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Abstract

This thesis presents a theoretical framework which incorporates generative and
interactive techniques in order to enhance interactivity and user experiences through
interaction and collaboration between users and the system. It proposes an adaptable
solution to supporting music performance through a mechanism of adjusting the
interactive and generative intensity through the implementation of an interactive
music performance system. In addition, it provides sharable components so that
musicians or dancers can cooperate with the system and contribute knowledge in the
creative process of a collaborative and dynamic generation of new music inheriting

strong features of the music recorded online.

In recent decade, there is a strong tendency for musicians and engineers to develop
new applications based on new interfaces. Music applications equipped with
innovative interactive features can easily attract attention. However, it is unavoidable
for these applications to be replaced in a short period of time owing to the rapid
development of technology. This makes them rather short-lived and re-writing of
program code is necessary. Although this tendency can introduce new user
experiences interacting with products or systems, it overlooks the need to extend the
intelligence and creativity with regard to music making. While generative techniques
can provide creative solutions and generative systems give rise to sophisticated
generative and transformative outcomes, they are underused by existing interactive
music performance systems. In view of this, a balance should be made on one hand

to enhance interactive experience and to explore creativity on the other hand.

On theoretical basis, the studies of Human-Computer-Interaction address issues
relating to interaction, usability of interfaces, cognition and modalities when
designing an interactive music performance system. However, it overlooks design
issues regarding emotion, creativity and aesthetics which are critical to the design of
contemporary interactive systems. There is also lack of theoretical framework
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towards bridging the gap between designing user interactions with the system on one
hand, and designing highly algorithmic and generative systems on the other hand.
New theoretical framework will be proposed to introduce new user experiences which

can be further enhanced and suggest solutions for a more engaging system or product.

This research proposes a theoretical framework aiming to increase interactivity
between users and the system by incorporating interactive and generative techniques.
It also intends to enhance user experiences and extend the engagement of the system
into a deeper cognitive and creative level. Yunnan Yi Minority music performances
are taken as a case study. It makes attempt to experiment new paradigm of
collaboration between human performers and the system while retaining the
traditional practices and techniques of performing ethnic Yi Minority music. This

avails exchange of musical knowledge through interaction in the creative process.

During the literature review stage, a real public media performance was conducted in
Hong Kong in 2009. | was one of the team performers responsible for keyboard
playing and application development which brought out interactive features and
contents to interact with the audience. Participant observation was adopted to
understand the interaction with the audience and collaboration among performers in
real life situation. In order to study the traditional practice and culture of performing
dances and music of a group of people in depth, case study is selected as a method to
have a closer examination of the music and dance performances of Yi minority group
of Yunnan Province in China. Ethnographic field trip is initiated to visit a village
where AXi people of Yi Minority live, called Ke Yi Village, in the east of Kunming
which is the capital of Yunnan Province. Observation, field notes, video and sound
recordings of the performances are major tools to understand the ethnic musical
culture. A number of system prototypes are implemented with interactive and
generative techniques based on the guidelines suggested by the design models. The
music resulted from the systems bears some resemblance to the Yi music with its

ethnic elements. These systems are used in the experiments conducted with the



villagers to collect data and feedback. Results are discussed and evaluated in the
thesis.

This research is an attempt to integrate generative design into interactive music
performance applications with ethnic minority people who are remotely connected to
outside world and new digital multimedia techniques, and whose culture presents a
challenge to embracing new ideas and new techniques in their music and dancing
tradition. However, the field trips provided excellent opportunities for the author to
know the complexity in real interactive music and dancing. They also revealed the
limitations of the implemented systems in terms of its real time responses to users
who are completely new to any new digital devices and interfaces. The evaluation of
the implemented prototype systems provided good insights on how the integrated
generative and interactive framework proposed in this research can be further

enriched and improved in future research.



Acknowledgement

I would like to express my sincere thanks to my thesis supervisor Professor Tang
Ming-Xi for his continuous guidance, patience, encouragement and support in the

research.

In this research, two field trips were conducted in the Ke Yi Village of Yunnan
Province. Special thanks to Professor Pang for her arrangement and guidance of the
field trips. Her post-graduate students also spent a lot of time and effort in helping

with the visits, experiments and interviews conducted in the village.

During the stay in the village, accommodation was provided by the villagers. It was a
precious opportunity to learn about their folk songs and dances which enriched the
content of the research. Without their help in songs recording and dance
performances, the music CD of "AXi Dancing Under The Moon" will not be

published and the research cannot be completed.

Final thanks go to my parents for their understandings and support.



Publications

Elaine L. Wong, Wilson Y. F. Yuen, Clifford S. T. Choy. (2008) “Designing Wii
Controller As A Powerful Musical Instrument In An Interactive Music Performance
System”, 6th International Conference on Advances in Mobile Computing &
Multimedia (MoMM2008), Linz, Austria, 24-26 November 2008.

Elaine L. Wong. (2009) “Augmenting Media Performance with Interactive
Technology”, 12th Generative Art Conference GA2009.

Elaine L. Wong & Ming-Xi Tang. (2011) “An Interactive and Generative Framework
for Enhancing User Experiences in Music Performances”, International Conference

on Interaction Design 2011.

Yunnan Music CD Publication. “AXi Dancing Under The Moon” music CD jointly
published by Hong Kong Polytechnic University and Yunnan University, 2011

Elaine L. Wong & Ming-Xi Tang. (2012). “A Generative and Interactive Framework
Enhancing Music Performances Based on a Cognitive and Computational Model of
Interaction”. Fifth International Conference on Design Computing and Cognition, 7-9
June 2012, Texas A&M University, College Station, Texas USA.



Contents

Certificate of originality 1
Abstract 2
Acknowledgement 5
Publications 6
Contents 7
List of Figures 12
PART 1 INTRODUCTION.....citiiii e 16
I 1] 8 (o (1 [ 1 o] o [ RS OPTRTS 17
1.1.  Music and TeChNOIOgY .......coeiiiiiiie e 19
1.2. Review on Theoretical Framework ...........cccccooiiiiiiiieniinniene e 20
IR TR . [0 (V7 £ o] o SRS 21
1.4, AIMaNd ODJECHIVES .....cceiiiiiiiee e e 23
T Y [=1 4 oo (o] (oo VA S SR 23
1.6, CONTEIIDULION ..ottt nne e 24
1.7, THESIS OULINE ...ccueeiicie et 25
PART 2 LITERATURE REVIEW ... 28
2. Literature Review on Interactive Music Performance Systems...... 29
2.1.  Development of Interactive Music Performance Systems............cccoceeevenen. 29
2.2.  Generative Techniques Used in Interactive Music Performance
)Y =] 0 TSRO U PSR OPRTRTPP 36
2.3, SUMIMAIY .ottt e ettt e et e e nbb e e e bb e e e bn e e s bn e e e nbee e 40
3. Literature Review on Theoretical Framework ...........ccccoceveviinnnns 41
3.1. Classification of music performance SYStems ..........cccocvevveieeieeresieeseereeneens 41
3. L1 FIrSt DIMENSION: ....ciiiitiiieieeieieee ettt bbb 41
007 T=Tol T o o I 0 [ 1< 0] o] PR 42
313, THird DIMENSION: .....iiiiiiieieieieies sttt b bbb 42
3.2. Wanderley’s Theory towards evaluating Musical Controllers................... 44
3.2, LeAMNADIIITY ..ottt et 44
I (o] [0 - o1 1) Y2 PR 44
3.2.3.  Feature Controllability ..........cccoooveiiiiie s 44
3.2.4.  Timing Controllability ........ccoooiieriii e s 45
3.3, Bongers’ INteraction THEOKIES .......cccceiiiieiiiie e 45
3.3.1. PerfOrmer — SYSTBIM .. ..ottt neas 45
TR A VA1 [ 4 el W o [ 1= o o = PR 46



3.3.3.  Performer — SyStem — AUGIENCE.......ccviieiiiecie st 47

3.4. A framework for algorithmic musiC SYStEMS.........cccoererirenininisisee e, 48
3.5, SUMIMALY ..ttt ettt e bt e b e e e be e san e e beeanneas 50
PART 3 PROPOSITIONS ... 51
4. A Public Interactive Media Performance.........cccccccoveviiiiiinnincene. 52
4.1.  Augmenting Media Performances with Interactive Technology................ 52
4.1.1. Augment traditional music performances with new digital musical instruments ....52
4.1.2. Collaboration among MUSICIANS ........c.cceiieiiiiiiiere e 52
4.1.3. Performer and audience iNteraction...........ccceovvvriririneneneiee s 53
4.2.  Performance @JCCAC HONG KONQ.....cooveiiiiiiieii e 53
4.3, Technical DeSCrIPLION ......ccoiiiiiiecierce e e 56
4.4. Hardware and SOftware t0O0IS..........ccccoiiriiiiiiiicee e 56
45, INTEractiVe FRATUIES .......cve e e 56
4.5.1. Throwing something to the audience (in Throw Wii Session) ..........cccccovervreenennne. 56
4.5.2.  InteraCt With MOTION ........ooviiiiiiiiiese e 59
4.5.3. OFNEE UBVICES. ...cuiitiititeieeeie sttt bbbttt st bt eneas 59
4.6. Interactive Media Performance Framework...........cccocovvvienininnnninieeniennnn, 60
O N B TS0l U 3] (o] TSP 61
4.7.1. How to augment a traditional music performance with new digital musical
INSEIUMENTS? ...t b bbb bbbt bt bbbt neens 61
4.7.2. Isthere a change in the way performers interact with each other with both new
and traditional musical INSTIUMENTS?.........coui i 62
4.7.3. Can interactivity be increased with the use of computer technology between
PErfOrmers and AUIENCE?........cveiviiie ettt seesre e e nre s 63
4.7.4. Did the audience find the show creative and enjoyable? ...........cccceevvviviveieiveniene. 63
4.8, SUIMIMAIY ..eeiiiiiieiiiie e siee ettt ettt sttt e st e e aab e e bt e e e nbb e e e bt e e s beeeennns 64
5. Proposed Theoretical Framework...........cccoveiieniiiiienienie e 65
5.1.  Conceptual Design MOEIS ..........ccoiiiiiiiiiiiie e 65
5.2, Enhancing USer EXPEIIENCES. .......cuciviieiierieeieseesieseeseesie s seesaesaesseaneesnens 67
LT S o I = 0o - Vo -SSR 68
T o T =4 =110 TSR 69
6. Ethnic Minority Culture and Elements ...........ccccoccovvivveiicvn e 71
6.1.  Social functions Served by Folk Songs and Dances ...........c.ccccocevvveiviinennnn 73
6.1.1. Festival CElEDration ...........ccviiiiiiiiiee e 73
6.1.2.  COMMUNICALION .....eiiiiiiiiieitie ettt sttt st sae et e besneeseesreeneenaeas 74
6.1.3. Social activities and COUMSNIP........ovviiiiieeeee et 75
6.1.4.  ENTEITAINMENT .....oviiiiiieieie bbb e 76
6.2, FOIrMATIONS .....oiiiiiiiiiece e e 77
T N B -1 (o0 TSP UPR PR 77
6.2.2.  RNYtNMIC PALtEIN.....ciiiiiiiie et nre s 78
CTZC T |V 1= [T [ ol o i 1= o PSSR 79
6.3.  Ethnic Musical INSTrUMENTS .........ccoiiiiiiii e 81
GRS T S T 14D 1= ST RRPRPI 82
GG 720 o 1 To [ TS SSSS 82



5.3.3.  BlOW INSITUMEBNTS: . ereieei ettt ettt e e sttt e s sttt e s st e s st e et e ssere et e e snreeessanreees 83

6.4. Translating Yi Ethnic EIements.........ccccccvoieiiieii e 84
6.4.1.  Songs Made DY tre€ IEAVES ........cecveiiiiice sttt 84
B.4.2.  DANCE SONDS ...vveveeiteeitieitreeieeteesteesteesseesseeaeeateesteesteesteesssessaeaseeesbeesbeesteesressnsesnsesnes 86
6.4.3. Between the ordered and the disordered ...........cocevviieenie e 88
B.4.4.  COMPIEXITY ...oeeieiii ettt st sae et et ene et e sreeneenne s 90
6.4.5. Experiment with chosen ethnic elements..........ccoovviiiiiieieicis 91

PART 4 METHODOLOGY ..ottt 93
7. MEthodOIOgY ......ooiviiiiiie e 94

7.1. A Public Interactive Mixed Media Performance ............cccceoeeveninnvninnnnnnn 94

7.2.  Participant ObSErVALION .........ccceiieieiieiieie e 95

7.3.  Theoretical Framework FOrmation...........cccooceveriinieninie s 96

7.4.  Prototype DevelOPMENT ..........cooveiiiiiiieic e 97

7.5.  Ethnography of Yi Minority CUltUre ..o 98

8. Ethnographic Field TP ..o 99

8.1.  Uniqueness of the reSearch...........cccocvoviieiiiie s 99

8.2.  Ethnography as the Methodology.........cccoviiiiiiiiiii e, 100

8.3, FIeldWOrK SEttiNg ......cocveiieiiiieie et 101

8.4.  Brief Description of Yi Minority MUSIC ........cccooeiieiininniec e, 102

8.5, GELLING ACCESS. .. eeiieiieitieieeie st esteete e e ste et e e e e teeaeareesteetesseesteenteaneenreens 103

8.6.  Axi Dancing Under The Moon FOrumM ........ccccooviiieiininnieic e, 104

8.7.  Background of Axi Dancing Under The M0ON .......c.ccccevveviiieieene e, 107

8.8.  On Stage PerfOrmancCes .........ccooeorieiiiiie e 109

SRS I 1o ol o {=Tolo] o [ oo PSP 110

8.10. EVEryday life......oooiiieeee e 111

8.11. Summarized characteristics of Yi dances and musicC............cc.cceovvvvvinenne. 112

8.12. Publishing of “Axi Dancing Under the Moon” Ethic Music CD .............. 113

8.13.  SUMIMAIY ..ttt ettt e et e e nbb e s bn e e nes 113

9. EXPEriments DESIGN......cuoiiiiieiieiieesee ettt 115

9.1, Areas TO INVESTIGALE .......oceiiieiiiie e e 115
9.1.1. Comparison between generative and interactive performances..........cccccceevevennene. 116
LS TN [010=1 = Tox (Y | Y PSSSST 116
9.1.3. Enhancement of user experiences and engagement of the system.............ccevene.e. 116

0.2. Before The EXPerimentS.......ccccccvieiieiiiiiiiiesie e e se e 117

9.3.  Arrangement of the EXPeriments: .........cccocoveiriiiii e 117

9.4.  Design of the QUESTIONNAITE .......cceeiieiiiiiceee e 118

9.5.  The EQUIPMENTS USEA.......ooiiiiiiieciiee e 119

9.6.  THhe EXPEFIMENTS .....ooiuieiicie et 120
9.6.1. Experiments conducted with the adult Villagers..........cccccvvveviiveiivie i 120
9.6.2. Experiments conducted with the primary school students...........ccccccocveverevriennne 122

PART 5 SYSTEM DESIGN AND IMPLEMENTATION .............. 124



10. System Design and Implementation ............cccoccevveviiennnienie e, 125

10.1. Proposed SYStemM DeSIGN .....cc.eieriieiiiiieieeie et 126
10.2.  SyStem AFCHITECIUNE........ooeee e 127
10.3.  Generative MOdUIE..........ccoooiii e 129
10.3.1. Melody GENEIAION: .....oiiieeiecie ettt e e neas 130
10.3.2. RNYEAM CONTIOL: ... 133
10.3.3. MUSIC ACCOMPANIMENT: ... ...iiiiiiieiecieeie et sre e resneeseenns 135
10.3.4. Percussion GENEIALION: ........cccuieeiiieeie et e ettt et st ee e neeneeneenes 135
10.3.5. Screen Interface of Generative Module............ccoooiiiiiiiicii e 137
10.4.  INteractive MOUIE ..........ooiiiiiieiee e s 138
00 Ot R |V 1= oo YA O o] (1] =SSR 139
O O S 01 101 O o] (1] - PSR 142
10.4.3. GeNErative IMOOE: .......oviieeieieiietc ettt eneas 144
10.4.4. Screen Interface of Interactive Module............coooiiiieiiiicie e 147
PART 6 RESULTS & CONCLUSIONS.......cccoiiiiiieieee 148
11, RESUIS ... e 149
11,1, Areas t0 @NAIYZE........coviieiiee et 149
11.1.1. Generative and interactive performances.........ccccevvieeveieeiiese s 150
11.1.2. Comparison between generative and interactive performances............cccccceevevuenee. 150
11.1.3. INtEractiVe EXPEITENCE .....ecueeieeieeeeeiieetie st e ettt ee st eneesaesreeneesaeeneestesneeneeneas 150
O 0 o 1o (=TSt o] o PSR 151
R @ T o 14T 11 Y2 S PS 151
O @ | =1 T =1 o] PSR 151
12,07, QUAIEY ..ttt 151
11.1.8. INTEIESHINGNESS. . eeveiveeiesteeteite et steeae et te e et e st e st e e neesteere et e sreeneestesneeneenrs 151
11.2. Experiments with Interactive and Generative Performances................... 152
11.2.1. AdUIE VITIAGEIS GrOUP ...viivveieitieiesie ettt sttt ettt re e te et sne e nnas 152
11.2.2. Primary SChOOI SLUAENTS ........ccveiiiieiecie e 158
12. Conclusions and Future WOork...........cccooeiiienininnenic e 162
12.1. ReSEArCh ODJECTIVES ......eciieiecieciee e 162
12.2.  Addressing the research ObJectiVesS .........ccoeiieiiiii i 163
12.2.1. Improving interactivity and enabling exchange of musical knowledge between
the system and the users who interact With it............ccocoeiiniiii i 163

12.2.2. Enhancing user experiences and extending engagement of the system to a
deeper cognitive and creative level by incorporation of generative and interactive

LC=T0d o] 0T [ [0TSR 165
12.2.3. Enabling collaboration between the system and the human performers in the
CTBATIVE PIOCESS ...vvevveteetiete sttt sttt et b bbbt e e s bbbt bbbt b bbbt eneens 166
0 T 101 o] [ To= L1 (o] 1 SR 168
124, LIMITALIONS .. .ottt sr e e enes 168
12.5. Enhanced System DeSIgN........cccoiieiiiiieiieeie e see e sre e 170
12.6.  AFEAS 10 IMPIOVE ... .ottt ae e 171
12.6.1. INTEIACLIVILY .o.veeeieeeieieie ettt ettt e e et eneeeennas 171
T [ 1 (< g 7Tt I I 1= [ o PSR 171
12.6.3. EhNIC EIBMENTS ..c.ooiiiiieicces et 172



12.7.
12.8.
12.9.
12.10.

New Adaptation MOEL ..o s 173

AdaPLation PrOCESS: ......vciiiiiiieiieie e aesae e sraeeeanes 174
Enhanced System Model ... 176
FUTUNE DIFECTIONS ....viiiiiiiiiee et 177

11



List of Figures

Figure 2-1. Professor Theremin was performing with Theremin & Modern design of

Theremin DY M0OQ™S IMUSIC.......cooiiiiiiee et sne s 30
Figure 2-2. Max Mathews with his Radio Baton ...........c.ccccvvviiiineinnieicce e 30
Figure 2-3. Professor Tod Machover with Cellist YO YO Ma..........cccooiiiiiiiicniene, 32
Figure 2-4. Users interact with the objects on the tabletop interface............c..ccoc...... 33
Figure 2-5. Visualizer of MIKEIKI ...........ccoooveiiiiiiece e 39
Figure 3-1. Human-Machine INteraction............ccccuevveveeiveresie e 46
Figure 3-2. The interaction between audience and installation..............cccccccccevvennne. 47
Figure 3-3. Interactions between performer, system and audience...............ccccoveuenne. 48
Figure 3-4. Framework for comparing process in algorithmic music systems........... 49
Figure 4-1. Com1pOst Interactive Media Performance @JCCAC Hong Kong.......... 54
Figure 4-2. The Star Shaped Structure of Contents ..........ccccevevieeveiiesieere e 55
Figure 4-3. Wii Controller and the mushroom ball............ccccccooveiiiiinien e 57

Figure 4-4. Max/Msp patch capturing accelerometer values of Wii controller and
generating music notes and SoUNd effECtS.........cocviiiiieriii e 58

Figure 4-5. Performers played with the audience with the new musical instrument. 58

Figure 4-6. Vocaloid session with dance pad............ccccceviveriiieviiene s 59
Figure 4-7. An Open System for New Creative Ingredients...........ccccocvevvvieivernenn 60
Figure 4-8. Interaction Bandwidth enlarged ...........ccccoovvveveie i 61

Figure 5-1. Configurable design model for interactive music performance systems .65

Figure 5-2. Generative oriented deSIgN ........ccvveiieiiierie i e 66
Figure 5-3. Interactive oriented deSIgN ........ccvverieeiieiie e e 66
Figure 5-4. Collaborative deSigN........c.ccveiieieeiieie e 67
Figure 5-5. Interaction model for musical knowledge sharing in a collaborative

10\ AT 0] 01 01T o SO SRRSO 70
Figure 6-1. Yi Minority in YUunnan PrOVINCE.........ccceiuriiereninieeie e 71

12



Figure 6-2. Yi communities in Sichuan and Yunnan Provinces............cccocvevvevvernenne 72

Figure 6-3. Cangyuan rock painting and Yi Hulusheng dance..........ccccccoecvveivenenne. 73
Figure 6-4. TOrch FESHIVAL.........ccooiiiiiieiiee e s 74
Figure 6-5. “A Xi De Xian Ji”, history book of Axi People.........cccoovviviiiiiniinnennn. 75
Figure 6-6. Left foot dance during “March gathering” .........ccccvoevinienieniiie e 76
Figure 6-7. Left foot dance iN CIrCIES .........cevviiiiicie e 77
Figure 6-8. Big sanxian and the dancCe............ccccvveveiieiieie e 82
FIGUIE 6-9. HUGIN ..ottt e e e 83
Figure 6-10. Yi MOULN STING ...ocveiieiiiieieee e e 84
Figure 6-11. A song played by atree [eaf........cccooieiiiiiiiiin e 85
Figure 6-12. A tree leaf played by Yi people........cccoerriieiiiiiiieee e 85
Figure 6-13. A short sliding note at the end of the melody phrase.............c.cccccvennenne. 86
Figure 6-14. Rhythmic patterns of songs performed by older people...........ccccon..... 87
Figure 6-15. Score and rhythm of AXi Moon Dance ..........ccccceveveveeieiienc e 87
Figure 6-16. Effective COMPIEXILY ....c.ooveiiiiiiie e e 89
Figure 6-17. AXi Dance Under The MOON ........c.cooiiiiiriieieie e 89
Figure 6-18. The HApPY LUOSU .....ccueeiiiieiiieiieiie ettt 90
Figure 7-1. An interactive and generative framework ............ccccocevviivvienc e 97
Figure 8-1. Ke YI VIllage.......covoiieiiiie et 101
Figure 8-2. Home of the patriarch of AXi Group .......cccoccvviveieeieiiece e, 102
Figure 8-3. Axi Dancing Under The Moon FOrUM .........cccccevveieiiernnie e, 104
Figure 8-4. Dancers WelCOMING QUESES .......ccuriiriereeiieie et siee e 104
Figure 8-5. Dance by older PEOPIE........cooeiiieiiiieeee e 105
Figure 8-6. Folk musical INStIUMENTS .........cccoiiiieiieiiiie e e 105
FIGUIE 8-7. HUIUST ...ttt 106
Figure 8-8. Score of Axi Dancing Under The MOON ..........ccocveieiierniie e, 108
Figure 8-9. Sanxian played by AXi PEOPIE .......ccccvevieiieie e, 109

13



Figure 8-10. On stage performance t0 VISItOrS.........ccccververiveresrieseesesieseesee e, 110

Figure 8-11. Song recording with the wine song SINQErS........ccccvvverveieviveriesiennnan, 111
Figure 8-12. LivestoCk KEEPING ....c.oiiiiiiiiiiieieeeeee e 112
Figure 8-13. “Axi Dancing Under the Moon” MUSIC CD........c.ccocveviiiniieiesiennen, 113
Figure 9-1. Equipment setup for the eXperiments..........ccooeveneniniinie e, 120
Figure 9-2. Experiment with the banhu player...........cccoovveveiieicec e, 121
Figure 9-3. Experiment with the flute player...........cccoovvveiieiec s, 122
Figure 9-4. Experiment with the primary school students..........c.cccccvveeviveieiiennnn, 123
Figure 10-1. Basic components of an interactive COmposition...........c.cccoeverereenneen. 125
Figure 10-2. Proposed system design COMPONENTS .........ccevvererieneerieneesieeieseeneenns 127
Figure 10-3. System Overview FIOWChart ..., 128
Figure 10-4. Generative Module System StrUCtUre...........ccovevveiereerriie e, 129
Figure 10-5. Interface of Generative MOdUIE ..........c.ccvevveiieiecieseecece e, 130
Figure 10-6. “Axi dancing under the moon”, “Fal 2Bk ™ .oveoveveiiieeeeeeeee 131
Figure 10-7. Melody generation module...........ccccovvveiiiiiiiieie e, 132
Figure 10-8. Melody generation by chaotic algorithm.............c.cccoevviiiiivcieceen, 133
Figure 10-9. Rhythm control module............ccocveieiieiieic e 134
Figure 10-10. Beat Pattern L.........cooiiieiieieciesieeie e 134
Figure 10-11. Beat PAttern 2.......coouiiieiieieiie ettt 135
Figure 10-12. Accompaniment Sub-module............ccooviiiiiiiienee e, 135
Figure 10-13. Percussion generation Module...........cccccvevvveeieeiesieenr e, 136

Figure 10-14. Screen interface of generative module developed with Max/MSP .... 137

Figure 10-15. Interactive Module System StruCture...........ccoccvevveveevvsieseere e, 138
Figure 10-16. Main interface of interactive module ...........ccccoveiieiiiinicicnieen, 139
Figure 10-17. Pitch analysis using fiddle~ plug-in...........ccccooviiiininin e, 140
Figure 10-18. Sub-module to playback melody played by the user.............c............ 141
Figure 10-19. Sub-module to play echoed melody ..........ccccovvevieiieiiiie e, 142

14



Figure 10-20. Sub-module to detect beat attack.............cccoevevviveiieniie e, 143

Figure 10-21. Sub-module to detect rhythmic patterns...........ccocceeevevvvievieeresiennen, 144
Figure 10-22. Music variation sub-module.............ccccviiiiiieiee e, 145
Figure 10-23. Percussion variation sub-module ............cccoceviniineniiin i, 146

Figure 10-24. Screen interface of interactive module developed with Max/MSP.... 147

Figure 11-1. Age ranges of the adult villagers group..........cccccveveviierviicnivereciennen, 152
Figure 11-2. Adult group age diStribution ...........ccccevieiiiieere e, 153
Figure 11-3. Duties of participants in the adult group ........cccccveeevvevviieveece e, 153
Figure 11-4. Pie chart of the duties of participants in the adult group...................... 154
Figure 11-5. Feedback on generative and interactive performances for adult villagers
0|01 o TP UP RS PPRPPRY 156
Figure 11-6. Interestingness of generative performance...........cccocvevvvierverieeiennnnn, 157
Figure 11-7. Interestingness of interactive performance..........cccovevvvinieereniennnen, 157
Figure 11-8. Interactivity of interactive performance..........ccccoveveeiiiinniienesiennen, 158
Figure 11-9. Feedback on generative and interactive performances for primary
LU0 L= 0 CS3 0 o o SR 160
Figure 11-10. Interestingness of the generative performance............cccceveveverienenn 160
Figure 11-11. Interestingness of the interactive performance............ccccooevererinnenn. 161
Figure 11-12. Interactivity of the interactive performance ............cccccevrviereninnnnnn, 161

Figure 13-1. Adaptation process in enhancing the system for the ethnic minority ..174

Figure 13-2. Enhanced system components model...........ccccoovvvevieiiiic e, 176

15



Part 1 Introduction

16



Chapter 1

Introduction

Music performance is interactive in the sense that it is reacting expressively and
emotionally to the performer. It exhibits strong cohesion when musicians are
interacting with each other to synchronize with the flow of the music. When the
computer came into play, music performance is interactive in the way people perform
with a system and in the manner the system creates music. In the context of an
interactive music performance, interaction with the humans, computer listening,
manipulation of transformed signals and presentation of musical output are the areas
that musicians and interaction designers are working on. Given a real-time
environment, the system is able to communicate with the human performer
seamlessly to generate and compose music and sound in audio as well as visual

formats. According to Rowe, he defined interactive music systems as:

“Interactive computer music systems are those whose behavior changes in
response to musical input. Such responsiveness allows these systems to
participate in live performances, of both notated and improvised music.”
(Rowe, 1993)

Interactive music systems are distinguished from algorithmic composition systems
for having a human performer interacting with the system. Algorithmic composition,
on the other hand, is the method to compose music by formal procedures and logical
sequences with minimal or without human intervention. The techniques being used
range from mathematical models or formulas to biological evolutionary methods.
When a human performer is involved, it provokes a lot of studies regarding interface
design for interpreting signals from the human players efficiently and interactivity

issues for effective communication between humans and the mediated system.
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Rafaeli classified different types of interaction according to the communication
responses and their effects. For interaction to take place, communicants need to
respond to each other in a coherent way.  Quasi-interactive or reactive
communication requires later messages refer to the earlier ones. On the other hand,
full interactivity “differs from reaction in the incorporation of reference to the
content, nature, form, or just the presence of earlier reference.” He made a view point
on it: “Interactivity, on the other hand, is an active quality; it is incorporated
purposively. In information theory terms, interactivity is all but noise; it relates to all
the other components of the information transfer model—sender, receiver, channel,

and message.” (Rafaeli, 1988)

“Interactive” here, means not only the responsive or reactive communication between
the system and the user, but also the continuous dialogs between them. Since music
performance is a dynamic and on-going process between the player and the musical
instrument in which adjustment and adaptability are required. The same principle
applies to music performance systems, which further entail manipulation and
transformation functions in order to achieve the desired results. The degree of
interactivity is empowered by the processing power of the computer. With high
performance of computers today, music systems are able to interpret inputs,
manipulate them, execute composition algorithms and provide feedback to the users

in live setup.

For interaction to take place, there must be a good stimulus that causes people to be
interested in some people or something of very dissimilar background and nature. If
interaction is about communication, exchange of ideas and experiences, interaction
design should facilitate and enhance interaction among human beings or between
humans and the mediated system. New user experiences are believed to be created
with innovative technology through interacting with the products and the systems.

Sharp defined interaction design as:
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“Designing interactive products to support the way people communicate and
interact in their everyday and working lives. Put another way, it is about
creating user experiences that enhance and augment the way people work,
communicate, and interact.”” (Sharp, 2007).

Experience is initiated when attention is attracted. It is the job of the interaction
designers to hold the user’s attention so that the experience can be continued. In
order to enhance the experience, there should be an extension and that extension can
be achieved through digging into greater depth or stretching out to a newer kind of

experience.

1.1. Music and Technology

When the music programming language “MUSIC I” was developed by Max Mathews
in 1950s, algorithms could be implemented to compose simple notes. At that time,
inputting methods relied mainly on legacy devices such as punch cards. The
invention of MIDI(Musical Instrument Digital Interface) in 80s standardized
communication of musical signals such as pitch, volume, timbre, etc. within digital
interfaces. The popularity of personal computer with keyboard and mouse gave birth
to the music composition applications. During that period, applications were mainly
algorithmic in nature due to the restricted choice of input devices and inability of the
computing power to respond fast enough in real time. Software sequencers were
successful in music production for recording, editing, mixing and rendering. They
are currently widely used for commercial production in the industry. From 1990s and
2000s onwards, the emergence of new technologies such as virtual reality, robotics,
multimodal interfaces, augmented reality and multi-touch allowed applications to
have attractive features and offer exciting experiences that people have never

encountered.

Reviewing the development of computing technology in relation to music making,

generation of music was rather automatic using algorithms with simple screen
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interface with no or minimal human intervention. With increasing power of the
computers and innovation of new interfaces, music applications were able to respond
to users in real time and interactive in nature. There is a strong tendency in recent
decade for musicians and engineers to build expressive interfaces. New interfaces for
music performance of diverse interactive techniques and designs approach the
market. However, the heavy reliance of such digital musical instruments on new
interface can yield some problems. First, owing to the rapid development of
technology, it is likely for new interfaces to be substituted in a short period of time.
Thus, re-writing of applications is unavoidable in order to adapt to the new platforms.
It is very difficult for products and applications of this kind to be sustainable through
time. Second, the strong tendency to build on sophisticated new interfaces overlooks
the need to extend the intelligence and experience of music making in cognitive level

within the computer-based musical systems.

Rowe also made a comment about this situation when he was defining and classifying

interactive music performance systems:

“Many of the programs developed to date have been realized in relative
isolation from one another, with little scope for building on the work of
earlier efforts. Now, several fundamental tools of the trade have become
standardized and are no longer so subject to ad hoc solutions.” (Rowe,
1993)

1.2. Review on Theoretical Framework

On theoretical basis, Rowe made a classification of interactive music systems
summarizing their genres in three dimensions. It distinguished those systems which
are driven by stored scores or not; it differentiated methods for generating musical
responses; it identified human players using digital instruments and the artificial
players. Wanderley proposed a number of guidelines to evaluate musical controllers
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in the perspective of human computer interface by looking into products’ usability
and accuracy. Bongers proposed a number of interaction models studying the
relationship between human performers, audience and the music system. Interaction
loop takes place and travels through modalities of seeing, hearing or touching with
the intent to reach memory and cognition operations of the system and the human

brain.

The early stage of HCI research focused on the study of usability, ergonomics and
functionality of the products or systems. It overlooked design issues of emotion,
cognition, creativity and aesthetics which are critical to the design of the
contemporary interactive music systems. Bongers proposed some interaction models
to study interaction through sensory perception and cognition in the context of music
performance system. However, they did not tackle the issues relating to music

making, performance and creativity incurred during interaction.

1.3. Motivation

The motive for me to do this research rooted in the research project conducted during
the master study in 2008. It was an orchestra conductor application using a Nintendo
Wii Controller as the baton. It is a new and exciting research area that there is still a
huge potential for extending the research areas of usability, adoptability, creativity
and affection. At that time, | made use of the existing interface, the Wii Controller
and there were a great number of people before and after me doing the same thing.
Until the occurrences of iPhone and Macbook, there were streams of people chasing
the new products and used them as interfaces or platforms to develop their own
applications. There is a difficulty to have an essential and fundamental ground to

build upon or evolve from.

Performing and appreciating music is a complex matter. The fast advancement of

computing technologies and its impact on the development of new media possess
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many challenges to the designers as to how new systems and changing environments
can enhance the design of musical instruments to deliver newer and more emotional
experiences to the audiences. In such systems, interfaces may have several meanings,
and the interactions may take place at different levels of cognitive, emotional and
creative activities. A balance needs to be reached in such a system to allow mental
and computing powers to be utilized in the maximization of creativity and
entertainment experiences. The current fast explosion of various multimedia systems
overestimated the cognitive processes of music performance and music enjoyment.
As such they turn to over rely on technology which delivers technological oriented
contents that are often short lived. The ultimate motivation of this research is to
develop a music performance system which is interactive, generative, emotional and
creative. In order to define, develop and evaluate such a system, the study in this
thesis will focus on how to relocate the system, performers, and audience in an open
system in which interactive features and generative features of the system as a whole

can be adjusted, tested, and evaluated.

I learnt and composed music when | was young. Playing music and composition
have always been my interest and | am passionate in integrating state-of-start
technology with music and art. | enjoyed the processes of background research,
composition, programming and continuous modification to the system in order to
enhance the quality of the music created and performed. | sometimes got difficulties
in implementing the system, but had great satisfaction for solving them eventually.
Interactive music falls into a category of contemporary music. It is still at an early
stage of development and experimentation. In view of the current problems as
identified in the previous section, there is a lack of theoretic framework for designing
systems to be sustainable and evolving through the rapid change of technology.
Therefore, this study is motivated both from an academic context in which the
development of methods and frameworks will contribute to the field of knowledge,
and a personal context in which my skills and experiences will play an important role

in verifying the systems and techniques to be developed and tested.

22



1.4. Aim and Objectives

The aim of this research is to propose a theoretical framework with an adaptive
design to enhance user experiences with an interactive music performance. There are

a number of objectives to be achieved:

e Improving interactivity and enabling exchange of musical knowledge between
the system and the users who interact with it;

e Enhancing user experiences and extending engagement of the system to a
deeper cognitive and creative level by incorporation of generative and
interactive techniques;

e Enabling collaboration between the system and the human performers in the

creative process.

These objectives are to be achieved through the implementation of several system
prototypes with experiments conducted in the field that they can be evaluated with the

performers and the audience.

1.5. Methodology

In view of the current situation, a theoretical interactive and generative framework is
proposed to understand the evolutionary development of interactive music
performance systems and their nature. With the purposes to extend the understanding
and enhance user experiences, a flexible and configurable framework is proposed to
maintain interest in interactivity on one hand, and explore the beauty of intelligence
and creativity in composition done by the computer on the other hand. It should be

able to adapt to the changing needs of the performances.

In order to study the way people make music and perform art in depth, ethnography is
adopted. Ethnic music of Yi minority group of Yunnan Province in China is selected
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as a case study to have a closer examination of its culture. Ethnographic field trip is
initiated to have a visit to a village belonging to AXi people of Yi minority. A
number of systems are implemented with some ethnic elements based on the
guidelines suggested by the design models. These systems are being used in the
experiments conducted with the villagers to collect data and feedback. Results will

be discussed and evaluated in the thesis.

1.6. Contribution

Although computers have been used in music performance for more than five
decades, there are still a lot of criticisms towards their usefulness, affectivity,
effectiveness and value. No question, software sequencers are widely used in music
industry for making scores for films, advertisement and short videos while Ableton
Live is frequently used by musicians for live performances. Algorithmic composition
is by no means a power technique to compose music in a unique way. The generative
techniques being used can hardly be done by humans and they provide valuable and

unlimited source of inspirations and contributions.

This research carries out an extensive study on interactive music, figuring out its
benefits and fallbacks. While preserving the goodness of interactive features, the
power and intelligence of generative techniques are being studied, tested and
incorporated into the study. A theoretical framework incorporating both interactive
and generative techniques is formulated to provide design concepts and guidelines for
musicians, artists and designers approaching interactive music performance. With the
purpose to improve the engagement of the music systems, adaptive and interaction
models with the context of music making are introduced within the framework to
extend and enhance user experiences. This makes valuable contribution to the areas

of cognition, interaction and creativity of interactive music performance systems.

This theoretical framework emerges from the review of historical development of

interactive and generative music systems. It attempts to offer a more comprehensive
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perspective over the development of existing interactive music systems with an
endeavor to strive for a balance between interactivity and creativity in the context of
music making. It contributes by suggesting and sharing design viewpoints and
guidelines to designers, musicians and artists to create a more interesting, enjoyable,

creative and engaging product or system.

Existing conceptual models in interactive music systems pay too much attention on
interaction issues and interface usability while cognition models concern sensory
perception and mental cognition. The proposed theories and models in this research
emphasize on the consideration of performance, collaboration and creativity issues in
music making. They contribute by supplementing knowledge on top of the existing
interaction and cognition theories and models.

In this research, Yi minority ethnic music of Yunnan Province in China was chosen
as the case study in order to study the music making and performance culture of this
group of people in depth. It contributes to the knowledge of the field by advancing
the research to an unexplored area which yields unanticipated results and valuable
insights in different dimensions. Furthermore, the uniqueness and richness of the
culture and music making of Yi minority provide valuable resources for expanding
cultural elements and knowing in the area of interactive music composition and

performance.

1.7. Thesis Outline

Chapter 1 gives an introduction of the interactive music performance system. It

presents the background and overview of the research.

Chapter 2 presents a literature review on the interactive music performance systems.
Major works are reviewed along the history of development with accounts of

interactive and generative techniques.
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Chapter 3 presents a literature review on the existing theoretical framework towards

interactive and generative music systems.

Chapter 4 reviews a real public media performance held in July 2009 in Hong Kong.
This serves as a background study of the mixed media performance augmented by
digital musical instruments. Issues regarding interaction design, contents

development, musicians’ collaboration and audience participation are visited.

Chapter 5 proposes a theoretical framework towards interactive music performance

systems with the incorporation of interactive and generative techniques.

Chapter 6 gives an introduction of the cultural elements of folk songs and dances of
Yi minority in Yunnan Province. Formations are illustrated and methods are

presented to translate the ethnic elements to be understood by the computer system.

Chapter 7 gives an account of the methodology with discussions of various research

methods involved in the research process.

Chapter 8 reports the observations and activities occurred during the ethnographic
field trip carried out in the Ke Yi Village where Axi people of Yi minority live in

Yunnan Province.

Chapter 9 gives the details of the implementation of the experiments being conducted

in Ke Yi Village for the adult villagers and the primary school students.

Chapter 10 presents the design of the system architecture. Implementation logic and

details of interactive and generative modules are revealed.

Chapter 11 reports and summarizes the results obtained from the experiments and

interviews conducted in the Ke Yi Village of Yunnan Province.
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Chapter 12 concludes the research with discussion of findings and limitations. It
reviews the shortcomings of the first version of the system prototype and attempts to

propose an enhanced version including more interactive features with folk dances.
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Chapter 2

Literature Review on Interactive Music Performance
Systems

This chapter presents an overview of the development of interactive music
performance systems that were greatly influenced by the advance of the computing
technology. Major works are examined revealing the changes of interactive
experiences and techniques being applied, followed by description of generative

techniques that can be used in an interactive music performance system.

2.1. Development of Interactive Music Performance Systems

Electronic Music Before 1945

Before 1945, electronic musical instruments were invented primarily for performance
purpose in order to play music live by electronic means. Telharmonium was one of
the electro-mechanical instruments invented in 1895. It made use of the telephone
system to distribute music and the tone wheel design to produce and modify tones by
electronic as well as mechanical means. Theremin was one of the first instruments
which used beat frequency technology to produce tone with vacuum tubes. It can be
determined as the first gesture driven electronic musical instrument. The relative
distance of hands to the antennas can control pitch value and volume level. This

technology was patented by Leon Theremin in 1924.
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Figure 2-1. Professor Theremin was performing with Theremin & Modern design of Theremin by
Moog’s Music

Computer Music After 1945
Beginning in the 1950s, the development of computer technology inspired musicians

to explore new technologies in composition, sound synthesis and performance. Max
Mathews, regarded as the “Father of Computer Music” at Bell Labs developed the
first music programming language, i.e., MUSIC I in 1957. Synthesis of sound began
in 1950s and direct synthesis of music by computers became possible in the 1970s,
giving rise to the development of digital synthesizers in Bell Labs, Stanford

University, and the Institute of Sonology in The Netherlands.

Figure 2-2. Max Mathews with his Radio Baton
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Computer Music on Personal Computers After 1970

The first microprocessors in 1971, Apple computers in early 1970s, IBM Personal
Computer in 1981, MIDI in 1984 gave birth to the synthesis of music, production of
music applications and tools, multifunction sound cards, software samplers and
sequencing programs on PC platform. Laurie Spiegel developed Music Mouse in
1981 on Apple Macintosh to control automatic composition in real time; Max was
introduced by IRCAM in 1989; Pro Tools was developed by Digidesign in 1991. At
that time, applications were controlled mainly by mouse and keyboard.

Computer-based musical instruments and tools after 1980

Professor Tod Machover is one of the greatest contributors to the development of
digital musical instrument. He joined the New Media Laboratory of the
Massachusetts Institute of Technology in 1985. He focused on the development of
“Hyperinstruments” from late 80s to early 90s aiming at augmenting traditional
instruments with added sensors. Examples include Hypercello which had been
performed by Yo Yo Ma, and Hyperviolin. The Brain Opera project in 1996 offered
interactive music experience that included contributions from both on-line

participants and live audiences®. It was finally housed in Vienna’s House of Music.

! http://park.org/Events/BrainOpera/

31



Figure 2-3. Professor Tod Machover with Cellist Yo Yo Ma

Late 90s witnessed the boom of Internet and its popular use in public. Apart from
music download, Internet fosters collaborative music composition and performance
online. Quintet.net is one of the examples of interactive network environment
developed to enable performers in five different locations to play music together with
a conductor controlling the performance (Renaud, Car6t, Rbeelo, 2007). It was

developed using a graphical programming language called Max/Msp.

There are numerous interactive art works and installations created using Max/Msp.
Max is a graphical programming environment for building music and multimedia
applications. It was first developed in the mid-1980s at IRCAM by Miller Puckette.
In 1996, signal processing module was incorporated into Max to become Max/MSP.
In 2003, Jitter was added and released for video and matrix data processing. This
allowed musicians to work on video and image processing complementing music

performances.

As summarized by Sharp, there is a tendency of new interfaces developed in 2000s
towards multimodal, shareable, mobile, augmented/mixed reality and robotic (Sharp

2007). Musical controllers developed in this period were mainly made to explore
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these new technologies for experimental and performance purposes. ReacTable was
a good example to use projected multi-touch screen to allow multiple users to
collaborate on a shareable tabletop interface. Users can interact with the objects for
creating and manipulating music for encountering not only multimodal experiences of
sound, sight and touch, but also human contact. (Jorda, Geiger, Alonso &
Kaltenbrunner 2007).

Figure 2-4. Users interact with the objects on the tabletop interface

Apart from personal computers, the increasing power of microprocessor and lower
storage cost enabled music generation and performance feasible and portable on
Laptop computers in 2000s. On the other hand, some music games not only ranked
top in sales record, but also changed the way people interacted with and enjoyed the
music. “Wii Music” launched by Nintendo allowed multiple users to play different
instruments like a band. Users not only react to the music beat, but can also change
tempo and improvise. As reported by NDP Group, a global research firm called
“Guitar Hero” was the number one best-selling franchise in the U.S. in 2007 with
sales of $1 billion in the North America alone (Goncalves 2008). They provided an

unique interactive experience through gaming.

Table 1 below lists the major inventions and events that influenced the development

of music technology.
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Period Development / Product Description

Before 1945

1895 Telharmonium Developed by Thaddeus Cabhill, an electro-
mechanical instrument which used tone wheel
design to produce and modify tones. Music can
be distributed by telephone system.

1924 Theremin Developed by Leon Theremin. Regarded as the
first gesture driven electronic musical instrument.
One of the first instruments which used beat
frequency technology to produce tone with
vacuum tubes.

After 1945

1950s Development of New development in music composition, sound

Computer Technology synthesis and performance.

1957 MUSIC | Developed by Max Mathews at Bell Labs, as the
first music programming language

1970s Digital Synthesizer Direct synthesis of music by computers.
Development of digital synthesizers in Bell Labs,
Standford University, etc.

After 1970

1971 First microprocessor

Early 1970s Apple computers Laurie Spiegel developed Music Mouse in 1981
on Apple Macintosh to control and compose
music.

1981 IBM Personal Computer

1984 MIDI Standardized communication of musical signals

such as pitch, volume, timbre, etc. within digital

interfaces
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1989 Max An audio development software developed by
IRCAM

1991 Pro Tools Developed by Digidesign as digital audio
production software

After 1980

From 1986 — | Hyperinstruments Project implemented by Tod Machover, Professor

early 90s of Music and Media at the MIT Media Lab to
augment traditional musical instruments with
added sensors

1996 Brain Opera By MIT Media Lab to offer interactive musical
experience from both online participants and live
audiences.

Late 90s Internet boom Online collaboration of music composition and
performance. E.g. Quintet.net

1996 Max/MSP Signal processing module was added to Max

2003 Max/MSP with Jitter Video processing feature was added to Max/MSP

2000s New Interfaces multimodal, shareable, mobile, augmented/mixed
reality and robotic, tangible, wearable

Music games Changed the way people interact with and enjoy

music. E.g. Wii Music and Guitar Hero

Table 1: Historic landmarks in the development of music and technology

As seen from the development of computer music, there had been some inventors
made use of electronic means to perform music. With the emergence and popularity
of personal computers, a lot of works dedicated to generation or composition of
music notes and synthesis of sound owing to the computation power. Later on, there
were increasing numbers of works and examples exploring the interactive features
and techniques. Since musical instruments are always performed or controlled by
human players, computer-supported instruments are no exception. The bloom of
Human Computer Interaction study gave birth to a great variety of new interfaces

associated with innovative methods of interaction. Computer vision, computer
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listening and multi-touch technologies equip the computer to be a capable multimodal
system. This gives rise to art or multimedia installations in various scales to mobile

phone applications.

While interactive features and techniques applied to interactive music performance
systems are greatly enhanced with the advance of technology, generative methods
contribute by offering alternatives to music composition and exploring creative

sources.

2.2. Generative Techniques Used in Interactive Music Performance
Systems

While a computer has been adopted as a tool for creating music and enabling
interaction between users and the systems, there was another stream of musicians
compose music with algorithms. The term “Algorithm” is widely used in the
computer science field to define any logical sequences or steps to carry out processes
and achieve desired results. Thus, when it is used to compose music, a new term
“Algorithmic Composition” was invented, which means the formal steps to create
music without or with minimal human intervention. One of the pioneers using
computer algorithms to compose music, David Cope, described algorithmic

composition during an interview:

“A computer algorithm is a step-by-step code for producing some desired

result. ...... Algorithmic music, then, is a step-by-step recipe for creating

new composition”. (Muscutt 2007)
Composing with algorithms does not necessarily require a computer, but it is the
fastest and most efficient way. Mozart’s musical dice game was a famous example to
assemble scattered music fragments into a new piece by throwing a dice, forming the
whole piece by random choices. This by no means suggests an alternate way to
compose music and provides a new source of inspiration. Although many people
think that composers usually write music from inspiration with their gifted talents,
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there are in fact, a lot of methods without boundary that the music is created. There
are occasions that music is composed according to some forms and rules, like those

pieces from Bach and Beethoven.

The techniques supporting computer-assisted composition with algorithms can be
found from the simplest method of random generation to most complicated form with
artificial intelligence. From the example of Mozart musical dice game, it is not
uncommon for musicians to compose and perform music with randomness. Great
pieces can be found from improvisers who perform randomly shifting with emotions
and the audience. However, they can hardly be repeated. Random seed generator
from computer algorithms gives birth to a blossom of generated pieces and random
actions can be generated when the users dance, walk and breathe.... John Cage has
made notable use of randomness in his works. In one of his works, Reunion, random
actions are generated when the players move over the photo-receptor equipped
chessboard. The movements trigger sounds from the system and each time the piece
is different. Markov Chain is a random process and is commonly used for music
composition in many music applications. Midi notes will be generated according to
their probability weightings. A probability matrix is constructed for each note

according its probability vector in first order or second order sequence.

Music can be composed through observing the natural phenomena in which chaotic
behavior can be observed in natural systems such as weather or mixing of fluids.
Chaos theory is formed to take in the chaotic behavior and nonlinear dynamics
equations are deduced from the nature. Music can be generated following the chaotic

behavior with those equations processed within the algorithms.

Evolutionary Music is distinguished from others by its usage of techniques and
methods inspired by natural evolution. Same as evolutionary art, evolutionary music
is initialized and evolved through repeated application of computation techniques
analogous to biological selection, mutation and reproduction. The most frequently

used techniques are genetic algorithm and cellular automata.
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When genetic algorithm is employed, unanticipated results can be generated through
evolutionary process. It is a complex nonlinear system in which outcome cannot be
predicted without running the simulation. Miranda explained that evolutionary
computing encompasses a variety of techniques centered on Darwinian search
algorithms. “The search is powered by processes analogous to natural selection,
mutation and reproduction. The basic idea is to maintain a population of candidate
solutions that evolve under a selective pressure favoring the better solutions. Parent
solutions are combined in various ways to produce offspring solutions, which then
enter the population and are evaluated for themselves to produce offspring. As the
cycle continues better and better solutions are found.” (Miranda 2007). A fitness
function can be used to evaluate fitness values of individuals among members of the

population to choose the fitter individuals to produce the next generation.

Cellular automata consist of simple discrete deterministic mathematical models for
the studies in physics, mathematics, biology and computational systems (Wolfram
1982). Apart from simple construction, cellular automata are capable to generate
complex patterns with complicated behaviors. They were first introduced by von
Neumann and Ulam as simple models to study self-reproduction of biological
processes. However, any system carries discrete and deterministic nature in local
interactions can be modeled as a cellular automaton. One of the simplest examples is
called elementary cellular automaton introduced by Stephen Wolfram (Weisstein).
There are two possible values for each cell (0 or 1) and the state of a given cell in the
next generation is determined by the values of the nearest neighbors (left and right
side of the central cell).

The term “Generative Music” became popular when Brian Eno used it to describe a
unique genre of music that is generated by the applications to be ever changing and
unrepeatable. He had been the keyboard player of the band Roxy Music in early 70s.
He used SSEYO Koan software which was developed by Pete Cole and Tim Cole to
create the album “Generative Music 1”. However, SSEYO Koan was later obsolete

and replaced by Noatikl which is a music engine running on Mac OS and Windows.
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There is also a mobile phone version called Miktikl which features music generation
and mixing. Figure 2-5 is a visualizer of the software displaying graphics and text.

Figure 2-5. Visualizer of Miktikl

39



2.3. Summary

In recent decade, people are fascinated by new technology and they are inevitably
chasing after new models of digital products and new version of applications. Music
applications equipped with innovative interactive features can easily attract people’s
attention. However, it is unavoidable for applications built on new interfaces to be
replaced when newer interfaces come. This makes music applications of this kind
rather short-lived and re-writing of code is necessary. Such phenomenon enhances
user experience interacting with the products or systems, but it overlooks the need to
extend the intelligence and creativity with regard to music making. While generative
techniques can provide creative solutions and generative systems give rise to
sophisticated generative and transformative outcomes, they are underused by existing

interactive music performance systems.

40



Chapter 3

Literature Review on Theoretical Framework

This chapter reviews theoretical studies and classifications of interactive and
generative music systems together with existing computational theories and models
developed based on human-computer-interaction.

3.1. Classification of music performance systems

Rowe made a classification of music performance systems in 1993. This
classification was built on a combination of three dimensions with the intention to
identify the characteristics of interactive programs in order to draw similarities and
relationships between them.

3.1.1. First Dimension:

Distinguish between Score-driven and Performance-driven systems

Score-driven systems

Score-driven programs use stored music fragments with predetermined events such as
beat, meter and tempo to match against music arriving from the input source. For
example, composers can specify some events to occur on the downbeat of each

measure.

Performance-driven systems

Performance-driven programs do not have a stored representation of the music that is
expected to be found at the input. They tend to employ more general parameters
involving perceptual measures such as density and regularity to describe the temporal

behavior of the coming music.
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3.1.2. Second Dimension:

Responsive systems which are transformative, generative, or sequenced

Transformative

Transformative methods apply transformations to the existing musical material to
produce variants. For transformative algorithms, the source material is the complete
musical input and the variants may or may not be related to the original. The material

is often live musical input with transformations applied when it arrives.

Generative

For generative methods, the source material will be elementary or fragmentary, such
as stored scales or duration sets. Generative technique makes use of sets of rules to
produce complete musical output from the stored source materials, for instance,
taking pitch structures from the basic scalar patterns according to random

distribution.

Sequenced
Prerecorded music fragments are sequenced in a timely fashion. It can be responsive

to real-time input and some aspects of these fragments such as playback tempo or

rhythmic variations may be varied in the performance.

3.1.3. Third Dimension:

Instrument and Player paradigms

Instrument Paradigm

In instrument paradigm systems, an extended musical instrument is constructed to
capture the performance gestures from a human player. These gestures are then
analyzed by the computer for generating an elaborated output.

Player Paradigm
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An artificial player is usually constructed in systems following player paradigm in
which there is a musical presence with a personality and behavior of its own.

However, it may vary in the degree to which it follows the lead of a human partner.

In this classification, Rowe tried to distinguish individual differences of the systems
categorized into three dimensions. He then drew similarities and relationships
between those systems among dimensions. For example, score followers need to
realize a particular score from a human instrumental soloist against a stored score in
order to do accompaniment. The response method is sequenced. However, they can
also be regarded as player paradigm systems as they realize a recognizably separate
musical voice, assuming the traditional role of a accompanist. Although there can be
other methods to do the classification, but it did identify major types of system and

drew attention to the similarity and relationship between them.

He categorized interactive music systems in a number of ways: the music source
which determines the temporal behavior and timbre of the music performed; the
response methods which generate or change the ways music is varied and performed;
the types of players either a human player with an external instrument or an artificial
player. The continual rapid change of technology however, suggests some
amendments and additions to the classification. With robust development of
hardware devices and software applications with decreasing cost, there are numerous
methods and sensors to capture signals such as motion, gestures, sound, image, etc.
which can also be the factors determining the way music is performed besides stored
music fragments. In addition, live music input or signals do not arrive in a direct
way. They may come from the network or internet that systems in this category
operate or perform in a collaborative network environment. Usually there are
multiple users collaborating at the same time and the actions they perform will affect
the music timbre as well as the behavior of other users. As far as the instrument
paradigm is concerned, as Rowe suggested, there can be ubiquitous equipment such
as video capture for the human players to interact that no extended instrument is

needed.
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3.2. Wanderley’s Theory towards evaluating Musical Controllers

Extended instrument, or musical controller, is regarded as one kind of musical
instruments in music applications. Ease of use and accuracy of the data detected by
the instrument is very critical in manipulating a performance. In view of this,
Wanderley reviewed the existing works about evaluation of input controllers in HCI
perspective to suggest some methods to evaluate the usability of musical controllers.
He proposed four areas to look at and some musical tasks to be focused on such as
control of pitch of isolated tones or a number of different frequencies, basic musical
gestures like vibrato and trills etc. (Wanderley & Orio 2002).

3.2.1. Learnability

Learnability refers to the time needed to learn a new controller in a performance.
Musical task accounts for the time needed to learn to replicate simple musical

gestures by experienced musicians.

3.2.2. Explorability

Explorability is related to the features of the controller such as precision and range
and how they can be coped with the mapping strategy. It is particularly interesting to
know how their capabilities can be explored with the gestures and gestural nuances

that can be applied and recognized.

3.2.3. Feature Controllability

Controllability of certain features is the relationship between gestures and the changes
in performance features. How well these features can be controlled in terms of
accuracy and resolution depend on how the users perceive this and what music task is
performed. For example, a controller may be regarded inadequate for pitch control
because of reduced accuracy, but it can be excellent for controlling timbre due to the

inherent functioning of our perceptual system.
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3.2.4. Timing Controllability

Musicians are used to performing musical tasks with very precise timing. Instead of
measuring time needed to perform a task, musical task is suggested to measure the
temporal precision that a musician can control the performance and its relationship to

tempo.

3.3. Bongers’ Interaction Theories

Bongers also studied interactive music systems based on the research mainly carried
out in the field of human-computer-interaction. He examined on the relationship and
interaction among performers, system and the audience stressing the impacts of
sensors, modalities and cognition on the overall performance. He regarded extended
instrument as a sensor which acts like sense organs of a machine and it is often used
to input signals from the surrounding environment into the system. A number
interaction models were presented with descriptions of interactivity, cognition and
modality. They are grouped in three categories namely “Performer — System”,

“System — Audience” and “System — Audience” (Bongers 1999).

3.3.1. Performer — System

Figure 3-1 illustrates how a human communicate with the machine in an interaction
loop. The “machine” in the diagram is defined as a square and is wider (as is the case
with computers which consist of a number of linked elements or devices connecting
through networks and MIDI protocol) while the human is being round. Sensors are
treated as sense organs of a machine. They convert any physical energy from the
environment into electricity to be interpreted in the machine world. Through the
sensors, the machine can communicate with its environment and be controlled.
Machine output is presented through actuators. They convert electrical energy into

energy forms that can be perceived by human beings. For example, images are

45



projected on a screen to be visioned by human eyes. Usually, interaction takes place

by means of an interface or instruments which include sensors and actuators.
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Figure 3-1. Human-Machine Interaction

3.3.2. System — Audience

In figure 3-2, interaction takes place between the system and the audience in several
modalities such as seeing, hearing, touching and smelling. Usually, the audience can
trigger the interaction by pressing some buttons like clicking a mouse to view
selected images. Also, a merely person’s presence in a given space can have

influence over the parameters of an installation work.
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Figure 3-2. The interaction between audience and installation

3.3.3. Performer — System — Audience

In a music performance, the performers and the audience are active parties
communicating directly to each other. However, new channels can be opened to
enable interaction between performers and the audience through the machine system.
First, there is interaction between the performer and the system. Second, there is
interaction between the work performed via the system and the audience. This model
shows that the performers and the audience can interact via the system, but the
audience can also participate through subtle or non-verbal communication to the

performers to influence the performance.
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Figure 3-3. Interactions between performer, system and audience

3.4. A framework for algorithmic music systems

Rene Wooller, Andrew Brown and other authors jointly developed a framework for
comparing process in algorithmic music systems (Wooller, R., A. R. Brown, et al.
2005). Within the framework, algorithmic music systems are positioned along two
main dimensions of function and context. Along the function continuum (x axis in
Figure 3-4), musical algorithms are positioned from analytic, through
transformational, to generative. Context is the surrounding information that
influences the computation of an algorithm and it ranges from narrow to broad along
the context continuum(y axis).
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Figure 3-4. Framework for comparing process in algorithmic music systems

Analytic:

Algorithms can be considered analytic if they produce outputs by distilling sets of
data and extracting specific features. They tend to reduce potential data size. One of
the examples could be a process that takes a set of sequences and outputs a set of

notes and the set of notes can be a scale extracted from a database of riffs.

Transformational:

Transformational algorithms tend to alter information rather than impose significant
impact or change on the general inclination of data representations or the actual size
of data. For example, an algorithm can transpose individual notes to change the pitch

value of the note sequence but maintain its parameters and structural relations.

Generative:

An algorithm tends to be generative when the resulting data representation has
stronger reinforcement than the input over the general orientation of music and the
actual resulting data will be increased. For example, a chaotic algorithm takes a seed

number and generates a sequence of notes which enlarge the size of data.
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Contextual Breadth:

Contextual Breadth measures the size of context which is the world-state data and the
arguments that are accessed by an algorithm. It has two dimensions namely temporal
and textural. The contextual size ranges from narrow to broad along the continuum.
For example, an algorithm with notes being influenced by four parameters has a
broader context and it is highly context dependent. On the other hand, an algorithm
where notes are influenced by only single parameter has a narrower context and it is

rather context-free.

3.5. Summary

From the theoretical framework described, we can have a better understanding of how
the interactive as well as generative music systems are categorized and studied. The
study of Human-Computer-Interaction made a lot of contributions to address issues
involving interaction, usability of interfaces, cognition and modalities when

designing the interactive music performance systems. Generative techniques provide
alternative methods to composition and help inspire creativity for the sake of music
performance. However, there are lack of theoretical studies to make a bridge between
systems designed for user interaction on one hand, with systems which are highly
algorithmic and generative on the other hand. New theoretical framework is going to
be proposed to introduce new user experiences which can be further enhanced and

suggest solutions for a more engaging system or product.
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Part 3 Propositions
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Chapter 4

A Public Interactive Media Performance

This chapter reports and reviews a public media performance held in July 2009 at
Jockey Club Creative Arts Center in Hong Kong. This is a typical mixed media
performance supported by digital musical instruments. It is going to summarize the
interactive features being applied, observation and interesting findings which serve as

the background study of an interactive performance in a city like Hong Kong.
4.1. Augmenting Media Performances with Interactive Technology

4.1.1. Augment traditional music performances with new digital
musical instruments

The merits of the traditional musical instruments are well appreciated and there are
numerous Vvirtuosos pursuing professions in respective areas. Their status is not
going to be replaced by any newly designed instruments. There had been earlier
attempts by Tod Machover at MIT media lab to augment traditional musical
instruments like violin and cello with additional sensors involving new interactive
techniques. In recent decade, newly designed digital musical instruments have been
in blossom with innovative, disruptive and affordable interfaces and technologies.
There had been too much focus on HCI scientific research, resulting much less
concern for content development. Most of them are being studied for experimental
purpose, seldom were designed to collaborate with traditional ones so that they can

work together for an integrated and mixed media performance.

4.1.2. Collaboration among musicians

Musicians jam with each other in an interdependent way. Interdependency can be
achieved when each one is responding to what is heard and reacting to other
members’ actions. Computer based musical instruments are mostly used to generate

beat patterns to synchronize with the music played in a performance. For example,
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Max/Msp and Ableton Live are utilized to produce sequenced beats and sound effects
to accompany traditional instruments like guitars, keyboards or trumpet in a jamming
session. Different instruments with different interface designs involve unique
interactive techniques. This can be elaborated by some of the sessions of the

performance to be reported in the later section of this paper.

4.1.3. Performer and audience interaction

Limited by the conventional design of a performing theatre, performers are usually
located in the focal area where they are heard, viewed and listened by the audience.
In order to enhance performers and audience interaction, seating arrangement, spatial
location of people and technologies are studied and experimented. Numerous
attempts had been made to either shorten the distance between performers and the
audience or encourage audience participation. Although flexibility of the theatre
design is introduced, studies relating to interaction design are insufficient.

Expectation and feedback of the audience are explored and evaluated in this paper.

4.2. Performance @JCCAC Hong Kong

An interactive mixed media music performance is still rare in Hong Kong.
Sponsored by the Hong Kong Arts Development Council for the venue, such kind of
performance had taken place in the Blackbox Theatre in Jockey Club Creative Arts
Centre which was redeveloped from an old industrial building. Details can refer to
Figure 4-1. Most of the team members are Master and PhD students of design and

media technology with musical backgrounds at various levels.
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Media Music Show
compost is nutritious to some life forms and repulsive to other life forms.

e T P R h ]

Band Name

Com1pOstHEE AT

Type
Video interaction music performance

Venue
Jockey Club Creative Arts Centre, Black-box Theatre

EEERRENT LIRS

Sponsor
Hong Kong Arts Development Council

Music Specialties
Guitars, keyboard, piano, trumpet, computer software instruments

Team background

+«3 have computer programming skills

*1 has engineering and design background

+1 is musician and producer

+3 graduated from master program in multimedia technology

Figure 4-1. Com1p0st Interactive Media Performance @JCCAC Hong Kong

Although the show served different individual purposes, it did explore some
interesting observations and findings. It is not yet a detailed experiment, but more

than a performance.

Obijectives were identified to examine a few areas:

1. How to augment a traditional music performance with new digital musical
instruments?

2. s there a change in the way performers interact with each other with both

new and traditional musical instruments?
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3. Can interactivity be increased with the use of computer technology between
performers and the audience?
4. Would the audience find the show creative and enjoyable?

There are more than 15 sessions, but they were all structured in a star shaped form
(Figure 4-2). The form was created by the team members Ming-sun Ho, Jupiter Chan
and the author. We usually had casual talks about contents to be included during
lunch and they were drafted on the scratch papers. Finally the ideas were
summarized and consolidated to a form. The five key components are: Voice,
Offensive, Improvise, Ambient and Traditional. All components connect with each
other to build inter-relationship. Sessions were created when components cross one
another. All the contents and ideas for the show were generated within this
framework. The show did not explicitly inform the audience any specific messages

although it did have something to tell. Instead, the audience was given freedom to

construct the meanings.
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Figure 4-2. The Star Shaped Structure of Contents
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4.3. Technical Description

Although it was our objective to add more interactive features in our media
performance, the type of hardware and software tools to be used and how much they
should be used were determined by the preferences of the band members and the
contents. Time was also a critical issue in that case. More time, effort and resources
would be able to accommodate larger system scale. In our band, however, ideas kept
changing with hidden thoughts unfolded when the show was approaching. With large
quantity of footages including images and sound clips, it was relatively handy to
select appropriate ones and dispose unwanted pieces even time was running short.
However, when technology was involved in making artistic content, it did not sound
flexible because more time and effort were required in the tasks of software and
hardware testing and computer programming. In order to allow more flexibility, we
opted for solutions which offered accessible and inexpensive tools as well as ease of

programming.

4.4. Hardware and software tools

The setup consisted of basically one Apple Macbook Pro and one Fujitsu laptop. The
Macbook was mainly used to connect to a midi keyboard with Garageband software
for piano performances. Max/Msp was installed to trigger patches for interactive
performances. The Fujitsu laptop was installed Ableton Live, Max/Msp and Tapper

for real time performances.

4.5. Interactive Features

4.5.1. Throwing something to the audience (in Throw Wii session)

In order to interact directly with the audience, we decided to put a Wii controller
inside some everyday objects. In this case, we chose a mushroom ball. The audience

was quite surprised that the ball can produce music notes and improvise when it was

56



being turned around and thrown. We then sat among the audience and threw the ball
together. The accelerometer readings in X, Y and Z axes were captured? by the
Max/Msp patch to generate pitches of “Do”, “Re”, “So” and sound effects when the

thresholds were reached.

Figure 4-3. Wii Controller and the mushroom ball

2 Wii controller’s accelerometer values are captured and handled by a Max/Msp object called
“aka.wiiremote” developed by Masayuki Akamatsu
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Figure 4-4. Max/Msp patch capturing accelerometer values of Wii controller and generating music
notes and sound effects

Figure 4-5. Performers played with the audience with the new musical instrument
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4.5.2. Interact with motion

In the vocaloid session, we connected a dance pad with a tapper software in which
any steps on the pad can control the music rhythm. The sound was converted to
human like singing voice using Ableton Live. That made the human voice sang
according to the performer’s steps.

Figure 4-6. Vocaloid session with dance pad

4.5.3. Other devices

Apart from these, some portable devices were used. Kaossilator was used for
melodic part and accompaniment for improvising and jamming sessions. iPhone was

used to generate and manipulate the beat pattern with the installed DJ software.
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4.6. Interactive Media Performance Framework

Since media performance is regarded a kind of contemporary art, it is integrated and
evolving with the changes of society, culture as well as technology. Thus, an open
system is suggested to accommodate any new ideas and creative ingredients (Figure
4-7).

Technology
Performers

Figure 4-7. 