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Εισαγωγικό  Κείμενο  

 
Στ ι ς  μέρες  μας  έ νας  υπολογ ισ τής  βρ ίσκε τα ι  σχεδόν  σε  κάθε  σπ ί τ ι .  

Η  επεξεργαστ ι κή  ι σχύς  προσφέρε ι  τη  δυνα τό τη τα  να  

επεξεργαζόμαστε  πολλές  πληροφορ ί ε ς  ταυτοχρόνως ,  με  

αποτέλεσμα  πολλο ί  πλέον  μουσ ι κο ί  αλλά  κα ι  τ εχν ι κο ί  ήχου ,  να  

αντ ι καθ ισ τούν  τα  παλα ιό τ ερα  ακρ ιβά  μουσ ι κά  όργανα  κα ι  

μηχανήματα ,  με  v i r t ua l  pc  based .  Το  βασ ι κό  πρόβλημα  που  

υπάρχε ι  στο  χε ιρ ισμό  αυτών ,  ε ί να ι  πως  ο  χρήστης  δεν  μπορε ί  να  

αφεθε ί  μόνο  στο  ηχητ ι κό  αποτέλεσμα ,  όπως  κα ι  θα  έπρεπε ,  αλλά  

πρέπε ι  να  ε ί να ι  μπροστά  σε  μ ία  οθόνη ,  ή  ακόμα  κα ι  σε  ένα  

πλήθος  από  knobs  ή  f ade rs ,  κα ι  να  πρέπε ι  να  τα  χε ιρ ισ τ ε ί  όλα  

αυτά  μόνο  με  τα  δύο  του  χέρ ια .  Άρα  δεν  μπορε ί  να  δ ιαχε ιρ ισ τ ε ί  

ταυτόχρονα  πολλές  λε ι τουργ ί ε ς  γ ια  το  επ ιθυμητό  αποτέλεσμα .  

Όλη  αυτή  η  δ ιαδ ι κασ ία  λο ιπόν ,  αποσπά  τον  χρήστη  από  το  βασ ι κό  

του  στόχο ,  τον  ήχο .  Ένα  ακόμα  με ιονέκ τημα  ε ί να ι  αυτό  της  

επ ι κο ι νων ίας  ανθρώπου  κα ι  υπολογ ισ τή .  Δυστυχώς  δεν  υπάρχε ι  

αμφ ίδρομη  επ ι κο ι νων ία  με ταξύ  τους .  Γ ια  να  φτάσε ι  σε  ένα  

αποτέλεσμα  ο  χρήστης  πρέπε ι  να  περ ιπλανηθε ί  σε  αντ ίσ το ι χα  

menus  κα ι  στη  συνέχε ια  γ ια  να  αντ ι ληφθε ί  το  αποτέλεσμα  των  

πράξεων  του ,  πρέπε ι  να  ακούσε ι  ( τον  ήχο )  κα ι  να  δε ι  ( την  οθόνη ) .  

Αυτή  την  « τρύπα»  στον  τρόπο  επ ι κο ι νων ίας  ανθρώπου  –  

υπολογ ισ τή ,  έρχε τα ι  να  καλύψε ι  η  αναζήτηση  κα ι  η  δημ ιουργ ία  

νέων  μέσων  αλληλεπ ίδρασης .  

 

Στη  δ ι κή  μας  εργασ ία  έχουμε  ως  στόχο  την  ανάπτυξη  κα ι  το  

σχεδ ιασμό  μ ιας  επ ιφάνε ιας  αλληλεπ ίδρασης  ως  εναλλακ τ ι κό  μέσο  

ελ έγχου  παραμέ τρων  ηχητ ι κών  δε ι γμάτων  σε  πραγματ ι κό  χρόνο .  

Στοχεύουμε  στη  δημ ιουργ ία  ενός  μέσου  ελ έγχου  του  ήχου ,  αλλά  

κα ι  παραμέτρων  αυτού ,  από  έναν  ή  περ ισσότερους  χρήστες  που  

έχουν  το  ρόλο  του  εκ τ ελ εστή ,  αλλά  μπορούν  κα ι  να  παρέμβουν  

στα  ηχητ ι κά  δε ί γματα  που  χρησ ιμοπο ιούν  χωρ ί ς  να  κρ ί ν ε τα ι  

αναγκα ία  η  γνώση  ηχοληψ ίας .  Το  πρακτ ι κό  μέρος  της  εργασ ίας  

μας  περ ι λαμβάνε ι  την  κατασκευή  μ ιας  επ ιφάνε ιας  εργασ ίας ,  στην  

οπο ία  ο  χρήστης  θα  με τακ ι ν ε ί  μ ι κρούς  κύβους ,  ο ι  οπο ίο ι  θα  

αντ ισ το ι χούν  σε  αυτόνομα  αρχε ία  ήχου .  Η  με τακ ί νησή  τους  πάνω  
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στην  επ ιφάνε ια  θα  αντ ισ το ι χ ε ί  σε  αλλαγή  κάπο ιων  ηχητ ι κών  

παραμέ τρων  κα ι  θα  αν ι χνεύε τα ι  με  τη  χρήση  μ ιας  απλής  web  

κάμερας .  Πιθανή  εφαρμογή  αυτής  της  ι δ έας  θα  αφορά  στην  

αλλαγή  της  χωροτοποθέ τησης  του  ήχου  κα ι  στην  επ ι λογή  των  

aud io  samp les  που  αντ ισ το ι χούν  στους  κύβους ,  καθώς  κα ι  σε  

άλλες  παραμέτρους  τους ,  όπως  η  αλλαγή  της  έν τασης  κάθε  

ηχητ ι κού  δε ί γματος  ξ εχωρ ισ τά  ή  η  προσθήκη  r eve rb  γ ια  καλύτ ερη  

α ίσθηση  του  χώρου .  
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Abstract 

The  a im  o f  my  p ro j ec t  w i l l  be  t o  deve lop  an  a l t e rna t i ve  i n t e r f ace  

f o r  mus i ca l  exp ress i on  and  pe r f o rmance ,  wh i ch  w i l l  be  i n t ended  

f o r  non -expe r t  use rs ,  i . e .  w i t h  no  sound  eng inee r i ng  o r  mus i c  

backg round .  I n  spec i f i c ,  one  o r  mo re  use rs  ( t he  aud ience )  t ha t  

w i l l  a c t  as  t he  pe r f o rme r / s  w i l l  be  ab le  t o  se l ec t  aud io  samp les  

and  con t ro l  t he i r  pa rame te r s  i n  r ea l - t ime .  I n  t h i s  way ,  we  

encou rage  t he  i nd i v i dua l -  o r  mu l t i p l e -use rs ’  mus i c  c rea t i on .  I  

be l i eve  t ha t  t he  hap t i c  e l emen t  f o r  t he  con t ro l  o f  t he  aud io  

pa rame te r s  and  t he  acous t i c  and  v i sua l  f eedback  a re  ab le  t o  

c rea te  an  e f f ec t i ve ,  f o r  t h i s  pu rpose ,  i n t e rac t i ve  sys tem.  

 

The  p rac t i ca l  pa r t  o f  my  p ro j ec t  w i l l  i n c l ude  t he  c rea t i on  o f  an  

i n t e rac t i on  su r f ace  (aud io  tab l e t ) .  On  t he  su r f ace  a rea  t he  use r  

w i l l  be  ab le  t o  mo ve  sma l l  cubes .  Each  cube  w i l l  be  connec ted  t o  

a  s i ng l e  samp le r  and  t he  use r  w i l l  have  t he  oppo r t un i t y  t o  l oad  

each  cube  w i t h  d i f f e ren t  aud io  samp les .  The i r  movemen t  on  t he  

su r f ace  a rea  w i l l  co r respond  t o  t he  mod i f i ca t i on  o f  ce r t a i n  sound  

pa rame te r s  and  w i l l  be  de tec ted  w i t h  t he  use  o f  one  s imp le  we b  

camera .  A  poss ib l e  app l i ca t i on  o f  t h i s  bas i c  i dea  may  conce rn  

t he  samp les ’  d i f f us i on  i n  space ,  as  we l l  as  t he  con t ro l  o f  o t he r  

pa rame te r s ,  such  as  vo l ume ,  o r  r e ve rb  f o r  a  be t t e r  

r ep resen ta t i on  o f  t he  space .  

 

The  a im  o f  t h i s  p ro j ec t  i s  t o  deve lop  a  l ow -cos t  sys tem,  wh i c h  

w i l l  be  easy  t o  use  a l so  by  non -exp e r t  peop le .  The  poss ib l e  us e  

o f  t h i s  sys tem by  ch i l d ren  and  peop le  w i t h  spec ia l  needs  ( k i ne t i c  

o r  men ta l  l im i t a t i ons )  r ema ins  an  open  i s sue .  
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1. Introduction – The Control Problem 
I n  r ecen t  yea rs  t h e  d rop  i n  pe rsona l  compu te r s ’  p r i ce  and  t he  

r i se  o f  p rocess ing  power  has  g i ven  us  ex tended  poss ib i l i t i e s .  The  

evo lu t i on  o f  d i g i t a l  t echno logy  has  resu l t ed  i n  pe rsona l  

compu te r s  t ha t  a re  f as t  enough  t o  p rocess  a  number  o f  

app l i ca t i ons  i n  pa ra l l e l .  The  revo lu t i on  o f  d i g i t a l  t echno logy  has  

i n f l uenced  t he  sound  eng inee r i ng  doma in  as  we l l .  I n  spec i f i c ,  we  

a re  nowadays  ab le  t o  hand le  a  vas t  number  o f  pa rame te r s  

s imu l t aneous l y  i n  r ea l - t ime  v i a  a  w ide  range  o f  pa rame te r s .  Th i s  

l ed  mus i c i ans  t o  c rea te  new  pc -based  sys tems  f o r  mus i c  c rea t i on  

and  a  l a rge  va r i e t y  o f  p rog rams  l i ke  DAWs  (D ig i t a l  Aud io  

Works ta t i ons ) ,  samp le r s ,  v i r t ua l  i ns t r umen ts ,  v i r t ua l  e f f ec t s  and  

many  mo re .  Thus ,  any  use r  can  now  have  a  compu te r -based  

home  s tud io  w i thou t  t he  need  o f  expens i ve  ha rdwa re  o r  an  

expens i ve  reco rd i ng  m ixe r .  

 

Neve r t he l ess ,  t h i ngs  have  changed  ve ry  l i t t l e  i n  t he  way  we  

con t ro l  t hese .  Thus ,  l im i t a t i ons  a re  i n t r oduced  t o  t he  poss ib i l i t i e s  

o f  cu r ren t  i n t e rac t i ve  sys tems  due  t o  t he  use  o f  t he  c l ass i ca l  

i npu t  dev i ces  and  me thods ,  such  as  keyboa rd  and  mo use .  J .  A .  

Moo re r  f o resees  tha t  t he  ma in  p rob lem d ig i t a l  aud io  eng inee rs  

w i l l  be  fac i ng  i n  a  f ew  yea rs  w i l l  no t  be  how  to  pe r f o rm  a  

pa r t i cu l a r  man ipu la t i on  o f  sound ,  bu t  how  t he  amoun t  o f  powe r  

t ha t  w i l l  be  ava i l ab l e  can  poss ib l y  be  con t ro l l ed  [MOO00 ] .  

 

I n  t he  sound  eng inee r i ng  doma in ,  we  s t i l l  have  t he  c l ass i ca l  

ana log  o r  d i g i t a l  conso les  (w i t h  a  l a rge  numb er  o f  r o t a r y  knobs  

and  s l i de r s )  f o r  t he  con t ro l  o f  t he  aud io  samp les  and  t he i r  

pa rame te rs  (Mu l t i -Pa rame t e r  Con t ro l l e r s  f o r  Aud io  M i x i ng ) .  

Tak ing  i n t o  accoun t  t ha t  humans  on l y  have  two  hands ,  t h i s  i s  a  

b i g  r es t r i c t i on  i n  t he  number  o f  pa rame te rs  t ha t  we  can  hand le  

s imu l t aneous l y .  

 

To  my  po in t  o f  v i ew  t he re  seems  t o  be  a  l ack  o f  exp ress i veness  

i n  t he  m i x i ng  p rocedu re  due  t o  t he  con t ro l  me thods  s t i l l  u sed .  I t  
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i s  ve r y  d i f f i cu l t  t o  concen t ra te  on  a  compu te r  mon i t o r  and  t o  use  

on l y  a  compu te r  mouse  and /o r  keyboa rd  ( o r  knobs  and  s l i de rs )  

f o r  eve ry th i ng  we  need  t o  do ,  as  t h i s  o f t en  may  d i s t r ac t  t he  

use r ’ s  a t t en t i on  f r om  the  u l t ima te  goa l ,  wh i ch  i s  t he  ac tua l  

sound .  [VER94 ]  

 

The re  i s  no  ‘ d i a l ogue ’  be tween  use r  and  compu te r ,  i n s tead  t he  

compu te r  r esponds  i ns tan t l y  t o  t he  use r ’ s  hand  move men ts .  I t  i s  

t hen  up  t o  t he  use rs  t o  i n t e rp re t  t he  sound  p roduced  and  t o  use  

t h i s  as  f eedback  to  wha teve r  p rocess  t hey  a re  cu r ren t l y  i nvo l ve d  

i n .  The  compu te r  does  no t  se t  t he  agenda  o r  d i c t a te  t he  

conve rsa t i on  o r  i ns i s t  t he  use r  se l ec t s  f r om  a  se t  o f  p rede f i ned  

op t i ons ,  bu t  i ns tead  p rov i des  an  env i r onmen t  f o r  c rea t i ve  

exp lo ra t i on .  Th i s  mode  o f  ope ra t i on  i s  ve r y  d i f f e ren t  t o  t he  

accep ted  means  o f  commun i ca t i on  w i t h  a  compu te r .  T rad i t i ona l l y  

t he  so f twa re  i s  t he re  t o  ga the r  da ta ,  and  o f t en  does  so  b y  

dom ina t i ng  t he  i n t e rac t i on .  Even  i n  t hose  s i t ua t i ons  whe re  t he  

use r  i s  f u l l y  i n  cha rge  o f  t he  i n t e rac t i on ,  i t  u sua l l y  t akes  p l ace  a t  

a  ce r t a i n  l eve l  o f  l anguage  ab i l i t y  ( f o r  examp l e ,  t he  need  t o  r ead ,  

i n t e rp re t  and  t ake  ac t i on  on  h i e ra r ch i ca l l y -a r ranged  menu s ) .  

[HUN03 ]  

 

The  need  f o r  es tab l i sh i ng  a  mo re  i n t u i t i ve  i n t e rac t i on  me thod  

be tween  use r  and  compu te r  f o r  m i x i ng  ( and  o the r )  pu rposes  

l eads  t o  t he  deve lopmen t  o f  new  con t ro l l e r s  and  con t ro l l i ng  

me tapho rs .  

 

As  mus i c  c rea t i on  and  exp ress i v i t y  i n  l i ve  pe r f o rmance  s i t ua t i ons  

w i l l  be  i n  t he  t a rge t  o f  ou r  p ro j ec t ,  t he  use r  can  be  imag ined  as  

“ a  new  k i nd  o f  pe r f o rmer ” .  So ,  i n  ou r  concep t  t he re  w i l l  be  a  sh i f t  

o f  t he  use r ’ s  r o l e  f r om  the  s t r i c t  de f i n i t i on  o f  a  “ sound  eng inee r ”  

t o  a  new  k i nd  o f  mus i c i an /pe r f o rmer .  The  sys tem we  a re  a im ing  

a t  w i l l  i n vo l ve  t he  deve lopmen t  o f  an  a l t e rna t i ve  con t ro l l e r  f o r  t he  

mod i f i ca t i on  o f  t he  compu te r -based  aud io  pa rame te r s .  The  

concep t  shows  s im i l a r i t i e s  t o  a  “ ne w  mus i ca l  i n s t r umen t ”  i n  t h e  

sense  t ha t  t he re  i s  a  sepa ra t i on  o f  t he  con t ro l l i ng  su r f ac e  

( i n t e r f ace )  and  t he  sound -p roduc ing  dev i ce .  
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Ou r  app roach  i n  t h i s  pe r spec t i ve  w i l l  i n vo l ve  t he  use  o f  

i n t e rac t i ve  mu l t i -moda l  s ys tems  t ha t  make  use  o f  sound ,  v i s i on  

and  t ouch .  A  f i r s t  s t ep  i n  t h i s  d i r ec t i on  w i l l  be  a t t emp ted  i n  t h i s  

p ro j ec t ,  by  wh i ch  we  w i l l  t r y  t o  deve lop  an  a l t e rna t i ve  sys tem fo r  

d i f f us i ng  aud io  samp les  i n  a  mo re  i n t u i t i ve  manne r  t han  t he  

ana log  o r  d i g i t a l  conso les .  
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2. Human Computer Interaction and Music 

Expression  
The  f i e l d  o f  s t udy  known  as  Human  Compu t e r  I n t e rac t i on  (HC I )  

emerged  as  a  sub jec t  a rea  i n  i t s  own  r i gh t  du r i ng  t he  1980 ’ s .  The  

ACM Sp ec ia l  I n te res t  G roup  on  Compu te r -Human  I n te rac t i on  

r ecen t l y  de f i ned  i t  as :  

“… a  d i sc i p l i ne  conce rned  w i t h  t he  des ign ,  eva lua t i on  and  

imp lemen ta t i on  o f  i n t e rac t i ve  compu t i ng  sys tems  f o r  h uman  us e  

and  w i t h  t he  s tudy  o f  ma jo r  phenomena  su r round ing  t hem. ”  

[HBC96 ]  

 

A  compa r i son  o f  t h i s  de f i n i t i on  w i th  one  j us t  a  decade  ea r l i e r  

demons t ra tes  t he  r ap id  change  o f  emphas i s  i n  t he  sub jec t  a rea .  

Tom Moran  desc r i bed  t he  ‘Man -Mac h ine  I n te r f ace  (MMI ) ’ ,  as  i t  

was  t hen  known ,  as :  

‘ Those  aspec t s  o f  t he  sys tem tha t  t he  use r  comes  i n t o  con tac t  

w i t h ”  [MOR81 ] ,  wh i ch  r a the r  imp l i es  a  f a i t  accomp l i  whe re  use rs  

j us t  have  t o  pu t  u p  w i t h  wha teve r  t he  eng inee rs  have  des igned .  

[HUN03 ]  

 

Acco rd i ng  t o  ‘W ik i ped ia ’ ,  “Human–c ompu te r  i n t e rac t i on  (HC I )  - -

a l t e rna t i ve l y  man -mach ine  i n t e rac t i on  (MMI )  o r  compu te r–human  

i n t e rac t i on  (CH I ) - -  i s  t he  s t udy  o f  i n t e rac t i on  be tween  peop le  

( use rs )  and  compu te r s ” .  [W ik i ped ia ,  “Human-compu te r  

i n t e rac t i on ” ]  

 

Acco rd i ng  t o  ‘EARS:  E lec t r oAcous t i c  Resou rce  S i t e ’ ,  

“ I n t e rac t i v i t y  r e fe r s  b road l y  t o  human-compu te r  i n te rac t i on ,  o r  

human -h uman  mu s i ca l  i n te rac t i on  t ha t  i s  med ia ted  t h rough  a  

compu te r ,  o r  poss i b l y  a  se r i es  o f  ne two rked  compu te rs  t ha t  a re  

a l so  i n te rac t i ng  w i th  each  o the r .  The  means  and  manne r  by  wh i ch  

a  human  ma y  i n t e rac t  w i t h  a  mach ine  f o r  t he  pu rpose  o f  mu s i c  

mak ing  has  p roven  an  a rea  o f  immense  resea rch  and  ac t i v i t y  

s i nce  t he  days  o f  ea r l y  e l ec t r on i c  i ns t rumen ts .  The  t e rm  

‘ i n t e rac t i ve  i ns t r umen t ’  i s  used  w i t hou t  any  g rea t  cons i s t ency ,  i n  
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pa r t  due  t o  t he  immense  sca le  o f  cu r ren t  r esea rch  and  ac t i v i t y  i n  

t he  f i e l d . ”  [Ea rs ,  “ I n t e rac t i v i t y ” ]  

 

The  p rob lem o f  HC I  can  be  v i ewed  as  two  power fu l  i n f o rma t i on  

p rocesso rs  ( human  and  compu te r )  a t t emp t i ng  t o  commun i ca t e  

w i t h  each  o the r  v i a  a  n a r row-bandw id th ,  h i gh l y  cons t ra i ned  

i n t e r f ace  [TUF89 ] .  Acous t i c  i ns t r umen ts  a re  r eady  t o  p roduce  

sound  when  we  ac t  on  them (h i t  a  s t r i ng ,  p ress  a  key  on  t h e  

p i ano ,  e . t . c . ) ,  because  t he i r  p l ay i ng  i n t e r f ace  ( i n t e rac t i on  

su r f ace )  i s  i n sepa rab le  f r om  the i r  sound  sou rce .  I n  con t ra r y ,  i n  

i n t e rac t i ve  compu te r -based  aud io  sys tems  (e l ec t r on i c  &  compu te r  

i ns t r umen ts )  t he  i n t e r f ace  (ha rdwa re  i npu t  dev i ce ,  w i t h  wh i ch  the  

use r  phys i ca l l y  i n t e rac t s )  i s  a  comp le te l y  sepa ra ted  p i ece  o f  

equ ipmen t  f r om  the  sound  p roduc ing  sou rce  [HWP02 ] .  

 

Andy  Hu n t  a l so  men t i ons ,  t ha t  “ t he re  i s  no  ‘ d i a l ogue ’  be tween  

use r  and  compu te r ,  i n s tead  t he  compu te r  r esponds  i ns tan t l y  t o  

t he  use r ’ s  hand  movemen ts .  I t  i s  t hen  up  t o  t he  use rs  to  i n t e rp re t  

t he  sound  p roduced  and  to  use  t h i s  as  f eedback  t o  wha teve r  

p rocess  they  a re  cu r ren t l y  i nvo l ved  i n .  The  compu te r  does  no t  

se t  t he  agenda  o r  d i c t a te  t he  conve rsa t i on  o r  i ns i s t  t he  use r  

se l ec t s  f rom  a  se t  o f  p rede f i ned  op t i ons ,  bu t  i ns tead  p rov i des  an  

env i r onmen t  f o r  c rea t i ve  exp lo ra t i on ” .  [HUN03 ]  

 

A  c l ass i c  pc -based  sys tem fo r  p roduc ing  and  con t ro l l i ng  mus i ca l  

pa rame te rs  i n  r ea l  t ime  i s  composed  o f :  

 

o  The  use r ’ s  con t ro l  i npu t  da ta  t o  t he  compu te r  based  

sys tem.  

o  The  p rocess  o f  da ta  by  t he  compu te r .   

o  The  p rocessed  da ta  pa rame te r s  ou tpu t  t o  aud io ,  v i sua l  o r  

o t he r  t ype  o f  f eedback .  
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{IMAGE 1}: “Structure and separation of the components in interactive musical systems” 
 

Image  1  desc r i bes  t he  s t r uc tu re  and  sepa ra t i on  o f  t he  

componen ts  i n  i n te rac t i ve  mus i ca l  s ys tems .  The  commun i ca t i on  

be tween  t hese  pa r t s  t akes  p l ace  a t  two  l eve l s ;  t he  phys ica l  and  

t he  l og ica l  l eve l .  

 

A t  t he  “ p hys i ca l  l e ve l ”  ( e l ec t r i ca l  s i gna l )  o f  t he  commun i ca t i on ,  

we  need  t o  use  a  ha rdwa re  dev i ce  t ha t  w i l l  e s tab l i sh  the  phys i ca l  

connec t i on  be tween  t he  human  ges tu res  and  t he  compu te r .  The  

ha rdwa re  dev i ce  w i t h  wh i ch  t he  use r  d i r ec t l y  i n t e rac t s  ( t h rough  

d i f f e ren t  poss i b l e  moda l i t i e s )  i s  ca l l ed  “ I npu t  Dev i ce ”  o r  “Use r  

I n t e r f ace ” .  Acco rd i ng  t o  ‘Ea rs ’ ,  i n  gene ra l  an  i n te r f ace  i s  a  

“ so f twa re  o r  ha rdwa re -based  dev i ce  o r  p ro toco l ,  wh i ch  se r ves  as  

an  i n t e rmed ia r y  be tween  a  compu te r  and  a  pe r i phe ra l  dev i ce  o r  

be tween  two  d i f f e ren t  sys tems  wh i ch  pe rm i t s  t he  exchange  o f  

i n f o rma t i on  be tween  t hem”  [Ea rs ,  “ I n t e r f ace ” ] .  

 

On  t he  “ l og i ca l  l e ve l ”  o f  t he  connec t i on ,  t he  t r ans fe r  o f  t he  

ges tu re  da ta  i n fo rma t i on  i n t o  t he  compu te r  i s  based  on  a  

commun i ca t i on  p ro toco l  ( such  as  M ID I ,  OSC,  e . t . c . ) .  On  t op  o f  

t h i s ,  a  concep tua l  p rocess  o f  t r ans l a t i ng  t he  ges tu re  da ta  

i n f o rma t i on  t o  any  k i nd  o f  ou tpu t  –such  as  sound ,  v i s i on ,  f o rce  

f eedback  o r  sme l l— i s  i nvo l ved ,  wh i ch  i s  ca l l ed  “mapp ing ”  .     
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3. Input Devices 
A mechan i ca l  i npu t  dev i ce  encodes  mo t i on  i n t o  a  s i gna l  t ha t  can  

be  read  by  t he  compu te r  [ JSM94 ] .   

 

Any  t echno logy  t ha t  can  t ransduce  human  ges tu re  o r  move me n t  

i n t o  e l ec t r i ca l  s i gna l  i s  ava i l ab l e  t o  bu i l d  senso rs .  Rega rd l ess  o f  

senso r  t ype ,  i t  i s  impo r tan t  t o  r ecogn i ze  no t  on l y  wha t  i s  be ing  

measu red ,  bu t  how  i t  i s  be i ng  measu red :  r eso lu t i on  and  samp l i ng  

r a te  a re  f undamen ta l  aspec ts  t o  t ake  i n t o  accoun t .  The  common l y  

used  t echno log ies  i nc l ude  i n f r a red ,  u l t r ason i c ,  Ha l l  E f f ec t ,  

e l ec t r omagne t i c  and  v i deo  [SAP00 ] .  

 

 

3.1.  Computer borrowed input devices – 

questioning 
Keyboa rd ,  sw i t ch ,  pushbu t t on ,  s l i de r ,  j o ys t i c k ,  mouse ,  g raph i c  

t ab l e t ,  t ouch -sens i t i ve  pad ,  e t c .  be l ong  t o  t he  compu te r  

ha rdwa re .  Howe ve r ,  a l t hough  such  dev i ces  have  been  i n t ens i ve l y  

used  as  ges tu ra l  i npu t  dev i ces  f o r  mus i ca l  pu rpose ,  t hey  ha rd l y  

f i t  mus i ca l  ges tua l i t y  r equ i r emen ts  [SAP00 ] .  

 

Acco rd i ng  t o  Geo rge  W.  F i t zmau r i ce  and  W i l l i am  Bu x ton  [FB97 ] ,  

t he  p r ima ry  p r i nc i p l e  beh ind  Graspab le  U I s  i s  t o  adop t  a  space -

mu l t i p l exed  i npu t  des ign .  I npu t  dev i ces  can  be  c l ass i f i ed  as  

be ing  spac e -mu l t i p l exed  o r  t ime -mu l t i p l exed .   

 

W i t h  spac e -mu l t i p l exed  i npu t ,  each  f unc t i on  to  be  con t ro l l ed  has  

a  ded i ca ted  t r ansduce r ,  each  occupy ing  i t s  own  space .  Fo r  

examp le ,  an  au tomob i l e  has  a  b rake ,  c l u t ch ,  t h ro t t l e ,  s t ee r i ng  

whee l ,  and  gea r  sh i f t  wh i ch  a re  d i s t i nc t ,  ded i ca ted  t r ansduce rs  

con t ro l l i ng  a  s i ng le  spec i f i c  t ask  [FB97 ] .  A  c l ass i ca l  examp le  o f  a  

space -mu l t i p l exed  i npu t  dev i ce  i s  t he  QWERT Y keyboa rd ,  i . e .  t he  

keyboa rd  a l l  pe rsona l  compu te r s  have .  The  name  “QWERT Y”  

comes  f r om the  f i r s t  s i x  l e t t e r s  i n  t he  t op  a l phabe t  r ow  ( t he  on e  
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j u s t  be l ow  t he  numbers ) .  The  keyboa rd  a r rangemen t  was  

cons ide red  impo r tan t  enough  because  i t s ’  a im  was  t o  speed  up  

t yp i ng .  Th i s  means ,  t ha t  a l l  t he  pa rame te r s  a re  phys i ca l l y  spaced  

ou t  on  i t s  su r f ace  and  t he  use r  can  reach  a l l  t he  ha rdwa re  

f unc t i ona l i t y ,  a l t hough  t he  sub jec ts  a re  l im i t ed  t o  t he  ope ra t i on  

o f  on l y  some  o f  t hem a t  t he  same  t ime  (due  t o  10  f i nge rs ) .  [ FB97 ]  

 

I n  con t ras t ,  t ime -mu l t i p l ex i ng  i npu t  uses  one  dev i ce  t o  con t ro l  

d i f f e ren t  f unc t i ons  a t  d i f f e ren t  po i n t s  i n  t ime .  Fo r  i ns tance ,  t he  

mouse  uses  t ime  mu l t i p l ex i ng  as  i t  con t ro l s  f unc t i ons  as  d i ve r se  

as  menu  se lec t i on ,  nav i ga t i on  us i ng  t he  sc ro l l  w idge t s ,  po i n t i ng ,  

and  ac t i va t i ng  bu t tons  [FB97 ] .  

 
{IMAGE 2}: “(a) Time multiplexed – (b) Space multiplexed” [FB97] 

 s imp le  exa mp le  demon s t ra tes  the  

eaknesses  o f  t he  mouse .  

 

Th i s  means ,  t ha t  w i t h  t he  compu te r  mouse  we  choose  each  t ime  

one  spec i f i c  t ask  (we  c l i c k  on  i t ) .  Th i s  i s  he l p fu l  f o r  o f f i ce  t asks ,  

bu t  no t  f o r  mus i c  sys tems .  Acco rd i ng  t o  [OZS06 ] ,  “ Imag ine  a  

v i r t ua l  keyboa rd  whe re  t he  mouse  i s  used  t o  c l i c k  each  l e t t e r .  

The  p rocess  o f  w r i t i ng  a  sen tence  wou ld  t ake  much  l onge r  t han  

us i ng  t he  keyboa rd ” .  Th i s

w
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Cons ide r  t he  t ask  o f  t ex t  en t r y  w i t h  a  space -  ve r sus  t ime -

mu l t i p l ex  i npu t  s t y l e .  The  t ime -mu l t i p l ex  i npu t  scheme  cou ld ,  f o r  

examp le ,  emp loy  a  Mo rse  code  bu t ton  whe re  a  s i ng le  key  i s  used  

t o  encode  each  a lpha  numer i c  cha rac te r .  I n  con t ras t ,  t he  space -

mu l t i p l ex  i npu t  scheme  cou ld  use  a  QWERTY keyb oa rd  whe re  

t he re  i s  one  key  pe r  cha rac te r .  The  Graspab le  U I  a rgues  f o r  

h i f t i ng  i n t e rac t i ons  t o  a  mo re  space -mu l t i p l exed  des ign  [FB97 ] .   

 

s
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3.2.  Music dedicated input devices 
On the  o the r  hand ,  mus i ca l  keyboa rds ,  f oo t  peda l s ,  d rum pa ds ,  

r i bbon  con t ro l l e r s ,  b rea th  con t ro l l e r s  and  o the r  i ns t r umen t  l i ke  

on t ro l l e rs  be long  t o  t he  M I D I  wo r l d .  They  ha ve  been  exc l us i ve l y  

de rs tand ing  o f  t ask ,  

ev i ce ,  and  t he  i n t e r re l a t i onsh ip  be tween  t ask  and  dev i ce  f r om  

 

ev i ces ,  wh i ch  me ans  t ha t  a  d i f f e ren t  use r  i n t e r f ace  needs  t o  be  

A  w ide  range  o f  t ask - spec i f i c  i npu t  dev i ces  f o r  i n t e rac t i ve  aud io  

app l i ca t i ons  has  been  dev i sed  by  i n t eg ra t i ng  such  senso rs .  We  

w i l l  p resen t  a  f ew  examp le s  by  o rgan i z i ng  them i n  t he  f o l l ow ing  

non -exc l us i ve  ca tego r i es :  

c

deve loped  f o r  mus i ca l  a im  and  t hey  cap tu re  mus i ca l  ges tu re  on  

t he  scheme  o f  t he  M ID I  p ro toco l ,  bu t  t hey  a re  some t ime s  used  f o r  

o the r  pu rposes ,  l i gh t i ng  con t ro l s  f o r  examp le  [SAP00 ] .  

 

Acco rd i ng  t o  [ JSM94 ] ,  des i gn ing  e f f ec t i ve  i npu t  dev i ces  r equ i r es  

t ha t  t he  mo t i on  c l ea r l y  conveys  t he  i n t en t i on  o f  t he  use r  and  

comp lemen ts  h i s  o r  he r  phys i ca l  capab i l i t i e s .  The  des ign  o f  

cu r ren t  i npu t  dev i c es  and  t he i r  i n t e rac t i on  t echn iques  have  be en  

d r i ven  more  by  wha t  i s  t echno log i ca l l y  f eas i b l e  t han  f r om an  

unde rs tand ing  o f  human  pe r f o rma nce .  The i r  success  re l i es ,  i n  

pa r t ,  on  t he  we l l - documen ted  huma n  ab i l i t y  t o  adap t .  To  des ign  

and  se lec t  mo re  e f f ec t i ve  i npu t  dev i ces  and  i n t e rac t i on  

t echn iques ,  we  need  t o  use  a  deepe r  un

d

the  pe rspec t i ve  o f  t he  use r .  Such  unde rs tand ing  may  come  f r o m  

the  i n t u i t i on  and  j udgmen t  o f  des i gne rs  and ,  pe rhaps ,  f r om  

emp i r i ca l  s t ud ies  o f  spec i f i c  new  dev i ces .   

 

The re  seems  t o  be  a  necess i t y  f o r  deve lop ing  t ask - spec i f i c  i npu t

d

dev i sed  f o r  each  new  mus i c  i n te rac t i on  sys tem;  we  haven ’ t  

r eached  ye t  t he  po in t  o f  deve lop ing  a  gene r i c  use r  i n t e r f ace  and ,  

i n  f ac t ,  t he  ques t i on  a r i ses  o f  whe the r  t h i s  w i l l  e ve r  be  t he  case .  
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3.2 .1 .  Wearable  Input  Devices  

  
{IMAGE 3}: “Glove and shoes input devices” [IMG3] 

 

Wea rab le  I npu t  dev i ces  a re  c l o t hes ,  shoes ,  da ta -g l oves  p rov i ded  

w i t h  t ype s  o f  senso rs .  The  use r -a r t i s t  wea rs  t hem a nd  t h rough  

h i s / he r  movemen ts  sends  ges tu re  da ta  i n f o rma t i on  t o  a  compu te r .   

 

A  f ew  examp les  o f  such  p ro j ec t s  i nc l ude :  

 

3 .2 .1 .1 .  Bodysu i t  Cont ro l l e r  

The  “BodySu i t ”  i s  equ ipped  w i t h  12  senso rs ,  wh i ch  a re  p l aced  on  

each  j o i n t  o f  t he  body ,  s uch  as  w r i s t ,  e l bow ,  shou lde r ,  a rm ,  

ank l e ,  knee ,  and  t he  beg inn ing  o f  t he  l eg .  The  bend ing  senso rs  

a re  p l aced  on  t he  ou te r  s i des  o f  t he  a rms  an d  on  t he  f r on t  s i des  

o f  t he  l egs  and  f i xed  on  a  su i t .  Each  senso r  i s  connec ted  w i th  a  

cab le  t o  a  box ,  an d  t hen  i t  i s  and  an  A /D  i n t e r f ace .  The  pe r f o rme r  

needs  t o  wea r  t he  su i t ,  bu t  doesn ’ t  need  t o  ho ld  i t  i n  h i s  hands .  

 
{IMAGE 4}: “The Bodysuit” [GOT06] 
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The re fo re ,  h i s  ges tu re  doesn ’ t  have  t o  be  based  upon  p l ay i ng  an  

i ns t r umen t ,  bu t  cou ld  be  l i be ra ted  t o  become  a  l a rge r  ges tu re ,  

l i ke  a  m ime .  Th i s  a l l ows  f o r  co l l abo ra t i on  w i t h  a  pe rson  i n  a  

d i f f e ren t  f i e l d ,  f o r  i n s tance  a  dance r  o r  an  ac to r .  Tha t  i s  t o  say  i t  

can  be  we l l  adap ted  t o  a  pe r f o rmance  and  mus i ca l  t hea te r  

s i t ua t i on .  One  ma y  cons ide r  t h i s  as  a  body  i ns t r umen t .  Th i s  

e f f i c i en t l y  wo rks  i n  a  pe rcuss ion i s t - l i ke  ges tu re .  [GOT 06 ]  

 

3 .2 .1 .2 .  Lad ies  G love  

Lae t i t i a  Sonam i ' s  ( now  a t  CNMAT,  U .C .  Be rke ley )  " Lady ' s  G lo ve "  

i s  an  ex t r eme l y  de x te rous  sys tem,  w i t h  bend  senso rs  t o  measu re  

t he  i nc l i na t i on  o f  bo th  f i nge r  j o i n t s  f o r  t he  m idd le  3  f i nge rs ,  w i t h  

m i c rosw i t ches  a t  t he  end  o f  t he  f i nge rs  f o r  t ac t i l e  con t ro l ,  Ha l l  

senso rs  to  measu re  d i s t ance  o f  t he  f i nge rs  f r om  a  ma gne t  i n  t he  

t humb ,  p ressu re  sens ing  be tween  i ndex  f i nge r  and  t humb ,  a nd  

sona r  r ang ing  t o  em i t t e r s  i n  t he  be l t ,  shoe ,  o r  oppos i t e  a rm .  

[SONL G]   

 
{IMAGE 5}: “Ladies Glove” [SONLG] 

 

3 .2 .1 .3 .  G love -Ta lk I I  

GloveTa l k I I  i s  a  sys tem th a t  t r ans l a tes  hand  ges tu res  t o  speech  

t h rough  an  adap t i ve  i n t e r f ace .  Hand  ges tu res  a re  mappe d  

con t i nuous l y  t o  t en  con t ro l  pa rame t e rs  o f  a  pa ra l l e l  f o rman t  

speech  syn thes i ze r .  The  mapp ing  a l l ows  t he  hand  t o  ac t  as  an  

a r t i f i c i a l  voca l  t r ac t  t ha t  p roduces  speech  i n  r ea l  t ime .  Th i s  g i ves  

an  un l im i t ed  vocabu la r y  i n  add i t i on  t o  t he  d i r ec t  con t ro l  o f  

f undamen ta l  f r equency  and  vo lume .  Cu r ren t l y ,  G love -T a l k I I  uses  

seve ra l  i npu t  dev i ces  ( i nc l ud ing  a  Cybe rg l o ve ,  a  Co n tac tG love ,  a  

t h ree  spac e  t r acke r ,  and  a  foo t  peda l ) ,  a  pa ra l l e l  f o rman t  speech  
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syn thes i ze r ,  and  t h ree  neu ra l  ne two rks .  One  sub jec t  has  been  

t r a i ned  t o  speak  i n t e l l i g i b l y  w i t h  G l ove -Ta l k I I .  He  spe aks  s l ow l y  

w i t h  na tu ra l  sound ing  p i t c h  va r i a t i ons  t han  a  t ex t - t o - speech  

syn thes i ze r .  [ FELGT]  

 

{IMAGE 6}: “Glove-TalkII graphic” [IMG3] 
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3.3.  Non-intrusive Input Devices 
By  “non - i n t r us i ve ”  we  mea n  t hose  i npu t  dev i ces  t ha t  a re  no t  

based  on  use r ’ s  con tac t ,  hence  t hey  don ’ t  l im i t  t he  use r ’ s  

i n t ended  move men ts .  These  i npu t  dev i ces  use  d i f f e ren t  me thods  

( I n f r a red ,  B l ue too th  …)  f o r  r ece i v i ng  t he  hu man ’ s  ac t i ons  and  

send  i n f o rma t i on  t o  compu te r  bas ed  sys tems .  Usua l l y  t hey  have  

h i gh  cos ts  and  t hey  a re  used  f o r  o t he r  pu rposes ,  l i ke  sc i en t i f i c  

app l i ca t i ons  ( e .g .  med i ca l ) .  On  t he  o the r  hand ,  t he i r  

cha rac te r i s t i c s  a l l ows  t he i r  use  f o r  expe r imen ta t i on ,  e .g .  f o r  

mus i ca l  pu rposes ,  i n  compu te r  based  sc i ence  and  t echno logy .    

 

A  f ew  examp les  f o l l ow :  

 

3.3 .1 .  The Theremin 

The  The rem in  was  i nven ted  i n  1919  by  a  Russ ian  phys i c i s t  

named  L ev  Te rmen  (h i s  name  was  l a t e r  changed  t o  Leon  

The rem in ) .   

 

 

{IMAGE 7}: “Leon Theremin and the Theremin” [Theremin] 

 

Bes ides  l ook i ng  l i ke  no  o the r  i ns t r umen t ,  t he  The rem in  i s  un ique  

i n  t ha t  i t  i s  p l ayed  w i t hou t  be ing  t ouc hed .  Two  an tennas  p ro t r ud e  
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f r om  the  The rem in  -  one  con t ro l l i ng  p i t ch ,  and  t he  o the r  

con t ro l l i ng  vo l ume .  As  a  hand  app roaches  the  ve r t i ca l  an tenna ,  

t he  p i t ch  ge t s  h i ghe r .  App ro ach ing  t he  ho r i zon ta l  an tenna  makes  

t he  vo l u me  so f t e r .  Because  t he re  i s  no  phys i ca l  con tac t  w i t h  t he  

i ns t r umen t ,  p l ay i ng  t he  The rem in  r equ i r es  p rec i se  sk i l l  and  

pe r f ec t  p i t ch  [The rem in ] .   

 

The  spooky  sound  o f  t he  The rem in  was  used  i n  seve ra l  mov ie  

sound t racks  du r i ng  t he  1950 ' s  and  1960 ' s .  

Du r i ng  t he  60 ' s  and  70 ' s ,  bands  such  as  “ Lo tha r  and  t he  Ha nd  

Peop le ” ,  t he  “Bonzo  Doo  Dah  Dog  Band ” ,  and  “Led  Zeppe l i n ”  

b rough t  t he  The rem in  i n t o  t he  pub l i c  eye  f o r  a  sho r t  t ime .  Then ,  

t he  t he rem in  s l i pped  back  i n t o  obscu r i t y  un t i l  t he  r ecen t  r ev i va l  

o f  t he  1990s .  Today ,  l o t s  o f  bands  us e  The rem ins ,  t hough  f ew  i n  

a  mus i ca l  con tex t .  

 

3.3 .2 .  Laser  

A l ase r  senso r  can  wo rk  as  a  p rec i se  op t i ca l  t r acke r  f o r  

demand ing  t r ack i ng  env i r onmen ts ,  as  i t  can  con t i nuous l y  t r ack  

and  ou tpu t  pos i t i on  and  o r i en ta t i on  da ta  t o  a  hos t  compu te r .  

Exa mp les  o f  i t s  imp lemen ta t i on  i nc l ude  head  and  ob jec t  t r ack i ng  

i n  s imu la to r ,  med i ca l  and  3D  v i sua l i za t i on  app l i ca t i ons .   

 

A  consumer  p rod uc t  t ha t  makes  use  o f  t h i s  t ype  o f  l a se r  t r ack i ng  

t echno logy  i s  “ Lase r  B IRD 2 ”  by  “Ascens ion  Techno log y  

Co rpo ra t i on ” .  [ LB i r d2 ]  

 

 
{IMAGE 8}: “Laser Bird 2” [LBird2] 
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3.3 .3 .  Inert ia l  and GPS 

I ne r t i a l  and  GPS Nav iga t i on  sys tems  a re  made  f o r  measu r i ng  

mo t i on ,  pos i t i on ,  o r i en ta t i on  and  ve loc i t y  a t  h i gh  speed  ra te .   

The  RT4 000  f am i l y  p rodu c t s  by  “OXTS”  company  a re  such  

imp lemen ta t i on  examp les .  W i t h  a  h i gh  speed  (250Hz ) ,  t hey  us e  

I ne r t i a l  Nav iga t i on  Sys tem ( INS)  t echno logy  and  comb ine  t h i s  

w i t h  t he  Su rve y  Grade  GPS rece i ve r s .  The  sys tems  imp rove  t he  

pe r f o rma nce  ove r  GPS-on l y  ones  by  p rov i d i ng  accu ra te  i n  u rban  

o r  t r ee -cove red  env i r onme n ts .  [OXT S]  

 
{IMAGE 9}: “OXTS RT4000” [OXTS] 

 

3.3 .4 .  Electromagnet ic  

A techno logy  based  on  e l ec t r omagne t i c  senso rs ,  can  be  used  f o r  

t he  pos i t i on /o r i en ta t i on  sens ing  requ i r emen ts  o f  3D  ap p l i ca t i ons  

and  env i r onmen ts  and  i t  i s  i dea l  f o r  head  t r ack i ng ,  b i omechan i ca l  

ana l ys i s ,  compu te r  g raph i cs ,  cu r so r  con t ro l ,  and  s te reo tax i c  

l oca l i za t i on .  “ IN IT ION”  company  p roduces  “Po lhemu s  Pa t r i o t ” ,  

wh i ch  makes  use  o f  e l ec t r omagne t i c  senso rs .  The  Pa t r i o t  i s  a  3D  

d i g i t i ze r  and  a  dua l  senso r  mo t i on  t r acke r .  Compu t i ng  t he  

pos i t i on  and  o r i en ta t i on  o f  a  sma l l  senso r  as  i t  moves  t h rough  

space ,  p rov i des  dynam ic ,  r ea l - t ime  measu remen ts  o f  pos i t i on  (X ,  

Y ,  and  Z  Ca r t es i an  coo rd i na tes )  and  o r i en ta t i on  ( az imu th ,  

e l eva t i on ,  and  ro l l ) .  

 

I n  t he  mo t i on  cap tu re  sess ion ,  t he  move men ts  o f  one  o r  mo re  

ac to r s  a re  samp led  many  t imes  pe r  second .  H igh  reso lu t i on  

op t i ca l  mo t i on  cap tu re  sys tems  can  be  used  t o  samp le  body ,  

f ac i a l  and  f i nge r  move men t  a t  t he  same  t ime .  [ I n i t i on ]  
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{IMAGE 10}: “Polhemus Patriot” [Inition] 

 

 

3.3 .5 .  Vis ion-based systems  

Spec ia l  re f e rence  w i l l  be  made  t o  t hese  sys tems  i n  t he  nex t  

chap te r ,  as  t h i s  i s  t he  con t ro l  me tho d  t ha t  has  been  used  i n  t h i s  

p ro j ec t .  

 

The re  a re  p l en t y  o f  compu te r  based  sys tems  ( v i d eo  game  

conso les ,  pe r sona l  compu te r s  and  o the rs )  t ha t  make  use  o f  v i deo  

cameras  t o  cap tu re  images  f r om wh o le -body  move men ts  i n  r ea l  

t ime  and  send  these  da tase t s  ( pos i t i on ,  o r i en ta t i on  e t c )  as  

con t ro l  pa rame te r s  t o  seve ra l  app l i ca t i ons ,  l i ke  t he  ones  j us t  

men t i oned .  V ideo  cameras  (ana log ,  d i g i t a l ,  i n  IR  o r  no t )  f unc t i on  

as  i npu t  dev i ces  i n  t h i s  case .   

 

3 .3 .5 .1 .  2D  v ideo  mot ion  ana lys is  

To  unde rs tand  t he  way  a  c ompu te r  r ep resen ts  and  p rocesses  a  

d i g i t a l  image ,  we  have  t o  s t a r t  f r om  sc ra t ch  and  exp la i n  t he  

bas i cs  o f  a  d i g i t a l  s i gna l .  D ig i t a l  t echno logy  b reaks  i n f o rma t i on  

down  i n t o  d i sc re te  p i eces  and  rep resen ts  t hose  p i eces  as  

numbers .  Each  number  r ep resen t s  the  vo l t age  l eve l  o f  one  sho r t  

pe r i od  o f  t ime  (p e rhaps  40 ,000  measu remen ts  eve ry  second ) .  

The  number  o f  measu remen ts  pe r  second  i s  ca l l ed  the  samp l i n g  

r a te .  The  h i ghe r  t he  samp l i ng  r a te  i s ,  t he  mo re  measu remen ts  

w i l l  be  t aken  each  second ,  and  t he  d i g i t i zed  s i gna l  w i l l  t a ke  up  

more  me mory  i n  t he  compu te r .  Bu t  because  changes  tha t  occu r  i n  

t he  s i gna l  be tween  samp les  a re  l os t ,  t he  samp l i ng  r a te  mus t  be  

su f f i c i en t l y  h i gh .  On  t he  o the r  end ,  due  t o  i n f o rma t i on  s i ze  and  

p rocess ing  power  an  uppe r  l im i t  i s  a l so  i n t r oduced ;  a f t e r  a l l  t he  
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samp l i ng  r a te  mus t  a t  l eas t  be  as  h i gh  as  the  con t ro l  r a t e ,  t he  

aud io  pa rame te r s  d i c t a te .   

 

A l l  i n f o rma t i on  i n  a  comp u te r  i s  s to red  and  manage d  as  b i na ry  

numbers .  The  b i na ry  numb e r  sys tem on l y  has  two  d i g i t s  ( 0  and  

1 ) .  A  s i ng l e  b i na ry  d i g i t  i s  ca l l ed  a  b i t .  A  s i ng l e  b i t  can  rep resen t  

two  poss ib l e  i t ems  o r  s i t ua t i ons .  The  b i t  i s  e i t he r  1  o r  0 ,  l i ke  an  

e l ec t r i ca l  sw i t ch  tha t  i s  t u rned  on  o r  o f f .  Two  b i t s  t aken  t oge the r  

can  rep resen t  f ou r  poss ib l e  i t ems ,  because  t he re  a re  exa c t l y  f ou r  

comb ina t i ons  o f  two  b i t s  ( 00 ,  01 ,  10 ,  and  1 1 ) .  S im i l a r l y ,  t h re e  

b i t s  can  rep resen t  e i gh t  un i que  i t ems ,  because  t he re  a re  e i gh t  

comb ina t i ons  o f  t h ree  b i t s .  I n  gene ra l ,  n  b i t s  can  rep resen t  2
n  

un ique  i t ems .  

 

A  v i deo  i s  j us t  a  sequence  o f  image s  ove r  t i me .  The  i mages  can  

be  o f  a l l  t he  t ypes  (e .g .  b i na r y  imag es ,  g raysca le  images  o r  co l o r  

images )  w i t h  d i f f e ren t  r eso lu t i ons  and  b i t  dep ths .  The  more  

i n f o rma t i on  you  h ave  i n  ea ch  p i c t u re ,  t he  l a rge r  t he  v i deo  f i l e  w i l l  

be .  Bu t  t he  f r amera te  o f  t he  v i deo  a l so  i n f l uences  t he  s i ze  o f  t he  

v i deo .  The  more  images  t he  v i deo  has  each  second ,  t he  mo re  

i n f o rma t i on  we  w i l l  need  t o  s t o re .   

 

An  image  i s  desc r i bed  w i t h  t he  f unc t i on :  f ( x , y ) .  We  can  desc r i be  

a  v i deo  w i t h  t he  func t i on :  f
t
( x , y ) .  A t  each  t imes tep  t ,  we  have  an  

image  f ( x , y ) .  [NBT03 ]  

 
{IMAGE 11}: “A number of images over time” [NBT03] 

 
Some  o f  t he  image / v i deo  p rocess ing  t echn iques  i nc l ude :  
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Thresho ld  

Th resho ld i ng  i s  a  po in t  p rocess ing  t echn ique  t ha t  on l y  cons ide rs  

one  p i xe l  i n  t he  i npu t  image  t o  p roduce  a  co r respond ing  p i xe l  i n  

t he  ou tpu t  image .  Th i s  i s  why  i t  i s  r e fe r red  t o  as  po in t  

p rocess ing .  The  i npu t  t o  a  t h resho ld  ope ra t i on  i s  o f t en  a  

g raysca le  o r  co l o r  image .  I n  t he  s imp les t  imp lemen t a t i on ,  t he  

ou tpu t  i s  a  b i na ry  image ,  i . e .  b l ack -wh i t e  image .  [NBT03 ]  

 
B lob  T rack i ng  

Th i s  i s  a  use fu l  me thod  f o r  t r ack i ng  i so la ted  mov ing  ob jec t s  

w i t h i n  an  image  (usua l l y  a  non -chang ing  backg round  t ha t  i s  

i n i t i a l l y  exc l uded  f r om th e  p i c t u re )  and  f ocus ing  mere l y  on  a  

b l ob .  B lob  i s  sho r t  f o r  “B ina ry  La rge  OB jec t ” .  The re  a re  d i f f e ren t  

me thods  t o  t r ack  a  b l ob ,  bo th  i n  b i na r y  images  a nd  i n  co l o r  

images .  [NBT03 ]  

 

B ina ry  image  B lob  t r ack i ng  

I n  t h i s  case  b l obs  a re  r ecogn i zed  due  t o  t he  f ac t  t ha t  t hey  a re  

mov ing  i n  con t ra r y  t o  t he  s t i l l  backg round .  Mov ing  o b jec t s  a re  

r ep resen ted  by  wh i t e  p i xe l s  and  backg round  ( s t i l l )  a reas  a re  

r ep resen ted  by  b l a ck  p i xe l s ,  i . e .  ima ges  a re  b i na r i zed  acco rd i ng  

t o  t h i s  r u l e .  When  app l y i ng  b l ob  t r ack i ng  t o  a  b i na ry  image ,  t he re  

a re  f ou r  pa rame te r s  t ha t  need  t o  be  compu ted  i n  a  spec ia l  o rde r ;  

f i r s t  t he  cen te r  o f  t he  b l ob ,  f o l l owed  by  t he  va r i ance ,  t hen  t he  

s i ze  o f  t he  su r round ing  box  and  l a s t  t he  co rne r  pos i t i ons  o f  t he  

box .  [NBT03 ]  

 

Co lo r  ima ge  B lob  t r ack i ng  

I n  t h i s  case  b l obs  a re  r ecogn i zed  acco rd i ng  t o  t he i r  co l ou r .  As  

co l ou r  comes  i n  a  numb er  o f  ( even  s l i gh t )  va r i a t i ons ,  i t  i s  

necessa ry  t o  f i r s t  de f i ne  t he  co l ou r  va r i a t i on  r eg ion  f o r  each  

co lo r  t o  be  t r acked ,  t h rough  a  co lo r  h i s tog ra m o r  Gauss ian  

d i s t r i bu t i on  ( i n  HSV ,  RGB,  e t c ) .  [NBT03 ]  
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3 .3 .5 .2 .  V ideo  T rack ing  Program ming  En v i ronments  

    based  on  Image  Process ing  Techn iques  

An  ex ten s i ve  ( bu t  no t  exh aus t i ve )  l i s t  o f  such  v i deo  t r ack i ng  

p rog ramming  env i r onmen ts  f o l l ows :  

 

EyesW e b  
EyesWeb  re fe r s  bo th  t o  t he  r esea rch  p ro j ec t s  o f  I n f oMus  Lab  on  

mu l t imod a l  i n t e rac t i ve  sys tems  and  exp ress i ve  ges tu re ,  and  to  

t he  open  so f twa re  p l a t f o rm  to  suppo r t  t he  deve lopme n t  o f  r ea l -

t ime  mu l t imoda l  d i s t r i bu ted  i n t e rac t i ve  app l i ca t i ons .  The  

EyesWeb  p ro j ec t  s t a r t ed  i n  1997 ,  as  a  na tu ra l  evo lu t i on  o f  t he  

HARP P r o jec t  ( see  www. i n f omus .o rg ) .   

 

The  cu r ren t  r e l ease  o f  t he  open  so f twa re  p l a t f o rm  i s  EyesWe b  

XMI  ( e X t ended  Mu l t imoda l  I n t e rac t i on ) .  The  EyesWe b  so f twa re  

p l a t f o rm  has  been  deve loped  i n  EU  IST  p ro j ec t s  i n  t he  5 th  

(MEGA,  www. meg ap ro jec t . o rg )  and  6 th  F ramework  P rog ramme  

(TA I -CH I ,  Tang ib l e  Acous t i c  I n t e r faces  f o r  Compu t e r  Huma n  

I n te rac t i on ) .  Eyes Web  has  been  adop ted  i n  seve ra l  o t he r  EU  

p ro j ec t s ,  has  been  l i censed  t o  mo re  t han  15 ,000  i nd i v i dua l  use rs ,  

compan ies ,  and  i ns t i t u t i ons .  EyesWe b  i s  a l so  used  i n  Un i ve r s i t y  

cou rses  and  summer  schoo l s  ( e .g .  t he  New  Yo rk  Un i ve r s i t y  

Summer  P rog ram on  "Mus i c ,  dance  and  new  techno log ies " ) .  

 

Eyesweb  i s  based  on  t he  I n te l  OpenCV (Ope n  Sou rce  Compu te r  

L i b ra r y )  and  wo rks  unde r  M i c roso f t  W indows .  The  I n te l  OpenCV 

i s  a  co l l ec t i on  o f  open  sou rce  code  (C ,  C++ ,  known  a l go r i t hms )  

t ha t  i s  be i ng  used  and  en r i ched  by  sc i en t i s t s  wo r l dw ide .  

 

The  Eyes Web  resea rch  p ro j ec t  a ims  a t  exp lo r i ng  and  d eve lop ing  

mode l s  o f  i n t e rac t i on  by  ex tend ing  mus i c  l anguage  t owa rd  

ges tu re  and  v i sua l  l anguages ,  w i th  a  pa r t i cu l a r  f ocus  on  t he  

unde rs tand ing  o f  a f f ec t  and  exp ress i ve  con ten t  i n  ges tu re .  Fo r  

examp le ,  i n  EyesWeb  t he  a im  i s  t o  deve lop  me thods  ab le  t o  

d i s t i ngu i sh  be tween  t he  d i f f e ren t  exp ress i ve  con ten t  f r om  two  
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i n s tances  o f  t he  same  mo vemen t  pa t t e rn ,  e .g . ,  two  pe r f o rmances  

o f  t he  same  dance  f r agmen t .  

   

EyesWeb  he lps  us  c rea te  i n t e rac t i ve -d i g i t a l -mu l t imed ia  

app l i ca t i ons .  I t  g i ves  us ,  a l so ,  t he  poss ib i l i t y  t o  c re a te  sounds  

and  images  i n  rea l  t ime ,  t h rough  seve ra l  moda l i t i e s  ( v i s i on ,  

t ouch ,  e t c ) ,  a l t hough  i t  i s  ma in l y  f ocused  on  v i sua l  mo t i on  

t r ack i ng .  W i t h  EyesWeb ,  we  a re  ab le  t o  de te rm i ne  ob jec t s ,  

pe r sons  and  ges tu res  o r  l oca te  movemen ts .  

 
{IMAGE 12}: “Eyesweb Interface” [InfoMus] 

 

EyesWeb  i s  be ing  used  by  a r t i s t s  a l l  ove r  t he  wo r l d ,  f o r  t he  

exp lo ra t i on  o f  t he  un i ve r se  o f  e l ec t r on i c  mus i c  and  the  op t i c s .  

[ I n f oMus ]  

 

 

I sadora  
I sado ra  i s  a  commerc i a l  p roduc t  des i gned  by  compose r  and  

med ia  a r t i s t  Ma rk  Con ig l i o  and  i t  i s  access ib l e  on l i ne  

[T ro i kaT ron i x ] ;  an  academ ic  d i scoun t  i s  o f f e red .  

 

I sado ra  i s  a  g raph i c  p rog ramming  en v i r onmen t  f o r  Mac in tosh ,  bu t  

now  has  a  W indows  ve rs i on  i n  pub l i c  be ta .  I t  p rov i des  i n t e rac t i ve  

con t ro l  ove r  d i g i t a l  med ia ,  w i t h  spec ia l  emphas i s  on  t he  r ea l - t ime  

man ipu la t i on  o f  d i g i t a l  v i deo .  

 
{IMAGE 13}: “Isadora Interface” [TroikaTronix] 
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I sado ra  i s  a  use r  f r i end l y  i n t e r f ace  w i t h  t he  f o l l ow ing  gene ra l  

f ea tu res :  

 

Rea l t ime  V ideo  P rocess ing  Modu les  - -  I sado ra  p rov i des  a  

se l ec t i on  o f  r ea l - t ime  v i deo  p rocess ing  modu les ,  bo th  t hose  bu i l t  

i n  t o  I sado ra ,  and  t hose  supp l i ed  by  FreeF ra me ,  an  evo l v i ng ,  

open -sou rce  s tanda rd  f o r  v i deo -p rocess ing  p l ug ins .  Ove r  f o r t y  

F reeF rame  p l ug ins  a re  ava i l ab l e  f r om the i r  homepage ,  on  t he  

i n t e rne t .  

 

Hardware  Acce le ra ted  Rende r i ng  -  I sado ra  now  uses  t he  power  o f  

ou r  bu i l t - i n  g raph i cs  ca rd  to  speed  rende r i ng  t o  t he  sc reen ,  and  

a l l ow  d i f f e ren t  t yp es  o f  3D  e f f ec t s .  Th i s  new  fea tu re  a l so  mean s  

t ha t  t he re  a re  mo re  f l ex i b l e  ways  t o  compos i t e  images  on  t he  

sc reen .  

 

G4 Na t i v e  V ideo  P rocess ing  –  Y i e l ds  ex t r eme l y  f a s t  v i deo  

p rocess ing  (MacOS ve rs i on  on l y )  

 

Con t ro l  Pane l s  –  We  can  c rea te  a  use r  i n t e r face  f o r  ou r  I sado ra  

p rog ram.  Vers i on  1 .1  f ea t u res  seve ra l  new  con t ro l s ,  i n c l ud ing  

D ia l s ,  Rad io  Bu t t ons ,  and  more ;  and ,  we  can  us e  ou r  own  

g raph i cs  cus tom ize  t he  l ook  o f  s l i de rs ,  bu t t ons  and  the  

backg round  o f  t he  Con t ro l  Pane l .  

 

Cus to m Use r  Ac to r s  –  We  can  c rea te  ou r  own  "ac to r s "  by  

g roup ing  t oge the r  seve ra l  I sado ra  modu les .  These  can  be  saved  

f o r  use  i n  o the r  pa t ches ,  o r  t o  be  sha red  w i t h  o the r  use rs .  

 

Snapsho t  Fea tu re  –  S to re  a nd  i ns tan t l y  r eca l l  t he  se t t i ngs  w i t h i n  

a  Scene .  

 

I sado ra  SDK  –  W i th  t h i s  f ea tu re ,  we  can  c rea te  ou r  own  I sado ra  

modu les  i n  C  o r  C++ .  
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I sado ra  a l so  o f f e r s  numerou s  ways  t o  r ende r  ou r  v i deo ;  i n  r ea l -

t ime  t o  an  ex te rna l  mon i t o r  o r  v i deo  p ro j ec to r ,  t o  a  DV  Camera  

(MacOS X  on l y ) ,  o r  t o  r ende r  i t s  ou tpu t  t o  a  mov ie  f i l e .  

[ T ro i kaT ron i x ]  

 

 

E ye Co n  
Eyecon ' s  ma in  use  has  been  t o  f ac i l i t a t e  i n t e rac t i ve  

pe r f o rma nces  and  i ns ta l l a t i ons  i n  wh i ch  t he  mo t i on  o f  human  

bod ies  i s  used  t o  t r i gge r  o r  con t ro l  va r i ous  o the r  med ia  (mus i c ,  

sounds ,  pho tos ,  f i lms ,  l i gh t i ng  changes ,  e t c . ) .   

 

 
{IMAGE 14}: “EyeCon Interface” [EyeCon] 

 

Eyecon  d oes  t h i s  us i ng  a  v i deo  f eed  f r om t he  pe r f o rmance  o r  

i ns ta l l a t i on  a rea  (any  no rma l  v i deo  camera  may  be  u s ed ) .  Whe n  

t he  v i deo  s i gna l  i s  f ed  i n t o  t he  compu te r ,  t he  image  appea rs  i n  

t he  ma in  w indow  o f  t he  p rog ram.  Th en  we  a re  ab le  t o  d raw  l i nes ,  

f i e l ds  o r  o t he r  e l emen ts  ove r  t he  v i deo  p i c t u re .  [EyeCon ]   

 

I f  a  pe rson  t hen  moves  i n t o  t he  v i deo  imag e  and  some  pa r t  o f  

t he i r  body  t ouches  one  o f  t he  e l emen ts  we  have  d rawn  on ,  t hen  

an  even t  can  be  t r i gge red ,  f o r  exa m p le  a  ce r t a i n  sound  m igh t  b e  

hea rd .  A l t e rna t i ve l y ,  i f  we  have  d rawn  a  f i e l d ,  eyecon  can  

measu re  t he  amoun t  o f  mo t i on  occu r r i ng  w i t h i n  t ha t  f i e l d .  

[EyeCon ]   

 

Add i t i ona l  f ea tu res  l e t  us  t rack  t he  pos i t i on  o f  pe r sons  w i t h i n  t he  

pe r f o rma nce  a rea ,  measu re  t he i r  he i gh t ,  t he i r  w id th ,  t he i r  ove ra l l  

s i ze  o r  t he  deg ree  o f  l e f t - r i gh t  s ymmet r y  i n  t he i r  shape  

(assum ing  t hey  a re  f ac i ng  t he  camera ) .  These  con t ro l  e l emen ts  

may  eac h  be  ass i gned  to  a  d i f f e ren t  ou tpu t .  Any  number  o f  
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e lemen ts  ma y  b e  used  s imu l t aneous l y  i n  any  co mb ina t i on .  

Mu l t i p l e  cameras  may  a l so  be  used ,  t hough  no t  s imu l t aneous l y  

( un less  you  have  more  t ha n  one  compu te r  r unn ing ) .  Eyecon  i s  

on l y  ava i l ab l e  f o r  PCs  and  needs  a t  l eas t  D i r ec tshow  8 .1  

i ns ta l l ed .  [EyeCon ]  

 

 

vvvv   
“ v vvv ”  i s  be ing  deve loped  by  t he  vvvv  g rou p .  “ vvvv ”  i s  a  t oo l k i t  

f o r  r ea l  t ime  v i deo  syn thes i s .  I t  i s  des i gned  t o  f ac i l i t a t e  t he  

hand l i ng  o f  l a rge  med ia  env i r onmen ts  w i t h  phys i ca l  i n t e r f aces ,  

r ea l - t ime  mo t i on  g raph i cs ,  aud io  and  v i deo  t ha t  can  i n t e rac t  w i t h  

many  use rs  s imu l taneous l y .   

 

 
{IMAGE 15}: “vvvv interface” [vvvv] 

  

“ v vvv ”  uses  a  v i sua l  p rog ramming  i n t e r f ace .  The re fo re  i t  p rov i des  

a  g raph i ca l  p rog ramming  l anguage  f o r  easy  p ro to t yp i ng  and  

deve lopmen t .  [ v vvv ]   

 

“ v vvv ”  i s  r ea l  t ime .  Whe re  many  o t he r  l anguages  have  d i s t i nc t  

modes  f o r  bu i l d i ng  and  runn ing  p rog rams ,  vvvv  on l y  has  on e  

mode - run t ime .  “ vvvv ”  i s  f r e e  f o r  non -commerc ia l  use .  [ vvvv ]  
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3 .3 .5 .3 .  3D  mot ion  cap tur ing  -  r e f l ec t ion  based  

 

The re  a re  many  ways  t o  gene ra te  mo t i on  cap tu re  da ta  us i ng ,  

e .g . ,  mechan i ca l ,  magne t i c ,  o r  op t i ca l  s ys tems ,  each  techno logy  

hav ing  i t s  own  s t reng ths  and  weaknesses .   

 

We  a re  go ing  t o  p resen t  and  d i scuss  abou t  an  op t i ca l  ma rke r -

based  t echno logy  t ha t  g i ves  us  a  ve r y  c l ean  and  de ta i l ed  mo t i on  

cap tu re  da ta .   Th i s  t echn ique  i s  o f t en  used  i n  compu te r  g raph i cs  

f o r  an ima t i ng  v i r t ua l  human  cha rac te r s .   

 

The  f i r s t  t h i ng  we  need  i s  a  human  (an  ac to r  f o r  examp le ) ,  

wea r i ng  a  spec ia l  des i gned  un i f o rm  equ ipped  w i t h  a  se t  o f  40 -50  

re t r o - re f l ec t i ve  ma rke rs  a t t ached  on  i t .  These  ma rke rs  a re  

t r acked  by  an  a r ra y  o f  6 -12  ca l i b ra ted  h i gh - reso lu t i on  cameras  a t  

a  f r ame  ra te  up  t o  240  Hz .  F rom the  reco rded  2D  images  o f  t h e  

ma rke r  pos i t i ons ,  t he  sys tem can  t hen  recons t ruc t  t he  3D  marke r  

pos i t i ons  w i t h  h i gh  p rec i s i on  ( p re sen t  sys tems  have  a  r eso lu t i on  

o f  l e ss  t han  a  m i l l ime te r ) .  T hen  t he  da ta  a re  c l eaned  w i t h  t he  a i d  

o f  sem i -au toma t i c  gap  f i l l i ng  a l go r i t hms  exp lo i t i ng  k i nema t i c  

cons t ra i n t s .  C lean ing  i s  necessa ry  f o r  m i ss i ng  and  de fec t i ve  

da ta ,  whe re  t he  de fec t s  a re  due  t o  ma rke r  occ l us i ons  and  

t r ack i ng  e r ro r s .  I n  many  app l i ca t i ons ,  t he  3D  marke r  pos i t i ons  

can  be  d i r ec t l y  used  f o r  f u r t he r  p rocess ing .  [MUL07 ]     

 

The re  a re  p l en t y  o f  s ys tems  t ha t  u s e  t h i s  k i nd  o f  t r a ck i ng .  Mos t  

o f  t hem a re  ve r y  expens i ve  and  a re  deve loped  f o r  p ro fess i ona l  

use .  V ICON sys te ms  a re  go ing  t o  be  b r i e f l y  p resen ted  he re .  

 

V i con  works  by  t rack i ng  a  number  o f  i n f r a red  ( IR )  r e f l ec t i ve  

ma rke rs  us i ng  cameras  t ha t  em i t  IR  l i gh t  and  wo rk  i n  h i gh  f rame  

ra tes  ( up  t o  2000  f r ames / sec ) ,  t hus  a l l ow ing  cap tu r i ng  unde r  

many  d i f f e ren t  env i r onmen ts  and  amb ien t  l i gh t  cond i t i ons .  
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{IMAGE 16}: “Vicon Camera” [IMG16] 

 
V i con  works  by  t rack i ng  a  number  o f  i n f r a red  ( IR )  r e f l ec t i ve  

ma rke rs  us i ng  cameras  t h a t  em i t  IR  l i gh t .  Essen t i a l l y  each  

camera  image  i s  p rocessed  i n  ha rdwa re  by  a  compo nen t  ca l l ed  

t he  MX U l t r ane t .  I t  compu tes  mu l t i p l e  camera  v i ews  i n t o  a  l i s t  o f  

3D  mark e r  coo rd i na tes .  These  coo rd i na tes  can  a l so  be  mapped  

on to  p rede f i ned  r i g i d  bod ies  p rov i d i ng  ma tch ing  3D  coo rd i na te s  

t o  ma rke r  names  (e .g .  wand  t i p ) .  Th i s  i n f o rma t i on  i s  t hen  sen t  t o  

t he  V i con  sys tem v i a  a  TCP  n e two rk  p ro toco l  and  can  be  

accessed  i n  r ea l  t ime  us i ng  many  d i f f e ren t  p rog rammin g  

l anguages  (e .g .  C++ ,  C# ) .  
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3.4.  Haptic Input Devices 
Hapt ic ,  f r om  the  Greek  αφή  (Haphe ) ,  mean s  pe r t a i n i ng  t o  t h e  

sense  o f  t ouch .  Touch ing  i s  no t  l im i t ed  t o  a  f ee l i ng ,  bu t  i t  a l l ows  

i n t e rac t i v i t y  i n  r ea l - t ime  w i t h  v i r t ua l  ob j ec t s  [W ik i ped ia ,  “Hap t i c ” ] .  

 

Compu te r  use rs  have  bee n  expos ed  t o  Hap t i c  I npu t  dev i ces  

t h rough  t he  mos t  common  i npu t  dev i ce ,  “ t he  j oys t i c k ” .  Mos t  

j oys t i c ks  a re  two -d imens iona l ,  hav ing  two  axes  o f  move men t  

( s im i l a r  t o  a  mouse ) ,  bu t  t h ree -d imens iona l  j o ys t i c ks  do  ex i s t .  A  

j oys t i c k  i s  gene ra l l y  con f i gu red  so  t ha t  mo v ing  t he  s t i c k  l e f t  o r  

r i gh t  s i gna l s  movemen t  a l ong  t he  X  ax i s ,  and  mov ing  i t  f o rwa rd  

( up )  o r  back  ( down)  move men t  s i gna l s  a re  sen t  a l ong  t he  Y  ax i s .  

I n  j oys t i c ks  t ha t  a re  con f i gu red  f o r  t h ree -d imens iona l  movemen t ,  

tw i s t i ng  t he  s t i c k  l e f t  ( coun te r - c l ockw i se )  o r  r i gh t  ( c l ockw i se )  

move men t  s i gna l s  a re  sen t  a l ong  t he  Z  ax i s .  These  t h ree  axes  -  

X  Y  and  Z  -  a re ,  i n  r e l a t i on  t o  an  a i r c ra f t ,  r o l l ,  p i t ch ,  and  yaw .  

 
{IMAGE 17}: “Joystick input device” [IMG17] 

 

An  “ ana log  j oys t i c k ”  i s  a  j oys t i c k  wh i ch  has  con t i nuous  s t a tes ,  

i . e .  r e t u rns  an  ang le  measu re  o f  t he  move men t  i n  any  d i r ec t i on  i n  

t he  p l ane  o r  t he  space  (usua l l y  u t i l i z i ng  po ten t i ome te r s )  and  a  

“ d i g i t a l  j o ys t i c k ”  g i ves  on l y  on /o f f  s i gna l s  f o r  f ou r  d i f f e ren t  

d i r ec t i ons ,  and  mechan i ca l l y  poss i b l e  comb ina t i ons  ( such  as  up -

r i gh t ,  down - l e f t ,  e t c . ) .  D ig i t a l  j o ys t i c ks  we re  ve ry  common  as  

game  con t ro l l e r s  f o r  t he  v i deo  game  conso les ,  a r cade  mach ines ,  

and  home  compu te r s  o f  t he  1980s .   
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Add i t i ona l l y  j o ys t i c ks  o f t en  have  one  o r  mo re  f i r e  bu t t ons ,  used  

t o  t r i gge r  some  k i nd  o f  ac t i on .  These  a re  s imp le  on /o f f  sw i t ches .  

Some  j oys t i c ks  have  “ f o r ce  f eedback ”  capab i l i t y .  These  a re  t hus  

ac t i ve  dev i ces ,  no t  j u s t  s imp le  i npu t  dev i ces .  The  compu te r  can  

re tu rn  a  s i gna l  t o  t he  j oys t i c k  t ha t  causes  i t  t o  r es i s t  t he  

move men t  w i t h  a  r e tu rn i ng  fo r ce  o r  make  t he  j oys t i c k  v i b ra te .  

 

Mos t  I /O  i n t e r f ace  ca rds  f o r  PCs  ha ve  a  j oys t i c k  ( game  con t ro l )  

po r t .  Mode rn  j oys t i c ks  ( as  o f  2007 )  mos t l y  use  a  USB i n te r f ac e  

f o r  connec t i on  t o  t he  PC .  

 

Ou r  p ro j ec t ,  as  a l r eady  men t i oned ,  w i l l  conc en t ra te  on l y  on  a  

spec i f i c  t ype  o f  co n t ro l l e r ,  known  as  “Tab le t  Con t ro l l e r ” .  Tab le t s  

can  be  rega rded  as  hap t i c  i npu t  dev i ces ,  o r  even  i n  f ac t  as  

“ g raspab le ”  o r  “ t ang ib l e ”  i npu t  dev i ces .  

 

 

A  f ew  mu s i ca l  app l i ca t i ons  o f  such  dev i ces  f o l l ow :  

 

3.4 .1 .  Lemur 

The  Lemur  i s  a  p o r t ab le  con t ro l l e r  f o r  l i ve  p e r f o rman c e  compu te r  

mus i c  app l i ca t i ons  f ea tu r i ng  a  12 ”  LCD d i sp l ay  and  a  t ouch  

sc reen  i n t e r f ace  t ha t  can  s imu l t aneous l y  t r ack  mu l t i p l e  f i nge rs .   

 
{IMAGE 18}: “Jazzmutant – Lemur” [jazzmutant] 
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The  Lemur  commun i ca tes  w i t h  a  h os t  compu te r  ove r  100 -baseT  

E the rne t  us i ng  t he  Open  Sou nd  Con t ro l  (OSC)  p ro t oco l  

deve loped  a t  UC  Be rke ley ’ s  Cen t e r  f o r  New  Mus i c  and  Aud io  

Techno log ies  (CNMAT) .  [ j a zzmu tan t ]   

 

Use rs  con f i gu re  the  Lemur  us i ng  an  ed i t o r  app l i ca t i on  t ha t  r uns  

on  Mac  OS  X ,  W indows  XP  and  L i nux .  Use rs  d rag  and  d rop  

g raph i ca l  con t ro l  ob j ec t s  such  as  f ade rs ,  bu t tons ,  two -

d imens iona l  a rea  con t ro l l e r s  and  s ta tus  mon i t o r s  t o  c rea te  

i n t e r f aces .  A f t e r  a  co l l ec t i on  o f  i n t e r f aces  i s  up l oaded  t o  t he  

Lemur ,  t he  dev i ce  sends  da ta  t o  pa rame te r s  i n  a  sound -

gene ra t i ng  app l i ca t i on  when  a  use r  t ouches  ob jec t s  i n  t he  

d i sp l ay .  Pe r f o rme rs  can  f l i p  be tween  i n t e r f aces  on  t he  Lemur  

us i ng  bu t t ons  l oca ted  above  t he  t ouch  sc reen .  The  Lemur ’ s  

i n t e r f ace  ob jec t s  can  be  cus tom ized  w i t h  JazzMu t t an t ’ s  

“ phys i ca l ”  p rope r t i es  t ha t  i n c l ude  f r i c t i on ,  smoo th i ng ,  f ade  i n  and  

f ade  ou t .  Fo r  examp le ,  f ade rs  w i th  dec reased  f r i c t i on  “ g l i de ”  

ac ross  the  sc reen  and  can  even  “bounce ”  a f t e r  h i t t i ng  ze ro .  

Ob jec t s  can  a l so  t r ansm i t  da ta  based  on  comp lex  f l oa t i ng -po in t  

ma thema t i ca l  f o rmu las ,  mov ing  f a r  beyond  t he  0 -127  l im i t a t i ons  

o f  t yp i ca l  M ID I  con t ro l l e r s .   [ j a zzmu tan t ]   

 

3.4 .2 .  Buchla  Thunder  

Thunde r  i s  a  m id i  con t ro l l e r  t ha t  senses  va r i ous  aspec t s  o f  t he  

t ouch  o f  hands  on  i t s  p l ay i ng  su r f ace ,  and  t r ansm i t s  t he  r esu l tan t  

ges tu ra l  i n f o rma t i on  v i a  M ID I  (Mus i ca l  I ns t r umen t  D ig i t a l  

I n t e r f ace )  t o  r espons i ve  e l ec t r on i c  i ns t r umen ta t i on .  

 

I t  i s  an  a l t e rna t i ve  con t ro l l e r .  Mak ing  no  a t t emp t  t o  e mu la te  t he  

appea rance  o r  p l ay i ng  t echn iques  o f  ex i s t i ng  acous t i c  

i n s t r umen ts ,  Thunde r  i n t roduces  new  concep t s  f o r  de f i n i ng  

mus i ca l l y  i n t e res t i ng  r e l a t i onsh ips  be tween  pe r f o rma nce  ges tu re  

and  mod e rn  e l ec t r on i c  vocabu la r i es .  Thunde r ' s  mu l t i - f ace ted  

p l ay i ng  su r f ace  i s  o rgan i zed  t o  comp lemen t  t he  shape  and  reach  

o f  t he  human  hand ;  i t s  36  i nd i v i dua l  e l emen ts  ough t  t o  sense  a  

pe r f o rme r ’ s  s l i gh tes t  t ouch .  
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A l l  keys  r espond  t o  p ressu re ;  some  sense  pos i t i on  as  we l l ;  

o t he r s  i nco rpo ra te  l i gh t  em i t t i ng  d i odes  used  t o  i nd i ca te  ke y  

s t a tus  o r  cu r ren t l y  se l ec ted  op t i ons .  

 

 
{IMAGE 19}: “Thunder” [Thunder] 

 
Ca l l ed  STORM,  Thunde r ' s  bu i l t - i n  ope ra t i ng  l anguage  pe r f o rms  

t he  essen t i a l  f unc t i on  o f  de f i n i ng  t he  po ten t i a l  i n t e rac t i on  

be tween  a  mus i c i an  and  h i s  i ns t r umen t .  I t  i s  des i gned  fo r  use  by  

mus i c i ans  ( p rog ramming  expe r i ence  no t  r equ i r ed ) .  I ns t r umen t  

se tups  ( " con f i gu ra t i ons " )  can  be  s to red  i n  i n t e rna l  me mory  o r  on  

p l ug - i n  da ta  ca rds .  [ Thunde r ]  
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3.5.  Graspable User Interfaces  
Graspab le  U I s  advoca te  p rov i d i ng  use rs  concu r ren t  access  to  

mu l t i p l e ,  spec ia l i zed  i npu t  dev i ces  wh i ch  can  se r ve  as  ded i ca ted  

phys i ca l  i n t e r f ace  w idge t s ,  a f f o rd i ng  phys i ca l  man ipu la t i on  an d  

spa t i a l  a r r angeme n ts .  [ FB97 ]  

 

G raspab le  U I s  a l l ow  d i r ec t  con t ro l  o f  e l ec t r on i c  o r  v i r t ua l  ob j ec t s  

t h rough  phys i ca l  hand les  f o r  con t ro l .  These  phys i ca l  a r t i f a c t s  a re  

essen t i a l l y  new  i npu t  dev i ces  t ha t  can  be  t i gh t l y  coup led  

“a t t ached ”  t o  v i r t ua l  ob j ec ts  f o r  man ipu la t i on  o r  f o r  exp ress i ng  

ac t i on  ( e .g . ,  t o  se t  pa rame te r s  o r  f o r  i n i t i a t i ng  p rocesses ) .  

[ FB97 ]  

 

Graspab l e  func t ions  no t  dev ices  

We,  some t imes ,  may  h ypo thes i ze  “ g raspab le  dev i ces ”  as  

“ g raspab le  f unc t i ons ” .  I f  we  t h i nk  abou t  i t  i n  a  mo re  gene r i c  way ,  

a l l  phys i ca l  i npu t  dev i ces  can  be  cons ide red  as  g raspab le ,  

because  t hem ex i s t i ng  i n  ou r  3d -phys i ca l  wo r l d ,  and  t hus  we  can  

g rab  and  ho ld  t hem.   

 
{IMAGE 20}: “Phases of Interaction” [FB97] 

 
IMAGE 2 0  desc r i bes  t he  phases  o f  i n t e rac t i on  f o r  ( a )  T rad i t i ona l  

GU Is  and  (b )  G raspab le  U I s .   

 

W i t h  t r ad i t i ona l  GU Is  t he re  a re  o f t en  t h ree  phases  o f  i n t e rac t i on :  

o  Acqu i r e  phys i ca l  dev i ce .  

o  Acqu i r e  l og i ca l  dev i ce ,  f o r  examp le  a  U I  w idge t  such  as  a  

bu t t on  o r  a  sc ro l l ba r .  

o  Man ipu la te  t he  v i r t ua l  dev i ce .  
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On the  o t he r  hand ,  G raspab le  U I s  can  o f t en  r educe  t he  phases  o f  

i n t e rac t i on  t o :  

o  Acqu i r e  phys i ca l  dev i ce  

o  Man ipu la te  t he  v i r t ua l  dev i ce  ( d i r ec t l y ) .  

 

Th i s  happens  because  t he  phys i ca l  dev i ce /dev i ces  can  be  

a t t ached  t o  a  l og i ca l  dev i ce .  [ FB97 ]   

As  a  r esu l t ,  i n  g raspab le  use r  i n t e r f aces  t he re  i s  a  qu i cke r  

men ta l  connec t i on  o f  t he  use r  t o  t he  a imed  t ask  t h rough  h i s  

i n t e rac t i on .  

 

Add i t i ona l l y ,  w i t h  a  t r ad i t i ona l  GUI ,  we  have  t o  op t i ca l l y  

concen t ra te  on  a  compu te r  mon i t o r ,  wh i l e  phys i ca l l y  i n t e rac t i ng  

w i t h  an  ob jec t  t ha t  i s  no t  t he  mon i t o r  i t se l f .  Th i s  i s  ve r y  

r es t r i c t i ve ,  because  t he re  i s  an  i n t e rmed ia te  t r ans l a t i on  l eve l  

i n vo l ved  ( t o  g i ve  a  r esu l t ,  such  as  sound ,  v i sua l s ,  e . t . c . ) ,  t ha t  

makes  i n t e rac t i on  f ee l  a  b i t  a r t i f i c i a l .  W i t h  a  G raspab le  U I ,  o u r  

phys i ca l  move men ts  (when  we  g rab  o r  t ouch  some th ing ) ,  do  no t  

need  a  t r ans l a t i on ,  because  phys i ca l  i n t e rac t i on  and  v i sua l  

f eedback  i s  a t t ached  t o  t he  same  o b jec t  and  hap t i c  f eedback  as  

an  add i t i ona l  and  mos t  i ns tan t  f eedback  channe l  i s  app l i ed  

d i r ec t l y  t o  i t .  Thus ,  t h i s  t ype  o f  U I  can  be  more  use r - f r i end l y ,  

because  we  can  concen t ra te  t o  a  spec i f i c  t ask  on l y ,  t he  

move men t  and  t he  hap t i c  sense .   

 

G raspab le  U I s  can  be  t r acked  t h rough  d i f f e ren t  moda l i t i e s  and  

senso rs .  One  so lu t i on  i s  t he  use  o f  a  v i s i on  sys tem,  such  as  an  

expens i ve  v i deo  camera  o r  a  l ow  cos t  web  camera ,  wh i ch  i s  wha t  

has  been  used  i n  t h i s  p ro j ec t .  

 
{IMAGE 21}: “Graspable device” [FB97] 
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Α  sub -ca tego ry  o f  hap t i c  and /o r  g raspab le  i npu t  dev i ces  a re  t he  

so - ca l l ed  “ t ab l e t s ” ,  t o  wh i ch  spec ia l  r e f e rence  w i l l  be  made  i n  a  

f o l l ow ing  chap te r .  
 

 

An  examp le  o f  g ras pab le  U Is  i s :  

 

The  Hands  

Miche l  Wa i sv i sz  conce i ved  o f  The  Hands  i n  t he  ea r l y  1980s .  The  

Hands  a re  a l um inum p la tes  con ta i n i ng  t ouc h  sens i t i ve  keys ,  

t humb  p ressu re  senso rs ,  and  t i l t  and  p rox im i t y  sen s o rs ,  he l d  

unde r  a  pe r f o rme r ' s  hands  w i t h  ve l c ro  f as tene rs .  Wa i sv i sz '  i dea  

was  t o  pe r f o rm  w i t h  l a rge  ove r t  body  mo t i ons  as  we l l  as  sma l l  

f i nge r t i p  con t ro l .  [Hands ]  

 
{IMAGE 22}: “Michel Waisvisz performing, using The Hands” [Hands] 
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3.6.  Combined Input devices 
The re  a re  a l so  i npu t  dev i ces  t ha t  canno t  be  i nc l uded  i n  one  

spec i f i c  ca tego ry ,  because  o f  t he i r  comb ined  t echn i ca l  

cha rac te r i s t i c s  and  way  o f  u s e .  

 

One  c l ass i ca l  examp le  i s  “The  L igh tn ing  I I ” ,  because  i t  

comb ines  g raspab le  cha rac te r i s t i c s  ( handhe ld  wands ,  i n  f ac t  

w i r e l ess )  w i t h  a  w i r e l ess  t echno logy  f o r  t r ack i ng  t he  body  

move men ts  ( i n f r a red  t r ansm i t t e r s ) .    

 

 
{IMAGE 23}: “Lightning II” [Lightning] 

 

L IGHTNI NG I I  i s  a  M ID I  con t ro l l e r  t ha t  senses  t he  pos i t i on  and  

move men t  o f  handhe ld  wands  and  t r ans fo rms  t h i s  i n f o rma t i on  t o  

M ID I  s i g na l s  f o r  exp res s i ve  con t ro l  o f  e l ec t r on i c  mus i ca l  

i n s t r umen ta t i on .  I n  add i t i on  t o  f unc t i on i ng  as  a  M ID I  con t ro l l e r ,  

L IGHTNI NG I I  con ta i ned  a  32  vo i ce  syn thes i ze r .   

 

Based  on  p r i nc i p l es  o f  op t i ca l  t r i angu la t i on ,  L IGHTNI N G ga the rs  

i t s  i n f o rma t i on  by  t r ack i ng  t i n y  i n f r a re d  t r ansm i t t e r s  t ha t  a re  bu i l t  

i n t o  ba ton - l i ke  wands .  Unencumbered  by  w i r es ,  t hes e  wands  

p rov i de  comp le te  f r eedom o f  mo vemen t  w i t h i n  a  pe r f o rman ce  

space  t ha t  can  be  as  l a rge  as  12  f ee t  h i gh  by  20  f ee t  w ide .  

 

Bas i ca l l y ,  L IGHT NING I I  senses  t he  ho r i zon ta l  and  ve r t i ca l  

pos i t i on  o f  each  hand ,  f o r  a  t o t a l  o f  f ou r  i ndependen t  

coo rd i na tes .  F rom th i s  i n fo rma t i on ,  L IGHTNING 's  d i g i t a l  s i gna l  
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p rocesso r  compu tes  ve l oc i t y  and  acce le ra t i on ,  and  pe r f o rms  

de ta i l ed  ana l ys i s  o f  ges tu re .  An  eas i l y  mas te red ,  mus i ca l l y  

o r i en ted  i n t e r f ace  l anguage  a l l ows  t he  use r  t o  de f i ne  

r e l a t i onsh ips  be tween  va r i ous  ges tu res  and  po ten t i a l  mus i ca l  

r esponses .  [ L i gh tn i ng ]  
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3.7.  Bio-sensors 
A b iosenso r  i s  an  ana l y t i ca l  dev i ce  wh i ch  conve r t s  a  b i o l og i ca l  

r esponse  i n t o  an  e l ec t r i ca l  s i gna l .   

 

A  f undamen ta l  examp le  o f  a  b i o - senso r  based  i npu t  dev i ce  i s  t he  

“B iomuse” .  

 

I n  1992  B ioCon t ro l  i n t r oduced  t he  B iomuse ,  an  e i gh t  channe l  

“ b i ocon t ro l l e r ”  t ha t  acqu i res  and  ana l yzes  any  t ype  o f  human  

b i oe l ec t r i c  s i gna l ,  and  t hen  ou tpu t s  code  t o  con t ro l  o t he r  

p rocesso r  based  dev i ces .  Th i s  un i t  i s  i n t ended  f o r  use  as  a  

p l a t f o rm  f o r  a  r an ge  o f  app l i ca t i ons .  B i oCon t ro l  has  l i censed  t he  

B iomuse  t o  ove r  80  se lec ted  resea rch  cen te r s  i nc l ud ing ,  NASA,  

Un i t ed  Techno log ies ,  Vo l vo  Advanced  Resea rch  (Swede n ) ,  

B r i t i sh  Te lecom,  S tan fo rd  Med i ca l  Cen te r ,  Loma  L i nda  Hosp i t a l ,  

U .S .  A i r  Fo rce  and  t he  U .S .  Navy  –  t o  suppo r t  t he  deve lopmen t  o f  

spec i f i c  neu ra l  i n t e r f ace  and  b i ocon t ro l l e r  app l i ca t i ons .  

 

The  B ioMuse  i s  a  b i oe lec t r i c  s i gna l  con t ro l l e r  i n  a  r ack  

moun tab le  package  (17 ”  X  14 ”  X  3 ” ) ,  wh i ch  a l l ows  use rs  to  

con t ro l  compu te r  f unc t i ons  d i r ec t l y  f r om  musc le ,  eye  move men t ,  

o r  b ra i nwave  s i gna l s ,  bypass ing  en t i r e l y  t he  s t anda rd  i npu t  

ha rdwa re ,  such  as  a  keyboa rd  o r  mouse .  I t  r ece i ves  da ta  f r om 

fou r  ma in  sou rces  o f  e l ec t r i ca l  ac t i v i t y  i n  t he  human  body :  

musc les  (EMG s igna l s ) ,  eye  move men ts  (EOG s i gna l s ) ,  t he  hea r t  

(EKG s i g na l s ) ,  and  b ra i n  waves  (EEG s i gna l s ) .  These  s i gna l s  a re  

acqu i r ed  us i ng  s tanda rd  non - i nvas i ve  t r ansde rma l  e l ec t r odes .  

The  B ioMuse  amp l i f i e s  and  d i g i t i zes  t he  b i os i gna l s ,  and  then  

p rocesses  t he  s i gna l s  us i ng  B iocon t ro l ’ s  l i b ra r y  o f  p rop r i e ta r y  

DSP  a lg o r i t hms .  Fo r  a  g i ven  app l i ca t i on ,  t he  app rop r i a t e  

a l go r i t hm  then  ou tpu t s  code  t o  con t ro l  v i r t ua l l y  any  d i g i t a l l y  

i n t e r f aced  dev i ce .  [B i ocon t ro l ]  

  

S tan fo rd  r esea rche rs  R .  Ben jam in  Knapp ,  and  Hugh  S .  Lus ted ,  

used  B IOMUSE EMG (e l ec t r omyo g raph )  senso rs  to  t r ansduce  

muscu la r  vo l t age  d i f f e ren t i a l s  i n t o  mus i ca l  ou tpu t .   
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Us ing  B IOMUSE,  one  i s  ab l e  t o  c rea te  mus i c  by  coo rd i na t i ng  

s imp le  t o  comp lex  muscu la r  move men ts .  The  des igne rs  o f  t he  

t echno logy  used  l eg  and  a rm  s i gna l s  f o r  i npu t t i ng  commands  t o  

t he  sys tem.  [B i oMuse ]  

 

 
{IMAGE 24}: “BioMuse” [BioMuse] 
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4. Feedback 
As  huma ns  we  a re  ab le  t o  use  ou r  senses  t o  g rab  i n f o rma t i on  

f r om the  env i r onmen t .  Th i s  i s  how  we  commun i ca t e  w i t h  each  

o the r .   

 

‘Ea rs ’  E l ec t r oAcous t i c  Resea rch  s i t e  g i ves  t he  f o l l ow ing  

de f i n i t i on  f o r  Feedback :  “ I n  mus i c ,  t h i s  t e rm  re fe r s  t o  an  e f f ec t  

p roduced  by  ha v in g  an  e l ec t r on i c  o r  ana logue  c i r cu i t  i n  wh i ch  an  

ou tpu t  s i gna l  i s  somehow connec ted  t o  t he  i npu t  s i gna l .  Fo r  

examp le ,  t h i s  can  t ake  p l ace  when  a  m i c rophone  f eeds  back  

t h rough  l oudspeake rs  i n  i t s  p rox im i t y ,  when  a  s i gna l  p l ayed  b ack  

on  an  ana logue  t ape  i s  used  as  ( pa r t  o f )  t he  i npu t  f o r  t he  new ly  

r eco rded  sound .  I n  A r t i f i c i a l  I n t e l l i gence ,  f eedback  can  a l so  r e fe r  

t o  behav iou r  mod i f i ca t i on  i n  wh i ch  i n f o rma t i on  r ece i ved  can  

i n f l uence  f u tu re  dec i s i ons . ”  [Ea rs ,  “Feedback ” ]  

 

A  mo re  s imp le  de f i n i t i on  can  be  f ound  i n  W ik i ped ia ,  

 

Feedback  i s  t he  s i gna l  t ha t  i s  l ooped  back  t o  con t ro l  a  sys tem 

w i t h i n  i t se l f .  Th i s  l oop  i s  ca l l ed  f eedback  l oop .  A  con t ro l  s ys tem 

usua l l y  has  i npu t  and  ou tpu t  t o  t he  sys tem;  when  t he  ou tpu t  o f  

t he  sys tem i s  f ed  back  i n t o  t he  sys tem as  pa r t  o f  i t s  i npu t ,  i t  i s  

ca l l ed  " f eedback " .  [W ik i ped ia ,  “Feedback ” ]  

 

As  an  examp le  i nvo l v i ng  mus i ca l  human  ac t i on  and  f eedback  

channe l s  we  w i l l  men t i on  t he  case  o f  p l ay i ng  t he  gu i t a r .  When  we  

ac t  on  t he  i ns t r umen t ,  we  u se  ou r  f i nge rs  t o  add  p ressu re  on  t he  

s t r i ngs  and  t he  gu i t a r  r eac ts  back ,  w i t h  seve ra l  ways ;  we  f ee l  t he  

v i b ra t i on  o f  t he  s t r i ngs  ( v i b ro tac t i l e )  on  ou r  f i nge rs  and  t he  

v i b ra t i on  o f  t he  i ns t r umen t ’ s  body  o n  us ,  we  see  t he  v i b ra t i on  o f  

t he  s t r i ngs  w i t h  ou r  eyes  and  we  hea r  t he  r esu l t i ng  sound .   

 

S im i l a r l y ,  i n  e l ec t r on i c  mus i ca l  i ns t r umen ts  we  may  f i nd  3  

f eedback  modes :  

Audib le ,  Visua l  and  Hapt ic  ( t ac t i l e )  Feedback .  
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Susan  J .  Lede rman  (P ro fesso r  a t  t he  depa r tmen t  o f  Psycho logy  

and  Schoo l  o f  compu t i ng ,  a t  Queen ’ s  Un i ve r s i t y  (K ings ton )  sa i d :  

“ I f  you  don ’ t  unde rs tand  t he  capab i l i t i es  and  l im i t a t i ons  o f  

humans ,  you  can ’ t  des i gn  sys tems  t ha t  pe rm i t  t hem to  ope ra te  

e f f ec t i ve l y  on  re mo te  env i r onmen ts  whe the r  t hey  a re  r ea l  o r  

v i r t ua l ” .  [ LED98 ]  

 

A l so  C laude  Cadoz  men t i ons  i n  one  o f  h i s  s t ud ies ,  “To  a l l ow  an  

i ns t r umen ta l  ges tu re  i n t e rac t i on  w i t h  t he  compu te r ,  we  have  t o  

t ake  i n t o  accoun t  t he  f ac t  t ha t  t h i s  i n t e rac t i on  i s  b i -d i r ec t i ona l :  

f r om  the  human  be ing  t o  t he  compu te r ,  and  conve rse l y ” .  [CLF03 ]  

 

Neve r t he l ess ,  a  l ack  o f  t he  hap t i c  f eedback  channe l  i s  o f t en  t he  

case  i n  e l ec t r on i c  mus i ca l  i n s t r umen t  des i gn .  

 

4.1.  Haptic Feedback  
Hapt ic ,  f r om  the  Greek  αφή  (Haphe ) ,  mean s  pe r t a i n i ng  t o  t h e  

sense  o f  t ouch .  Touch ing  i s  no t  l im i t ed  t o  a  f ee l i ng ,  bu t  i t  a l l ows  

i n t e rac t i v i t y  i n  r e a l - t ime  w i t h  v i r t ua l  ob j ec t s .  Thus ,  hap t i c s  a re  

common l y  used  i n  v i r t ua l  a r t s ,  such  as  sound  syn thes i s  o r  

g raph i c  des ign /an ima t i on .  The  hap t i c  dev i ce  a l l ows  t he  a r t i s t  t o  

have  d i r ec t  con tac t  w i t h  a  v i r t ua l  i n s t r umen t  wh i ch  i s  ab le  t o  

p roduce  rea l - t ime  sound  o r  images .  [W ik i ped ia ,  “Hap t i c ” ]  

 

“Hap t i c s ”  a l so  r e fe r s  t o  t he  human  t ac t i l e  ( cu taneous )  an d  

k i nes the t i c  (musc le  move men t )  sens es .  A  hap t i c  i n te r f ace  i s  a  

compu te r - con t ro l l ed  mo to r i zed  dev i ce  t o  be  he ld  i n  t he  hand  by  a  

use r ,  wh i ch  d i sp l ays  i n f o rma t i on  t o  t ha t  use r ’ s  hap t i c  senses .  I t  

i s  an  ex t r eme l y  p ower fu l  moda l i t y  f o r  i n t e r f ace  des ign  because  

t he  same  dev i ce  can  be  used  f o r  bo th  d i sp l ay i ng  ou tpu t  f r om  the  

compu te r  and  accep t i ng  i npu t  f r om  the  use r .  [MW06 ]  

 

“Hapt ic  f eedback”  can  be  b road l y  d i v i ded  i n t o  two  moda l i t i e s :  

“v ib ro tac t i l e”  and  “k ines the t i c” .   
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“Tac t i l e”  ( o r  “v ib ro tac t i l e” )  f eedback  resu l t s  f r om con tac t  

be tween  t he  body  o f  t he  pe r f o rmer  a nd  t he  v i b ra t i ng  body  o f  t h e  

mus i ca l  i n s t r umen t .  As  t hese  v i b ra t i ons  a re  r ea ted  by  t he  

r esona t i ng  e l emen ts  o f  t he  mus i ca l  i n s t r umen t  i n  a  t r ad i t i ona l  

i n s t r umen t  and  a  d i g i t a l  mus i ca l  i ns t r umen t  may  no t  con ta i n  any  

resona t i ng  e l emen ts  i t  i s  necessa ry  t o  s imu la te  t he  v i b ra t i ons  i n  

o rde r  t o  p rov i de  some  f o rm  o f  t ac t i l e  f eedback  t o  t he  pe r f o rme r  

[MW06 ] .   

 

Kines the t i c  f eedback  f ocuses  on  t he  g ross  mo veme n t  o f  t he  

human  bo dy .  K i nes the t i c  f eedback  i nvo l ves  con tou rs ,  shapes  and  

sensa t i ons .  [B IG0 4 ]  I t ’ s  been  emp l oyed  i n  med i ca l  s imu la t i on  

t r a i ne r s ,  p rog rammab le  hap t i c  knobs ,  v i deo  game  s tee r i ng  

whee l s ,  and  v i r t ua l  r ea l i t y  sys tems .   

 

“Force  feedback”  i s  a  t e rm  o f t en  used  t o  desc r i be  v i b ro tac t i l e  

and /o r  k i nes the t i c  f eedback .  [ IMM07 ]  

 

Acco rd i ng  t o  [MC00 ] ,  “Though  mus i c i ans  r e l y  p r i ma r i l y  on  t he i r  

sense  o f  hea r i ng  to  mon i t o r  and  ad jus t  t he  sound  be ing  p roduced  

by  t he i r  i n s t r umen t ,  t he re  ex i s t s  a  second  pa th  t h rough  wh i ch  

va l uab le  i n f o rma t i on  abou t  t he  i ns t r umen t ’ s  behav io r  can  be  

obse rved  –  name l y  t he  f ee dback  rece i ved  v i a  t he  hap t i c  senses ,  

t he  senses  o f  t ouch  and  k i nes thes ia…”  They  we re  ev i dence  

suppo r t i ng  t he i r  hypo thes i s  t ha t  add ing  hap t i c  f eedback  to  

i n t e r f aces  f o r  compu te r  based  mus i ca l  i ns t rumen ts  imp roves  t he  

p l aye r ’ s  ab i l i t y  t o  con t ro l  t hese  i ns t r umen ts .  Mo reove r ,  t he  

au tho rs  a imed  t o  show  tha t  t hose  f o r ce  cond i t i ons  whe re  hap t i c  

f eedback  was  cong ruen t  w i t h  aud i t o r y  f ee dback ,  r esu l t ed  i n  

be t t e r  pe r f o rmance  t han  cond i t i ons  whe re  aud i t o r y  and  hap t i c  

f eedback  we re  no t  co r re l a ted .  
 

Some  common  e x amp les  o f  hap t i c  f eedback  a re  ( 1 )  t he  gu i t a r  

mode l ,  p rev i ous l y  men t i oned  ( v i b ra t i ng  s t r i ngs  –  f i nge r  sense )  

and  (2 )  t he  s t ee r i ng  whee l s  used  as  i npu t  dev i ces  i n  compu t e r  

games  such  as  Sega  Ra l l y  ( f o r ce  f eedback  acco rd i ng  t o  r oad  

qua l i t y ,  s t ee r i ng  s t r a i gh t  o r  t ak i ng  a  tu rn  e t c . ) .   
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An  exa m p le  o f  hap t i c  f eedback  i s  a l so ,  “The  Moos e :  A  Hap t i c  

Use r  I n t e r f ace  f o r  B l i nd  Pe rsons ” .  

 

 
{IMAGE 25}: “The Moose” [MG97] 

 

The  Moose  i s  a  hap t i c  i n t e r f ace  whose  immed ia te  a im  i s  t o  

p rov i de  access  fo r  b l i nd  compu te r  use rs  t o  g raph i ca l  use r  

i n t e r f aces .  G raph i ca l  i n f o rma t i on  d i sp l ayed  on  a  compu te r ’ s  

sc reen  can  be  made  access ib l e  t o  b l i nd  pe rsons  who  a t  t he  

momen t  a re  den ied  access  t o  s t anda rd  G raph i ca l  Use r  I n t e r f ace  

(GUIs ) .  When  wh i t e  “ puck ”  ( connec ted  t o  doub le  f l e xu res )  i s  

moved ,  t he  g raph i ca l  mouse  po in te r  a l so  moves .  I f  t he  po in te r  

goes  ove r  an  i con ,  a  hap t i c  r ep resen ta t i on  o f  i t  i s  p rov i ded  f o r  

t he  use r  t o  exp lo re .  [MG97 ]  

 

 

4.2.  Visual  Feedback 
V isua l  Feedback  i s  t he  mos t  known  and  w ide l y  u s ed  t ype  o f  

f eedback .   

 

 
{IMAGE 26}: “3D visual feedback” [IMG26] 

Μos t  t a ng ib l e  i n t e r f aces ,  men t i o ned  be fo re ,  use  d i f f e ren t  

t echn iques ,  whe reby  t h rough  compu te r  sc reens ,  o r  d i r ec t l y  f r om  
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t he  ob jec t ,  i n f o rma t i on  i s  re l ayed  t o  t he  use r  v i sua l l y .  The  mos t  

common  p rob lem w i t h  v i sua l  f eedback  i s  t ha t  we  mus t  see  on  a  

2D  sc reen ,  a  r ep resen ta t i on  o f  ob j ec t s  mov ing  i n  3D  space .   

V i s i b i l i t y  makes  ac t i ons  obse rvab le  and  imp roves  l eg i b i l i t y .  I t  

con t r i bu tes  t o  accoun t -ab i l i t y .  Because  o f  t he  imp l i c i t  f o r ce  t o  be  

ab le  t o  exp la i n  pub l i c l y  v i s i b l e  ac t i ons ,  peop le  t end  t o  r e f l ec t  

mo re  wha t  t hey  do .  See ing  ac t i ons  wh i l e  t hey  a re  be ing  done  and  

see ing  p repa ra to r y  move men t  a i ds  an t i c i pa t i on  and  imp rove s  

(pe r i phe ra l )  awa reness ,  suppo r t i ng  coo rd i na t i on .  See ing  an  

ac t i on  and  obse rv i ng  t h e  e f f ec t  a l so  enab les  l ea rn i ng  by  

obse rva t i on .  Rec ip roc i t y  ( see ing  and  be ing  seen )  i s  impo r t an t  f o r  

soc i a l  i n te rac t i on .  V i s i b i l i t y  o f  ob j ec t s  p rov i des  f ocus  and  sha red  

re fe rence  po in t s .  I t  ca l l s  f o r  a t t en t i on .  [HOR04 ]  

 

A  sub -ca tego ry  o f  v i sua l  f eedback  i s  r e f l ec ted  i n  GUIs  (=  

G raph i ca l  Use r  I n t e r f ace ) .  

4.2 .1 .  Graphical  User  Interface (GUI)   

  
{IMAGE 27}: “Apple MacOSX vs Microsoft Windows Vista” [IMG27] 

 

G raph i ca l  Use r  I n t e r f ace  (Abb rev i a ted  GUI  ( p ronounced  GOO -

ee ) )  i s  a  p rog ram i n te r f ace  t ha t  t akes  advan tage  o f  t he  

compu te r ’ s  g raph i cs  capab i l i t i es  t o  make  t he  p rog ram eas ie r  t o  

use .  We l l - des i gned  g raph i ca l  use r  i n t e r f aces  can  f r ee  t he  use r  

f r om  l ea rn i ng  comp lex  command  l an guages .  On  t he  o the r  hand ,  

many  use rs  f i nd  t ha t  t hey  wo rk  mo re  e f f ec t i ve l y  w i t h  a  command -

d r i ven  i n t e r f ace ,  espec ia l l y  i f  t he y  a l r eady  know  th e  comma nd  

l anguage .  [Weboped ia ,  “GU I ” ]  
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Graph i ca l  use r  i n te r f aces ,  such  as  M i c roso f t  W indows  and  t he  

one  used  by  t he  App le  Mac in tosh ,  f ea tu re  t he  f o l l ow ing  bas i c  

componen ts :   

Poin te r :  A symbo l  t ha t  appea rs  on  t he  d i sp l ay  sc reen  and  t ha t  

you  mo ve  t o  se l ec t  ob j ec ts  and  commands .  Usua l l y ,  t he  po in te r  

appea rs  as  a  sma l l  ang led  a r row .  T ex t  - p rocess ing  app l i ca t i ons ,  

howeve r ,  use  an  I - bea m po in te r  t ha t  i s  shaped  l i ke  a  cap i t a l  I .   

 

Po in t ing  dev ice :  A  dev i ce ,  such  as  a  mouse  o r  t r ackba l l ,  wh i ch  

enab les  you  t o  se l ec t  ob j ec t s  on  t he  d i sp l ay  sc reen .   

 

I cons :  Sma l l  p i c t u res  tha t  r ep resen t  commands ,  f i l e s ,  o r  

w indows .  By  mov i ng  t he  po in te r  t o  t he  i con  and  p ress i ng  a  mouse  

bu t t on ,  you  can  execu te  a  comman d  o r  conve r t  t he  i con  i n t o  a  

w indow .  You  can  a l so  move  t he  i cons  a round  t he  d i sp l ay  sc ree n  

as  i f  t hey  we re  rea l  ob j ec t s  on  you r  desk .   

 

Desk top :  The  a rea  on  t he  d i sp l ay  sc reen  whe re  i cons  a re  

g rouped  i s  o f t en  r e fe r red  t o  as  t he  desk top  because  t he  i cons  

a re  i n t ended  t o  r ep resen t  rea l  ob j ec t s  on  a  r ea l  desk top .   

 

Windows:  You  can  d i v i de  t he  sc reen  i n t o  d i f f e ren t  a reas .  I n  each  

w indow ,  you  can  run  a  d i f f e ren t  p rog ram o r  d i sp l ay  a  d i f f e ren t  

f i l e .  You  can  move  w indo ws  a round  t he  d i sp l ay  sc reen ,  and  

change  the i r  shape  and  s i ze  a t  w i l l .   

 

Menus :  Mos t  g ra ph i ca l  use r  i n t e r f aces  l e t  you  execu te  comma nds  

by  se lec t i ng  a  cho i ce  f r om a  menu .   

 

The  f i r s t  g raph i ca l  use r  i n t e r f ace  was  des igned  by  Xe rox  

Co rpo ra t i on ' s  Pa lo  A l t o  Resea rch  Cen te r  i n  t he  1970s ,  bu t  i t  was  

no t  un t i l  t he  1980s  and  t he  emergence  o f  t he  App le  Mac in tosh  

t ha t  g raph i ca l  use r  i n t e r f aces  became  popu la r .  One  reason  fo r  

t he i r  s l ow  accep tance  was  t he  f ac t  t ha t  t hey  r equ i r e  cons ide rab le  

CPU power  and  a  h i gh -qua l i t y  mon i t o r ,  wh i ch  un t i l  r ecen t l y  we re  

p roh ib i t i ve l y  expen s i ve .   
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I n  add i t i on  t o  t he i r  v i sua l  componen ts ,  g raph i ca l  use r  i n t e r f aces  

a l so  make  i t  eas i e r  t o  move  da ta  f r o m one  app l i ca t i on  t o  ano the r .  

A  t r ue  GUI  i nc l udes  s tanda rd  f o rma ts  f o r  r ep resen t i ng  t ex t  a nd  

g raph i cs .  Because  t he  fo rma ts  a re  we l l - de f i ned ,  d i f f e ren t  

p rog rams  t ha t  r un  unde r  a  common  GUI  can  sha re  da ta .  Th i s  

makes  i t  poss i b l e ,  f o r  exa mp le ,  t o  copy  a  g raph  c rea ted  by  a  

sp readshee t  p rog ram i n to  a  documen t  c rea ted  by  a  wo rd  

p rocesso r .  

 

Many  DOS p rog rams  i nc l ude  some  fea tu res  o f  GU Is ,  such  as  

menus ,  bu t  a re  no t  g raph i cs  based .  Such  i n t e r f aces  a re  

some t ime s  ca l l ed  g raph i ca l  cha rac te r -based  use r  i n te r f aces  t o  

d i s t i ngu i sh  t hem f r om t r ue  GUIs .  [Weboped ia ,  “GUI ” ]  

 
 

4.3.  Audible Feedback 
The  mos t  p ro found  examp le s  o f  aud ib l e  f eedback  come  f r om ou r  

eve ryda y  l i f e  expe r i ence  i n  i n t e rac t i ng  w i t h  r ea l  ob j ec ts  ( t h rough  

h i t t i ng ,  p l uck i ng ,  r ubb ing ,  squeez ing  e t c ) ,  wh i ch  p roduces  

acco rd i ng l y  a  d i f f e ren t  sound ,  t o  wh i ch  we  a re  exposed .  

 

A t  a  se cond  l eve l ,  we  may  a l so  be  exposed  t o  t he  sound  

p roduc ing  mechan i sm o f  t r ad i t i ona l  mus i ca l  i n s t r umen ts ,  whe re  

ou r  i n t e rac t i on  w i t h  t he i r  body  causes  mus i ca l  sound  t o  be  

p roduced .  

 

I n  t he  case  o f  e l ec t r on i c  mus i ca l  s ys tems  w i t h  a  t ang ib l e  

i n t e r f ace ,  l i ke  t he  ones  we  a re  d i scuss ing  he re ,  when  t he  use r  

ac t s  on  i t  ( e . g .  moves  o b jec t s  on  i t s  su r f ace ) ,  he  needs  an  

acous t i c  f eedback ,  i n  o rde r  t o  unde rs tand  t he  changes  o f  t he  

mus i ca l  pa rame te r s  and  a l so  t he  pos i t i on  o f  t he  sys tem a t  each  

t ime  i ns tance .  The  mos t  impo r t an t  i s sue  re l a ted  t o  t h i s  i s  t he  

l a t ency  p rob lem ( i n t r oduced  by  t he  i npu t  dev i ce ’ s  e l ec t r on i cs ,  t he  

commun i ca t i on  p ro toco l  t o  t he  compu te r ,  t he  p rocess ing  

a l go r i t hm  and  t he  compu te r ’ s  p rocess ing  power ,  t he  sound  ca rd  
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e tc ) ,  t ha t  may  l im i t  t he  use r  f r om  i ns tan t l y  r e l a t i ng  h i s  ac t i ons  to  

t he  p roduced  sound .   

 

A  s t r a i gh t f o rwa rd  examp le  f o r  unde rs tand ing  aud ib l e  f eedback  i s  

a  f ea tu re  o f  a l l  mob i l e  phones ,  wh i ch  causes  a  d i f f e ren t  sound  t o  

be  gene ra ted  each  t ime  t ha t  a  key  i s  dep ressed  su f f i c i en t l y  t o  

gene ra te  a  cha rac te r  on  t he  sc reen .  Th i s  i s  a  case  whe re  t he  

sound  has  a  deno ta t i ve  me an ing  f o r  nav i ga t i ng  t he  use r  t h rough  

t he  co r rec t  ac t i on .  

 

The  p rocess  o f  comb in i ng  (o r  t r ans l a t i ng )  one  t ype  o f  da ta  ( f o r  

examp le  ges tu ra l )  t o  ano the r  t ype  o f  da ta ,  wh i ch  i s  con t ro l l ed  b y  

t hem ( f o r  examp le  f eedback  pa rame te r s ) ,  has  t o  be  imp lemen t ed  

t h rough  a  p rocess ,  wh i ch  i s  ca l l ed  “mapp ing ” .  I n  deve lop ing  an  

i n t eg ra ted  i n t e rac t i ve  sys tem fo r  a ud io  con t ro l ,  one  ma y  f i n d  

seve ra l  l a ye rs  o f  da ta  t ha t  need  t o  be  “ connec ted ’ ,  i . e .  mappe d .  

An  ex tended  re fe rence  t o  t h i s  p rocedu re  i s  made  he re ,  as  r ecen t  

r esea rch  has  shown  t ha t  a l t hough  neg lec ted  i n  p rev i ou s  yea rs ,  i t  

does  p l ay  e ven tua l l y  an  impo r tan t  r o l e  i n  t he  e f f i c i ency  o f  t he  

sys tem.  
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5. Music Communication Protocols 
A p ro toco l  i s  a  s t anda rd  p rocedu re  fo r  r egu la t i ng  da ta  

t r ansm iss i on  be tween  compu te r s  and  o the r  mu l t ime d ia  dev i ces  

l i ke  syn thes i ze r s .  [OSC]  

I n  mus i c  sc i ence  we  use  mos t  o f t en  two  t ype s  o f  commun i ca t i on  

p ro toco l s :  The  “Mus i ca l  I ns t r umen t  D ig i t a l  I n t e r f ace  (M ID I ) ”  and  

t he  “Open  Sound  Con t ro l  (OSC) ” .  

 

5.1.  Musical  Instrument Digital  Interface  
MIDI  i s  an  i ndus t r y - s t anda rd  p ro toco l  t ha t  enab les  e l ec t r on i c  

mus i ca l  i n s t r umen ts ,  compu te r s ,  and  o the r  equ ipmen t  t o  

commun i ca te ,  con t ro l ,  and  synch ron i ze  w i th  each  o the r .  M I D I  

a l l ows  compu te r s ,  s yn thes i ze r s ,  con t ro l l e r s ,  sound  ca rds ,  

samp le r s  and  d rum mach ines  t o  con t ro l  one  ano the r ,  and  t o  

exchange  sys tem da ta .  [W ik i ped ia ,  “M ID I ” ]  

 

M ID I  doe s  no t  t r ansm i t  an  aud io  s i gna l  o r  med ia  –  i t  t r ansm i t s  

d i g i t a l  da ta  “ even t  messages ”  such  as  t he  p i t c h  and  i n t ens i t y  o f  

mus i ca l  no tes  t o  p l ay ,  con t ro l  s i gna l s  f o r  pa rame te r s  such  as  

vo lume ,  v i b ra to  and  pann ing ,  cues ,  and  c l ock  s i gna l s  t o  se t  t h e  

t empo .  As  an  e l ec t r on i c  p ro toco l ,  i t  i s  no tab le  f o r  i t s  w idesp read  

adop t i on  t h roughou t  t he  i ndus t r y ,  and  f o r  con t i nu i ng  i n  use  s i nc e  

i t s  i n t r oduc t i on  i n  1983 .  [W ik i ped ia ,  “M ID I ” ]  

 

5.2.  Open Sound Control  
OSC i s  a  new  p ro toco l  f o r  commun i ca t i on  among  compu te r s ,  

sound  syn thes i ze rs  and  o the r  mu l t imed ia  dev i ces  t ha t  i s  

op t im i zed  f o r  mode rn  ne two rk i ng  t echno logy .  [OSC]  

 

A  ne two rk  i s  a  g roup  o r  sys tem o f  e l ec t r i c  componen ts  an d  

connec t i ng  c i r cu i t r y  des i gned  t o  f unc t i on  i n  a  spec i f i c  manne r .  

[OSC]  
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The  demand  f o r  l owe r  cos t s ,  i nc reased  re l i ab i l i t y ,  g rea te r  use r  

conven ience  and  more  rea c t i ve  mu s i ca l  con t ro l  we re  a l l  f a c to r s  

impo r tan t  i n  OSC ’s  deve lopmen t .  [OSC]  

 

OSC i s  a  t r anspo r t - i ndependen t  p ro toco l  wh i ch  means  t ha t  i t  i s  a  

f o rma t  f o r  da ta  t ha t  can  be  ca r r i ed  ac ross  a  va r i e t y  o f  ne two rk i ng  

t echno log ies  (ETHERNET,  USB ,  IEEE-1394 ) .  [OSC]   

 

The  un i t  o f  t r ansm iss i on  o f  OSC i s  a  packe t  ( o r  da tag ram)  r a the r  

t hen  as  a  cons tan t  s t r eam o f  da ta  t r ave l i ng  a l ong  an  es tab l i shed  

connec t i on .  Ra the r  t hen  assum ing  t ha t  t he  r ece i ve r  ho lds  some  

s ta te  f r om the  p rev i ous  commun i ca t i on ,  OSC sends  i n fo rma t i on  i n  

l a rge r ,  se l f  con ta i ned  chunks  t ha t  i n c l ude  a l l  pe r t i nen t  

i n f o rma t i on  i n  one  p l ace .  Th i s  l eads  t o  a  p ro toco l  t ha t  i s  as  

s t a te l ess  as  poss ib l e .  Any  app l i ca t i on  t ha t  sends  OSC Packe t s  i s  

an  OSC C l i en t ;  any  app l i ca t i on  t ha t  r ece i ves  OSC Packe t s  i s  an  

OSC Se rve r .  Th i s  packe t -based  de l i ve r y  mode l  p rov i des  a  

mechan i sm  fo r  synch ron i c i t y .  Sync h ron i c i t y  means  t ha t  messages  

i n  t he  same  packe t  ( f o r  exa mp le ,  me ssages  to  s t a r t  each  o f  t he  

no tes  i n  a  cho rd )  w i l l  a l l  beg in  t he i r  e f f ec t s  a t  t he  same  t ime  as  

each  o the r .  [OSC]  

 

OSC use s  UDP po r t s  t o  make  connec t i ons  be tween  app l i ca t i ons .  

A  p rog ram chooses  any  n umber  o f  po r t s  t o  send  on ,  and  any  

number  o f  po r t s  t o  r ece i ve  messages  on ,  and  each  me ssage  has  

an  assoc ia ted  pa th  o r  a  URL .  [W ik i ped ia ,  “OSC” ]  

 

Compar i son  

The  advan tages  o f  OSC ove r  M ID I  a re  p r ima r i l y  speed  and  

t h roughpu t ,  i n t e rne t  connec t i v i t y  and  da tabase  reso lu t i on .  OSC 

messages  a r r i ve  as  f as t  as  t he  unde r l y i ng  ne two rk  s t ack  can  

t r ans fe r  t hem,  and  can  be  de layed  t o  t ake  e f f ec t  a t  a  spec i f i c  

t ime ,  whe reas  M ID I  i nsu res  synch ron i c i t y  o f  messages  by  

t r ans fe r r i ng  t hem a t  a  spec i f i c  c l ock  r a te .  [W ik i ped ia ,  “OSC” ]  

F i na l l y ,  t he re  i s  t he  p rob lem o f  ban dw id th .  S tanda rd ,  se r i a l  M ID I  

can  send  on l y  abou t  3 ,000  by tes ,  o r  1 ,000  messages ,  pe r  

second .  [M ID I ]  
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6. Mapping 
“ I f  we  need  t o  g i ve  a  spec i f i c  de f i n i t i on  o f  t he  wo rd  ‘ ma pp ing ’ ,  we  

can  say  t ha t  i t  i s  any  a l go r i t hm ic  o r  f o rma l  p rocess  t ha t  i n vo l ve s  

t he  t r ans la t i on  o f  da ta ”  [EARS] .  

 
{IMAGE 28}: “Connection Setup / Mapping” 

 

I n  o rde r  t o  be t t e r  desc r i be  t h i s  t r ans l a t i on  p rocess  we  came  u p  

w i t h  t he  fo l l ow ing  s imp le  examp le  ( IMAGE 28 ) :  Imag ine  we  have  

one  mo th e r  keybo a rd  t ha t  we  connec t  t h rough  m id i  w i t h  a  l ap top  

compu te r  t ha t  i s  r unn ing  a  k i nd  o f  v i r t ua l  i n s t r umen t  so f twa re .  

The  mo th e r  keyboa rd  i s  t he  “ ha rdwa re  i npu t  dev i ce ” ,  wh i ch  sends  

ou t  use r -ac t i on  i n f o rma t i on  da ta  ( such  as  no te  number ,  ke y  

ve loc i t y  e t c ) .  Th i s  i n f o rma t i on  i s  t r ansduced  t o  t he  compu te r  v i a  

a  ha rdwa re  cab le  ove r  a  (M ID I )  p ro toco l .  Th i s  da ta  needs  t o  be  

t r ans l a ted  i n t o  sound  t h rough  a  spec i f i c  p rocess ;  t he  t yp i ca l  

‘M ID I  t r ans l a t i on ’  assumes  t ha t  no te  number  co r responds  t o  

p i t ch ,  key  ve l oc i t y  co r responds  t o  vo l ume  e t c ) .  Th i s  p rocedu re  o f  

ma tch ing  use r  ac t i on  pa rame te r s  t o  aud io  pa rame te r s  i s  one  

examp le  o f  mapp ing  (he re  1 -1  mapp ing ,  l a t e r  exp la i ned ) .  

 

We  can  a l so  say  tha t  t he  wo rd  “mapp ing ”  r e fe r s  t o  t he  l i a i son  o r  

co r respondence  be tween  con t ro l  pa ra me te r s  ( de r i ved  f r om  

pe r f o rme r  ac t i ons )  and  sound  syn thes i s  pa rame te r s .  Th i s  concep t  

i s  i l l u s t ra ted  i n  F i gu re  3  t ha t  r ep resen t s  a  gene ra l  compu te r -

based  mus i ca l  i ns t r umen t ;  wha t  m igh t  be  ca l l ed  a  “ c ompos i t e  

e l ec t r on i c ”  mus i ca l  i n s t r umen t .  [HWK00 ]  
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{IMAGE 29}: “Mapping of performer actions to synthesis parameters” [HWK00] 

 
I n  t he  mus i ca l  l i t e ra tu re ,  many  t r i ed  t o  ca tego r i ze  t he  s t r a teg ies  

o f  mapp ing  i n  d i f f e ren t  ways .   

 

Ryan  [RYA91 ]  has  ca tego r i zed  d i f f e ren t  s t r a teg ies  by  p ropos ing  

Euc l i dean  ana log ies  ( po in t s ,  l i nes  and  cu r ves ) .  The re fo re ,  

mapp ing  one  even t  t o  a  se t  o f  mus i ca l  pa rame te rs  wou ld  be  

be tween  a  po in t  and  a  cu r ve .  Co nve rse l y ,  va r i ous  pe r f o rmer  

ac t i ons  re l a t i ng  to  one  mus i ca l  pa rame te r  wou ld  be  cons ide red  

as  a  cu r ve  t o  a  po in t .  O the r  poss i b l e  r e l a t i onsh ips  cou ld  t hen  be  

be tween  l i nes ,  cu rves ,  and  so  on .  

 

Rovan  e t  a l .  [RWD97 ]  have  i den t i f i ed  t he  t h ree  bas i c  ca tego r i es ,  

us i ng  t he  wo rds  conve rgen t  (many - t o -one )  and  d i ve rgen t  ( one - t o -

many ) .  

 

Ga rne t t  and  Goudeseune  [GG99 ]  have  a l so  cons ide red  t he  

gene ra l  case  w i th  t h ree  s t r a teg i es :  d i r ec t  mapp ing  f r om  

i nd i v i dua l  con t ro l s  t o  i nd i v i dua l  s yn thes i s  pa rame te r s ,  on e  

con t ro l  d r i v i ng  seve ra l  pa ra me te rs  and  one  pa ra me te r  be ing  

d r i ven  by  seve ra l  con t ro l s .  

 

 

 

 

 

 55



A sho r t  ove rv i ew  o f  some  p roposed  mapp ing  s t r a teg i es  f o l l ows  

he re :  

 

6.1.  One-to-One (Single)    

 
{IMAGE 30}: “Single mapping” 

 

Each  i ndependen t  ges tu ra l  ou tpu t  i s  ass i gned  t o  one  mus i ca l  

pa rame te r ,  usua l l y  v i a  a  M ID I  con t ro l  message .  Th i s  i s  t he  

s imp les t  mapp ing  scheme ,  bu t  usua l l y  t he  l eas t  exp ress i ve .  I t  

t akes  d i rec t  advan tage  o f  t he  M ID I  con t ro l l e r  a r ch i t ec tu re .  Th i s  

mapp ing  scheme  i s  p re fe r red  by  beg inne rs  and  no t  as  much  by  

expe r i enced  pe r f o rmers ,  wh o  spen t  l ess  t ime  t o  mas te r  i t  [HK00 ] .  

 

6.2.  One-to-Many (Divergent)  

 
{IMAGE 31}: “Divergent mapping” 

 

One  ges tu ra l  ou tpu t  i s  used  to  con t ro l  mo re  t han  on e  

s imu l t aneous  mus i ca l  pa rame te r .  A l t hough  i t  may  i n i t i a l l y  p rov i de  

a  mac ro - l eve l  exp ress i v i t y  con t ro l ,  t h i s  app roach  ma y  

neve r t he less  p rove  l im i t ed  when  a pp l i ed  a l one ,  as  i t  does  no t  

a l l ow  access  t o  i n t e rna l  (m i c ro )  f ea tu res  o f  t he  sound  ob jec t  

[HK00 ] .  
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6.3.  Many-to-One (Convergent)  

 
{IMAGE 32}: “Convergent mapping” 

 

I n  t h i s  case  many  ges tu res  a re  coup led  t o  p roduce  one  mus i ca l  

pa rame te r .  Th i s  scheme  requ i r es  p rev i ous  expe r i ence  w i t h  t he  

sys tem i n  o rde r  t o  ach ieve  e f f ec t i ve  con t ro l .  A l t hough  ha rde r  t o  

mas te r ,  i t  p roves  f a r  mo re  exp ress i ve  t han  t he  s imp le r  un i t y  

mapp ing  [HK00 ] .  

6.4.  Many-to-Many (Complex)  

 
{IMAGE 33}: “Complex mapping” 

 

Th i s  i s  a  m i x tu re  o f  t he  above  s t r a teg ies ,  whe re  many  ges tu res  

a re  used  t o  con t ro l  a  numbe r  o f  s yn thes i s  pa rame te r s .  A l t hough  

t he  pe r f o rmers  need  more  t ime  t o  l ea rn  us i ng  i n t e r f aces  w i t h  t h i s  

comp lex i t y ,  t hey  f o und  t hem more  engag ing  [HK00 ] .   

 

As  t he  p rac t i ca l  pa r t  o f  ou r  p ro j ec t  w i l l  f o cus  on  a  tab l e t  i npu t  

dev i ce ,  an  ex tens i ve  ( bu t  no t  exhaus t i ve )  l i s t  o f  p rev i ous  

a t t emp ts  and  good  p rac t i ces  w i l l  be  p resen ted  he re .  

 57



7. Tablets 
Some  o f  t he  f o l l ow ing  t ab l e t s  gave  us  t he  r equ i r ed  i nsp i r a t i on  f o r  

t h i s  p ro j ec t .  Some  t echn i ca l  ( and  o the r )  p i ece  o f  i n f o rma t i on  w i l l  

be  g i ven ,  abou t  t he  way  t he y  wo rk .  

 

7.1.  Audiopad   
“Aud iopad ”  i s  a  compos i t i on  and  pe r f o rma nce  i ns t rumen t  f o r  

e l ec t r on i c  mus i c  wh i ch  t r acks  t he  pos i t i ons  o f  ob j ec t s  on  a  

t ab l e top  su r f ace  and  conve r t s  t he i r  mo t i on  i n t o  mus i c .  One  can  

pu l l  sounds  f r om  a  se t  o f  samp les ,  j u x tapose  reco rd i ngs  aga ins t  

s yn the t i c  me lod ies ,  cu t  be tween  d rum l oops  to  c rea te  new  bea t s ,  

and  app l y  d i g i t a l  p rocess ing  a t  t he  same  t ime .   

 

 
{IMAGE 34} : “Audiopad” [PRI02] 

 

“Aud iopad ”  a l so  c rea tes  a  v i sua l  and  t ac t i l e  d i a l ogue  be tween  

i t se l f ,  t he  pe r f o rmer ,  and  t he  aud ience .   

 

“Aud iopad ”  has  a  ma t r i x  o f  an tenna  e l emen ts  wh i ch  t r ack  the  

pos i t i ons  o f  e l ec t ron i ca l l y  t agged  ob jec t s  on  a  t ab l e top  su r f ace .  

So f twa re  t r ans l a tes  t he  pos i t i on  i n f o rma t i on  i n t o  mus i c  and  

g raph i ca l  f eedback  on  t he  t ab le top .  Each  ob jec t  r ep resen t s  e i t he r  

a  mus i ca l  t r ack  o r  a  m i c rophone .  [PR I02 ]  
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7.2.  Audio D-Touch 
“Aud io  d - t ouch ”  i s  a  co l l ec t i on  o f  3  t ang ib l e  i n t e r face  

app l i ca t i ons  f o r  mus i c  compos i t i on  and  pe r f o rmance :  t he  

Aug men t ed  S tave ,  t he  Tang ib l e  D rum Mach i ne  and  the  Phys i ca l  

Sequence r .   

 

They  can  be  t hough t  o f  as  t oy - l i ke  compu te r  mus i c  i ns t r umen ts .  

Each  i ns t r umen t  i nc l udes  a  numbe r  o f  wood en  b l ocks ,  and  t he  

i n t e rac t i on  t akes  p l ace  on  a  f l a t  su r f ace ,  l i ke  a  t ab l e  t op .  The  

b l ocks  rep resen t  d i f f e ren t  sounds ,  by  spa t i a l l y  a r r ang ing  t he  

b l ocks  on  t he  su r f ace  use rs  can  c rea te  sequences  o f  p i ano  

no tes ,  d rum sounds  o r  gene r i c  aud io  c l i p s .  

 

 
{IMAGE 35}: “Audio D-Touch” [dtouch] 

 

A  s t anda rd  pe rsona l  compu te r  obse rves  t he  b l ocks  t h rough  a  l ow  

cos t  web -cam,  and  t hanks  t o  t he  d - t ouch  compu te r  v i s i on  sys tem 

i t  can  l oca l i ze  t hem p rec i se l y .  The  i n f o rma t i on  abou t  t he  pos i t i on  

and  o r i en ta t i on  o f  each  b l ock  i s  used  t o  con t ro l  a  d i g i t a l  aud io  

syn thes i s  p rocess .  The  sys tem was  des igned  to  be  ex t r eme l y  l o w  

cos t  ( i t  on l y  r equ i r es  a  consumer -g rade  PC  w i t h  a  sound  ca rd  

and  a  web -cam,  i nexpens i ve  wood en  b r i c ks  t agged  w i t h  t he  

ma rke rs  and  a  p r i n t ed  p i ec e  o f  pape r  cove r i ng  t he  i n t e rac t i ve  

su r f ace )  and  easy  t o  se t  up .  

 

F rom the  t echn i ca l  po i n t  o f  v i ew  aud io  d - t ouch  i s  w r i t t en  en t i r e l y  

i n  C++  i n  L i nux ,  us i ng  a  mu l t i - t h readed  a r ch i t ec tu re  t o  ach ieve  

l ow  l a t ency  and  robus tness .  [ d t ouch ]  
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7.3.  The Music Table  
“The  Mus i c  Tab le ”  p rov i des  a  t ac t i l e  and  v i sua l  r ep resen ta t i on  o f  

mus i c  t ha t  can  be  eas i l y  man ipu la ted  t o  make  new  mus i ca l  

pa t t e rns .  I t  l e t s  peop le  expe r i ence  t he i r  own  mus i c  as  pa t t e rns  i n  

mus i ca l  space .  

 

Pa t t e rns  o f  ca rds  a re  a r ranged  on  a  t ab l e top  t o  become  mus i ca l  

ph rases .  Comp le ted  ph rases  a re  s t o red  on  o the r  ca rds  and  

comb ined  as  mu l t i - l a ye red  pa t t e rns .  An ima ted  cha rac te r s  p rov i de  

v i sua l  f eedback  as  we  ed i t  and  a r range  ph rases ,  i n  o rde r  t o  ma ke  

abs t rac t  mus i ca l  s t r uc tu res  v i s i b l e  and  t ang ib l e .   

 

 
{IMAGE 36} : “The Music Table” [BMH03] 

 

Th i s  phys i ca l / t ac t i l e  r ep resen ta t i on  r e i n f o r ces  t he  v i sua l  con tou r  

o f  t he  me lody  t h rough  l a rge  musc le  ac t i ons  o f  t he  a rms  and  body  

as  t he  us e r  p l aces  and  moves  t he  ca rds  on  t he  tab le .  The  

hypo thes i s  made  by  t he  g roup  f o r  t he  deve lopmen t  i s  t ha t  t h i s  

phys i ca l  connec t i on  w i l l  he l p  gu ide  t he  ea r l y  deve l opmen t  o f  

mus i ca l  abs t r ac t i on  i n  younge r  use rs .  

 

A  camera  p l aced  above  t he  t ab l e  r ecogn i zes  spec ia l  pa t t e rns  on  

t he  ca rds .  By  de te rm in i ng  t he  pos i t i on  and  ro ta t i on  o f  each  ca rd  

on  t he  tab l e ,  t he  compu te r  can  i n t e rp re t  t hese  pos i t i ons  as  

mus i ca l  even t s .  A  M ID I  s equence r  sends  th i s  i n f o rma t i on  t o  a  

syn thes i ze r  t o  p roduce  t he  mus i c .  Th rough  t he  us e  o f  The  

Aug men t ed  Rea l i t y  Too l k i t  and  se t  o f  C  p rog rammin g  l i b ra r i es ,  

t he  so f twa re  can  a l so  supe r impose  compu te r -gene ra ted  images  

i n t o  t he  r ea l  s cene  acco rd i ng  t o  t he  pos i t i ons  o f  t he  ma rke rs .  

[BMH03 ]  
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7.4.  Interact ive Surround Sound Cube ( ISS 

Cube)  
The  “ ISS  cube ”  i s  a imed  t o  wo rk  as  a  su r round  sound  m ixe r  t ha t  

t r acks  t he  pos i t i on  o f  seve ra l  phys i ca l  ob j ec t s  on  a  t ab l e top  

su r f ace  to  p rov i de  t he  use r  w i t h  an  i n t u i t i ve  way  o f  c rea t i ng  

d i f f e ren t  soundscapes .  Sounds  o f  d i f f e ren t  ca tego r i es  sha l l  be  

added ,  comb ined  and  pos i t i oned  i n  space  by  s imp l y  mov ing  t he se  

ob jec t s .  The  sound  space  i s  p rov i ded  by  f ou r  su r round ing  

speake rs .  Each  ob jec t  f unc t i ons  i nd i v i dua l l y  and  s imu l t aneous l y  

t o  mod i f y  t he  vo l u me  and  pos i t i on  o f  d i f f e ren t  sound  sou rces .  

The  ph i l osophy  beh ind  t he  deve lopmen t  o f  t h i s  t ab l e t  has  been  t o  

l e t  t he  use r  m i x  t he  sound  sou rces  a l l  t oge the r  o r  j u s t  a  numbe r  

o f  t hem,  bu t  a t  t he  same  t ime ;  w i t h  common  a ud io  m i x i ng  

conso les  and  sys tems  t h i s  wou l dn ’ t  have  been  poss ib le ,  as  each  

sound  sou rce  i s  us ua l l y  m i xed  one  a f t e r  t he  o the r .  The  l im i t a t i on  

i s  due  t o  t he  na tu re  o f  t he  i npu t  dev i ces ;  j oys t i c ks  on  su r round  

conso les  and  s i ng le  mouse  i npu t  on  so f twa re  sys tems .  The  ISS  

i n t e r f ace  cons i s t s  o f  a  wooden  box  w i t h  a  g l ass  su r face .  Due  t o  

t he  mu l t i p l e  i npu t  dev i ces ,  t he  squa re  t ab l e top  d i sp l ay ,  wh i ch  

enab les  equa l  access  f r om a l l  s i des ,  suppo r t s  co l l abo ra t i ve  

i n t e rac t i on .  [ ISScube ]  

 

 
{IMAGE 37}: “ISS Cube” [ISScube] 

 
ISS  Cube  has  4  co l ou red  pucks ,  ca l l ed  ca r r i e r s ,  wh i ch  a l l ow  t he  

use rs  t o  se l ec t  a  p rede f i ned  sound  samp le  by  mov ing  i t  t o  t h e  

edge  o f  t he  su r f ace ,  whe re  a  se l ec t i on  menu  w i l l  appea r .  Once  a  

samp le  i s  se l ec ted ,  mov ing  t he  ca r r i e r  ac ross  t he  su r f ace  w i l l  

spa t i a l l y  pos i t i on  t he  sound  us i ng  a  4  speake r  se t - up .  Each  

co rne r  o f  t he  su r face  rep resen t i ng  one  o f  t he  speake rs ,  so  t he  

sounds  pan  be tween  each  speake r  based  on  t he  pos i t i on  o f  t he  
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ca r r i e r  re l a t i ve  t o  t he  su r f ace  co rne r .  A  second  t ype  o f  t ac t i l e  

ob jec t ,  a  sma l l e r  wh i t e  puck ,  con t ro l s  t he  vo lume  o f  each  samp le .  

The  c l ose r  t he  samp le  ca r r i e r  t o  t he  vo lume ,  t he  l oude r  i t  

becomes  w i t h i n  t he  space .  [ LO05 ]   
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7.5.  Audiocube  
“Aud ioCube ”  i s  an  i n t e rac t i ve  i ns ta l l a t i on  t ha t  a l l ows  a  g roup  o f  

use rs  t o  c rea te  t he i r  own  t h ree -d imens iona l  soundscape .  Fou r  

cubes ,  con ta i n i ng  d i f f e ren t  s ymbo l s  on  each  s i de ,  can  be  p l aced  

on  a  g l ass  p l a te .  Each  symbo l  on  t he  cubes  rep resen ts  a  

d i f f e ren t  sound ;  each  cube  re fe r s  t o  a  ca tego ry  o f  sounds ,  such  

as  d rums ,  base ,  l eads  and  s t r i ngs .   

 

 
{IMAGE 38}: “Audiocube” [AudioCube] 

 

These  cubes  can  then  be  t u rned  t o  change  t he  assoc ia ted  sound .  

The  pos i t i on  o f  t he  cube  on  t he  g l ass  p l a te  r e fe r s  t o  t he  pos i t i on  

o f  t he  sound  i n  t he  room.  Ro ta t i ng  symbo l s ,  p ro j ec ted  on  the  

g l ass  p l a te ,  i nd i ca te  t he  ac t i ve  s t a te  o f  a  cube .  Due  t o  t h i s  

comb ina t i on  t he  use rs  can  c rea te  an  i nd i v i dua l  soundscape  

w i t h i n  3D-space .  D i r ec t  acous t i c  f eedback ,  i n t u i t i ve  i n t e rac t i on ,  

and  a  c l ea r  connec t i on  be tween  t he  ac t i on  o f  t he  use r  and  t he  

reac t i on  o f  t he  sys tem a re  imp leme n ted  w i t h  t he  a im  o f  bu i l d i ng  

an  env i r onmen t ,  whe re  spa t i a l  aud i o  can  be  exp lo red  c rea t i ve l y  

and  co l l abo ra t i ve l y .  [Aud ioCube ]  
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7.6.  Audiocubes  

 
{IMAGE 39}: “Audiocubes” [AudioCubes] 

 

“Aud iocubes ”  i s  a  t ang ib l e  use r  i n te r f ace  (TU I )  cons i s t i ng  o f  a  

number  o f  cubes  made  ou t  o f  a  p l as t i c  ma te r i a l .  Each  cube  

con ta i ns  a  d i g i t a l  s i gna l  p rocesso r  (DSP)  w i t h  op t i ca l  senso rs  

and  em i t t e r s  ( i n f r a red ,  r ed ,  g reen  and  b l ue  LEDs ) .  The  senso rs  

and  em i t t e r s  r ece i ve  and  s end  aud io  s i gna l s  wh i ch  a re  gene ra ted  

o r  p rocessed  by  t he  s i gna l  p rocesso r  i n  t he  cube .  Each  cube  i s  

powe red  by  a  r echa rgeab le  ba t t e r y  pack .  By  pos i t i on i ng  the  

cubes  re l a t i ve  t o  each  o the r  and  mov ing  t hem a round ,  a  s i gna l  

p rocess ing  ne two rk  can  be  c rea ted .  A  mus i c i an  can  use  t h i s  

i n t e r f ace  t o  l ea rn  a  new  wa y  o f  i n t e rac t i ng  w i t h  sound  and  mus i c .  

[Aud ioCubes ]  
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7.7.  Loopqoob  
“ Loopqoob ”  i s  a  phys i ca l  pe r f o rman c e  sys tem cons i s t i ng  o f  one  

o r  mo re  senso r -equ ipped  cubes  connec ted  to  a  compu te r  based  

mus i c  gene ra t i on /syn thes i s  sys tem.   

The  o r i en ta t i on  o f  t he  cubes  de te rm ines  an  aspec t  o f  t he  mus i c  

t o  be  p l ayed .  I n  t he  imp lemen ta t i on  p resen ted ,  t he re  a re  t h ree  

cubes .   

 
{IMAGE 40}: “Loopqoob” [loopqoob] 

 
Each  f ace  o f  each  cube  i s  mapped  t o  a  mus i ca l  mo t i f  o r  l oop .  The  

' cub i s t '  con t ro l s  wh i ch  mo t i f s  a re  p l ayed  by  o r i en t i ng  t he  cubes  

so  t ha t  t he  f ace  co r respond ing  t o  t he  des i r ed  mo t i f  f aces  up .  

[ l oopqoob ]  
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7.8.  Reactable  
The  “ r eac tab le ” ,  i s  a  mu l t i - use r  e l ec t ro -acous t i c  mus i c  i ns t r umen t  

w i t h  a  t ab l e top  t ang ib l e  use r  i n t e r f ace .  Seve ra l  pe r f o rme rs  sha re  

comp le te  con t ro l  ove r  t he  i ns t rumen t  b y  mov in g  phys i ca l  

a r t e f ac t s  on  t he  t ab l e  su r f ace  and  cons t ruc t i ng  d i f f e ren t  aud io  

t opo log ies  i n  a  k i nd  o f  t ang ib l e  modu la r  syn thes i ze r  o r  g raspab le  

f l ow -con t ro l l ed  p rog ramming  l anguage .   

 

 
{IMAGE 41}: “Reactable” [KMC04] 

 

The  “ r eac tab le ”  ha rdwa re  i s  based  on  a  t r ans l ucen t  round  t ab le .  

A  v i deo  camera  s i t ua ted  benea th ,  con t i nuous l y  ana l yzes  t he  

t ab l e  su r face ,  t r ack i ng  t he  na tu re ,  pos i t i on  and  o r i en ta t i on  o f  t he  

ob jec t s  t ha t  a re  d i s t r i bu ted  on  i t s  su r f ace ,  r ep resen t i ng  t he  

componen t s  o f  a  c l ass i c  modu la r  syn thes i ze r .  These  ob jec t s  a r e  

pass i ve  w i t hou t  any  senso rs  o r  ac tua to r s ,  use rs  i n t e rac t  by  

mov ing  t hem,  chang ing  t he i r  pos i t i on ,  t he i r  o r i en ta t i on  o r  t he i r  

f aces  ( i n  t he  case  o f  vo l ume t r i c  ob j ec t s ) .  These  ac t i ons  con t ro l  

t he  t opo log i ca l  s t r uc tu re  and  pa rame te r s  o f  t he  sound  

syn thes i ze r .  A  p ro j ec to r ,  a l so  f r om unde rnea th  t he  t ab le ,  d raws  

dynam ic  an ima t i ons  on  i t s  su r f ace ,  p rov i d i ng  a  v i sua l  f eedback  o f  

t he  s t a te ,  t he  ac t i v i t y  and  t h e  ma in  c ha rac te r i s t i c s  o f  t he  sounds  

p roduced  by  t he  aud io  syn thes i ze r .  [KMC04 ]  

 

The  t r ack i ng  o f  t he  ob jec t s ,  used  f o r  Reac tab le ,  i s  be i ng  

ach ieved  by  an  open  sou rce ,  c ross -p l a t f o rm  compu te r  v i s i on  

f r amework  ca l l ed  “ r eacT IV i s i on ” .  
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8. reacTIVision 
 
Th i s  so f twa re  i s  ve r y  u s e fu l  f o r  someone ,  who  wan ts  t o  

expe r ime n t  on  h i s  own  reac tab le  cons t ruc t i on ,  bu t  he / she  does  

no t  have  t he  app rop r i a t e  p rog rammin g  know ledge  backg round .  

 

ReacT IV i s i on  t r acks  ob jec ts  t ha t  a re  a t t ached  w i t h  a  spec i f i c  

t ype  o f  images /  g raphs ,  ca l l ed  “F i duc i a l s ” .  F i duc i a l s  a re  

t a rge t s / symbo l s  d es igned  to  be  i den t i f i ed  and  t r acked  us i ng  a  se t  

o f  a l go r i t hms .  Pa t t e rn  r ecogn i t i on  seems  t o  be  robus t  and  i s  

much  l ess  p rone  to  p rob lems  w i t h  l i gh t i ng  and  backg round  due  t o  

t he  na tu re  o f  t he  t r ack i ng  p rocess .  [KB07 ]  

 

F i duc i a l s  began  the i r  l i f e  as  va r i a t i ons  o f  t he  d - t ouch  f i duc i a l s ,  

whe re  i den t i f i ca t i on  i s  pe r f o rmed  us i ng  t opo log i ca l  pa t t e rn  

ma tch ing  on  a  r eg ion  ad jacency  g raph  o f  a  b i na r i sed  i npu t  image .  

Once  f i duc i a l s  have  been  i den t i f i ed ,  d - t ouch  uses  geome t r i c  

t echn iques  i nc l ud i ng  l i ne  de tec t i on  and  re l a t i ve  pos i t i on  o f  

r eg i ons  to  de te rm ine  t he  l oca t i on ,  o r i en ta t i on  and  i den t i t y  o f  

each  marke r  (ma rke r  geome t r y  decodes  t o  a  un ique  i d  numbe r ) .  

The i r  des i gn  evo l ved  t owa rd  us i ng  on l y  t he  r eg ion  ad jacency  

g raph  and  t he  bound ing  rec tang les  o f  each  reg ion  t o  de te rm ine  

a l l  necessa ry  i n f o rma t i on  abou t  each  marke r .  Th i s  a l l owed  t he m  

to  r emove  a  number  o f  s t eps  f r om the  compu te r  v i s i on  a l go r i t hm ;  

howeve r  i t  a l so  i n t r oduced  i nc reased  comp lex i t y  i n  l ay i ng  ou t  t he  

f i duc i a l s .  To  so l ve  t he  l ayou t  cons t ra i n t s  wh i l e  m in im i z i ng  t he  

s i ze  o f  t he  f i duc i a l s  t hey  success fu l l y  emp loyed  a  gene t i c  

a l go r i t hm .  [KB07 ]  

 

ReacT IV i s i on  f r amework  has  been  deve loped  by  Ma r t i n  

Ka l t enb runne r  and  Ross  Be nc ina  a t  t he  Mus i c  Techno logy  Gro up  

a t  t he  Un i ve r s i t a t  Pompeu  Fab ra  i n  Ba rce lona ,  Spa in  as  pa r t  o f  

t he  r eac tab le  p ro j ec t ,  a  nove l  e l ec t r o -acous t i c  mus i c  i ns t r umen t  

w i t h  a  t ang ib l e  use r  i n t e r f ac e .   
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ReacT IV i s i on  i s  a  s t anda lone  app l i ca t i on ,  wh i ch  sends  Ope n  

Sound  Con t ro l  (OSC)  messages  v i a  UDP po r t  3333  t o  an y  

connec ted  c l i en t  app l i ca t i on .  I t  imp lemen ts  t he  TU IO  p ro toco l ,  

wh i ch  was  spec ia l l y  des igned  f o r  t r ansm i t t i ng  t he  s ta te  o f  

t ang ib l e  ob jec t s  and  mu l t i - t ouch  con t ro l  on  a  t ab l e  su r face .  Th i s  

f r amework  i nc l udes  a  se t  o f  f r ee  examp le  c l i en t  p ro j ec t s  f o r  

va r i ous  p rog rammi ng  l anguages ,  wh i ch  can  se rve  as  t he  bas i s  f o r  

t he  easy  deve lopmen t  o f  t ang ib l e  use r  i n t e r f ace  app l i ca t i ons .  

A l t e rna t i ve l y  r eacT IV i s i on  i s  a l so  ab le  t o  send  M ID I  messages ,  

a l t hough  TU IO  i s  t he  r ecommended  messag ing  f o rma t .  [KB07 ]  

 

The  reacT IV i s i on  app l i ca t i on  i s  ava i l ab l e  f o r  W indows ,  MacOS X  

and  L i nux .  Unde r  W indows  i t  suppo r t s  any  camera  w i t h  a  p rope r  

WDM d r i ve r ,  such  as  USB,  USB2 ,  F i r eWi re  and  DV  cameras .  

Equa l l y  unde r  MacOS X  any  such  camera  suppo r ted  by  

Qu i ckT ime  w i l l  wo rk  i n  r eacT IV i s ion .  Unde r  L i nux ,  F i r eW i re  

cameras  a re  bes t  suppo r t ed ,  as  we l l  as  a  f ew  V ideo4 L inux  US B  

cameras .  

 

ReacT IV i s i on  was  des igned  t o  enab le  ges tu ra l  con t ro l  o f  mus i ca l  

sound ,  and  can  t r ack  many  marke rs  a t  a  h i gh  f r ame  ra te .  The  

deve lopmen t  o f  r eacT IV i s i on  i nvo l ve d  no t  on l y  compu t e r  v i s i on  

a l go r i t hms ,  bu t  a l so  t he  des ign  o f  a  new  marke r  s ys tem.  T he  

deve lopmen t  t eam co -des igned  t he  compu te r  v i s i on  sys tem an d  

marke rs ,  app l y i ng  compu ta t i on  t o  m in im i ze  ma rke r  s i ze  wh i l e  

mee t i ng  geome t r i c  cons t ra i n t s  r equ i r ed  t o  e f f i c i en t l y  compu te  t he  

l oca t i on  and  2D  o r i en ta t i on  o f  t he  ma rke rs .  [KB07 ]  

 

ReacT IV i s i on  was  deve loped  a f te r  i n i t i a l  p ro to t yp i ng  w i t h  

Cos tanza  and  Rob inson ’ s  d - t ouch  sys tem fo r  t r a ck i ng  t he  

l oca t i on  and  o r i en ta t i on  o f  f i duc i a l s  (ma rke rs )  i n  a  r ea l - t ime  

v i deo  s t r eam.   
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9. Fiducials 
F iduc ia l s  a re  b i na ry  image  marke rs ,  spec ia l l y  des igned  f o r  be ing  

i den t i f i ed  by  t he  r eacT IV i s i on  app l i ca t i on  on  t he  bas i s  o f  

t opo log i ca l  s t r uc tu re  i den t i f i ca t i on  a l go r i t hms .  

 

9.1.  ReacTIVision Fiducials & Reactable 
Reac tab le  uses  ReacT IV i s i on  F i duc ia l s  i n t r oduced  by  Cos tanza  

and  Rob inson  i n  t he  d - t ouch  sys tem and  deve loped  by  Benc ina  e t  

a l .  2005 .  They  l oo k  f o r  ad j acen t  co l ou r  changes  and  t he  numb er  

o f  t hese  co l ou r  changes  w i t h i n  each  bounda ry .  We  ca n  

unde rs tand  t h i s  me thod  o f  de tec t i on ,  mo re  c l ea r l y ,  on  a  Reg i on  

Ad jacency  Graph  (RAG) .  

  

 
{IMAGE 42}: “Some simple topologies and their corresponding region adjacency graphs” [BK05] 

 

On  “ IMAGE 42  (a ) ”  we  see  one  b l ack  ou te r  r i ng  f o l l owed  by  one  

wh i t e  i nne r  r i ng  and  one  b l ack  i nne r  c i r c l e ,  i n s i de  o f  wh i ch  l i es  

t h ree  sma l l  wh i t e  c i r c l es .  Th i s  f i duc i a l  pa t t e rn  i s  known  as  t he  

“Topo logy ” .  Bes ide  each  s imp le  t opo logy ,  we  can  see  a  bas i c  

f o rm  by  t he  RAGs ,  wh i ch  f o l l ow  i n  sequence  f r om top  t o  bo t t om.  

As  we  no t i ce ,  t he  RAGs  o f  “ IMAGE 42  (b ) ”  and  “ IMAGE 42  ( c ) ” ,  

a re  t he  same  a l t h ough  t he  t opo log ies  a re  d i f f e ren t .  I n  r e l a t i on  t o  

Aud io  D - t ouch ,  t ha t  uses  geome t r y  t o  i den t i f y  ( ID )  f i duc i a l s ,  

ReacT IV i s i on  f i duc i a l s  a re  i den t i f i ed  by  t he i r  RAG o r  T opo log i ca l  

s t r uc tu re .  [BK05 ]  
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{IMAGE 43}: “(a) a reacTIVision fiducial, (b) black and white leafs and their average centroid, (c) black leafs and their 

average centroid, and (d) the vector used to compute the orientation of the fiducial” [BK05] 

 

On  “ IMAGE 43  (a ) ”  we  see  a  r eacT IV i s i on  F i duc ia l .  I t s  cen t re  and  

o r i en ta t i on  i s  spec i f i ed  us i ng  i t s  sma l l es t  en t i t i e s  ( t he  l as t  pa r t s  

o f  t he  RAG t r ee ) .  These  l ea f  cen t res ,  bo th  b l ack  and  wh i t e ,  a re  

compu ted  us i ng  a  we igh ted  ave rage  cen t ro i d  o f  e i t he r  a l l  t he  

wh i t e  l ea f s  o r  b l ack  l ea fs .  ReacT IV i s i on  se l ec ted  t h i s  me thod  o f  

compu ta t i on ,  because  i t  i s  easy  t o  f i nd  t he  cen t re  o f  an  ob jec t ,  

i r r espec t i ve  o f  t he i r  shape  ( i f  t hey  a re  squa re ,  c i r c u l a r  and /o r  

r e l a t i ve l y  sma l l ) .  [BK05 ]  
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10. Spatialization 
“Spa t i a l i za t i on  i s  pe rhaps  t he  mos t  a l l - embrac ing  and  gene ra l  

t e rm  used  t o  desc r i be  t he  means  by  wh i ch  l oudspeake rs  a re  used  

t o  a r t i cu l a te  o r  c rea te  a  spa t i a l  mus i ca l  expe r i ence  f o r  l i s t ene rs  

i n  p l ayback  o r  pe r f o rmance .  The  te rm  i s  w ide - rang ing  f r om a  

t echn i ca l  and  a rguab l y  aes the t i c  po in t  o f  v i ew .  I t  i n c l udes  

f o rma ts  ( e .g .  S te reophon i c ,  Amb i so n i c ,  Do lby ) ,  t he  p l acemen t  

and  movemen t  o f  sounds  i n  space  i n  any  number  o f  l i s t en ing  

s i t ua t i ons  ( e .g .  conce r t  ha l l ,  i n s ta l l a t i on ,  v i r t ua l  env i r onme n t ,  

c i nema) ,  and  pe r fo rmance  p rac t i ces  ( e .g .  d i f f us i on ,  Oc tophony ,  

and  more  recen t  deve lo pmen ts  i n  au toma ted  p e r f o rman c e  

sys tems ) . ”  [Ea rs ,  “Spa t i a l i sa t i on ” ]  

 

The  movemen t  o f  sound  t h rough  space  c rea tes  d rama t i c  e f f ec t s  

and  can  se r ve  as  an  impo r t an t  s t r uc tu ra l  e l emen t  i n  compos i t i on .  

Compose rs  can  a r t i cu l a te  the  vo i ces  i n  a  con t rapun ta l  t ex tu re  b y  

g i v i ng  each  one  a  un ique  spa t i a l  l o ca t i on .  The  v i r t ua l  and  

phys i ca l  “ sound  s tage ”  a round  t he  aud ience  can  be  t r ea ted  as  a  

l andscape ,  w i t h  i t s  backg round  and  f o reg round ,  and  f i xed  and  

mov ing  s ou rces .  Th i s  sound  s tage  can  be  f i xed  i n  p l ayback ,  o r  

con t ro l l ed  by  ges tu res  i n  conce r t  [ROA96 ] .   

 

D ig i t a l  s imu la t i ons  o f  mov i ng  sound  pose  spec ia l  p rob lems .  I n  

many  co nce r t s  t he  aud ience  i s  su r rounded  by  a  numbe r  o f  

l oudspeake rs .  How  does  one  c rea te  t he  i l l u s i on  o f  a  sound  

t r ave l i ng  abou t  t he  ha l l ,  mov ing  awa y  f r om o r  t owa rd  t he  l i s t ene r  

as  i t  goes?  I n  l i s ten i ng  s i t ua t i ons  w i t h  on l y  two  l oudspeake rs  o r  

w i t h  headphones ,  t he  i l l us i on  o f  sounds  mov ing  f r ee l y  i n  space  i s  

even  more  d i f f i cu l t .  

 

The  mos t  popu la r  spa t i a l  i l l u s ions  a re  “ ho r i zon ta l  pann ing ”  –  

l a t e ra l  sound  movemen t  f r om  speake r  t o  speake r  –  and  

“ r eve rbe ra t i ng ”  –  add ing  a  dense  and  d i f f use  pa t t e rn  o f  echoes  t o  

a  sound  t o  s i t ua te  i t  i n  a  l a rge r  space .  “Ve r t i ca l  pann ing ”  ( up  and  
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down  and  ove rhead )  can  a l so  c rea te  s t r i k i ng  e f f ec t s  i n  e l ec t r on i c  

mus i c .  [ROA96 ]  

 

The re  a re  l o t  con f i gu ra t i ons  f o r  d i f f e ren t  t ypes  o f  spa t i a l i za t i on .  

We  a re  no t  go i ng  t o  ana l yze  a l l  o f  t hem,  bu t  we  w i l l  be  f ocused  i n  

one  spec i f i c  t ype  o f  spa t i a l i za t i on ,  t he  “Quad raphon i c  sound ” .  

 

 

10.1.  Quadraphonic Sound  
Quadraphon i c  sound  i s  r emembered  w i t h  m i xed  f ee l i ngs  by  man y  

i n  t he  i ndus t r y ;  as  i t  r ep resen t s  a  f a i l ed  a t t emp t  t o  i n t r oduce  

su r round  sound  t o  t he  consumer .  A  va r i e t y  o f  compe t i ng  

encod ing  me thods ,  hav ing  d i f f e ren t  deg rees  o f  compa t i b i l i t y  w i t h  

each  o the r  and  w i t h  two  channe l  s te reo ,  we re  used  t o  conve y  

f ou r  channe l s  o f  su r round  sound  on  two  channe l  ana logue  med ia  

such  as  v i ny l  LPs  ( so - ca l l ed  4 -2 -4  ma t r i x  s ys tems ) .  Un l i ke  Do lb y  

S te reo ,  quad raphon i c  sound  used  no  cen te r  channe l ,  bu t  was  

no rma l l y  con f i gu red  f o r  a  squa re  a r rangemen t  o f  l oudspeake rs ,  

two  a t  t h e  f r on t  and  two  b eh ind  t he  l i s t ene r .  The  90 o  ang le  o f  t he  

f r on t  l oudspeake rs  p roved  p rob lema t i c  because  o f  l a ck  o f  

compa t i b i l i t y  w i t h  i dea l  two  channe l  r ep roduc t i on ,  and  g ave  poo r  

f r on t  images ,  o f t en  w i t h  a  ho le  i n  t he  m idd le .  

 

 
{IMAGE 44}: “4 speaker setup” 

 

Wh i l e  a  numbe r  o f  LP  re co rds  we re  i s sued  i n  va r i ous  quad  

f o rma ts ,  t he  app roach  f a i l ed  t o  cap tu re  a  su f f i c i en t l y  l a rge  p a r t  

o f  t he  consumer  imag ina t i on  t o  succeed .  I t  seemed  t h a t  peop le  
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were  unw i l l i ng  t o  i ns ta l l  t he  add i t i ona l  l oudspeake rs  r equ i r ed ,  

and  t he re  we re  t oo  many  a l t e rna t i ve  f o rms  o f  quad  encod ing  f o r  a  

c l ea r  ‘ s tanda rd ’  t o  emerg e .  A l so ,  many  pe op le  f e l t  t ha t  qu ad  

encod ing  comprom ised  t he  i n t eg r i t y  o f  two  channe l  s t e reo  

l i s t en i ng  9 the  ma t r i x  encod ing  o f  t he  r ea r  channe l s  was  supposed  

t o  be  two -channe l  compa t i b l e  bu t  unwan ted  s i de  e f fec t s  cou ld  

o f t en  be  hea rd ) .  [RUM04 ]  

 

 

10.2.  VBAP – Vector base ampli tude panning 
I n  compu te r  mus i c  i t  i s  a  common  p rob lem th a t  t he  l oudspeake rs  

a re  i n  d i f f e ren t  pos i t i ons  i n  d i f f e ren t  conce r t  ha l l s  and  compu te r  

mus i c  s t ud ios .  The  i dea l  i s  a  sys tem tha t  wou ld  be  ab le  t o  c rea te  

i den t i ca l  soundscapes  us i ng  d i f f e ren t  l oudspeake r  

con f i gu ra t i ons .  Vec to r  base  amp l i t ude  pann ing  (VBAP)  i s  a  

gene r i c  me thod  f o r  v i r t ua l  sou rce  pos i t i on i ng .  I t  gene ra l i zes  t he  

pa i r -w i se  pa rad igm to  t r i p l e t -w i se  pann ing  pa rad igm,  wh i ch  ca n  

be  used  i n  3 -d ime ns iona l  l oudspeake r  se tups .  V i r t ua l  sou rces  a re  

pos i t i oned  by  de f i n i ng  t he  v i r t ua l  sou rce  d i r ec t i on  as  ( az imu th ,  

e l eva t i on )  coo rd i na tes .  [PUL00 ]  

 

I n  conven t i ona l  amp l i t ude  pann ing  a  sound  s i gna l  i s  app l i ed  to  2  

l oudspeake rs  i n  f r on t  o f  t he  l i s tene r  (B lum le i n  1931 ) .  The  

l i s t ene r  pe r ce i ves  a  v i r t ua l  sou rce  be tween  t he  l oudspeake rs .  

When  l oudspeake rs  a re  p l aced  on  ho r i zon ta l  p l ane  a round  t he  

l i s t ene r ,  v i r t ua l  sou rces  i n  a l l  az imu th  d i r ec t i ons  can  be  

p roduced  us i ng  t he  “pa i r -w i se ”  pa rad igm (Ch own ing  1971 ) .  One  

sound  s i gna l  i s  app l i ed  t o  2  l oudspeake rs  a t  one  t ime .  [PUL00 ]  

 

W i t h  l oudspeake r  sys tems  t ha t  a l so  i nc l ude  e l eva te d  

l oudspeake rs ,  t he  pa i r -w i se  pa rad igm i s  no t  app rop r i a t e .  “T r i p l e t -

w i se ”  pann ing  can  be  f o rmu la ted  f o r  such  l oudspeake r  

con f i gu ra t i ons .  The  l oudspeake rs  i n  a  t r i p l e t  f o rm  a  t r i ang le  f r o m  

l i s t ene r ’ s  v i ew .  Th e  l i s t ene r  w i l l  pe r ce i ve  a  v i r t ua l  sou rce  i ns i de  

t he  t r i ang le  depend ing  on  ra t i os  o f  t he  l oudspeake r  amp l i t udes .  

[PUL00 ]  
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{IMAGE 45}: “Three-dimensional panning” [PUL00] 

 

I n  t h ree -d imens iona l  VBAP a  l oudspeake r  t r i p l e t  i s  f o rmu la ted  

w i t h  vec to r s  as  on  IMAGE 45 .  The  Ca r tes i an  un i t - l eng th  

vec to r s mI ,  nI  and  kI  po i n t  f r om  l i s t en i ng  pos i t i on  to  t he  

l oudspeake rs .  The  d i r ec t i on  o f  t he  v i r t ua l  sou rce  i s  p resen ted  

w i t h  un i t - l eng th  vec to r  p .  Vec to r  p  i s  exp ressed  as  a  l i nea r  

we igh ted  sum o f  t he  l oudspeake r  vec to r s  

 

m m n n k kp g I g I g I= + +  

 

He re ,   and  a re  t he  ga in  f ac to r s  o f  r espec t i ve  

l oudspeake rs .  The  ga in  f ac to r s  can  be  so l ved  as  

mg ng kg

 

1T
mnkg p L−=  

 

Whe re  [ ]Tm n kg g g g=  and [ ]mnk m n kL I I I= .  The  ca l cu l a ted  f ac to r s  a re  

used  i n  amp l i t ude  pann ing  as  ga in  f ac to r s  o f  t he  s i gna l s  app l i ed  

t o  r espec t i ve  l oudspeake rs  a f t e r  su i t ab l e  no rma l i za t i on ,  e . g .  

1g = .  [PUL00 ]  
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I f  mo re  t han  t h ree  l oudspeake rs  a re  ava i l ab l e ,  a  se t  o f  non -

ove r l app ing  t r i ang les  a re  f o rmed  o f  t he  l oudspeake r  sys tem 

be fo re  r un  t ime .  One  o f  t he  de f i ned  t r i p l e t s  i s  used  i n  pann ing  a t  

one  t ime  ( check  IMAGE 46 ) .  The re  can  be ,  o f  cou rse ,  seve ra l  

v i r t ua l  sou rces  app l i ed  t o  one  t r i p l e t .  [PUL00 ]  

 

 
{IMAGE 46}: “Using VBAP with arbitrary loudspeakers setups” [PUL00] 

 

 

10.2 .1 .  VBAP and panning in  MAX/MSP 

MAX/ MSP i s  a  g raph i ca l  p rog rammin g  env i r onmen t  p roduced  by  

Cyc l i ng  ’ 74 .  MAX i s  des i gned  f o r  p rocess i ng  o f  even t s ,  and  MSP 

i s  an  ex tens ion  o f  i t  des i gned  f o r  r ea l - t ime  aud io  app l i ca t i ons .   

 

 
{IMAGE 47}: “A schematic figure of VBAP implementation” [PUL00] 

 

The  VBAP imp lemen ta t i on  cons i s t s  o f  t h ree  ob jec t s ,  as  we  see  

on  IMAGE 47 :  
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o  “ de f i ne_ loudspeake rs ”  

o  “ vbap ”  

o  “ma t r i x~ ”  

 

A  “ vbap ”  ob jec t  i s  a t t ached  t o  each  gene ra ted  sound  s i gna l .  The  

use r  may  des ign  con t ro l s  f o r  d i r ec t i on  and  sp read ing  f o r  i t .  The  

l oudspeake r  se tup  i s  de f i ned  us i ng  “ de f i ne_ loudspeake rs ” .  The  

“ma t r i x~ ”  ob j ec t  pe r f o rms  d i s t r i bu t i on  o f  sound  s i gna l s  t o  

l oudspeake rs .  When  t he  pa t ch  i s  app l i ed  f o r  d i f f e ren t  

l oudspeake r  se tups ,  on l y  t he  se t t i ngs  o f  “de f i ne_ loudspeake rs ”  

and  “ma t r i x~ ”  ob jec t  has  t o  be  upda ted .  [PUL00 ]  

 

Ob jec t  “ de f i ne_ loudspeake rs ”  pe r f o rm  a l l  needed  ca l cu l a t i ons  t o  

f o rm  a  da ta  se t  t ha t  desc r i bes  t he  l oudspeake r  se tup  ( see  IMAGE 

48 ) .  [PUL00 ]  

 

 
{IMAGE 48}: “The loudspeaker configuration is specified in define_loudspeakers object” [PUL00] 

 

I t  i s  i n i t i a l i zed  by  spec i f y i ng  t he  d i r ec t i ons  o f  t he  l oudspeake rs .  

I t  chooses  l oudspeake r  pa i r s  o r  t r i p l e t s  and  ca l cu l a tes  an  i nve rse  

ma t r i x  f o r  a l l  o f  se l ec ted  t r i p l e t s .  I t  ou tpu t s  t he  ma t r i ces  and  

t he  l oudspeake r  numbers  o f  each  t r i p l e t  t o  a l l  “ vbap ”  ob jec t s .  I t  

pe r f o rms  t hese  ca l cu l a t i ons  when  i t  r ece i ves  a  “ bang ”  message .  

I t  can  read  t he  l oudspeake r  con f i gu ra t i on  as  a  l i s t  and  read  t he  

l oudspeake r  t r i p l e t s  as  a  l i s t .  The  l a t t e r  l i s t  i s  us ed  i f  t he  use r  

wan t s  t o  se l ec t  t he  t r i ang les  by  hand .  No rma l l y  t h i s  i s  no t  

needed .  [PUL00 ]  

1
mnkL−

 

Desc r i b i ng  IMAGE 48 ,  t he  f i r s t  pa rame te r  i s  t he  d imens iona l i t y  o f  

t he  l oudspeake r  se tup ,  wh i ch  can  be  “2 ”  o r  “ 3 ” .  I f  t he  

d imens iona l i t y  i s  “ 2 ” ,  t he  f o l l ow ing  en t r i es  a re  the  az imu th  

ang les  o f  t he  l oudspeake rs .  I f  t he  d imens iona l i t y  i s  “ 3 ” ,  f o l l ow ing  
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number  pa i r s  a re  ( az imu th ,  e l eva t i on )  coo rd i na tes  o f  t he  

l oudspeake rs .  The  l oudspeake r  d i r ec t i ons  a re  p resen ted  i n  o rde r  

o f  t he  l oudspeake r  channe l  numbe rs .  [PUL00 ]  

 

The  “ vbap ”  ob jec t  ca l cu l a tes  ga in  fac to r s  depend ing  on  spec i f i ed  

pann ing  d i r ec t i on  and  on  rece i ved  l oudspeake r  se tup  i n f o rma t i on .   

See  IMAGE 49 .  [PUL00 ]  

 

 
{IMAGE 49}: “Object vbap calculates the gain factors of the loudspeakers and sends them to matrix~ object” [PUL00] 

 

I t  t a kes  as  i npu t  t he  l oudspeake r  se tup  da ta  f r om  ob jec t  

“ de f i ne_ loudspeake rs ” ,  pann ing  ang le  as  az imu th  and  e l eva t i on  

pa rame te rs ,  and  a  pa rame t e r  t ha t  con t ro l s  sp read  o f  t he  v i r t ua l  

sou rce .  When  t he  “ vbap ”  ob jec t  rece i ves  a  “ bang ” ,  i t  pe r f o rms  

ca l cu l a t i ons  o f  VBAP and  MDAP ( mu l t i p l e -d i r ec t i on  amp l i t ude  

pann ing  –  Pu l kk i  1999 )  and  ou tpu t s  t he  ga in  f ac to r s  f o r  a l l  

l oudspeake r  channe l s .  [PUL00 ]   

 

The  VBAP techn ique  we  j us t  p resen ted  i s  based  on  t he  VBAP 

imp lemen ta t i on  by  V i l l e  Pu l kk i .  Ou r  p ro j ec t  i s  based  on  ano the r  

imp lemen ta t i on  o f  t he  VBAP techn ique  (by  Yves  G igon ,  f ound  i n  

t he  T ra j aud ioapp .mx f  pa t ch  desc r i bed  l a t e r  i n  t h i s  d i sse r t a t i on ) .  
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11. Technical Chapter 
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11.1.  THE HARDWARE SETUP 
Our  p ro j ec t  needs  a  number  o f  ha rdwa re  connec t i ons  and  

so f twa re  i ns ta l l a t i ons  t o  ope ra te .  These  a re :  

-  Two  pe rsona l  compu te r s  ( connec ted  ove r  LAN ne two rk ) ,  

-  A  s imp le  webcame ra  o r  an  ana log  camera  ( c onnec ted  t h rough  

a  v i deo  cap tu re - ca rd )  o r  a  d i g i t a l  f i r ew i re  camera  (DV)  o r  any  

o the r  (we  used  a  f i r ew i re  v i deo  camera ) .  I n  ou r  p ro j ec t  a  

f i r ew i re  camera  wa s  used .  

-  An  aud io  i n t e r f ace  (w i t h  a t  l eas t  4  ou tpu t  channe l s )  

-  A t  l eas t  f ou r  l oudspeake rs  

-  A  spec ia l l y  cons t ruc ted  t ab l e ,  w i t h  P lex i g l as  t op  su r f ace  

(de ta i l ed  desc r i p t i on  f o l l ows )  

 

Connec t i ons  shou ld  be  made  acco rd i ng  t o  t he  f o l l ow ing  image :  

 
{IMAGE 50}: “The Hardware Setup for our project” 

 
I t  i s  p r e f e r a b l e  t o  u s e  t w o  l a p t o p s ,  i n  o r d e r  t o  d i s t r i b u t e  t h e  p r o c e s s i n g  

p o w e r  r e q u i r e d  a n d  f o r  t h e s e  t o  c o m m u n i c a t e  w e  u s e d  t h e  O S C  p r o t o c o l  

t h r o u g h  a  s p e c i f i c  I P  a d d r e s s  a n d  p o r t ,  v i a  a n  E t h e r n e t  c a b l e .  
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11.2.  Construct ion and Test ing 
The  p ro j ec t  s t a r t ed  o f f  w i t h  t he  a im  o f  deve lop ing  a  l ow-cos t  and  

easy - t o -use  dev i ce ,  wh i ch  d i c t a ted  t he  use  o f  spec i f i c  ha rdwa re ,  

such  as  ma ins t r eam commerc i a l  webcameras ,  f o r  image  t r ack i ng .  

Neve r t he l ess ,  t es t i ng  o f  t hese  cameras  ( t o  be  d i scussed  l a t e r  i n  

t h i s  chap te r )  showed  h i gh  f l u c tua t i on  o f  da ta  a t  no rma l  r oom 

l i gh t i ng  cond i t i ons  and  l ed  to  a  change  o f  t he  r equ i r ed  ha rdwa re .  

I n  l i ne  w i t h  ou r  dec i s i on  fo r  t he  t ab l e  t o  be  re l a t i ve l y  po r t ab le ,  

l i gh t ,  and  l a rge  enough  f o r  easy  expe r imen ta t i on  w i t h  t he  

f i duc i a l s ,  we  cons t ruc ted  t he  t ab l e  ou t  o f  “ pape r  boa rd ”  ( a  

ma te r i a l  t ha t  a r ch i t ec t s  use  f o r  bu i l d i ng  maque t t es )  i n  wh i t e  co l o r  

( f o r  be t t e r  d i f f us i on  o f  l i gh t ,  i f  i t s  su r f ace  needs  t o  be  i l l um ina ted  

f r om unde rnea th ) .  A  t ho rough  sea rch  o f  s im i l a r  a t t emp ts  f o r  

cons t ruc t i ng  such  t ab le -based  dev i ces  showed  t ha t  mo re  

ma te r i a l s  can  be  t r i ed ,  bu t  ava i l ab i l i t y  i s  l im i t ed  fo r  some  o f  

t hem.  

On  t he  bo t t om o f  t he  t ab le  we  p l aced  a  m i r r o r  w i t h  t he  p rope r  

ang le  f o r  t r ack i ng  l a rge r  su r f ace -space .  Then  we  p l aced  a  v i deo  

camera  f o r  t he  op t i ca l  t r ack i ng  o f  t he  f i duc i a l  images ,  wh i ch  –as  

a l r eady  d i scussed—can  be  a  s imp le  web -cam,  an  ana log  camera  

( connec ted  t h rough  a  v i deo  cap tu re - ca rd ) ,  a  d i g i t a l  f i r ew i re  

camera  (DV)  o r  an y  o the r  t y pe  (we  used  a  f i r ew i re  v i de o  camera ) ,  

i n  pa ra l l e l  w i t h  t he  bo t t om o f  t he  t ab le  and  connec t  i t  w i t h  

“ Lap top  1 ”  v i a  f i r ew i re .   

 
{IMAGE 51}: “Camera and mirror placing” 
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The  f ou r  su r f aces  o f  t he  box  we re  ma id  ou t  o f  pape r  boa rd  a t  a  

s i ze  o f  1 .2m x  0 .7 m ( IMAGE 52a ) .   

 

 
{IMAGE 52}: “Construction materials – (a) Paper Board, (b) Plexiglas top surface” 

 
Fo r  t he  t op  su r f ace  we  used  a  4mm th i ck  P lex i g l as  o f  75cm x  

75cm s i ze  ( IMAGE 52b ) .  Fo r  t he  bo t tom we  used  a  75cm x  75c m 

wooden  boa rd  based  on  4  whee l s  t o  make  i t  po r t ab le .  

 

Fo r  sound  spa t i a l i za t i on  we  used  a  MOTU 89 6HD f i r ew i re  

soundca rd ,  two  Gene lec  8050A  ac t i ve  s t ud io  mo n i t o r s ,  two  

Gene lec  8030A  ac t i ve  s t ud io  mon i t o r s  and  a  Mack ie  1402 -VLZ3  

sound  m ixe r .   

 
{IMAGE 53}: “(a) Motu Soundcard, (b) Genelec studio monitors” 

 

We  connec ted  speake rs  1 ,  2 ,  3  and  4  t o  Mo tu  896HD ou tpu t s .  

Because  we  used  2  d i f f e ren t  pa i r s  o f  Gene lec  ac t i ve  s t ud io  

mon i t o r s  we  had  t o  connec t  t he  8050A  pa i r  t h rough  a  Mack ie  

1402 -VLZ3  m ixe r  f o r  con t ro l l i ng  t he i r  vo l ume .  The  o the r  pa i r  

( 8030A)  had  a  sepa rab le  vo l ume  con t ro l  each ,  so  we  connec ted  

 81



t hem d i r ec t l y  t o  t he  soundca rd ’ s  ou tpu t s  ( t h i s  was  due  t o  t he  l ack  

o f  space  i n  t he  l ab  and  i s  men t i oned  he re  on l y  f o r  r epo r t i ng  

pu rposes ,  bu t  i dea l l y  f ou r  speake rs  o f  t he  same  t ype  shou ld  be  

used ) .  

We  a l so  connec ted  t he  Mo tu  soundca rd  t o  “ Lap top  2 ”  v i a  f i r ew i re .    

 
Fo r  t he  v i sua l  t r ack i ng  o f  t he  f i duc i a l s ,  we  used  a  Panason i c  NV-

GS500  v i deo  camera .   

 
{IMAGE 54}: “Video Camera with firewire connection” 

 
Th i s  camera  ( IMAGE 54 )  ca r r i es  Le i ca  D i comar  Lens  and  12 x  

Op t i ca l  Zoom.   
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11.3.  THE SOFTWARE SETUP 
  “ Lap top  1 ”  hand les  t he  image  p rocess ing  pa r t  o f  ou r  p ro j ec t  

by  r unn ing  t he  f o l l ow ing  app l i ca t i ons  ( on  W indows  XP ) :  

( a )  r eacT IV i s i on  app l i ca t i on  -  “ r eacT IV i s i on  c l i en t  

examp le ” ,  wh i ch  i s  a  s t anda lone  p rog ram fo r  r ecogn i z i ng  

f i duc i a l s  and  send ing  t he i r  pa rame te r s  t o  a  MAX/MSP c l i en t ,  

t o  be  down loaded  fo r  f r ee  a t :  

 h t t p : / /m tg .up f . edu / reac tab le /?so f twa re ,  

( b )  Cyc l i ng  ’ 74  -  MAX/ MSP,  i n  spec i f i c  t he  

‘ TU IO_ IMG_ f i na l . pa t ’  pa t ch  ( f o r  r ece i v i ng  t he  r eacT IV i s i on  

pa rame te r  va l ues  and  send ing  t hem o ve r  t he  E t he rne t  

connec t i on  (OSC -  Open  So und  Con t ro l )  t o  “ Lap top  2 ” ) .  

 

 “ Lap top  2 ”  hand les  t he  aud io  p roc ess ing  pa r t  based  on  t he  

pa rame te r s  r ece i ved  f r om “ l ap top  1 ”  by  r unn ing  t he  f o l l ow ing  

app l i ca t i on :  

MAX/ MSP,  i n  spec i f i c  t he  ‘ma in_pa t ch_morebanks .pa t ’  pa t ch ,  

wh i ch  con ta i ns  t he  samp le r s  and  spa t i a l i za t i on  ( i t  needs  t he  

f i r ew i re  connec t i on  f o r  t he  mo tu  soundca rd  and  t he  E the rne t  

connec t i on  f o r  t he  OSC ma x  ex te rna l ) .   

 

We  connec ted  “Lap top  1 ”  and  “Lap top  2 ”  v i a  E the rne t  and  we  

need  t o  es tab l i sh  a  ne two rk  connec t i on  be tween  t he  2  l ap tops  

(we  need  t o  ass i gn  t hem a  s ta t i c  IP  add ress ) .  The  OSC ex te rn a l  

f o r  MAX has  t o  be  down loaded  and  i ns ta l l ed .   
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‘TUIO_IMG_final.pat’: 
Acco rd i ng  t o  t he  r eadme . t x t  f i l e  f o r  t he  TU IO  c l i en t  pa t ch  i n  

MAX/ MSP,  t h i s  i s  wha t  t he  d i f f e ren t  pa rame te r s  a re  r e l a ted  t o :  

 

Th i s  package  con ta i ns  a  s imp le  pa t ch  t ha t  rece i ves  and  decodes  

TU IO  me ssages  rece i ved  f ro m reacT IV i s i on  o r  t he  s i mu la to r .  Th i s  

package  p rov i des  a  MaxMSP ex t ra  f o r  W indows  and  MacOS X .  

 

The  Tu ioC l i en t  ob j ec t  t akes  an  a l t e rna t i ve  po r t  numbe r  as  an  

op t i ona l  a rgu men t .  The  de fau l t  TU IO  po r t  i s  3333 .  

 

The re  a re  two  ou tpu t s ,  t he  f i r s t  one  i s  send ing  a l l  r e l evan t  TUI O  

even t s  such  as  addOb jec t ,  upda teOb jec t  and  remove Ob jec t  as  

we l l  as  addCurso r ,  upda teCu rso r  and  re moveCurso r .  

The  second  ou tpu t  sends  s imp le  b angs  f o r  each  f u l l y  r ece i ved  

f r a me ,  an d  eve ry  second  wh i l e  no  new  messages  a re  r ece i ved ,  i n  

o rde r  t o  i nd i ca te  tha t  t he  connec t i on  i s  s t i l l  a l i ve .  

 

The  l i s t  f o rma t  o f  t he  messages  rece i ved  a t  t he  f i r s t  ou tpu t  i s  i n  

ana logy  to  t he  TU IO  message  f o rma t :  

 

addOb jec t  sess i on_ id  f i duc i a l _ i d  

upda teOb jec t  sess i on_ id  f i duc i a l _ i d  xpos  ypos  ang le  xspeed  

yspeed  r speed  mac ce l  r acce l  

r e moveOb jec t  sess i on_ id  f i duc i a l _ i d  

 

addCurso r  sess i on_ id  

upda teCu rso r  sess i on_ id  xpos  ypos  xspeed  yspeed  mac ce l  

r e moveCurso r  sess i on_ id  

 

As  a  more  de ta i l ed  exp lana t i on  o f  t he  p rev i ous  t ex t ,  we  may  

men t i on  t he  f o l l ow ing  t h i ngs :  

 

“Ob jec t ”  i s  used  t o  desc r i be  t he  de tec t i on  o f  a  f i duc i a l  image  and  

“Cu rso r ”  i s  used  to  desc r i be  t he  de tec t i on  o f  a  f i nge rp r i n t  image  

(ano the r  s imp le  f i duc i a l  t ha t  may  be  a t t ached  t o  one ’ s  f i nge r  i n  
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o rde r  t o  t r ack  a  f i nge r  p r i n t  ( t h i s  wasn ’ t  used  i n  t h i s  p ro j ec t ,  as  i t  

has  shown  no  robus tness  a t  a l l ) ) .   

 

“addObjec t” :  Sends  messages ,  each  t ime  the  camera  de tec t s  a  

f i duc i a l  image .  

 

“sess ion_ id” :  Desc r i bes  how  many  t imes  t he  camera  de tec t s  t he  

conc re te  f i duc i a l _ i d .  Fo r  examp le ,  how  man y  t imes  t he  camera  

“ saw”  f i duc i a l  68 !  

 

“ f iduc ia l_ id” :  Desc r i bes  wh i ch  f i duc i a l  image  we  use  each  t ime .  

We  can  choose  be tween  89  d i f f e ren t  f i duc i a l  images .  Each  

f i duc i a l  image  i s  un ique  and  has  i t s  own  i d  numbe r .  

“upda teOb jec t”  :  Sends  messages  du r i ng  we  a re  us i ng  t he  

f i duc i a l  i n  f r on t  o f  t he  camera .  

 

“xpos”  :  Desc r i bes  t he  pos i t i on  o f  t he  f i duc i a l  on  t he  x  ax i s  a nd  

i t s  va l ue  i s  a  dec ima l  numb er  be tween  0  and  1 .  

 

“ ypos”  :  Desc r i bes  t he  pos i t i on  o f  t he  f i duc i a l  on  t he  y  ax i s  a nd  

i t s  va l ue  i s  a  dec ima l  numb er  be tween  0  and  1 .  

 

“ang le”  :  Desc r i bes  t he  pos i t i on  o f  t he  f i duc i a l  f o r  i t s  r o t a t i on .  

The  va lue  o f  ang le  i s  a  dec ima l  numbe r  be t ween  0  and  6 .28 .  Th i s  

va l ue  desc r i bes  r ad ians .  

 

“xspeed”  :  Desc r i bes  t he  speed  o f  t he  f i duc i a l  move men t  on  t he  

x  ax i s  and  i t s  va l ue  i s  a  dec ima l  number  be tween  0  and  1 .  

 

“ yspeed”  :  Desc r i bes  t he  speed  o f  t he  f i duc i a l  move men t  on  t he  

y  ax i s  and  i t s  va l ue  i s  a  dec ima l  number  be tween  0  and  1 .  

 

“ rspeed”  :  Desc r i bes  t he  speed  o f  t he  f i duc i a l  r o t a t i on  and  i t s  

va l ue  i s  a  dec ima l  numbe r  be tween  0  and  1 .  

 

“macce l”  :   Desc r i bes  t he  acce le ra t i on  o f  t he  f i duc i a l  mo veme n t  

on  x  and  y  axes .  
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“ racce l ”  :   Desc r i bes  t he  acce le ra t i on  o f  t he  f i duc i a l s  r o ta t i on .  

 

“ removeObjec t”  :  Sends  messages  when  we  remo ve  a  f i duc i a l  

f r om  the  v i sua l  r ange  o f  t he  camera .  

 

 

The  op t i ca l  t r ack i ng  o f  t he  f i duc i a l  images  has  shown  g rea t  

f l u c tua t i ons  acco rd i ng  t o  l i gh t  cond i t i ons ,  as  a l r eady  men t i ons  

and  a  b r i e f  h i s t o ry  o f  ou r  expe r ime n ta t i ons  t o  enhance  t r ack i ng  

f o l l ows .  
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11.4.  Tracking Problems 
Acco rd i ng  t o  ou r  expe r imen ta t i on  w i t h  t he  f i duc i a l  t r ack i ng  we  

rea l i zed  t ha t  t he re  we re  s eve ra l  p rob lems  i nvo l ved  w i t h  i t  and  

t ha t  a  l a rge r  t r ack i ng  su r face  needed  t o  be  used ,  as  we l l  as  

b i gge r  f i duc i a l  images ,  so  we  had  t o :  

 

o  Expe r ime n t  w i t h  t he  s i ze  o f  t he  m i r r o r  we  had  t o  us e  f o r  

ca t ch i ng  a  l a rge r  space  on  the  su r f ace .  

 

o  Expe r ime n t  w i t h  t he  d i s t ance  o f  t he  m i r r o r ,  f r om  the  camera  

and  i t s  ang le  w i t h  t he  bo t tom o f  ou r  t ab l e  (we  had  t o  f i nd  a  

way  t o  adap t  t h i s  m i r r o r  i ns i de  t he  box ,  t o  p reven t  t he  

imag ing  o f  unwan ted  pa r t s  o f  t he  t ab l e ) .     
  

o  Expe r ime n t  w i t h  t he  p l acemen t  o f  t he  camera  (d i s t ance ,  

he igh t ) ,  bu t  a lways  t r y i ng  t o  keep  t he  camera  s tab le  and  

pa ra l l e l  w i t h  t he  bo t t om o f  t he  t ab l e .  
 

o  F i x  t he  zoom pa rame te r  o f  t he  camera  and  t r y  t o  ad jus t  

manua l l y  o the r  pa rame te r s ,  l i ke  i r i s  and  wh i t e  ba lance .  

 
o  T r y  t o  use  l a rge r  f i duc i a l  images .  

 
o  Expe r imen t  w i t h  t he  i l l um ina t i on  i n  many  d i f f e ren t  ways .   

 

“ I n f r a red  t r ack i ng ” :  IR  i s  j us t  be l ow  t he  v i s i b l e  spec t rum o f  l i gh t  

i n  f r equency  and  i s  r ad ia ted  s t r ong l y  by  ho t  bod ies .  Many  ob jec t s  

such  as  peop le ,  veh i c l e  eng ines  and  a i r c ra f t  gene ra te  and  re ta i n  

hea t ,  and  as  such ,  a re  espec ia l l y  v i s i b l e  i n  t he  i n f r a - r ed  

wave leng ths  o f  l i gh t  compa red  t o  ob jec t s  i n  t he  backg round .  I n  

i n f r a red  pho tog raphy ,  i n f r a red  f i l t e r s  a re  used  t o  cap tu re  t he  

nea r - i n f r a red  spec t rum.  D ig i t a l  cameras  o f t en  use  i n f r a red  

b l ocke rs .  Cheape r  d i g i t a l  cameras  and  camera  phones  have  l ess  

e f f ec t i ve  f i l t e r s  and  can  " see "  i n t ense  nea r - i n f r a red ,  appea r i ng  

as  a  b r i gh t  pu rp l e -wh i t e  co l o r .  Th i s  i s  es pec ia l l y  p ronounced  

when  t ak i ng  p i c tu res  o f  sub jec t s  nea r  IR -b r i gh t  a reas  ( such  a s  
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nea r  a  l amp) ,  whe re  t he  r esu l t i ng  i n f r a red  i n te r f e rence  can  wash  

ou t  t he  image .  W e  t r i ed  t o  use  t h i s  k i nd  o f  i l l um ina t i on ,  bu t  t he  

l amps  we  had  (we  t es ted  a  “ ph i l i p s  TUV 8W G8  T5 ”  UV-C  

rad ia t i on  f l uo rescen t  l amp ,  a  “DURA l amp  SpA  30W”  f l uo rescen t  

l amp ,  an  “OSRAM Ha logen  50W”  and  an  18  l eds  head l i gh t )  we re  

em i t t ed  ve r y  week  i n  t he  IR  a rea .  Acco rd i ng  t o  ou r  t es t s ,  on l y  t he  

OSRAM Ha logen  l amp  behaved  be t t e r ,  because  o f  i t s  

cons t ruc t i on  ( some th i ng  l i ke  a  m i r r o r -based  ma te r i a l  on  i t s  back ) .  

We  a l so  t r i ed  p l ac i ng  t he  l amps  unde r  t he  su r f ac e ,  ove r  t he  

su r f ace ,  f a r  and  c l ose  t o  t he  t ab l e  ( needs  a t t en t i on ,  t o  avo id  

m i r r o r i ng  e f f ec t s  f r om  the  m i r r o r  o r  t he  P lex i g l as  su r face ) .           

 
{IMAGE 55}: “Testing hardware and techniques” 

 

o  Use  a  h i gh  de f i n i t i on ,  w i t h  h i gh  f r ame  ra te ,  v i deo  camera .  

Tha t  i s  because  we  t es ted  one  usb  M ic roso f t  webcam and  

one  usb  Log i t ech  webcam and  t he  t r ack i ng  was  t oo  s l ow  

(due  t o  f r ame  ra te  and  i n t e r fac i ng ) .  
 

o  Check  l a tency  i s sues  w i t h  t he  camera .  
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11.5.  User Instruct ions Manual  

1 .  Execu te  on  “Compu te r  1 ”  t he  MAX pa t ch  

“TU IO_ I M G_ f i na l . pa t ” .  

2 .  Execu te  on  t he  same  compu te r  t he  p rog ram 

“ reacT IV i son .exe ”  and  p ress  “ v ”  f o r  t he  appea rance  o f  

wh i ch  f i duc i a l _ i d  i s  on .  We  a l so  need  t o  p ress  “ g ”  f o r  

enab l i ng  t he  F rame  t h resho lde r  f o r  be t t e r  v i ew .  

3 .  Execu te  t he  MAX pa t ch  “ma in_pa t ch_morebanks .pa t ”  on  

“Compu te r  2 ”  ( compu te r s  1  and  2  mus t  b e  connec ted  

t h rough  a  Loca l  A rea  Connec t i on ) .  

4 .  Each  F iduc ia l  ma rke r  has  a  un ique  ro l e :  

o  F IDUCIA LS  3 ,  4 ,  5 :  We  can  imag ine  t hese  3  f i duc i a l s  l i ke  3  

d i f f e ren t  cd ’ s .  When  we  add  t hem on  t he  su r f ace  o f  t he  

t ab le  t hey  s ta r t  p l ay i ng  t he  samp les  t ha t  have  been  l oaded  

on  each  one .  When  we  t ake  t hem o f f  t he  su r f ace ,  t he  

samp les  s t op  sound ing  and  the i r  vo l ume  f ades  ou t  

g radua l l y  ( no t  i ns tan t l y ) .   When  we  ro ta te  e ach  one ,  we  

i nc rease  ( c l ockw i se )  o r  dec reas e  (an t i c l ockw i se )  t he  

vo lume  o f  each  samp le  i ndependen t l y  ( s t r a i gh t  a l i gnmen t  

co r responds  t o  mu t i ng ) .  When  we  move  t he  f i duc i a l s  w i t h i n  

t he  su r f ac e ’ s  ac t i ve  a rea ,  we  a re  ab le  t o  d i f f use  each  

samp le  t o  a  po l yp hon i c  sound  sys tem ( f r o m  one  up  t o  f ou r  

speake rs ) .  A t t en t i on :  The  4  channe l  po l yphon i c  sound  

sys tem i s  se t  c l ockw i se ,  even l y  spaced  i n  a  c i r c l e :  Speake r  

1  a t  12 :00  ( t op  o f  t he  c i r c l e ) ,  speake r  2  a t  15 :00 ,  speake r  3  

a t  18 :00  and  speake r  4  a t  21 :00  o ’ c l ock .  

o  F IDUCIA L  6 :  Th i s  i s  t he  s t a r t / s t op  bu t t on  f o r  t u rn i ng  t he  

who le  sys tem on /o f f .  When  we  add  i t  on  the  su r f ac e ,  i t  

t r i gge rs  t he  s t a r t  bu t t on  and  se t s  a  4 - channe l  speake r  

se tup  as  de fau l t .  

o  F IDUCIA L  7 :  We  use  t h i s  f i duc i a l  f o r  p l ay i ng  back  a l l  t he  

samp les  ( t ha t  a re  on  t he  su r f ace )  r eve rse -w i se .  W i th  t h i s  
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t ype  o f  e f f ec t ,  we  can  t r y  t o  r ep resen t  t he  sc ra t ch i ng  e f fec t  

o f  a  DJ .  

o  F IDUCIA L  8 :  When  we  ro ta te  t h i s  f i duc i a l  on  t he  t ab l e  

su r f ace ,  we  can  i nc rease  o r  r educe  t he  p l ayback  speed .  

A t t en t i on :  I f  we  i nc rease  t he  p l ayback  speed  and  t ake  away  

t he  f i duc i a l  f r om  t he  t ab le  su r f ace ,  t he  samp les ’  p l ayback  

speed  con t i nues  a t  t he  same  l as t  va l ue .    

o  F IDUCIA L  9 :  When  we  add  o r  r emo ve  t h i s  f i duc i a l  f r om th e  

su r f ace ,  we  change  w i t h  a  se r i a l  way  t he  sound  banks  (5  

d i f f e ren t  sound  banks ) .   

o  SOS:  Th e  f i r s t  t h i ng  we  have  t o  do  be fo re  s t a r t i ng  t he  

p l ayback  p rocess  i s :  

i .  D rag  n ’  D rop  t he  15  samp les  t ha t  we  a re  go ing  

t o  use .  

i i .  Pu t  on  t he  t ab l e  su r f ace  t he  f i duc i a l  9 ,  f o r  

l oad ing  the  f i r s t  sound  bank .  

i i i .  Sta r t  t he  p l ayback  p rocess ,  by  pu t t i ng  on  the    

su r f ace  the  f i duc i a l  6 .  
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11.6.  Max/Msp Patches Explanat ion 
 
Our  pa t ch  i s  based  on  t he  TU IOc l i en t  f o r  t he  f i duc i a l  r ecogn i t i on  

( l ap top  1 )  and  t he  ‘ t r a j aud ioapp .mx f ’  MAX pa t ch  f o r  t he  sound  

d i s t r i bu t i on  ( l ap top  2 ) .  

 

ReacT Iv i s i on .exe  sends  a l l  f i duc i a l s  pa rame t e r s  t o  t he  Tu ioC l i en t  

max  pa t c h  ( l i s t en ing  t o  de fau l t  po r t  3333 )  and  we  rece i ve  t h rough  

i t  a l l  t he  r equ i r ed  i n f o rma t i on .  Tu ioC l i en t  can  p rov i de  us  w i th  

i n f o rma t i on  abou t  i t s  f i duc i a l _ i d ,  pos i t i on  on  x  and  y  ang le ,  

r o ta t i on ,  whe the r  i s  on  o r  o f f  t he  t ab le  and  many  more .   

 

Because  we  a re  us i ng  two  compu te r s ,  we  have  dec ided  t o  us e  

one  compu te r  f o r  t he  ima ge  recogn i t i on  and  i t s  pa rame te r s  and  

t he  o the r  one  f o r  t he  sound  pa r t .  The  f i r s t  compu te r  l oads  t he  

“TU IO_ I M G_ f i na l . pa t ”  t ha t  con ta i ns  t he  Tu ioC l i en t  and  sends  

t h rough  t he  Open  Sound  Con t ro l  (OSC)  a l l  t he  pa rame te rs  

r equ i r ed  f o r  t he  sound  pa r t  o f  ou r  p ro j ec t .   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 91



MAX PATCH ON COMPUTER 1  (V ISUAL TRACKING)  
 

 
{IMAGE 56}: “Main MAX patch for fiducial image tracking” 

 
We  a re  us i ng  a  “ r ou te ”  ob jec t  box ,  wh i ch  he lps  us  r ou te  t he  

addOb jec t ,  r emo veOb jec t  and  upda teOb jec t .  F rom the  addOb jec t  

we  se lec t  t he  second  pa rame te r .  The  same  t h i ng  happens  f o r  t he  

r emove Ob jec t .  Th i s  means  t ha t  wh en  we  a dd  a  f i duc i a l  on  the  

su r f ace ,  we  rece i ve  a  “ 1 ”  and  when  we  remo ve  a  f i duc i a l  f r om  the  

su r f ace ,  we  rece i ve  a  “ 0 ” .  These  va lues  r e fe r  t o  t he  s t a r t / s t op  o f  

a  f i duc i a l  r ecogn i t i on  p rocess .  F rom the  upda teOb jec t  we  se lec t  

t he  pa rame te r s  r e fe r  t o  “ x  pos i t i on ” ,  “ y  pos i t i on ”  and  “ r o ta t i on ” .  

We  a re  us i ng  a  second  rou te ,  t ha t  sends  t he  pa rame te r s  o f  

spec i f i c  f i duc i a l s  i d ’ s  such  as  f i duc i a l s  3 ,  4 ,  5 ,  6 ,  7 ,  8  and  9 .  
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{IMAGE 57}: “Sending parameters via Open Sound Control” 

 
We  made  t h i s  subpa t ch  t ha t  sends  t h rough  OSC th e  va lues  o f  

s t a r t / s t op  ( va l ue :  1 /0 ) ,  x  pos i t i on  ( va l ue :  d ec ima l  0  t o  1 ) ,  y  

pos i t i on  ( va l ue :  dec ima l  0  t o  1 )  and  ro ta t i on  ( va l ue :  dec ima l  0  t o  

6 .28 )  f o r  each  f i duc i a l  sepa rab le .  The  on l y  t h i ng  we  have  t o  pay  

a t t en t i on  i n  t h i s  subpa t ch  i s  t o  g i ve  t he  r i gh t  i p -add ress  

( 169 .254 .74 .108 )  and  po r t  numbe r  (UDP 1 234 )  t o  ach ieve  t he  

des i r ed  commun i c a t i on  be tween  t he  2  compu te r s .  
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MAX PATCH ON COMPUTER 2  (RECEIVING OF F IDUCIALS’  
PARAMETERS AND SOUND SPATIALIZATION)  
 

 
{IMAGE 58}: “Receiving parameters via OSC to a second computer” 

 
On  t he  second  compu te r ,  we  use  th i s  pa tch  t o  r ece i ve  ( f r om  the  

po r t  we  have  se t  as  de fau l t  f r om  the  p rev i ous  pa t ch )  a l l  t hos e  

pa rame te r s  f o r  each  f i duc i a l .  We  have  a  sepa rab le  pa t ch  f o r  each  

f i duc i a l ,  wh i ch  con ta i ns  a l l  we  need  t o  use  f o r  ou r  p ro j ec t .  

 

 
{IMAGE 59}: “Fiducial 3 – receiving and adjustments of the fiducials parameters” 

 
We  can  see  on  t h i s  pa t ch  4  i n l e t s .  The  f i s t  one  i s  abou t  x  

pos i t i on  and  g i ves  us  va l ues  f r om  0  t o  1 .  We  wan t  t o  conve r t  

t hese  va lues  f r om  -190  t o  1 90  t ha t  i s  why  we  use  a  “ zmap ”  ob j ec t  
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box .  The  second  i n l e t  i s  abou t  y  pos i t i on ;  t he re  a l so  we  use  a  

“ zmap ”  f o r  va l ues  f r om -190  t o  190 .  The  t h i r d  i n l e t  r e f e r s  t o  

r o ta t i on  pa rame te r .  I t s  va l ue  i s  f r om  0  t o  6 .28 .  We  use  a  zmap  t o  

conve r t  t hem f r om 0  t o  157 .  The  f ou r t h  i n l e t  i s  abou t  s t a r t  and  

s top  (add  o r  r emo ve ) .  We  t ake  a  “ 1 ”  when  we  add  a  f i duc i a l  and  a  

“ 0 ”  when  we  re move  i t .  Because  the re  was  a  p rob lem w i t h  t he  

f i duc i a l  t r ack i ng  me thod ,  we  used  a  “ c l ocke r ”  t ha t  makes  t he  

f o l l ow ing  compu ta t i on :  I f  we  l oose  t he  t r ack i ng  o f  a  f i duc i a l  f o r  

l e ss  t han  2500  ms ,  t he  c l ocke r  s t a r t s  f ad i ng  ou t  t he  vo l ume  t o  

ze ro  l eve l  i n  10000  ms  f r o m i t s  l a s t  va l ue  an d  when  t he  camera  

t r acks  aga in  t he  f i duc i a l  t he  f ad i ng  ou t  p rocess  s t ops  and  t he  

vo lume  t akes  a  new  va lue .  I f  we  l oos e  t he  t rack i ng  f o r  mo re  t han  

2500  ms ,  t hen  t he  vo l ume  f a des  t o  ze ro  i n  1000  ms .  

 

The  same  pa t ch  desc r i bes  f i duc i a l  4  and  5 .  

 
{IMAGE 60}: “Fiducial 6 – Start / Stop” 

 
Fo r  f i duc i a l  w i t h  i d=6 ,  we  on l y  need  t he  s ta r t / s t op  pa rame te r .  

The  same  pa t ch  desc r i bes  f i duc i a l  7  and  f i duc i a l  9 .  

 

 
{IMAGE 60} : “Fiducial 8 – rotation” 
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For  f i duc i a l  8 ,  we  rece i ve  on l y  i t s  r o ta t i on  va lues  ( f r om  0  t o  

6 .28 ) .  

 

 
{IMAGE 62}: “Main Sound patch - Locked” 

 

 
{IMAGE 63}: “Main Sound patch - unlocked” 
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Th i s  i s  t he  ma in  pa t ch  t ha t  i n c l udes  a l l  t he  pa rame te r s  

conce rn i ng  t he  sound  ( l oad ing  samp les ,  samp le  p l aye rs ,  sound  

spa t i a l i za t i on ,  aud io  r ou t i ng  and  many  more ) .   

 

We  can  see  he re  t he  “Ma in  Con t ro l s ”  f o r  t he  pa t ch  such  as :   

 

o  “aud io  rou t ing” :  Th i s  se t s  de fau l t  va l ues  f o r  t he  sound  

ou tpu t  pa rame te r s ,  f o r  a  4  channe l  sound  sys tem,  bu t  t he  

use r  i s  ab l e  t o  change  ma nua l l y  t hese  va lues .  We  can  see  

t ha t  we  have  a  “ l oadbang ”  t ha t  t r i gge rs  spec i f i c  va l ues  on  

t h i s  sw i t ch i ng  ma t r i x  con t ro l ,  based  on  ou r  speake r  

con f i gu ra t i on .   

 

 
{IMAGE 62}: “audio routing” 

 

o  “S ta r t /  S top” :  These  two  bu t t ons  tu rn  on  o r  o f f  t he  who le  

sys tem sound  eng ine .  When  we  p u t  on  t he  su r f ace  t he  

f i duc i a l  6 ,  we  t r i g ge r  t he  s t a r t  bu t t on  and  t he  4  speake r  

con f i gu ra t i on .      

o  “1 ,  2 ,  3 ,  4” :  These  bu t t ons  t r i gge r  t he  speake r  

con f i gu ra t i on .   

 
We can  a l so  see  the  “ vo l ume  con t ro l  o f  each  p l aye r ” .  Each  p l aye r  

i s  a  s t e reo  p l ayback  eng ine  ( s f p l ay~ ) ,  wh i c h  i s  why  we  have  2  

f ade rs  f o r  each  p l aye r ;  w i t h  a  sepa rab le  vu  me te r  each .  We  have  

connec ted  each  f ade r  pa i r  w i t h  “ r ece i ve  vo l ono f f ” .  Th i s  means  

 97



t ha t  when  we  ro ta te  f i duc i a l  3 ,  4  and  5 ,  we  can  i nc rease  o r  

r educe  t he  ma in  vo lume  l eve l  o f  each  p l aye r .   

 

We  a re  us i ng  “d rop f i l e ” ,  f o r  de f i n i ng  a  r eg ion  f o r  d ragg ing  and  

d ropp ing  aud io  f i l es ,  f o r  l oad ing  each  samp le  bank .  Because  we  

wan t  t h i s  r eg i on  t o  be  v i e wab le ,  we  use  a  “ l oadbang”  cha rg i ng  a  

“ boa rde r  1 ” .  We  a l so  added  l eds  nea r  each  f i l e  d ropp ing  reg ion ,  

f o r  he l p i ng  t he  use r  t o  unde rs tand  when  a  samp le  i s  l oaded .   

 

Fo r  t r i gge r i ng  t he  f i ve  d i f f e ren t  sound  banks ,  we  use  f i duc i a l  9 .  

Whe the r  we  add  o r  r emove  t h i s  f i duc i a l ,  a  coun te r  g i ves  us  t he  

oppo r t un i t y  t o  se l ec t  (w i t h  a  se r i a l  way )  one  sound  bank  a  t ime .  

 

 
{IMAGE 65}: “Spatial subpatch” 

 
Th i s  i s  a  pa t ch  t ha t  desc r i bes  t he  spa t i a l i za t i on  pa rame te r s .  I t  i s  

based  on  a  pa t ch  t ha t  we  f ou nd  on  t he  i n t e rne t  ca l l ed  

“ t r a j aud ioapp .mx f ” .  Th i s  pa t ch  a l l ows  us  to  pan  a  sound f i l e  

and /o r  i npu t  i n  up  t o  e i gh t  channe l s  us i ng  the  t r a j ec to r y  ob jec t  

( by  JB  Th iebau t ) ,  ma th  by  Yves  G igon  and  t he  res t  by  Ca re y  

Dodge ,  2005 .   
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{IMAGE 66}: “trajaudioapp.mxf” 

 

 
{IMAGE 67}: “trajectory” 

 
The  v i r t ua l  speake r  p l acemen t  i s  i n  a  c l ockw i se  f o rma t i on  even l y  

spaced  i n  a  c i r c l e  ( excep t  f o r  1  and  2  channe l  pann ing ) .  Chann e l  

1  i s  a lways  a t  t he  t op  o f  t he  c i r c l e ;  howeve r  ou tpu t  channe l s  can  

be  remapped .  Th i s  i s  a  comp le te l y  modu la r  pann ing  pa tch .  
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Our  own  pa t ch  cons i s t s  f r om o the r  sma l l e r  pa t ches .  These  a re :  

 

 
{IMAGE 68}: “Number of speakers and coordinates” 

 
I n  t h i s  pa t ch ,  we  can  see  t he  f ou r  d i f f e ren t  cases  abou t  each  

d i f f e ren t  speake r  con f i gu ra t i on .  To  unde rs tand  each  case ,  l e t ’ s  

say  we  have  a  4  speake r  con f i gu ra t i on .  Fo r  each  spec i f i c  case ,  

we  g i ve  spec i f i c  coo rd i na tes  f o r  each  speake r  sepa rab le .  These  

coo rd i na tes  desc r i be  t he  p l acemen t  f o r  each  speake r  i n  t he  

room.  We  have  x  a nd  y  axes .  The i r  va l ue  i s  f r om -190  t o  190 .  We  

see  t he  numbe rs  “ 0  190  -19 0  0  190  0  0  190 ” .   So  t he  co o rd i na tes  

f o r  each  speake r  a re :  ( 0 ,  190 )  f o r  speake r  1 ,  ( - 19 0 ,  0 )  f o r  

speake r  2 ,  ( 190 ,  0 )  f o r  speake r  3  and  (0 ,  190 )  f o r  speake r  4 .  
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{IMAGE 69}: “Fiducial 3 – x and y position values” 

 
I n  t h i s  pa t ch  we  rece i ve  t he  va lues  f o r  x  and  y  pos i t i on .  

 

 
{IMAGE 70}: “subpatch containing all the math processing” 

 
He re  we  unpack  the  va l ues  o f  t he  coo rd i na tes ,  t o  send  t hem to  

subpa t ch  c runch ,  t oge the r  w i t h  o the r  pa rame t e r s ,  such  as  x  and  y  

pos i t i on .  
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{IMAGE 71}: “subpatch crunch – calculate VBAP” 

 
Th i s  pa t ch  makes  a l l  t he  ca l cu l a t i ons  f o r  t he  VBAP.  Th e re  a re  2  

cases ,  a  sw i t che r  w i l l  dec i de  f o r  t he  r esu l t  ( I f  t he  numbe r  i n  

e i t he r  i n l e t  i s  no t  0 ,  t hen  t he  ou tpu t  i s  1  ( cases  o f  2 ,  3 ,  4  

speake rs ) .  I f  t he  numbe r  i n  bo th  o f  t he  i n l e t s  i s  0  ( case  o f  1  

speake r  se tup ) ,  t hen  t he  ou tpu t  i s  0 .  A  number  i n  t he  l e f t  i n l e t  

t r i gge rs  the  ou tpu t ) .  We  need  t o  know the  va l ues  o f  i n l e t s  3 ,  4 ,  5 ,  

and  6  f o r  t he  ca l cu l a t i on .   

I n l e t  3  re fe r s  t o  “ x  pos i t i on ”  va l ue ,  i n l e t  4  r e fe r s  t o  t he  f i r s t  

coo rd i na te  va l ue  f r om  the  “p a t che r  coo rd i na tes ”  subpa t ch ,  i n l e t  5  

r e fe r s  t o  “ y  pos i t i on ”  va l ue  and  i n l e t  6  r e fe r s  t o  t he  second  

coo rd i na te  va l ue  f r om  the  “pa t che r  coo rd i na tes ”  subpa t ch .  Fo r  
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t he  case  o f  2  o r  3  o r  4  s peake rs ’  se tup ,  we  have  t o  make  t he  

f o l l ow ing  ca l cu l a t i on :  
2 2

4 3 6 5(381 1) ( ) ( )
2

inlet inlet inlet inlet
A

× − − + −
=   

Whe re :  
1,496062

Aresult =  

 

     

 
{IMAGE 72}: “A fader for each speaker – volume control – matrix” 

 
I n  t h i s  pa t ch  we  have  4  f ade rs  connec ted  t o  4  x  4  ma t r i x .  

Th rough  t hem we  t ake  t he  va l ue  f o r  t he  vo l ume  f o r  each  channe l  

( each  speake r ) .  We  can  con t ro l  t he  ma in  vo l ume  o f  t hem f r om the  

f ade rs  shown  on  t he  ma in  pa t ch .   
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{IMAGE 73}: “Sound Banks patch – preloads – cues for 15 different samples” 

 
Ano the r  subpa t ch  t ha t  we  can  f i nd  i n  t he  ma in  pa t ch  i s  t h i s  t ha t  

r e f e r s  t o  t he  sound  banks .   Each  s fp l ay~  can  l oad  a  l a rge  numbe r  

o f  samp les ,  bu t  f o r  t h i s  occas ion  we  have  t o  p re l oad  t he  samp le  

and  s ta r t  i t s  p l ayb ack  w i t h  a  spec i f i c  way .  W e  have  1 5  d i f f e ren t  

samp les  and  we  need  15  d i f f e ren t  p re l oads  and  15  d i f f e ren t  

p l ayback  s t a r t  bu t tons .  A l l  t hose  a re  t r i gge red  w i t h  t he  f i duc i a l  9  

( bang  s ta r t / s t op ) .  

 

 104



 
{IMAGE 74}: “sfplay~ x 3 – playback engines for fiducials 3, 4, 5” 

 
Th i s  i s  t he  l as t  pa r t  o f  ou r  ma in  pa t ch  and  con ta i ns  t h ree  

“ s f p l ay~ ”  p l ayback  eng ines .  We  can  see  tha t  we  rece i ve  the  

r o ta t i on  va l ue  o f  f i duc i a l  8 ,  f o r  chang ing  t he  p l ayback  speed  o f  

a l l  samp les  t oge the r .  Va lues  f r om  0  t o  <1  make  t he  p l ayback  

speed  s l owe r  and  va lues  f r om 1  t o  6 .28  make  t he  p l ayback  speed  

f as te r .  We  a l so  use  t he  on  /  o f f  o f  f i duc i a l  7  t o  p l ay  t he  samp le  

r eve rsed .  W i t h  a  l oadbang ,  we  make  a l l  t he  samp les  t o  l oop ,  f o r  

a  con t i nuous l y  p l ayback .          
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11.7.  User Tests 
 

 
{IMAGE 75}: “exploring our interface” 

 
 

A  sho r t  t es t i ng  phase  f o l l owed  t he  deve lopmen t  o f  t he  p ro j ec t .  

We  i nv i t ed  some  peop le  t o  t r y  an d  exp lo re  ou r  mus i c  m i x i ng  

app roach .  The  ob jec t s  we re  f i r s t  g i ven  an  ope ra t i on  manua l  w i t h  

i ns t r uc t i ons  on  how  i t  wo rks .  Then  they  we re  l e f t  a l one  t o  t r y  t he  

i n t e r f ace  and  f i l l  ou t  a  ques t i on - fo rm  acco rd i ng  t o  w i t h  t he i r  

expe r i ence .  
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11.7 .1 .  Quest ions & Answers  

 
 Did you f ind  our  in ter face  funct iona l?  ( sca le  1  to  5 )  

 
•  Nick  (age :  23 ,  mus ic  techno logy  s tuden t )  =  3  
•  Mar ina  (age :  22 ,  mus ic  techno logy  s tuden t )  =  3  
•  Mak is  (age :  21 ,  mus ic  techno logy  s tuden t )  =  4  
•  Theodore  (age :  23 ,  mus ic  techno logy  s tuden t )  =  4  
•  George  (age :  20 ,  mus ic  techno logy  s tuden t )  =  5  
•  Spi ros  (age :  18 ,  mus ic  techno logy  s tuden t )  =  4  

 
 Was i t  easy to  learn  how to  use  i t?  ( sca le  1  to  5 )  

 
•  Nick  (age :  23 ,  mus ic  techno logy  s tuden t )  =  5  
•  Mar ina  (age :  22 ,  mus ic  techno logy  s tuden t )  =  5  
•  Mak is  (age :  21 ,  mus ic  techno logy  s tuden t )  =  4  
•  Theodore  (age :  23 ,  mus ic  techno logy  s tuden t )  =  5  
•  George  (age :  20 ,  mus ic  techno logy  s tuden t )  =  4  
•  Spi ros  (age :  18 ,  mus ic  techno logy  s tuden t )  =  5  

 
 Are you in terest  to  exper iment  more  w i th  th is  new 

in ter face?  ( sca le  1  to  5 )  
 

•  Nick  (age :  23 ,  mus ic  techno logy  s tuden t )  =  5  
•  Mar ina  (age :  22 ,  mus ic  techno logy  s tuden t )  =  5  
•  Mak is  (age :  21 ,  mus ic  techno logy  s tuden t )  =  5  
•  Theodore  (age :  23 ,  mus ic  techno logy  s tuden t )  =  4  
•  George  (age :  20 ,  mus ic  techno logy  s tuden t )  =  5  
•  Spi ros  (age :  18 ,  mus ic  techno logy  s tuden t )  =  5  

 
 I s  there  someth ing more  that  you w ish th is  in ter face  

have? 
 

•  Nick  (age :  23 ,  mus ic  techno logy  s tuden t ) :  I  w ish  
the  who le  in te r face  reac ted  fas te r .  I  a l so  wanted  
to  had  sma l le r  s i ze  so  i t  can  be  por tab le  and  I  
wou ld  l i ke  i f  was  hav ing  some e f fec ts ,  l i ke  reverb  
fo r  example .  

•  Mar ina  (age :  22 ,  mus ic  techno logy  s tuden t ) :  I  w ish  
i t  had  more  sound  banks .  

•  Mak is  (age :  21 ,  mus ic  techno logy  s tuden t ) :  I  
wou ld  l i ke  the  p resen t  o f  an  e f fec t  p rocessor  and  I  
wou ld  a lso  love  to  have  more  f iduc ia ls  ded ica ted  
as  p layback  eng ines  fo r  more  sounds  on  the  tab le  
a t  the  same t ime.   

•  Theodore  (age :  23 ,  mus ic  techno logy  s tuden t ) :  I  
wou ld  l i ke  to  see  some more  parameters  on  i t .  
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•  George  (age :  20 ,  mus ic  techno logy  s tuden t ) :  More  
Sample  Banks  p lease !  

•  Spi ros  (age :  18 ,  mus ic  techno logy  s tuden t ) :  More  
Sample  banks  and  more  sounds  toge ther  on  the  
sur face .  

 
 

A f t e r  t hese  use r  t es t s ,  we  dec ided  to  add  mo re  sound  banks  t o  

t he  i n t e r f ace  (when  t he  t es t s  t ook  p l ace  t he  i n t e r f ace  had  on l y  

two  sound  banks ) .  
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11.8.  Conclusions and Future Improvements 
 
On  t h i s  p ro j ec t  we  came  ac ross  a  l a rge  numb er  o f  pa rame te r s  t o  

be  used  f o r  g rea t  expe r ime n ta t i on .  Un fo r t una te l y ,  t he  absence  o f  

t he  r equ i r ed  ha rdwa re  f o r ced  us  t o  use  some o f  t hose  pa rame te r s  

and  f i nd  ways  t o  ove rcome  any  l im i t a t i on  t ha t  showed  up .   

I  t h i nk  t h i s  p ro j ec t  can  be  f u r t he r  deve loped  i n  many  ways .  

 
o  We  can  use  some  o f  t he  f i duc i a l s  pa rame te r s  f o r  con t ro l l i ng  

an  e f f ec t  p rocesso r .   

 

o  We  can  have  mo re  f i duc i a l  based  p l ayback  eng ines  and  

b i gge r  t ab l e  su r f ace .  I  t h i nk  t ha t  24  p l ayback  eng ines  w i l l  

be  some th i ng  nea r  t o  an  ana log  m i x i ng  cons o le .  We  can  

a l so  add  a  k i nd  o f  equa l i z i ng .   

 

o  We  can  use  an  i dea l  t ype  o f  camera  (a rme d  w i t h  a  f i l t e r  

t ha t  l e t s  t he  camera  t r ack  i n  IR  l um inance  cond i t i ons )  f o r  

f as te r  and  more  re l i ab l e  f i duc i a l  t r ack i ng  and  a l so  use  more  

expens i ve  and  p rope r  ma t e r i a l s  f o r  t he  cons t ruc t i on  pa r t ,  

as  a  l o t  o f  o t he r  f am i l i a r  p ro j ec t s  do .   

 

o  The  use  o f  a  p ro j ec to r  f o r  v i sua l  f eedback  on  t he  su r f ace  o f  

t he  t ab l e  wou ld  enhance  t he  use r  expe r i ence .  

 

o  We  can  g i ve  t he  use r  t he  poss ib i l i t y  t o  r eco rd  h i s / he r  

pe r f o rma nce .   

 

o  We  can  add  t he  f i nge r  r ecogn i t i on  f o r  con t ro l l i ng  o the r  

pa rame te rs .  

 

o  We  can  use  a  r oom p rope r l y  i ns ta l l ed ,  and  peop le  i ns i de  i t  

wea r i ng  T -Sh i r t s  w i t h  f i duc i a l  images  s tuck  on to  them,  

mov ing  a l l  t he  t ime .  Th i s  wou ld  be  l i ke  a  b i g  t ab l e  su r f ac e…         
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