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ABSTRACT
An added val ueofdi gi taldi st ribution and t husofI nterneti sthepossi bi lity ofexpl oi ting new
funct ional itiesr elated to thei nteract ivi ty.I m agesofm usi csheet sar enoti nteract iveand t herelated
cost sf orusi ng thatm usi cf orpr epar ing per form ancesi n orchest ras,i n m usicschool s,et c.,ar e
com parabl eto thoseofusi ng tradi tionalm usi csheet s.Theat res,or chest ras,m usi cschool s,m usi c
distributors,r ecor ding st udi os,bl ind peopl e,and l ibrariesneed i nteract ivem usic;t hati s,m usi cthat
can bem ani pul ated:ar ranged,t ransposed,m odi fied,r eform atted,pr inted on Brai lle,et c.Thesear e
realneedsf orpr epar ing per form ances,st udyi ng m usic,anal ysi ng m usic,l earning i nst rum ents,et c.
To thisend,W EDELM USIC m odelhasbeen def ined t o al low publ isher sand consum er sexpl oi ting
interact ivem usicrespect ing copyr ightl aws.I n thisvi ew,i m portantaspect sar ethepr otect ion of
m usicdi stribution with asaf etransact ion m odel,t hepassi vepr otect ion ofdi gi talobj ect swith
sui tabl eencrypt ion tool s,t heDigi talRi ghtM anagem ent ,and t hew aterm arki ng ofdi gi talobj ect s
such asaudi o f iles,m usi csheet s,et c.

1. INTRO DUCTIO N
Big publ isher sar ebegi nni ng to expl oi tI nternetpot ential itiesf orm usi cdi stribution.Syst em s,such
asNAPSTER and GNUTELLA ,arerapi dly transf orm ing thedi stribution ofaudi o f iles.They adopt
aBusi ness- to-Consum erm odel ,B2C,f orm usi cdi stribution.D i gi talM usi ci sal so m usicscor es,
m usicrelated docum ent s,m usi ccat alogui ng m anagem ent,docum ent saboutl yr ic,m usi cvi deos,et c.
Present ly them arketofm usi cscor esi sasm al lpar toft heact ivi ty related to di gi talm usi c.Recent ly
som eexam plesofm usi csheetdi stribution on I nternetar eavai labl e(M usicSal es,N et 4M usic,et c.).
M ostoft hem arebased on t hedi stribution ofscor eim ages,PDF orPost Scriptf iles.M usi csheet s
cannotbem ani pul ated by t heend user s.Thesesol utionsar easur rogat eoft hecl assi caldi stribution
ofm usi csheet svi am usicshops.On t heot herhand,t heacqui si tion ofm usi csheet sby i m age
scanni ng i sthef irstst ep to puti n di gi talt hem usicsheet sthatar epresenti n thepubl isher s'ar chi ves.
Thedi gi tal isat ion ofhi storicalm usi car chi vescan beaway t o go on t heI nternetm ar ketand att he
sam etim eto savet hecul turalher itage.I n fact ,i n m any casest hear chi vesofi nst itutions,
conser vat ories,f oundat ions,and ofbi g publ isher scont ain al so hi storicalm usi cthatr iskst o be
dest royed by t hetim e.Thi shugeam ountofcul turalher itageshoul d besaved i n di gi taland
val orised.The95% ofm usi ccont ained i n thepubl isher s'ar chi vesi son paper .

Im agesofm usi csheet sar enoti nteract iveand t hust herelated cost sf orusi ng thatm usi cf or
prepar ing per form ancesi n orchest ras,i n m usicschool s,et c.,ar ecom parabl eto thoseofusi ng
tradi tionalm usi csheet s.Theat res,or chest ras,m usi cschool s,m usi cdi stributors,r ecor ding st udi os,
bl ind peopl e,and l ibrariesneedsi nteract ivem usic;t hati s,m usi cthatcan bem ani pul ated:ar ranged,
transposed,m odi fied,r eform atted,pr inted on Brai lle,et c.Thesear erealneedsf orpr epar ing
perform ances,st udyi ng m usic,anal ysi ng m usic,l earning i nst rum ents,et c.Pr esent ly thisi snot
possi blesi ncem usi cscor esar eonl y di stributed asm usi csheet s.I n ordert o m anipul atem usic,i thas
to bei n som esym bol icf orm at,i n which m usicnot ation relationshi psar eform alised.

Present ly,al argenum berofsym bol icf orm atsf orm odel ling m usicnot ation avai labl e.G r eat
partoft hesef orm atsand m usi cnot ation edi torswerereal ised f orpr inting m usic(Score,Fi nal e,
Sibel ius,et c.) [ SelfridgeFi eld97] ,[ Bellini99] .M ostoft hesef orm atsar enotst ruct ured f or
m odelling and m anagi ng sym bol icm usicto bedi stributed on t heI nternet.Them ai n obst acl eof
thesef orm atsto beused i n thenew em erging appl icat ionsi sthef orm alm odel ling ofm usi c:t henet
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dist inct ion f rom m ain scor eand par ts,t hel ack ofm odel ling relationshi psam ong m usicnot ation
sym bols,t hel ack ofdi st inct ion bet w een m usicm odelling and f orm atting aspect sthel ack of
integration oft hesever alaspect sofm usi c,t hel ack ofasuppor tf orpr otect ing m usic,et c.To t his
end,sever alnew sol utionshavebeen pr oposed asi nterchangi ng and I nternetf orm ats(SM D L,
N IFF,XM Lm usic,et c.).Unf ortunat ely,asdem onst rated by CANTATE and M OODS resear ch
project sthesef orm atsar eunsui tabl eforsuppor ting theappl icat ionsoft heI nterneter a.Ther efore,
in theseyear s,wear eassi st ing to ast rong ef fortt o transf orm theol d sol utionst owardst henew
needsofI nternetand ofi tsuser s.

Therealadded val ueofdi gi taldi st ribution and t husofI nterneti sthepossi bi lity ofexpl oi ting
new funct ional itieswith apar ticul arat tention to theaspect srelated to thei nteract ivi ty.A sym bol ic
descr iption ofm usi csheet sal lowsm anipul ating m usici n sever alm anner s:t ransposi tion f or
di fferenti nst rum ents,cont entsear ch,f orm atting,pi ano r educt ion,r earrangem entofm usi c,et c.On
theot herhand,t hepr oduct ion ofsym bol icm usici squi teexpensi ve.
Anothervery i m portantaspecti s the pr otect ion ofm usi c which i nvol ves t he:pr otect ion ofm usi c
distribution with a saf e transact ion m odel,t he passi ve pr otect ion of di gi talobj ect s with sui tabl e
encrypt ion tool s, t he Digi tal Ri ght M anagem ent f or t raci ng and account ing the expl oi tation of
possi bleoper ationsper form ed on m usic,and t hewaterm arki ng ofdi gi talobj ect ssuch asaudi o f iles,
m usicsheet s,et c.

Accor ding to theabovem ent ioned pr obl em sand intui tionsW EDELM USIC projectwas
started.I ti san I ST projectw i th par tners:DSI ,Uni ver si ty ofFl orence,I taly;ARTEC G roup,
Belgium ;CasaRi cor di ,I taly;FNB,TheNet herlands;Scuol adiM usi cadiFi esol e,I taly;I RCAM ,
France;FHG-I GD,G erm any;I LSP,Greece;CESV I T,I taly;Edi zi oniSuvi niZer boni ,I taly.

In thispaper ,t hem osti m portantaspect sofW EDELM USIC m odelar erepor ted.
W EDELM USIC hasbeen def ined t o al low publ isher sand consum er s(theat res,or chest ras,m usi c
school s,l ibraries,m usi cshops,m usi ci ans)t o m anageinteract ivem usic;t hati s,m usi cthatcan be
m anipul ated:ar ranged,t ransposed,m odi fied,r eform atted,pr inted,et c.,r espect ing copyr ightl aws.I t
isan i nnovat ivesuppor tf orpr epar ing per form ances,st udyi ng m usic,anal ysi ng m usic,l earning
inst rum ents,di stributing m usicatl ow cost ,et c.M usi cdi stribution i snotvi abl ewithoutadequat e
protect ion m ethods.W EDELM USIC present ssophi st icat ed m echani sm sform usi cpr otect ion,t hat
incl ude:pr otect ing di gi talobj ect sby usi ng encrypt ion techni ques;al low ing def ini tion ofD i gi tal
RightsM anagem entpol ici es;w at erm arki ng audi o f iles,i m agesofm usi cscor e,and m usi csheet s
whilethey ar eprinted.

2. W EDELM USIC:W EB Deliveri ng ofM usi cScores
W EDELM USIC proposest echni quesf ordi stributing m usici n sym bol icf orm atsconsi dering the
integration ofsym bol icf orm atw ith im agesofm usi csheet s,audi o f iles,and asetofpr otect ion
m echanism s.Thesei nnovat ivef eaturesar epossi blethankst o thedef ini tion and i m plem entation of:
(i) auni fied XM L-based f orm atf orm odel ling m usici ncl udi ng audi o,sym bol icm usic,i m ageof

m usicscor es,docum ent s,vi deos,l yr ic,col ouri m ages,cat alogui ng i nform ation,et c.,t hatcan
beassoci ated with am usicpi ece.

(ii) r el iabl em echani sm sforpr otect ing m usici n
• secur edi stribution ofm usi cdi gi talobj ectby usi ng speci fict ransact ion m odeland sol ution;
• sym bol icf orm at( waterm ark whileprinting);
• im agesofm usi csheet s(w aterm ark ofi m agescor es) ;
• audi o form ats(w aterm ark ofM P3,W AVE).

(iii)sophi st icat ed m echani sm sforD i gi talRi ghtM anagem entovert hel im itsofSDM I( Secur e
Distribution M usicI nst itution):
• Form aldef ini tion ofal lowed funct ional itiesofi ntegrated m ultim ediaW EDEL object s;
• Traci ng expl oi ted f unct ional ities;
• Account ing ofexpl oi ted f unct ional ities;
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• Protect ed m usiccan bem ani pul ated:t ransposed,ar ranged,m odi fied,et c.)r espect ing
copyr ightpr otect ion aspect sand t heownerr ights,accor ding to theW EDEL objectf orm at.

W EDELM USIC Form ati sXM L com pliantand i ncl udesconst ruct sf ort hedescr iption of
integrated m usicobj ect s.W EDEL object sar em ainly f ocussed on aspeci ficm usicpi eceorconcept .
Each W EDEL objectpr esent saspect sof :i dent ificat ion,cl assi ficat ion,pr otect ion,pr inting,
sym bol icm usic,i m agescor e,per form ance,docum ent s,l yr ic,audi o,vi deo,and col ouri m age.I n the
fol low ing,som eoft heseaspect sar esi ngul arly di scussed.
• Prot ect ion sect ion m odelsdet ai lsofencrypt ion and wat erm ark ofm usi c(audi o and m usi c

sheet s).A t abl eaboutt hem usicper m issi onsi sal so avai labl efort hedef ini tion ofD i gi talRi ght
M anagem entpol ici es.

• Pri nt ing sect ion i ncl udest hedescr iption f orpr inting m usicpackagescont ained i n theW EDEL
obj ect .Thesem ay ber em otely pr inted with speci fic f inger printand wat erm ark.

• Sym bolicM usicsect ion descr ibest hescor ing i nform ation,m usi calnot ation sym bol s,and t hei r
relationshi ps.Sym bol icm usiccan i ncl udem ain scor eand par ts.Thi ssect ion al so i ncl udes
m usicnot ation f onts,f orm atting rules,and ver si oni ng aspect sassoci ated with thesym bol ic
m usiccodi ng.

• Im ageofM usi cSheet ssect ion al lowsto integrateim agesofm usi cscor esi nto theW EDEL
obj ectw i thoutconver ting them into sym bol icf orm at.Thus,i n thesam eW EDEL object ,bot h
sym bol icnot ation and or iginali m agesofm usi csheet scan bepr esenti n thesam eobj ect .Thi s
al lowsbui lding W EDEL object sto com pareoriginalm usi cscor ewith revi sed and cur rently
used sym bol icver si ons- -e. g.,t heol d st yl em usicofUccel liniand i tsrewriting i n w estern
m usicnot ation.I ti sagood suppor tf orr evi tal isi ng ol d m aterialand r ecover ing cul turalher itage.

• Audio sect ion m ay cont ain oneorm or eaudi o f iles.Thesecan bewat erm arked accor ding to the
param etersoft heW EDEL object .

• Perf orm ancesect ion descr ibest hesynchr oni sat ion aspect sbet w een each audi o f ileand t he
m usicscor ethatcan beshown on t hecom puterscr een.Thesynchr oni sat ion ofaudi o f ileal lows
thecont em poraneousvi sual izat ion and l isteni ng ofm usi cscor e.

Fig.1 --W EDELM USIC transact ion m odel,servers,LocalD i st ri but orsand cl ient s.
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• Docum entssect ion m ay incl udenone,oneorm or est ruct ured docum ent ssuch asaut hor
biography,cr iticaldescr iption oft hem usicpi ece,descr iption oft heper form ing or chest ras,et c.

• Lyri csect ion m ay presentnone,oneorm or eel em entscont aining thetextoft hel yr ics
associ ated with them usicscor eand t huswi th theW EDEL object .

• Video sect ion m ay cont ain none,oneorm or evi deos.Thesear every usef ulf orpr esent ing the
handsofpi ano pl ayer ,t hel iferecor ding ofaper form ance,et c.

• Im agesect ion m ay incl udenone,oneorm or ecol ouri m agessuch ast hepor trai toft he
author/perform er,t hepi cturerelated to them usicoroper a,et c.

In each W EDEL object ,sever alr elationshi psam ong i tscom ponent scan beest abl ished.For
exam ple:di fferent( forl anguage)l yr icf ilescan ber eferred to thesam esym bol icf ile(pieceoft extt
o not es) ;f rom sym bolicto vi deo ( anot ewith avi deo at tached) ,i m ages,docum ent s,audi o f iles:
relationshi psper form ed viahttp l inkst hatcan beassi gned t o m usicnot ation el em ents;et c.Fort he
navi gation i n theW EDEL object s,aspeci ficuseri nterfacehasbeen i m plem ented.I tal lows
bui lding and usi ng W EDEL object sby m eansofm usi cedi ting,f orm atting,anal ysi ng,pr inting,
execut ing,ext ract ing excer ptsf rom audio orm usi csheet s,m usi ctransposi ng,ar rangi ng,edi ting
m ultilinguall yr ics,pr inting m usici n Brai lle,l isteni ng spoken m usi c,edi ting m usicf orvi sual ly
im paired peopl e,pl ayi ng and expor ting i n M ID I,conver ting m usicf rom otherf orm ats(FIN A LE,
SCORE,M ID I),com par ing m usicpi eces,speci fyi ng and br owsing cat alogui ng i nform ation,et c.

3. Transact ion M odeland Di gi talR i ght sM anagem ent
W EDELM USIC enables publ isher s to protect t hei r m usi c and at t he sam e tim e the user m ay
m anagetheacqui red m usicpr oduci ng der ived ver si ons.E- com m ercef or

Them odeladopt ed i sbased on t hedi stribution ofm usi c f rom publisher sto cust om ersby usi ng
the LocalD i stributors (see Fi g.1):l ibraries,conser vat ories,m usi c school s,m usi c shops,et c.They
m ay distribute the m usic com ing f rom severalpubl isher s.LocalD i stributors ar e W EDELM USIC
cer tified i nst itutionswi th aut horised cl ientcom put ers.Cl ientcom put ersm ay printpr otect ed m usic
sheet s (original and cust om ised) . A t tendees/ cl ients of Local D i stributors m ay work on a l arge
W EDELM USIC database l ocat ed i n the Local D i stributor f or pr ocessi ng m usic, ar rangi ng,
transposi ng,r educi ng f orpi ano,l isteni ng,pr inting,queryi ng,conver ting,ext ract ing excer pts,et c.,
accor ding to theal lowed oper ations.TheW EDELM USIC distribution i sm ainly based on Busi ness-
to-Busi nessm odeland hasatt he second l ayera Busi ness- to-Consum ert ransact ion.I ti sbased on a
transact ion m odelt hatal lows to com pletely cust om isi ng the ser vi ce ofm usi c di stribution.I tm ay
range f rom the on- line to of f-line di stribution oft he di gi talobj ect s.W EDEL object s m ay be very
com plex and l arge si ze ( w ith hi gh-resol ution audi o,i m ages,vi deos) as wel las very si m ple and
m anageabl e to be t ransf erred on- line.Speci fic t ransact ion pol ici esm ay be def ined accor ding to the
publ isher 'sneedsand i nterest s.

Each oper ation thatcan beper form ed on aW EDEL objectcan beper m itted ori nhi bi ted.M or e
than 50 di fferentm ul tim ediafunct ional itiescan bedi st inct ly m anaged - -f orexam pl e:pr inting,
execut ing,t ransposi ng,pr inting with changes,pl ayi ng,l isteni ng,r eadi ng docum ent s,t aki ng
excer pts,et c.A per m issi on tabl eisavai labl efort hedef ini tion ofD i gi talRi ghtM anagem ent
pol ici es.A pr icecan beassoci ated with each per m itted oper ation.Theper m issi on tabl edependson
thesever alst atesoft heW EDEL object :dem o,r ented obj ect ,when i thasbeen sol d,when t he
renting per iod hasbeen expi red.Each per form ed operation i stracked and t hust hepubl isherm ay
know exact ly which ar ethem orerequest ed oper ationsand t hem ostr equest ed m usicpi eces.Thi s
al lowsanal ysi ng theneedsoft heend- user swith st atist ictool s.Non per m itted oper ationsofa
W EDEL objectcan beon- linerequest ed and obt ained when needed.
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4. W aterm arki ng M usic
W aterm arki ng al lowshiding i nform ation i nto di gi talobj ect ssuch asi m ages,vi deos,audi o f ilesand
textpages.Theset echni quesar eadopt ed to hi decodest hatcan beused f ordem onst rating the
ownershi p oft hedi gi talobj ecti n thecaseofver ificat ion oft hecopyr ighti nfringem ent.To t hisend
thehi dden codecont ainst hepubl isheri dent ificat ion code,t hem usicpi ececode,and t heLocal
D istributori dent ificat ion code.Thepossi bi lity to hi dethisi nform ation and r ead t hem aftersever al
typesofat tacksm akeswat erm ark sui tabl eforpr oper ty r ightpr otect ion.W aterm arki ng tool sar e
suppor ted by awat erm ark readert o read t hehi dden codef rom agrabbed m usi csheetand f oran
audi o f ile.Thi sal lowsdem onstrating theownershi p oft hedi gi talm usi c.
W EDELM USIC techni quesf orw at erm ark pr esentt hef ol low ing capabi lities:
• Thewaterm ark i nser ted i n thepr inted sheeti snotdi sturbing them usicreadi ng and pl ayi ng.
• Thewaterm ark i nser ted i nto audi o f ilesi snotdi sturbing thel isteni ng ofm usi c.
• Thewaterm ark rem ainsr eadabl eaf teracqui si tion with scannerand i tsreprintsasw el lasaf ter

phot ocopy wi th di stortions,f iltering,zoom i ng,r otations,cr oppi ng,noi seaddi tion,f lippi ng,et c.
• Thewaterm ark resi stsdur ing sheetm ani pul ation unt ilt hem usicpr inted i sconsi dered

unreadabl e.
• Thewaterm ark rem ovalw i th im ageprocessi ng techni quesi sm oreexpensi vet han buyi ng the

sam em usicsheet .

In di gi talm usi cdi stribution such asi n W EDELM USIC them usicsheet sar eprinted on t he
cl ientsi tew ith tradi tionalsyst em s.Thesem usi csheet scoul d bedi stributed with asi m ple
finger printr epor ting them usiccode,t hepubl ishernam e,et c.,w i thoutsol vi ng thepr otect ion
probl em .I n thesecondi tions,t hei nser tion ofahi dden waterm ark i n m usicsheet si sai m portantt ool
form usi cpr otect ion.N ew t echni quesf orw at erm arki ng m usic( in im ageform atand/ ordur ing the
printing ofm usi csheet s)wer eim plem ented i n ordert o protectt heW EDELM USIC printed m usic
sheet s.Thesol utionshavebeen obt ained af teradeep anal ysi soft hepossi blesol utionst o hi dedat a
codei nto m usicsheet s.A usergr oup ofexper tshasper form ed aval idation oft heresul tsobt ained,
stating thatt hechosen wat erm arksar eal m osti nvi si ble.

Thewaterm arki ng ofaudi o f ilesal lowsinser ting non- detect abl ecodei nto W AVE and M P3
files.Theappr oach i sbased on t hepsycho- acoust icm odelofhum ansand t hereforethepr esenceof
thewaterm ark i snotaudi ble.Thew at erm ark readercan bepr of itabl y used f ordem onst rating the
copyr ighti nf ringem ent.

5. Concl usi ons
TheW EDELM USIC solution and f orm atal low expl oi ting new m ultim ediafunct ional itiesofdi gi tal
m usici n therespectoft heownerr ights.Thest ruct ureofW EDEL object si sst rongl y i nnovat iveand
coul d beagood m odelf orsuppor ting thepassaget o di gi talwor ld ofsever alm usi car chi ves.
W EDELM USIC m odeli sagood sol ution f ori ntegrating i m agesofol d m usicsheet sand sym bol ic
descr iption ofnew m usi c.Thesol ution i ssuppor ted by asetoft ool sf orpr otect ing m usic:asaf e
transact ion m odel,asophi st icat ed Digi talRi ghtM anagem ent ,and wat erm arki ng tool sf oraudi o
files,i m agesofm usi csheet sand t hewaterm arki ng ofm usi csheet spr oduced f rom sym bolic
descr iption ofm usi c.
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