e cycl e rathe r  tha n onl y nea r  the k zer o phas e angle . 
Thei r  functio n i s t o represen t  recurrin g subpattem s o f  beat s 
and rest s whic h provid e th e buildin g block s fo r  comple x pat -
terns .  Eac h subpatte m i s handle d b y a  cluste r  o f  continuou s 
oscillator s whic h i s stabl e whe n th e oscillators '  phas e angle s 
ar e evenl y distribute d throughou t  th e phas e cycle .  Eac h os -
cillato r  i n suc h a  cluste r  i s  associate d wit h a  bea t  o r  res t  puls e 
oscillator .  Fo r  example ,  th e 3/ 4 patter n consistin g o f  tw o quar -
te r  note s followe d b y a  quarte r  res t  woul d b e handle d b y thre e 
continuou s oscillators ,  eac h wit h a  perio d equa l  t o th e measur e 
and space d 1/ 3 o f  a  phas e (on e quarte r  note )  awa y fro m th e 
others .  T w o o f  thes e oscillator s woul d b e connecte d t o a  bea t 
puls e oscillato r  an d th e othe r  t o a  res t  puls e oscillator .  Thi s 
cluste r  o f  si x oscillator s woul d tak e par t  i n tur n i n mor e com -
ple x 6-bea t  patterns . 

We hav e teste d hard-wire d version s o f  th e mode l  o n sim -
pl e 3 -  an d 4-bea t  patterns ,  whic h i t  i s  abl e t o distinguis h an d 
t o continu e t o reproduc e whe n th e inpu t  i s  turne d off .  I t  als o 
handle s thes e pattern s i n th e presenc e o f  tempora l  noise . 

Th e mode l  make s numerou s prediction s abou t  relativ e pat -
ter n difficult y an d erro r  types .  Fo r  example ,  i t  predict s error s 
wit h comple x pattern s whic h resul t  from  th e substitutio n o f 
on e subpatte m fo r  another . 
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