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The Study of the Numbered Musical Notation System and Automatic
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Master Program of Sound and Music Innovative Technologies

National Chiao Tung University

Abstract

This study provides a number musical notation system which can be used to convert
MIDI files to number musical notation. Writing music in number musical notation can
be easily stored and transported electronically, which enables the understanding of music for
with less music knowledge. The following analysis and tracking technologies and rule
theories were integrated in number musical notation system:

1. Pitch spelling: An in-situ technology of pitch spelling was used.

2. Key finding: A spiral array model also was used to optimize the tonality of music.

3. Beats tracking and rhythm induction: This study adopted a process from the analysis of
beats weights and duration to rhythm induction.

4. Chord identification: The center of effect in spiral array model was utilized to identify the
chord of music.

5. Rule theories: Some rule theories were also integrated in this system, such as number
musical notation rule, beat basic framework, tonality transfer, tonality and chord marking rule

for pop music.
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Based on the integration of pitch spelling, tonality analysis, beats tracking and chord
identification, number musical notation system can analyze the MIDI files without complete
information, such as the files recorded from audio recorders or converted from WAYV files, to
find correct note events and the characteristics of music in MIDI files, hence get the

optimized results.

Key words: numbered musical notation, MIDI, pitch spelling, key finding, rhythm induction,

chord identification
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Longuet-Higgins(1971) il il 7RI Pt BB ol - HARL]
T S AR o fi PRI R - RS S feh RpVS E T
B e L REDR e s T EIJALF% FIRVER (P E VI P i
B RGN e I SRR

Krumhansl (1982) 17— lﬁmﬁﬂﬁﬂp SRS ) mﬁ%[ o7 1990 F
Krumhansl-Schmuckler =5 ETF - i K-S - ﬁj g A
gt «ﬁﬁwjﬁpfﬁﬁtﬁ Jlj(Key-profiles) » ‘Z3xgd=7) 7] - K-S ﬁ;ﬁ?@%éﬂ
[y * [t (input vector)” s A& B SYVGITL o “HERIT » 7] 12 RV S
A g B 5 [l Hi(pitch- claSS)E‘J%FiEﬁFa:z@ ° %% » RHETE -
RT3 1 [ et A [t 7 AR R R AR sy 8 R o

Chew(2000 ) | R B2II IFLE RS0 ES - JHI L (Center of effects) F!
e 1 PRI 5 LS PO A [ B S I S — W T
S E T e G RS2 5 PR %’?ﬁ[ T BEEER a rs]]
RUAR I efURRITE o o sl R R PR L] (R

25 /) Eﬁ%ﬂliﬂ?@g’l@ﬁ%&l@%“%”]

AP RS e LRI LS '~ el - Gabrielsson(1973)

SR AT RL AT S A AT % (chythmic pattern similarity)[iy— [ i fol N3 - 8 [FlSRA]]
FOCSHF S = APOOa A8 bl RERAHT) o (EIT S (- MIDL AR (B3 4
I ELE TP o G E | (i PR 3 AT e o %
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Povel I Essens(1985) o — [T RIE > KL FH R Sl ﬁrlpu
AT RLIE fi ) S (clock) - [ ﬁxuiﬁlﬁﬁfd CELH R R IR
JFF' SEll {Ep t@élﬁjfppm'

Temperley(200 1)1 45 - K 5 “MBfIOH [l 7% Lerdahl and
Jackendoff(1983) [V 4 Generative Theory of Tonal Music [V FOpH{EIH D F

R INEETR ngjf[ AP IR AN ATISRR] 0 T IV R ﬁ’f@%ﬁ‘ﬂﬂ BB {Jgt
SR AP T R PR ST S AT

2.6 A3 TR

Chew(2000) 1142 [ B 511 LT (o =S o [l = a0 A 2 1
(Center of effects) Tﬂﬁﬁﬁﬁizi'?ﬂp SRR S [F Ii=2iNiN! ﬁﬁ?‘ iﬂ[l B A (i
I3k FURERE » E’ﬂf, ITF - BEIEER VS ELR oo 15k o 7 SR 5 IR
P (138 53 47 ¢

12



IEH T R

& U] /7R E TR MY Chew(2000)Towards a Mathematical Model of
Tonality. [l 11451519712 #]1 Chew(2005) Real-Time Pitch Spelling Using Spiral
Array [V H EFEERIORE IS e g BRI N JROBEIS] lﬂifLE -
7P Il o S SRR PP L SRR PO ARG -

A MF, Chew FYJB B E IR~ Hed, > ﬁ&!&ﬂrﬁ;“é?ﬁ@;}’vﬁu@\?ﬁ'[&tﬁ%}ﬁl‘ﬂv’
i EPHERL > SR 3.5 B TR R B R AT -

3.1 BRI

ascend by a
major third
interval

N

ascend by a
perfect fifth
interval

TERETE
(¥R <75 © Chew’s(2000) Towards a Mathematical Model of Tonality)

Y 3.5 BRI R T £ R g
i €17 BRI AR 2 3.0 -
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x, | [rsin(kz/2) ]
P(k)=|y, |=|rcos(kx/2)
zZ, kh

3.1

3Ll k SRR O AR PR £ A RIS Rk e
fﬁl‘ > k=0 iﬁﬂ%ﬁwﬁ FIR TR T P B N R e g
* 3.2 8% k fREHEH £ ¢fmh% EF B CHY KRS 00 SfRE=F & =1 i

E[[J@ hz\/g ’ E'U@?U@%’ P(O):[O,I,O] j,gi}z?"[ C liliE ﬁﬁ] /“ [_‘FIJI—[‘ FF‘I °

- Fb Cb Ghb Db Ab Eb B F C G D A E B Ff Ci Gf D Ag Ef Bf .-
+-—8-7-6-5-4-3-2-10 1 2 3 4 5 6 7 8 9 10 11 12 ---

3.1 TRRLE kS g

FIH] 3.1 ;JHETL“Q*E_% P e i PRI AR > T R T
o3 AR BREE LR - ER 3.2 BB e SRR "i'fgf%?frﬁ[‘%ﬂ%%ﬂw%
@1 o BRI - o [ g[ Iy ;f?ggfﬂgﬁmi% (=9 > FIEEpUEYZE 1~ (Center of
effect) » I') ™™ A CE » 471 ') 1EA[ % = ilja{f[ PO ASS BTH 2] - %%ﬂ‘gkpfj CE H[JZvik
jj‘{\\r%ﬂ‘fl:ﬁfj 55 ~ TV 351V 3RAIGEAY CE F&F' o BEZRI|IEY CE £ 4 F IQ%F }I—J o
h *iﬁ?fiﬂ'ﬁ : ?‘ﬁ“[‘%ﬁ@ CEFHEN -
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major 3rd

f' 3. 2 Rl E I R RS

(Chew2000, Towards a Mathematical Model of Tonality)

3.2 E{g%HM«CEj/ﬁ,ﬂﬁjﬂ?

HREpY CE B 3.3 B = Hia% CEG fiv CE %7 £ Cy(0) > ] = % ACE piy CE
F £ Co(3) ° Cu(k)F Co() 73 I P FAPRRL = AE = it [y CE =20 = IR
Ty CE > B & b= ARIASGE Ol > o] = ARkpS CE SR -

= FHIGE[Y CE
C,(ky=w -Pk)+w, -Plk+1)+w,-P(k+4),

where w, +w, +w; =1, w, 2w, 2w;>0 3.2

=AY CE

C (k)=u,-P(k)+u, P(k+1)+u,-P(k-3).
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where u, +u, +u; =1, u, 2u, 2u;>0 3.3

HHw B ST IS AR > AR CE PutEET g

E third E fifth

EREN B E B
2, :
i, E
= N root S
A 5 %, A =
g | @ % g
~=——_4& N G ; G
e SO N third
gm Criect fifij, interya; ~© fifth ¢
Lo [ Te——
D
F C major chord F
Cpi(0) A minor chord
Cau(3)
L B

B 3.3 AR g

(Chew2000, Towards a Mathematical Model of Tonality)

FTERY CE: [ 3.4 K119 CE» (k) [ AFIRE LRV ATV 349 CE» Coh)
Coflk 1) Col-DF|FHFTHE] 5 1§ CE + Ty (k) » R~ Fik VAR ] Al
A i R CE » Cok) » Cofkt1) ~ Gk DI FHFTHE] » 214 56 CE g 3¢

Y
1Y CE

[
I,(k)=w,-C,(k)+w,-C,(k+1D)+a,-C,, (k-1)

where @, +o0, +0, =1, @ 2w, 2 w0,>0 4.4
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9 CE
T (k)=v,-C, (k)
+v,-la-C, (k+D)+(1-a)-C, (k+1)]
+v,-[p-C (k-D)+(1-p)-C, (k-1)]
where v, +v, +v; =1, v, 2v, 2v,>0 a=0.75,8=0.75 4.5

Bl v RIS L 8 CE i

major key

P(k)

subdominant

chord Jy

subdominant

tonic
chord

P(k)

tonic

EF'II 3.4 ~ - J%ﬁﬂfliuﬁkg¥

(Chew2000, Towards a Mathematical Model of Tonality)

SAF3235 1Y w v 0 ¥ u it Chew EU’T'F*T!JIEHI » 7] Flip-Flop Heuristic
PSS IFOMEET 117 5 Chew IR 947110~ FEET (5

w=v=m=[0.6025, 0.2930, 0.1045]

u=[0.6011, 0.2121, 0.1868]
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Ell?”, **]EIJF PR Uﬁ}%ﬁgu% IFF' **]gu [Lagt ETRL 2 3.6 > EIIPY Pi fL3T §
|[a'jFﬁ Tk Il PRtk fﬁ[’ s di BRI i |[ﬁ'?”[ ﬁ‘ﬂdﬁ\ﬂj&] = Di B e F,:iﬂz b IFARE
f, **]a YR UG o

:_Z 'Pi, where Di = Zd 36

1]1

[l 3.5 SRS SIEFOMARIR » AP A3 3.6 BT FEORle & B BIRHET
E%L 24 I[ﬁ{?ﬁﬂ U CE g VBRI EE L:‘FEIFPI [’?ﬁl\} [I‘D\E‘ﬂggﬁﬁlﬂﬂﬂﬁ_ﬁ , EIHEJ/ HJ H:ﬁkﬁﬁgjﬁg
Lk
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B E A RTINS R

REAMFIRERAR P CEBERE S
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B S 4EINEIRRITE S

il 3.5 S5
347 LR

bISTI ZE'#’F&”ﬂ: VR4 A I#(jg'[ BHER o B %I’Fﬁ:—LJﬁjﬁ ;+E&J‘[ﬂ: PF[LJEJE“E
?bl £ j’Fj“lEﬁ‘[‘?ﬁJT’T P N KFIL' LR R 4%[

340 F ot
T EHER R R LA R E A RO 22 3.6 TR U AT

VIHEERFERT 5 (P FIRVEL - Chew(2003) 7 3 ! f#(’J'EaiFaLEIU“J il oK~ e
%ng;,ﬂ (A Gt 1k W[l—fluguﬁ{gﬁ}[ﬂ Selsrly 3.7 o

_-Ell
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_—sz P where sz 3.7

ab]all j=a i=1

2 Fl b SVBSMIE  C o 10 BIUE b B -

[ 3.6 PO EL~ FRGEN I R RS RERHEIL e o 0 [
AR €7 [ T3 IR G# ~ Ab > [y GV 51 o8 BRE | o PRI -

i EFEROAR PRI Y G = R STRIFVER (- MIDLAIGEZV RS S [ (DR P i 7
[l = it [ f=pogh € 0 3 3.2 Kb B PR o

context -~
L P -
{Ié‘s L e e e el s :\i }
- - = . B g = =D
FihEr et eyt Ty ey s 7'\1
- = = -
™
.\}')L”Hl’_jz,’ \
chunk . spelling option
AN

AbD
[fi 3.6 {0 P IERBRAIECES &

(&R 7Fi: Chew’s(2005) Real-Time Pitch Spelling Using Spiral Array)
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Optionl (SA Option2 (5A Option 3 (SA

index) tndex) index)

B# (12) C (0) Dbb (-12)
C# (7) Db (-2) B## (19)
Ci## (14) D (2) Ebb (-10)
D# (9) Eb (-3) Fbhb (-13)
Dz# (16) E (4) Eb (-8)
E# (11) F (-1) Ghb (-13)
E## (18) F# (B) Ch (-6)
F## (13) G (1) Abb (-11)
G# (5) Ab (—4)

Gt (15) A (3) Bbb (-9
At (10) Bb (-2) Chb (-14)
At (17} B (5) Ch (=7)

R 3.2 9 GHOHOSHHA

(eYf] e YFi: Chew’s(2005) Real-Time Pitch Spelling Using Spiral Array)

[ 3.7 BB E VAR Eai A o RO (R g SRR T
i EPBIA R BT e T EUAOBIR o 35 T R S =
Ml <t 12, L £y 412> > gy 00 B o FOREES s i po B [h LA
i EAEROIOT € BLAE 3.7« [ 5y BRI EE Fl0 A 2+ L I
FORLTE i EHERO VIR > Chew & r hE'fJ%f?JE@\/% SRS A
I FIRLAF i

I'ij(c;)=argmin{|| P(I,; =12) ~c; [LI| P(Z,;)) — ¢, I P(L,; +12) = ¢, |1} 3. 8

$1]1] PR B -
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3.42 T ERAUE R
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VB w PRS- WER VBB 2w TR 5T wﬁ

HER 1 JFI ?"”TF CJ?'I z|§f»ﬁ:rF@ N ﬂ(/[ﬁ\ ,

Cj=Cjw jm

FUR BB TR i R & PR i -

’ 3.9
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ﬁiflpu?ﬁiﬁ[lu |3 »?jtlﬁqi!@ BN /R
C; :f'cj—w,,j +(1_f)'cl,j—1 3.10

*I F[[ftumjsf{zfmo%pﬂ@%l , ()<f<1

3.8 111w, =0 » TR 2 12T (2] » S (o ERL U ey
EIFSS S R 3.9 [l ow=4 o w=2 s T Y R p R
o BT R BT LW S SRR - W SRR A
SRR 2. RN P BT ﬁ]gﬁatwu T Bhdpdt T e i
BECSRET ] LAY 2000 T [T Py SO AFPRIE T AL 3 o]

Sy o

g
;F E: = dﬁ:EELﬂJH.

< qenerate C.E. = spall =

%ﬁ“’:ﬁfﬂ—l —
ﬁ::ﬂ::‘ ==|!

2 ganarate C.E. = < gpall =

Step 2

4

[fil 3. 8 E AT TR (W=4)
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= : = z
Stap. 1 tr ' _|'
| =
1 IE_E;?:—F—_E! 3
— -
| -
< qanarate C.E. == spell =
= szalf check =
—
= = . | . .
= EJ' — ] ' 2! :
L] A d A
Step 2 & - E—l E_I. EI-E El E
e T— i e— — T - = 7
F - “ F. | | | 1 1 ': - Fa
= g Ed o --
= genarata C.E. =< gpall =

R 3.9 P ERERITHIR(w=4 > w=2)
35 S| RIS T

# 3.3 £% Chew(2005)[16]% Determining Context-Defining Windows: Pitch
Spelling using the Spiral Array  [|IF 8RR L'—“SFP, R = ?E_‘d?rjﬂﬁé 8 B
3.4.1 r;ﬁ’i’ﬂfﬂjafjﬁﬂﬁ} ’ F,l“EJ r“r“?’ A s o e RN = éﬁﬁ’ﬂ%@ﬂp@iﬂ
VP TR BT = (T BB FORERT S 3. A sl U R RIS fe
3.3 Pl P EIR IO G T 90 I RS o E R O kL
R T 0 (S P R 0T 2~3%aEE o [N R (R PR R
ARFUFSFEL 0 = ﬁj@ﬁgiﬁﬁe}@ﬁlg [‘-g, pﬁwn PRIV A TR 1.0 TR
S BT
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Method Parameters Errors (1516 notes) % Correct
Cumulative T3 05,18
Sliding Window 4 31 98.00
hiW] 8 47 06.90
16 40 07.36
4 2 0.6 28 08.15
4 3 0.8 27 08.22
4 3 0.7 27 08.22
Two-Phase 8 2 0.9 31 'Ei'.-’_‘;'t:u
(w. wr. F) 8 4 0.9 40 07.36
8 6 0.9 27 08.22
16 4 0.8 40 07.36
16 6 0.8 30 08.02
16 8 0.9 37 07.56

3.3 EEHO R

(Chew 2003,Determining Context-Defining Windows: Pitch Spelling using the Spiral Array)

[ 3.10 ¥ FHERTER S S AT > 5 [ A S SR
Y= 02 A0 BIF Rl e RS, & e EFERUASA b L
3.4 8] A BT GER G wﬁ;};}?‘ﬁ[%;%&”#f B W F”?%
[FVBRFVT TR RTH -0 P 24 Rl RREREE - 2EAETY TE R B 1 3.3 A7y - e
AT ﬁf el gk lié%‘lfﬁﬁaiw[ Jillld E%%FF

R FTHI i 2020 3.6 AR s Ml TS L R kL 5
(ERRNIE - R (EE WEG e WNTIE hz\lﬁ [ o PETIEZRY /] FXL Chew(2005) FL
E - A SRR W ARV Y T R 3.2 AEREROT

ERFIIE  Z B e ) ﬁ%ﬁﬁw%w%mwu’ww311WﬂPﬁ
IE o
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B 3. 10 BLREIRrEAE p e BGR G ET2Y fH AEs I -
= e SRS b LA 3.2 PO BRI VEIE > U= ] BRSPS
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FYME ISR AR 5T A

B ;vHT»ﬁ;F AT SRGA] pRELAE ) 80 1T 55 AR o A TP O AT SR L
FRH] Temperley(2001) Cognition of Basic Musical Structures [|Ifi FF”I ‘E'“ﬁﬁﬁb a0
= fol kLA A A T B AR e i A 3P SR AT o [y AT sk 5T A AR M
Chew(2000)Towards a Mathematical Model of Tonality ﬁ%ﬁﬂﬁmm%ﬁﬁﬁ%ﬂﬁ

FIBE AUk -

4.1 ETHERH

7 FAEF M | Temperley iU 4455 7 5 | 143155 §5 (meter finding) A= - Meter
programe A7 IV 7 LA 2h - B R Eﬂf‘ﬁﬂf’@gﬁiﬁlflﬁlg'@éﬁ?@ﬂ@* ’
1HFE'?F@§I S 75 By 0~4 > TF‘ CREEI IR 4101 é‘m[lﬁ?ﬁ ° 4.1.2 ATE| /15 F
R VAT SRR AR AR -

ARE S

au?”, %E{@ﬁjﬁf , f‘:{F&J[ﬁ%Fﬁﬂsp@ﬁ[i‘?Jﬁlé HEECE PJF’?F@FJFIJ_., kel o
P PRITRE S BT P 2 WA I 4.1 575 (A
A I~ (A (R AR SR =t P IR ET Fe I = sl =s
2N /Ul ST A T N SR T IN Jf’[ LEIRACREH Pl (Metrical
Preference Rules > {7 MPR) :
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4.1 A0 ST S

(D. Temperley, The Cognition Of Basic Musical Structures:MIT Press, 2001.)

MPR 1 (?b[ FEFEED | Iﬂﬁlﬂfj SEIHFIE 1’17"?", NENER: 'EﬁF,(event-onsets)ﬂJr* Bl
E«ﬂjﬁﬂeﬁ &2 AR FIFIFl— RRAIRTE ATEE g el - = ol P
pg[ LEHNprI 2% o

MPR 2 (Fi FT A ¢ (o s v = 3 o (R o i
SRERLTY o FIORE R o AL O SR TS R T
PRSI s 1 FTFOS R RLAp PRI e T ] Cinteronset
interval > {7 10I) -

MPR 3 (A = g B~ (2 Bl

S I S fel k! 4157 o 75 FUF Y Lerdahl and Jackendof PSR 1> AT =Y
YRR R g e SRR R BTN Al o R SRR
& P R RUE ORI S AN 1 o PR lR RIS
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e [T B JSFF 555 1 57— ﬁb;f@ﬁjmﬁﬁ RERCT (5 &fing}ﬁjpu@:‘flﬁ} ﬁ SIEE I
lﬁf Aﬂ%g NFJIJFLJ?FH F”F e D}z ffﬂ HIRLSE P EERE (= » SRR (T 4 =
TP D o g B E R PR o P RO EL ST
SR 3P e [T 4 pOMEE -
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i > R meter.exe VBN (IR OB UTIE 4.2 7 FRE > 25 TIF
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PRIF I
AL AR A A ARG [ 4 5] 44
= T AP A1k Chew(2000)= 152 S -

V= FIEEAY CE
Cyy (k)= PR) + 5+ Ple=3) 4Pk = ) !
g FEERY CE
3 ! - :
C k) =2 PR+ 2 P+ 1)+ = P(k +4) + 2 P(k =2) -2
A= HEERY CE
o) 2
CM(k)=g-P(k)+§-P(k+1)+§.P(k+4)+_-P(k+5) 4.3
| = FHEERY CE
Cu (k)= PRY+ - Plk+ D)+ P(k=3) 42 Pk -2) o
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