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A Proposal on a Watermarking Scheme for MusicXML

ATSUMU WATANABE, "8 TAKASHI KATOH,! BHED BAHADUR BISTAt
and TOYOO TAKATAt?

MusicXML, which is considered a next generation fundamental technology for distribution
of musical scores on the Web using XML, is receiving attention. In this paper, we propose
a watermarking scheme for MusicXML (Musical Plan version) based on its detailed analy-
sis. We also developed a web-based watermarking embedding/extracting system and evaluate
the proposed embedding scheme in light of embedding capacity, tamper proofness, contents
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quality and anticlipping proofness.
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<?xml version="1.0" encoding="UTF-8"7>
<MusicXML generator="MUSIC PRO XML Adaptor" version="1.0.0" ...>
<Score title="hogehoge march" data="hage" p_x0="0" p_y0="0" ...>
<Part partindex="1" namelong="Violin " soundfile="MU10" ...>
<Part partindex="2" namelong="Harp " brace_g="here" ...>

<Page blockcount="3" blockno="hide">
<Titleblock p_x0="1" p_y0="0" p_x1="520" p_y1="39"/>
<Block p_x0="1" p_y0="39" p_x1="520" p_y1="276" ...>
<Line p_x0="51" p_y0="0" p_x1="519" p_y1="96" ...>

<Clef s_x="20" s_y="2"/>
<Key s_x="6" s_y="4" key="sharp" keycount="2"/>
<Tempo s_x="8" s_y="12" value1="50"/>
<Beat s_x="8" s_y="4" upr_1="4" lwr="0"/>
<Rest s_x="80" s_y="5" length="whole"/>
<Notelength s_x="2" s_y="9" type="tenuto"/>
<Bar_line s_x="174"/>
<Rest s_x="52" s_y="5" length="whole"/>
<Dynamics s_x="48" s_y="-4" type="mf"/>
<Bar_line s_x="108"/>

<Note s_x="8" s_y="8" dirc="lwr" length="half" ...>
<Slur s "o" "9" id="39" width="50" height="0" ...>
<Note s_x= " dirc="lwr" length="eighth" ..
<Note s_x= " dirc="1lwr" length="eighth" ..

<Note s_x="
<Note s_x="

" dirc="lwr" length="eighth" ..
"6" dirc="lwr" length="eighth" ..

VVVVYV

<Note s_x="12" s_y="8" dirc="lwr" length="eighth" ..
<Bar_line s_x="118"/>

</Line>

<Line p_x0="51" p_y0="96" p_x1="519" p_y1="237" ...>
<Clef s_x="20" s_y="6" gstaff="lwr" att="f"/>
<Clef s_x="0" s_y="2"/>
<Key s_x="6" s_y="4" key="sharp" keycount="2"/>
<Beat s_x="16" s_y="4" gstaff="lwr" upr_1="4" lwr="0"/>
<Beat s_x="0" s_y="4" upr_1="4" lwr="0"/>
<Dynamics s_x="13" s_y="12" gstaff="lwr" type="mf"/>

<Note s_x="19" s_y="-3" gstaff="lwr" dirc="lwr" ...>
<Rest s_x="0" s_y="5" length="eighth"/>

<Note s_x="14" s_y="1" gstaff="1lwr" dirc="lwr" ...>
<Note s_x="0" s_y="6" gstaff="lwr" length="eighth" ...>
<Note s_x="12" s_y="4" gstaff="1lwr" dirc="lwr" ...>

<Note s_x="

0" s_y="8" gstaff="lwr" length="eighth" ...>
"

<Note s_x="12" s_y="6" gstaff="lwr" dirc="lwr" ...>
<Note s_x="0" s_y=" " length="eighth" beam_id="4" ...>
<Note s_x="12" s_y="8" gstaff="lwr" dirc="lwr" ...>

01 MusicXML OOOOOOO... OOOOOOO
Fig.1 A Part of an example of MusicXML document.
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0 2 MusicXML O0DO
Fig.2 Structure of MusicXML.
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Fig.3 Beam. Fig.5 Arpeggio. Fig.7 Tie.
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Fig.6 Tuplet.
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Fig.4 Harmony. Fig.8 Glissando.

<Note tie_id="1"/>

<Slur id="1"/>

<Note tie_id="1" beam_i
<Note beam_id="2" tail_
<Note beam=id="2" tail_id="3"/>

09 0D000OO0O0DOO0OOO0O0OODOOOD
Fig.9 Examples of groupings for Tie, Beam and Tuplet.
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0 10 MUSIC PRO for Windows V4 PLUS
Fig.10 Screenshot of MUSIC PRO for Windows V4
PLUS.
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Table 1 Examples of information embedding by
employing symbol duplications.

Data Element Display

00 <Note s_x="44" s_y="4"/>

s

<Note s_x="44" s_y="4"/>

ot <Note s_x="0" s_y="4"/>

It

<Note s_x="44" s_y="4"/>
10 <Note s_x="0" s_y="4"/>
<Note s_x="0" s_y="4"/>

It

<Note s_x="44" s_y="4"/>
<Note s_x="0" s_y="4"/>
<Note s_x="0" s_y="4"/>
<Note s_x="0" s_y="4"/>

11

s

) 0DO0000O00DO0O0o0OO0

) ODO00oO0oOoooooOooooo

) D000 IbO0oO0oOoooOooon

) D00 yOO0O0OOoOooOooo
uobooobo40000000000DCO0
5.1 ODO00O0OO0OO0O0OO0O0OO0O0OOO0OO0O0 10
j200000000000000O0C00O00DO0C0CO
00 00000000000 000000y O
goooboooooooobobooooooboooobo
goooooobo «0ODDOOOOOOOoOODOO
O0yO0OOODOOOOOO0O0O0OO0O0Ooooooo
goooobooooooooodo 200000000
goooooboooooooooboooooooon
goboooooooboooooooboooooooo
000000000 MusicXOOOOOOOOMUSIC
PROODOOOOOOOOOOOODOOOOOODOO
goooboooooooobobooobooooooo
ooooooood
gbooooooboooboboooobon 00
gobooooobobboODOoOO0O yODOODOOODO
gooobobooooooooooboooooooo
gooob20000000000000000A0
MusicXMLOOOOOOODOOOOOOODOOO
goboooooooooooooooobobooooo
l0000ob0oooooooooooo3booboooon
goooooboooooooooooooooooo
gboooboobor100000000000000A0
oo0bOO0OOooOObcoobOoOOOoOwuoooboo

o~~~ —~

1
2
3
4

01nogooooooooooboooooooooboooboo

O000000 <Nete>UOOODOOO0OO0OD0s=xDO0O

Jan. 2007

011 000 yOGoooo
Fig.11 Shifting of y-Coordinate of Rest.
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012 0O00O0O0O0OO0oOoOoooo
Fig.12 Fermata and Ritardando.

<Note s_x="284" s_y="6" dirc="1lwr" length="half"
type_add_beat="fermata" s_adbeat_x="-2"
s_adbeat_y="-7"/>
<Note s_x="0" s_y="8" dirc="lwr" length="half"
type_add_beat="fermata"
s_adbeat_x="-2" s_adbeat_y="-5"/>
<Note s_x="0" s_y="10" dirc="lwr" length="half"
type_add_beat="fermata"
s_adbeat_x="-2" s_adbeat_y="-3"/>

013 000000000 MusicXML OO
Fig. 13 Expression of a Fermata symbol in MusicXML.
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Beam.

<Trill s_x="137" s_y="8" id="1"
type="arpeggio" length="8"/>

Fig.14 Variation of stem length due to connected by
<Note s_x="19" s_y="2" trill_id="1"/>
<Note s_x="0" s_y="4" trill_id="1"/>

<Note s_x="0" s_y="7" trill_id="1"/>

015 000000000 MusicXML 00
Fig.15 Expression of an Arpeggio symbol in MusicXML.
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016 O0O0O0OOOOODOOOO
Fig.16 Variation of Coordinate of a Slur symbol.
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<Note s_x="16" s_y="13" dirc="lwr" length="eight" ... length_tail="10"/>
<Note s_x="16" s_y="13" dirc="lwr" length="eight" ... length_tail="9"/>
017 0000000000000000000 MusicXML O
oooooo
Fig.17 Variation of Stem length due to connected by
Beam and Corresponding Variation of MusicXML
description.
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<Dynamics s_x="6" s_y="12" gstaff="lwr" type="f"/>

<Dynamics s_x="6" s_y="11" gstaff="lwr" type="f"/>
018 00000 yOODOODOODDOODDOOOOO MusicXML O
gooooo
Fig. 18 Variation of y-Coordinate of a Dynamic Mark and
corresponding variation of MusicXML description.
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<Note s x="32" s y="3"
<Note s.x="61" s.)
<Note s.x="60" s_
<Note s.x="62" 5.
<Note s.x="61" sy="3"

value_tail="5"

value_tail="5"
value _tail
value_tail="5"]

value_tail="5"

I I ... Embeddable Area

019 000 yOOOODDOOODOOOOOODD
Fig.19 An example of embeddable area for the scheme of
coordinate manipulation in Tuplet.
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Table 2 Capacity of the amount of embeddable information.
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Table 3 Summary of information loss.
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Table 4 Distortion to the contents.
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