(19) United States
(12) Reissued Patent

(10) Patent Number:

USOORE38477E

US RE38,477 E

Tohgi 45) Date of Reissued Patent:  Mar. 30, 2004
(54) PERFORMANCE INFORMATION 5,216,188 A 6/1993 Shibukawa .................. 84/637
ANALYZER AND CHORD DETECTION 5,218,153 A * 6/1993 Minamitaka ................. 84/613
DEVICE ASSOCIATED THEREWITH 5,225,618 A * 7/1993 Wadhams ................. 84/634 X
5,459,281 A 10/1995 Shibukawa .................. 84/637
(75) Inventor: Yutaka Tohgi, Hamakita (JP) FOREIGN PATENT DOCUMENTS
(73) Assignee: Yamaha Corporation (JP) EP 0351862 A2 * 1/1990
EP 0351862 * 1/1990
_ IP 57-13489 1/1982
(21)  Appl. No.: 09/120,957 IP 59-195281 11/1984
(22) Filed: Jul. 23, 1998 IP 62-1589s — * 1/1987
P 62-42517 * 9/1987
IP 3-43638 * 7/1991
Reicane of Related U.S. Patent Documents P 03164796 A 211991
' P 03-213899 9/1991
(64) Patent No.: 5,539,146 TP 4-30197 2?1992
Issued: Jul. 23, 1996 Jp 05027761 A 2/1993
Appl. No.: 08/223,611 JP 05027762 A 2/1993
Filed: Apr. 6, 1994 JP 05-040474 2/1993
(30) Foreign Application Priority Data * cited by examiner
APL 9, 1993 (JP) eovieioeeee e, 5-083043  Primary Examiner—Stanley J. Witkowski
(51) Int. Cl. G10H 1/38 (74) Attorney, Agent, or Firm—Rossi & Associates
nt. CL.
(52) US.Cl oo, 84/650; 84/669; 84/DIG. 22 (37) ABSTRACT
(58) Field of Search ................... 84/609—614, 634—638, A performance information analyzer wherein one of tone
84/649-652, 666-669, 453, 454, 462, 477 R, pitch i1nformation data applied thereto 1n response to
478, DIG. 22 progress of performance of a musical tune 1s analyzed 1nto
: one of plural performance parts on a basis of a difference in
(56) Reterences Cited tone pitch between the one of the tone pitch information data
US. PATENT DOCUMENTS and a relerence tone pilch mmformation data previous
d i pitch 1nf lon data previously
. _ assigned to a predetermined part of the plural performance
4?2 06,580 A ) 3/ 1982 Koike ..ooovvviinnne, 8447/ R A parts during prior analysis of the tone pitch mmformation and
jﬁggg’ggg ﬁ . 18%329 ghﬁ??” """""""" 34/ 4787 4;23% the other tone pitch mmformation data are analyzed into the
4997504 A * 12/1989 Olg(amo't‘(;“éggli """""""" 84/715 other performance parts on a basis of a difference 1n tone
4051544 A * 81990 Minamitaka ................. 84/613 pitch between the analyzed tone pitch information data and
RE33.607 E * 6/1991 Yuzawa et al. ........... 84/613 X cach of the other tone pitch information data.
5,136,914 A * 8/1992 Letts et al. ...........c...... 34/619
5,202,526 A * 4/1993 Ohya ....cccceevveennnnen.. 34/637 X 62 Claims, 18 Drawing Sheets
4 0 11 p) 3
ARD I OPERATION CHORD PROGRAM WORKING |
KEYBO SWITCH TABLE MEMORY MEMORY
L j Y
| A 1
< { < > < >
I
: 5 T 1
/ N AV / Yy /
| AUTOMATIC
SOUND ACCOMPANTI- SOUND CPUJ
SYSTEM MENT SOURCE v o
| | APPARATUS
vy
{  MIXER ]/




US RE38,477 E

SALVIVIIV |
IOUNO0S NI NZISXAS
JTALL (1dO ANNOS -INVAWODOV ANNOS
o SLLYWOLNY
-
hy 01 I 9 S 8
E
o
7 »
<+
—
—
g\ |
3
o
2
= LIOWTN XIOWTN TIEV.L HOLIAS
= ONIIHOM INVEO0Ud TIOHD NOLLYYIdO THVO"ATA
c / 7 / I1 / 5 b

I

U.S. Patent



U.S. Patent Mar. 30, 2004 Sheet 2 of 18 US RE38,477 E

FI1G.2

M1
INTIALIZATION
e ——————————————————
—
M2
Yes
M3
S
Yes M4 MS
TONE MUTE
GENERATION TONE
M6
START/STOP
?
Yes M7
INVERT "RUN"
M8
<
Yes M9 M10

QUTPUT OUTPUT
START SIGNAL STOP SIGNAL




U.S. Patent Mar. 30,2004  Sheet 3 of 18 US RE38,477 E

FIG.3

@

PART ANALYSIS

13
Y¢S
BASS CHORD
?

MELDDY CHORD
14
SECOND FIRST
CHORD DETECTION CHORD DETECTION

Yes 18

' BSK(C<«—BPART OF
LIST

19

CHRD <—pETECTED
CHORD

110
OUTPUT
BSKC; CHORD

RET




U.S. Patent Mar. 30, 2004 Sheet 4 of 18 US RE38,477 E

FIG.4

PART ANALYSIS

Al
Ycs
A2
No Nt < TONE OF
DEPRESSED
KEY
A3
ONE-NOTE PART
ANALYSIS
Ad
AS
No

i

TWO-NOTE PART |
ANALYSIS
A0
A’

No THREE-NOTE PART

A8 ANALYSIS

FOUR-OR-MORE-NOTE
PART ANALYSIS

RET



U.S. Patent Mar. 30, 2004 Sheet 5 of 18 US RE38,477 E

ONE-NOTE
PART ANALSYSIS
S11

 PBS—PREVIOUS F1G.5
BASS TONE
NO
512
NO
513 Yes
No "Nt €G3
CODE No
?
o S15
STRONG No
é 518 REAT
Ycs Nt = G3 CODE? ! "Yes

Nt<PBS+127 516

No 519 ONE-NOTE

' STRONG BEAT
PART ANALYSIS

Nt >G3 CODE? * S17
Nt<PBS+7? Y -
N ONE-NOTE
O | WEAK BEAT
S101 PART ANALYSIS
PREVIOUS I

MELODY PART?

Ycs $102

rl'—l-—-—-u_l—-l—_

PMbtm—LOWEST TONE OF
PREVIOUS MELODY PART

S103 0

No

5104 S105

LIST- LIST-
(N (] (] (] (- {3 (] [Nt]]

RET



US RE38,477 E

Lle — +
1

50 _ L[] (] [esod] [N}
ﬂ | —ISTT -
: W/ F
S @lﬂu\@k S€d aav—1Se |
&
= ore A
s SEPS

(L) ) fsad] [N ) @
< . —~ISTT ST
m @ gv OZ m 1Y v
3 ﬁwé !
g ce >9 A
e
=

LdVd Od 40 ISTT1—1SI11O4gd
ANOL ISTHOIH-—- doingyg
ANOL 1S3dM0T— m[IQAad

U.S. Patent

Hm\, w

ﬁ 13vd 1vadg
ONOULS F1ON-INO

9 Ol




Can
K

US RE38,477 E
4

(L] [] [1sTD4]
man _r+um_ sadl] | _ [{] 1) [N ._mmm:\_
SEd OLIN T
_ _ aavy—1s1od _ / —
T vran Vi * [Ond [ (] [sadl ] _
ON —ISTT
c1q—"
: ONINNIINOD OIDHILAY _.u._ ON @
~ .
x l_wE o ;do1Dgd SIN —— h-Eﬁam.mM IN
“ T: 1} T1s1od] .:z:,_ c1q o A "4
Z —ISTT N 214
= 0Iq— ) w —
= [>€ 0L s8d aav—15TOd |
6qQ~ A
3 _:_ ] ‘[sgd] ‘[N ) m 14Y v
= —~1Sr1 |
3 ° 0q - ON
— .
= o ({3 {) [sadll
A =1SI1
Z9
°N | 13V O 40 ISTT—~ IST1DEd
- ANOL 1SFHOIH— doingd
¢SHd=IN T sax ANGL JSIMOT-—  TOQAd | N -@\l

mﬁ%éZ(FM(mH«ﬂ@
AVIM A LON-ANO

U.S. Patent




U.S. Patent Mar. 30,2004  Sheet 8 of 18 US RE38,477 E

FIG.8

ARPEGGIO
CONTINUING

PMCtop—HIGHEST TONE
OF PREVIOUS PART

PBCtop< Nt= PBCtop +9
PBCtop+9< Nt= PBCtOp -+ 16

Yes
° PREVIOUS MELODY
PART‘?
Nt PMCtop + 9

LIST« 7
[[PBS].[PBCLST].[Nt].[]] Yes

_“ <_Nt<PMbtm—7 > ;
@ No BCLST«ADD

o Nt TO PBLST
clO

B
LIST+ LIST«

|[[PBS].[PBCLST].[].[Nt]] [[PBS].[BCLST].[].[]}

cl




U.S. Patent Mar. 30,2004  Sheet 9 of 18 US RE38,477 E

TWO-NOTE
526
Yes
__su Ntl + 12 < Nth -
PBS « PREVIOUSDASS | | No Ve
Nl < LOWERTONE =[[PBS).[1.[NI]. :
N LoweRTONE vI=((PBSL.[} (NIL[]]
| No
S27 Yes
Nt «— Nt — —
523 (INUL{LILING]] b
| ONE-NOTEPART ANALYSIS | S201
524 Yes
v1=({PBS) () (N1} ] |
vl «— LIST g
525
vl=[[PBS] YCS | )..INtLNth][]]

MTASURE \_ Yes )-1)-[Ntl}]
& N,
T T R T

No

Y

([NU).[Nth].().[]]

S27

12N> 204
No Yes
< V=[N0 > (N0 Nk

No
Yes
vi={[[PBS].[NtI].{].[]] [[PBS].[Ntl].[].[Nth]]
No
((PBS).[].[Nt!).[Nth]]
5203
vI=[[NUL{.0.1) XYes [(Nt1).[Nth].{}.[]]
No ) l
vI=[[PBSLINUL[J[]] =88 ([PBS].[NtLNth].[1[]] ———————p
No |

vl=[[PBS).[].[).[NU]]] XYes [[PBS].[].[}.[Nt].Nth]]

1) - -
([PBS].[].[Ntl.Nth].[]]



U.S. Patent Mar. 30, 2004 Sheet 10 of 18 US RE38,477 E

THREL-NUTE
PART ANALYSIS F/G- 10
r — /

PBS «— PREVIOUS BASS 0 Yos e
NHl — LOWERTONE m [[NU].[Ntm.Nth].[].{})
Nim < INITRTONEC
Nth <« [UGHERTONE No

- - YCS (1.(NUL.Ntm.Nth].(1.[]]
Nt « Nil
m T

I ONE-NOTE PART ANALYSIS |

$34 m [[1.[N(LNtm]).{].[Nth]

Vl — LIST O

S35 YCS [[NU].[Ntm.Nth}.[].{]]
Ycs -
[[NU].[Ntm].[].[Nth]]

Y‘”‘ ((NU]L{]-[Ntm.Nsh).(]] H>

m

No

HUGIER Yes YCS [[NU].[Ntm.Nth[.[ L[]}
TIAN 8TH No
INTERVAL? -
INTERVAL?
N O Yes
LD i preremyryrony
No
. [[PBS].[Ntl.Ntm].[].[Nth]]
Y -
< vi=[[Nl]. [][ 10] Yesbl———————————— 1 [[NU}.{}.[Ntm].[Nth]] P
IN B’T'}l
{{PBS].{NtI].[Ntm].[Nth]]

No

[[NU].[].[Ntm].[Nth]]

[[N11].{).[Ntm}.[Nth])

(R




U.S. Patent Mar. 30, 2004 Sheet 11 of 18 US RE38,477 E

FOUR-OR-MORE-NOTE
PART ANALYSIS :
— '—+ o1 S46
P " Yes
PBS<« PREVIOS BASS Vi=[[NOL{)L () 0]]
NT1+— LOWERTONE | N [ [Nt1].[but1Lis]. [ ]. []]
NiLis — TONE LIST _
—————{ [ [PBS][NuLis|.{|.[]]
; 542 el ‘
Nt N(] | S48
o NOT’t PARJ’FS“ Undint5 + NiLis
| ANALYSIS o + 5401
Y 544 s
{ Vi LIST ZS402 NG
545 V1 =[Nl
MORE THAN _Yes 5403
8STH INTERVALY Yo builU1S <«— 15 - Nt 1
47 L-
AP [ ([PBS].[Undln5) [rLis] []] >
s Wiy >, [ e——
No /S‘49 . -
Nim «— SECOND LOWER TONE 5405 $406
Nim?2  — TH RD LOWER TONE MEASURE — 7
8404 HEAD UndlntS «— NitbLts
undint> —
TH mwb — v uLl—:sﬁS407
s+— NtLis - Undlnt
+ N /54()9 S408 Ne |
MEASURE Yes Vi=[[NI].[). () [
HEAD Ves
-S4l {
Lis— NiLis - NiL- Nim - |_([PBS]. [NU].[UndInt5]. rLis ]
No [[Nt].{UndInt5] 1Lis. (] ]

v /§411 |
<1U[[N11] SRORes e [(Nt1]. [Nt} [rLis] ([ ]] |

No [ [PBS). [Nt1.Ntm]. [rLis). [] ]




U.S. Patent Mar. 30, 2004 Sheet 12 of 18 US RE38,477 E

FIG. 712 (Amended)

" FIRST CHORD
DETECTION

ShrLis ~— LIST OF NOTES OF
BC PART

< ShrLis> 3

NO Y :SSB
CHD BIT ]
_QI_HER BIT «0

>34
SCAN CHORD TABLE

5355
INO
“— <_DETECTION? >
S56
ﬁJ—L_ Ycs
Shrlis «— LIST OF NOTES
OF B PART AND
BC PART RET
SS7
. Yes
< ShrLis> 3 S

NO CHD BIT — 1
OTHER BIT <« 0

I 2859

SCAN CHORD TABLE

/SSUl
DETECTION?
No
502 Yes
ShrLis «—— LIST OF NOTES OF B PART AND RET
BC PART ANDMC PART




U.S. Patent Mar. 30, 2004 Sheet 13 of 18 US RE38,477 E

SECOND CHORD
DETECTION
S01
Shrlis <— LIST OF NOTE
OF MCPART
S062
NO SO3
CHD BIT —1
OTHER BIT <=0
S04
SCAN CHORD TABLE
SO5
=< DETECTION? >
S66 Yes

ShrLis<— LIST OF NOTES
OF B PART AND

MC PART
SG7 |
CHD BIT <1
OTHERBIT <0
S68

SCAN CHORD TABLE

' RET




U.S. Patent Mar. 30, 2004

CHORD TABLE

Sheet 14 of 18

FIG.14

US RE38,477 E

CHORD

 TONEPITCH )

E F:F#EGEG#;A;’_J}#_%B|
1 0 02110202050
0 0 010000
15001 00 i1 i




U.S. Patent Mar. 30, 2004 Sheet 15 of 18 US RE38,477 E

Fig.15

MEASURE HEAD WITH PBS

PBS+12 > G3

U3

E PBS
\ ﬂ%————————m

NG 1 ) PMbtm

. PMbtm-12
: e F——— M PART OF]
SRV Y A I SR—— )

INO. 0000 [INg.g.Q. ) NOEMPIT

G3 < PBS+12

' B ] M PART OF
N ( ___ﬁ__l______.,;____ LIST IS
NO EMPTY .




U.S. Patent Mar. 30, 2004 Sheet 16 of 18 US RE38,477 E

Fi1g.16

ONE-NOTE PART STRONG BEAT ANALYSIS
BASS ONLY
PRS.12 TB°  PBS+2 PBS+12
T B

5 | g (PBS]. []. []. [NU]
[N (PBS]. (). )

BASS NOT ONLY

PMbtm-7

5 PBS [[PBS].[Nt].[].(] 5

- o [[PBS]. []. []. [Nt]):

: = = BC PARTOF :

N . LIST IS *
' HING. ). () - () EMPTY

[[Nt}. BCLST. []. ]} PBClop
. PBS ) . ARPEGGIO BC PART OF

CONTINUING  LSTIS :
Nt NO EMPTY !
Nt ] E

(N0 -



U.S. Patent Mar. 30, 2004 Sheet 17 of 18 US RE38,477 E

Fig.17

ONE-NOTE WEAK BEAT PART ANALYSIS
' BASS ONLY

PBRS PBS+10

M

{PBS]. [Nt]. [}. []]

Ny

| PBS|. []. ). Nt
- Nt [PBS] L[] {]] RSN

BASS NOT ONLY
PBS PMbtm-7

? | [PBS]. []. []. [NU]
BC PARTOF .

N t LIST IS
: - \(eBs] N Lp)p BMEEY
[[Nt]. BCLST. []. []] PBCtop

pBS — f——{:ﬁ————————-BC PART OF

ARPEGGIO

N ¢ CONTINUING ~ LISTEXISTS
[[PBS] . BCLST. (] . (]

Nt_/f‘

- v w8 & & - @ m e & & & 5 B B B A B B e ® 9y By wvu uwm wow |




U.S. Patent Mar. 30, 2004 Sheet 18 of 18 US RE38,477 E

Fig.18

ARPEGGIO CONTINUING

PBCtop+16

PBCtop PBCtop+9 PMbitrm
a B 1
[PBS) . BCLST. [}."{]] [[PBS]. BCLST. []. [Nt]]:
N t N ! : ,
PMCtop+9

| M PART OF LIST
Nt | -~ | 1 | EXISTS
[[PBS]. BCLST. []. [Nt]]
[[PBS]. BCLST. [Nt]. ] [[PEIB\IS]t.iC/Zr\LST. 1. 1]



US RE38,477 E

1

PERFORMANCE INFORMATION
ANALYZER AND CHORD DETECTION
DEVICE ASSOCIATED THEREWITH

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a performance 1nforma-
fion analyzer adapted for use 1n performing apparatus such
as an electronic musical i1ntrument, an electronic pilano
player, an electronic musical multimedia system or the like,
and more particularly to a performance information analyzer
for analyzing performance information including a plurality
of tone pitch information data of a musical tune into a
plurality of performance parts and a chord detection device
assoclated with the performance information analyzer for
detecting a chord on a basis of the analyzed performance
parts.

2. Discussion of the Prior Art

In recent years, there has been proposed an electronic
musical 1strument for harmonizing automatic accopani-
ment with performance played on a keyboard. In this kind of
clectronic musical instruments, 1t 1s required to detect a
chord for determining a tone pitch of the accompaniment
tone. For this reason, the chord 1s determined on a basis of
performance information applied from the keyboard or
key-codes of depressed keys of the keyboard. In general,
melody performance 1s played at a higher tone area of the
keyboard where mainly key-codes of non-harmonic tones
relative to the chord are detected. Accordingly, the keyboard
1s immaginarily divided into a left-hand key area for the
lower tone and a right-hand key area for the higher tone so
that a chord 1s detected on a basis of key-codes of depressed
keys at the left-hand key area.

As mentioned above, there 1S a tone area suitable for
detection of the chord 1n a case that the chord 1s detected on
a basis of tone pitch mformation such as the key-codes.
Since the tone area changes 1n accordance with performance
of a musical tune, there has been proposed a method capable
of enhancing accuracy in detection of the chord under
control or a manual switch arranged to be operated by a user
for changing a boundary between the left-hand key area and
the right-hand key areca. In such an electronic musical
instrument, however, the user 1s obliged to operate the
manual switch during performance of the musical tune,
resulting 1n a difficulty 1n operation of the manual switch.

On the other hand, almost all musical tunes can be divided
into a plurality of performance parts such as a melody part
or a bass part which include an appropriate performance part
for detection of the chord. Therefore, 1f performance mfor-
mation can be analyzed into the plurality of performance
parts, 1t 1s possible to enhance accuracy in detection of the
chord 1n accordance with the performance part Assuming
that automatic performance information could be analyzed
into a pluarlity of performance parts, only a desired perfor-
mance part can be muted to effect the automatic
performance, and a function (so called a minus-one
function) capable of harmonizing the keyboard performance
with the automatic performace can be provided 1n a simple
manner for practice of the user. Furthermore, in case the
performance information could be analyzed into the plural-
ity of performance parts as described above, 1t 1s able to add
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2

another melody to the performance information or to sub-
stitute another melody for a portion of the performance part
for effecting an automatic arrangement.

SUMMARY OF THE INVENTION

It 1s, therefore, a primary object of the present invention
to provide a performance information analyzer capable of
automatically analyzing performance information of a musi-
cal tune 1nto a plurality of performance parts or musical parts
and a chord detection device associated with the information
analyzer for enhancing accuracy in detection of a chord
based on the analyzed performance parts:

a performance information analyzer which comprises
input means provided to be applied with tone pitch mfor-
mation data 1n response to progress ol performance of a
musical tune; and analysis means for analyzing one of the
tone pitch information data into one of plural performance
parts based on a difference in tone pitch between the one of
the tone pitch information data and a reference tone pitch
information data previously assigned to a predetermined part
of the plural performance parts during prior analysis of the
tone pitch information and for analyzing the other tone pitch
information data into the other performance parts based on
a difference 1n tone pitch between the analyzed tone pitch
information data and each of the other tone pitch informa-
tion data.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects, features and advantages of the present
invention will be more readily appreciated from the follow-
ing detailed description of a preferred embodiment thereot
when considered with reference to the accompanying
drawings, 1n which:

FIG. 1 1s a block diagram of an electronic musical
instrument provided with a performance information ana-
lyzer and a chord detection device 1n accordance with the
present 1nvention;

FIG. 2 1s a flow chart of a main routine or a control
program to be executed by a central processing unit shown

mn FIG. 1;

FIG. 3 1s a flow chart of an interruption routine of the
program,;

FIG. 4 1s a flow chart of a performance part analysis
routine of the program;

FIG. 5§ 1s a flow chart of a one-note part analysis routine
of the program;

FIG. 6 1s a flow chart of a one-note strong beat analysis
routine of the program;

FIG. 7 1s a flow chart of a one-note weak beat analysis
routine of the program;

FIG. 8 1s a flow chart of an arpeggio continuing routine of
the program;

FIG. 9 1s a flow chart of a two-note part analysis routine
of the program;

FIG. 10 1s a flow chart of a three-note part analysis routine
of the program;

FIG. 11 1s a flow chart of a four-or-more-note part analysis
routine of the program;

FIG. 12 1s a flow chart of a first chord detection routine
of the program;

FIG. 13 1s a low chart of a second chord detection routine
of the program;

FIG. 14 1s a view showing a chord table;
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FIG. 15 1s a view showing allotment of an input tone to
performance parts 1n analysis of the one-note part;

FIG. 16 1s a view showing allotment of an input tone to
performance parts 1n analysis of the one-note strong beat
part;

FIG. 17 1s a view showing allotment of an input tone to

performance parts 1n analysis of the one-note weak beat part;
and

FIG. 18 1s a view showing allotment of an 1nput tone to
performance parts in the arpeggio continuing.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In FIG. 1 of the drawings, there 1s schematically 1llus-
trated a block diagram of an electronic musical instrument
provided with a performance information analyzer and a
chord detection apparatus associlated therewith in accor-
dance with the present invention, which includes a central
processing unit or CPU 1 arranged to use a working area of
a working memory 3 for executing a control program stored
in a program memory 2 1n the form of a read-only memory.
The electronic musical instrument has a keyboard 4 to be
played by a user for keyboard performance and an automatic
accompaniment apparatus to be activated under control of
the CPU 1 for harmonizing automatic accompaniment with
the keyboard performance.

When applied with a key-code with a key-on signal or a
key-off signal 1n response to depression or release of keys on
the keyboard 4, the CPU 1 applies the key-code with a
note-on or a note-off to a sound source 6 for generating or
muting a musical tone 1n accordance with the keyboard
performance. The automatic accompaniment apparatus 5 1s
arranged to memorize a plurality of accompaniment patterns
in accordance with the style of a musical tune and to select
the memorized accompaniment patterns 1n response to a
start signal applied thereto from the CPU 1 for effecting
automatic performance at the selected pattern. When applied
with a stop signal from the CPU 1, the automatic accom-
paniment apparatus 5 1s deactivated to stop the automatic
preformance. When a chord 1s designated by the CPU 1 in
accordance with progress of the keyboard performance, the
automatic accompaniment apparatus 5 generates a musical
tone signal of the accompaniment tone at a tone pitch
defined by the selected chord and a bass tone. The musical
tone signal from the automatic accompaniment apparatus 5
1s mixed with the musical tone signal from the sound source
6 by means of a mixer 7 and applied to a sound system 8
where the mixed musical tone signals are converted into
analog signals and amplified to be generated as a musical
sound.

The electronic musical instrument has an operation switch
assembly 9 which includes various switches such as a
start/stop switch for designating start or stop of the auto-
matic accompaniment, a set switch for setting the style
selection at the automatic accompaniment apparatus 5 and
for setting a performance tempo, a set switch for setting a
tone color at the sound source 6 and the like. Thus, the
automatic accompaniment apparatus 5 effects the automatic
accompaniment on a basis of a style and a tempo selected by
the operation switch 9. The CPU 1 1s also arranged to set the
selected tempo 1n a timer 10 which applies an interruption
signal to the CPU 1 at each 8th-note in response to the
selected tempo. When applied with the interruption signal
from the timer 10, the CPU 1 executes an interruption
processing for counting the tempo at each 8th-note duration
from the start of the automatic accompaniment and for

10

15

20

25

30

35

40

45

50

55

60

65

4

detecting a timing of a strong beat or weak beat 1n a measure
and a timing of a measure line. Thus, the CPU 1 analyzes the
performance part based on a key-code generated by depres-
sion of keys on the keyboard 4 and detects a chord on a basis
of a resultant of the analysis for applying information of the

chord to the automatic accompaniment apparatus 3.

As shown 1n FIG. 14, a chord table 11 is designed to store
cach type of chords and chord composite tones related to a
chord of the C tone. The chord composite tones each are
represented by data of twelve bits corresponding with twelve
pitch names. The bit corresponding with the chord compos-
ite tone 18 memorized as “17, and other bits each are
memorized as “0”. For detection of a chord, “1” 1s set at the
bit corresponding with the pitch name of a key-code for
chord detection 1n a register of twelve bits, and the register
1s shifted i1n circulation to detect a chord by matching with
the data of twelve bits on the chord table 11. Thus, the chord
type data 1s obtained by matching with the data of chord
table 11, and the chord root data 1s obtained by the number
of shifts of the register.

In performance part analysis of this embodiment, a key-
depression tone of the keyboard 4 1s analyzed into a melody
part for providing a melody at a higher part, a melody chord
part for adding a harmony to the melody, a bass part for
providing a bass at a lower part and a bass chord part for
adding a harmoney to the bass. Additionally, one-note part
analysis, two-note part analysis, three-note part analysis and
four-or-more-note part analysis are conducted 1n accordance
with the number of depressed keys on the keyboard. The
condition for analysis to the four parts 1s determined on a
basis of a combination of the tone pitch, presence of a
measure head at a current timing, a strong beat tone or a
weak beat tone at the current timing, an interval relative to
a previous bass part tone, an interval relative to a previous
melody part tone and the like. In accordance with these
conditions, a part to which a current key code belongs is
determined. Accordingly, the four pans will change 1n accor-
dance with performance information.

In such a manner as described above, a key code 1s
assigned to respective parts 1n accordance with progress of
performance. In this instance, if the key code 1s assigned to
the bass chord part, a chord 1s detected on a basis of the bass
code part. If there 1s not any key code in the bass chord part,
a chord 1s detected on a basis of the melody code part. In
addition, the automatic accompaniment apparatus 5 1s
arranged to be applied with a bass tone of the bass part
obtained by the performance part analysis and the detected
chord. When the applied bass tone 1s different from the root
of the chord, the automatic accompaniment apparatus 5
causes the bass tone to sound at first. This means that the
bass tone is sounded in respect to a non-root-bass-chord (an
inverted chord) where the bass tone is different from the
prime root of the chord.

In analysis of a key code to the four parts, the respective
parts relative to the key code are represented by the follow-
ing formula (1).

[2,L [4. by .. LIcr € v vt L [dy. don . o ] (1)

where “[ ]’ designates a parenthsis of each element of the
performance parts, “.” designates a period of the respective
clements, a, 1s a key code of the bass part for one tone, b,
b, . . . designate each key code of the bass chord part, c,,
C, . .. designate each key code of the melody chord part, d,,
d, . . . designate each key code of the melody part, and the
whole formula (1) represents a whole list (hereinafter
referred simply to a whole analysis list) including each list
of the key codes of the respective parts.
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[lustrated 1n FIG. 2 1s a flow chart of a main routine of
a control program to be executed by the CPU 1. Each flow
chart of sub-routines and interruption routines of the control
program 1s 1llustrated in FIGS. 3 to 13. Hereinafter, opera-
tion of the electronic musical instrument will be described 1n
detail with reference to the flow charts. In the following
explanation, the key code applied from the keyboard is
simply referred to “an iput tone”, and the key code 1ndica-
tive of each of the listed elements of the parts 1s simply
referred to “a detection tone”. In the flow charts, the bass
part, bass chord part, melody chord part, and melody part are
simply represented by “B part”, BC part”, “MC part”, “M
part, respectively. Furthermore, respective registers, tlags
and lists 1n the following description are represented as
listed below.

BCLST: List of a current bass chord part,

BSKC: Detection tone of a bass part to be applied to the
automatic accompaniment apparatus,

butlLis: List of depressed key tones wherein a lowermost
tone 1s removed,

butlU15: List of tones with a 5th interval from lower
depressed key tones wherein a lowermost tone 1s
removed,

CHRD: Detected chord information to be applied to the
automatic accompaniment apparatus,

LIST: Whole analysis list,

Nt: Input tone to be analyzed in analysis of one-note
music part,

N11: Lower or lowest tone of depressed keys,
Nth: Higher tone of depressed keys,

Ntm: Intermediate tone of depressed keys,

Ntm2: Intermediate tone of depressed key,

NtLis: List of depressed key tones,

PBCtop: Highest detection tone of a previous bass chord
part,

PBCLST: List of detection tones of the previous bass
chord part,

PBS: Detection tone of a previous bass part,
PMbtm: Lowest detection tone of a previous melody part,

PMCtop: Highest detection tone of a previous melody
chord part,

RUN: Flag indicative of start/stop of automatic
accompaniment,

rl1s: List of tones of depressed keys wherein a predeter-
mined tone 1S removed,

Shrlis: List of notes of the bass chord part and melody
chord part with redundant existence of the same notes
omitted,

UndIntS: List of tones with a 5th interval from a lower
depressed key tone,

vl: Whole analysis 11st of one-none part immediately

after analysis.

When the electronic musical instrument 1s connected to an
clectric power source, the CPU 1 1s activated to 1nifiate
execution of the main routine shown 1n FIG. 2. At step M1,
the CPU 1 mmtializes respective flags and variables in
registers and causes the program to proceed to step M2
where 1t deteremines presence of a key event on the key-
board 4. If there 1s not any key event, the CPU 1 causes the
program to proceed to step M6. If the key event 1s present,
the CPU 1 causes the program to proceed to step M3 where
it determines whether the key event 1s a key-on event or not.
If the answer at step M3 1s “Yes”, the program proceeds to

10

15

20

25

30

35

40

45

50

55

60

65

6

step M4 where the CPU 1 executes processing for genera-
tion of a musical tone and causes the program to proceed to
step M6. If the answer at step M3 1s “No”, the program
proceeds to step M5 where the CPU 1 executes processing
for mute of a musical tone and causes the program to
proceed to step M6.

At step M6, the CPU 1 determines whether the start/stop
switch 9 1s being operated or not. If the answer at step M6

1s “INo”, the program returns to step M2. If the answer at step
M6 1s “Yes”, the CPU 1 1nverts the flag RUN at step M7 and

determines at step M8 whether the flag RUN 1s “1” or not.
If the answer at step M8 1s “Yes”, the program proceeds to
step M9 where the CPU 1 applies a start signal to the
automatic accompaniment apparatus 5§ and returns the pro-
oram to step M2. If the answer at step M8 1s “No”, the
program proceeds to step M10 where the CPU 1 applies a
stop signal to the automatic accompaniment apparatus 35 and
returns the program to step M2. With the foregoing
processing, generation or mute of a musical tone 1n perfor-
mance of the keyboard 1s carried out, and start or stop of the
automatic accompaniment apparatus 1s effected under con-
trol or the operation switch 9.

When applied with an interruption signal from the timer
10 at each &8th-note, the CPU 1 1nitiates execution of the
iterruption routine shown in FIG. 3. At step 11 of the
interruption routine, the CPU 1 determines whether
“RUN"1s “1” or not and whether the number N of depressed
keys 1s “0” or not. If the answer at step 12 1s “No”, the
program returns to the main routine shown in FIG. 2. If the
answer at step 11 1s “Yes”, the program proceeds to step 12
where the CPU 1 executes a performance part analysis
routine shown 1n FIG. 4. After execution of the performance
part analysis routine, the program proceeds to step 13 where
the CPU 1 determines whether a detection tone of the bass
code part 1s present or not. If the answer at step 13 1s “Yes”,
the program proceeds to step 14 where the CPU 1 executes
a first chord detection routine shown 1n FIG. 12 on a basis
of the bass chord and causes the program to proceed to step
17 after execution of the first chord detection routine. If the
answer at step 13 1s “No”, the program proceeds to step 15
where the CPU 1 determines whether a detection tone of the
melody chord part 1s present or not. If the answer at step 15
1s “No”, the program retruns to the main routine shown 1n
FIG. 2. If the answer at step 15 1s “Yes”, the program
proceeds to step 16 where the CPU 1 executes a second chord
detection routine shown 1n FIG. 13 on a basis of the melody
chord and causes the program to proceed to step 17 after
execution of the second chord detection routine.

With the above processing, the detection tone of the bass
code part or the melody chord part 1s detect a chord based
on the whole analysis list LIST obtained by analysis of the
performance parts. In this instance, the chord detection 1s
conducted firstly on a basis of the bass chord part and
secondly on a basis of the melody chord part 1f there 1s not
any detection tone in the bass chord part.

When the program proceeds to step 17, the CPU 1
determines whether the chord detection has been effected or
not. If the CPU 1 fails to detect the chord the program
returns to the main routine. If the chord detection has been
ciiected, the CPU 1 sets at step 18 an element or one
detection tone of the bass part as the detection tone BSKC
and sets the detected chord information as the chord mfor-
mation CHORD. Thus, the CPU 1 applies at step 110 the
detection tone BSKC and chord information CHORD to the
automatic accompaniment apparatus 5§ and returns the pro-
ogram to the main routine.

In the performance part analysis routine shown 1n FIG. 4,
the CPU 1 determines the number of depressed key tones
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respectively at step Al, A4, A6, AS8. When the number of
depressed key tones 1s one-tone, the program proceeds to
step A2 where the CPU 1 sets a key code of the depressed
key tone as the input tone Nt and executes at step A3 a
one-note part analysis routine shown in FIG. 5. When the
number of depressed key tones 1s two-tones, the program
proceeds to step AS where the CPU 1 executes a two-note
part analysis routine shown 1n FIG. 9. When the number of
depressed key tones 1s three-tones, the program proceeds to
step A7 where the CPU 1 executes a three-note part analysis
routine shown 1n FIG. 10. When the number of depressed
key tones 1s more than four tones, the program proceeds to
step A8 where the CPU 1 executes a four-or-more-note part
analysis routine shown m FIG. 11. After execution of the
respective analysis routines, the program returns to the main
routine.

In the one-note part analysis routine shown 1n FIG. §, the
CPU 1 sets at step S11 a key code or the previous bass tone
(a key code or the bass part of the current whole analysis list
LIST) as the detection tone PBS of the bass part. In addition,
if the program 1s 1n an 1nitial condition or the bass tone 1s not
yet detected, the CPU 1 sets an 1nvalid data as the detection
tone PBS of the bass part to eliminate a previous bass tone.
When the program proceeds to step S12, the CPU 1 deter-
mines whether the detection tone PBS of the previous bass
tone 1s present or not. If the answer at step S12 1s “No”, the
program proceeds to step S13 where the CPU 1 determines
whether or not the input tone Nt 1s equal to or less than a G3
code (a key code). That is to say, the CPU 1 determines
whether the 1nput tone Nt 1s equal to or less than G3-note
(196.00 Hz). If the answer at step S13 is “Yes”, the program
proceeds to step S104. If the answer at step S13 1s “No”, the
program proceeds to step S1035.

If the answer at step S12 1s “Yes, the program proceeds to
step S14 where the CPU 1 determines whether a current
fiming of the i1nput tone 1s a measure head or not. If the
answer at step S14 1s “Yes”, the CPU 1 causes the program
to proceed to step S18 for processing at the following step.
If the answer at step S14 1s “No”, the program proceeds to
step S15 where the CPU 1 determines whether the current
fiming 1s a strong beat or not. If the current timing 1s a strong
beat, the CPU 1 determines a “Yes” answer at step S15 and
executes a one-note strong beat part analysis routine shown
in FIG. 6. If the answer at step S15 1s “No”, the program
proceeds to step S17 where the CPU 1 executes a one-note
weak beat part analysis routine shown 1n FIG. 7. When the
program proceeds at step S18 after determination of a
“Yes”answer at step S14, the CPU 1 determines whether or
not the input tone Nt 1s equal to or less than the G3 code and
less than the detection tone PBS+12. If the answer at step
S18 1s “Yes”, the program proceeds to step S104. If the
answer at step S18 1s “No”, the program proceeds to step
S19 where the CPU 1 determines whether or not the 1nput
tone Nt 1s more than the G3 code and less than the detection
tone PBS +7. If the answer at step S19 1s “Yes”, the program
proceeds to step S104. It the answer at step S19 1s “No”, the
program proceeds to step S101 where the CPU 1 determines
whether or not a detection tone 1s present in the previous
melody part.

If the answer at step S101 1s “No”, the program proceeds
to step S104. If the answer at step S101 1s “Yes”, the
program proceeds to step S102 where the CPU 1 sets the
lowest detection tone PMbtm of the previous melody part
and causes the program to proceed to step S103. At step
S103, the CPU 1 determines whether or not the mput tone
Nt 1s less than the lowest tone PMbtm -12 of the previous
melody part. If the answer at step S103 1s “Yes”™, the program
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proceeds to step S104, and if the answer at step S103 1s
“No”, the program proceeds to step S105. At step S104, the
CPU 1 executes processing for setting the element of the
bass part on the whole analysis list as the input tone Nt and
climinating the other parts of the list. At step S105, the CPU
1 executes processing for setting the element or the melody
part on the whole analysis list as the input tone Nt and
climinating the other parts of the list. After processing at step
S104 or 5105, the program returns to the main routine.

As 1s understood from the above description, in case there
1s not any previous bass tone 1n the one-note-part analysis,
the mnput tone Nt 1s assigned to the the bass part or melody
part on a basis or the G3 code. In case there 1s a previous
bass tone 1n the one-note-part analysis, the analysis of the
one-note-part 1s effected 1n accordance with a current timing
of the 1nput tone Nt. When the current timing 1s a measure
head, the one-note-part 1s analyzed 1n accordance with the
G3 code and the detection tone PBS of the previous bass part
or the lowest detection tone PMbtm of the previous melody
part for assignment to the bass part or the melody part as
shown 1n FIG. 15. When the current timing 1s different from
the measure head, the one-note-part 1s analyzed 1n accor-
dance with the current timing (a strong beat or a weak beat).

In processing or the one-note strong beat part analysis
routine shown 1n FIG. 6, the CPU 1 sets at step al the lowest
detection tone PMbtm or the previous melody part, the
highest detection tone PBCtop of the previous bass chord
part and the list PBCLIST of the previous bass chord part
and causes the program to proceed to step a2. At step a2, the
CPU 1 determines whether LIST=[[PBS]. []. []. []] 1s
satisfied or not or whether the detected key code (an element
of LIST) represents only the detection tone of the previous
bass part or not. If the answer at step a2 1s “Yes”, the CPU
1 executes processing at the following step a3 to a6. If the
answer at step a2 1s “No”, the CPU 1 executes processing at
the followig step a7 to a9.

[llustrated 1n FIG. 16 1s allotment of the input tone Nt 1n
the analysis of the one-note strong beat part. At step a3, a4,
a5 of the one-note strong beat part analysis routine, the CPU
1 determines an interval relationship between the current
input tone Nt and the detection tone PBS of the previous
bass part. If “PBS-2=Nt=PBS+2” 1s satisfied at step a3, the
program proceeds to step al9 where the CPU 1 sets the input
tone Nt as an element of the bass part and makes the list of
the bass chord part, melody code part and melody part
empty. If “PBS+2=Nt=PBS+12” 1s satisfied at step a4, the
program proceeds to step al5 where the CPU 1 sets the
detection tone PBS as an element of the bass part, sets the
input tone Nt as an element of the bass chord part and makes
the list of the melody chord part and melody part empty. If
“Nt>PBS+12” 1s satisfied at step a5, the program proceeds
to step al4 where the CPU 1 sets the detection tone PBS as
an element of the bass part, sets the mput tone Nt as an
clement of the melody part and makes the list of the bass
chord part and melody chord part empty. If “Nt>PBS+12” 1s
not satisfied at step a$, the program proceeds to step a6
where the CPU 1 sets the input tone Nt as an element of the
bass part, sets the detection tone PBS as an element of the
bass chord part and makes the list of the melody chord part
and melody part empty.

If in processing at step a2 the currently detected tone
listed on the whole analysis list includes the detection tone
PBS of the previous bass part and other tones, the CPU 1
determines an interval relationship between the current input
tone Nt and the detection tone PBS of the previous bass part
tone at step a7, a8 and a9. If “PBS =Nt 1s satisfied at step
a7, the program returns to the main routine. If “PB31
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2=Nt-PBS” 1s satisfied at step a8, the program proceeds to
step al9 where the CPU 1 sets the input tone Nt as an
clement of the bass part and makes the list of bass chord part,
melody chord part and melody part empty. If “Nt<PBS-12”
1s satisfied at step a9, the program proceeds to step all
where the CPU 1 sets the detection (one PBS as the list
BCLST of the previous bass chord part and causes the
program 10 proceed to step all. At step all, the CPU 1 sets
the mnput tone Nt as an element of the bass part, sets the list
BCLST as an element of the bass chord part and make the
list of the melody chord part and melody part empty. It
“Nt<IBS-12" 15 not satisfied at step a9, the CPU 1 executes
processing at the following step al2 to al8.

At step al2, the CPU 1 determines whether the bass chord
part of LIST 1s empty or not. If the answer at step al2 1s
“Yes”, the CPU 1 determines at step al3d whether the lowest
detection tone PMbtm 1s present or not and whether
“Nt=PMbtm-7" 1s satisfied or not. If the answer at step al3
1s “Yes”, the program proceeds to step al4 where the CPU
1 sets the detection tone PBS as an element of the bass part,
sets the 1put tone Nt as an element of melody part and
makes the list of bass chord part and melody part empty. It
the answer at step al2 1s “No”, the CPU 1 determines at step
al6 whether “Nt=PBCtop” 1s satisfied or not. If the answer
at step al6 1s “No”, the program proceeds to step al7 where
the CPU 1 executes an arpeggio continuing routine shown 1n
FIG. 8. If the answer at step alé 1s “Yes”, the program
proceeds to step al8 where the CPU 1 determines whether
or not the 1mnput tone Nt 1s included in the bass chord part of
the whole analysis list LIST. If the answer at step al8 is
“Yes”, the program returns to the main routine. If the answer
at step al8 1s “No”, the program proceeds to step al9 where
the CPU 1 sets the input tone Nt as an element of the bass
part, makes the list of the bass chord part, melody chord part,
melody chord part empty and returns the program to the
main routine.

In processing of the one-note weak beat part analysis
shown 1n FIG. 7, the CPU 1 sets at step bl a key code of the
lowest tone of the previous melody part as PMbtm, a key
code of the highest tone of the previous bass chord part as
PBCtop and the list of the previous bass chord part as
PBCLIST and causes the program to proceed to step b2. At
step b2, the CPU 1 determines whether or not the presently
detected key code includes only the detection tone PBS of
the previous bass part. If the answer at step b2 1s “Yes”, the
CPU 1 executes processing at the following step b3 to b6. If
the answer at step b2 1s “No”, the CPU 1 executes processing
at the following step b7 to bll.

[lustrated in FIG. 17 1s allotment of the parts effected in
accordance with the input tone Nt during processing of the
one-note weak beat part analysis routine. At step b3, b4 and
b3 of the weak beat one-note-part analysis routine, the CPU
1 determines an interval relationship between the input tone
Nt and the detection tone PBS of the previous bass part,
renews the whole analysis list LIST 1n accordance with the
tone pitch of the input tone Nt and returns the program to the
main routine. If “Nt=PBS” 1s safisfied at step b3, the
program returns to the main routine. If “PBS<Nt=PBS+16”
1s satisiied at step b4, the program proceeds to step bl4
where the CPU 1 sets the detection tone PBS as an element
of the bass part, sets the mput tone Nt as an element of the
bass chord part and makes the list of the melody chord part
and melody part empty. If “Nt>PBS+16” 1s satisfied at step
b3, the program proceeds to step bl3 where the CPU 1 sets
the detection tone PBS as an element of the bass part, sets
the input tone Nt as an element of the melody part and makes
the list of the bass chord part and melody code part empty.
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If the mput tone Nt 1s less than the detection tone PBS, the
program proceeds to step b6 where the CPU 1 sets the input
tone Nt as an element of the bass part, sets the detection tone
PBS as an element or the bass chord part and makes the list
or the melody chord part and melody part empty.

In case the presently detected tone includes the detection
tone PBS of the previous bass part and other tones at step b2,
the CPU 1 determines an interval relationship between the
mput tone Nt and the detection tone PBS of the previous
bass part at step b7 and b8, renews the whole analysis list
LIST 1n accordance with the tone pitch of the input tone Nt
and returns the program to the main routine. If “Nt=PBS” 1s
satisfied at step b7, the program returns to the main routine.
If “Nt<PBS” 1s satisfied at step b8, the program proceeds to
step b9 where the CPU 1 adds the detection tone PBS to the
previous bass chord part and sets 1t as BCLST. At the
following step bl0, the CPU 1 sets the mput tone Nt as an
clement of the bass part, sets BCLST as an element or the
bass chord part and makes the melody chord part and
melody part empty. If the input tone Nt 1s higher than the
detection tone PBS, the CPU 1 executes processing at the
following step bll to bl9.

At step bl1, the CPU 1 determines whether the bass chord
part of the whole analysis list LIST 1s empty or not. If the
answer at step b1l 1s “Yes”, the program proceeds to step
b12 where the CPU 1 determines whether the lowest detec-
tion tone PMbtm of the previous melody part 1s present or
not and whether “Nt=PMbtm-7" 1s satisfied or not, renews
the whole analysis list LIST 1n accordance with the tone
pitch of the mput tone Nt and returns the program to the
main routine. If the answer at step b12 1s “Yes”, the program
proceeds to step b13 where the CPU 1°sets the detection tone
PBS as an element of the bass part, sets the input tone Nt as
an element of the melody part and makes the list of the bass
chord part and melody code part empty. If the answer at step
b12 1s “No”, the program proceeds to step bl4 where the
CPU 1 sets the detection tone PBS as an element of the bass
part, sets the mput tone Nt as an element of the bass chord
part and makes the list of the melody chord part and melody
par empty.

If at step b1l the bass chord part of the whole analysis list
LIST exists, the program proceeds to step blS where the
CPU 1 determines whether “Nt=PBCtop” is satisfied or not.
If the answer at step b15 1s “No”, the program proceeds to
step b16 where the CPU 1 executes the arpeggio continuing
routine shown 1n FIG. 8. If the answer at step b15 1s “Yes”,
the program proceeds to step bl7 where the CPU 1 deter-
mines whether the bass chord part of the whole analysis list
LIST includes the input tone Nt or not. If the answer at step
b17 1s “No”, the program returns to the main routine. If the
answer at step b17 1s “Yes”, the program proceeds to step
b18 where the CPU 1 adds the input tone Nt to the list of the
previous bass chord part and sets 1t as BCLST. At the
following step bl9, the CPU 1 sets the detection tone PBS
as an element of the bass part, sets BCLST as the list of the
bass chord part and makes the list of the melody chord part
and melody part empty. Thereafter, the program returns to
the main routine.

In processing of the one-note strong beat part analysis and
the one-note weak beat part analysis, the condition or tone
arca for allotment of the input tone Nt will differ. In the case
that only the bass part has been previously detected, the
input tone Nt 1s set as the bass part 1n processing of the weak
beat only when 1t 1s lower than the detection tone PBS as
shown in FIG. 17, while the 1nput tone Nt 1s set as the bass
part 1n processing of the strong beat until 1t becomes PBS+2.
In the case that the bass chord part of the whole analysis list
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LIST exists, the mput tone Nt 1s added to the bass chord part
in processing of the weak beat when “PBS<Nt<PBCtop” 1s
satisfied, while the mnput tone Nt 1s set as the bass part in
processing of the strong beat. Thus, when the 1input tone Nt
1s near the detection tone PBS or the previous bass part, the
input tone Nt 15 set as the bass part in the strong beat higher
than that in the weak beat so that the musical tune tends to
be a bass 1n the strong beat and to be a bass chord 1n the weak
peat.

When the 1nput tone Nt 1s higher than the highest tone
PBCtop of the previous bass chord, the arpeggio continuing
routine of FIG. 8 will be executed as follows. At step c1, the
CPU 1 sets a key code of the highest tone of the previous
melody chord part as PMCtop. Subsequently, the CPU 1
determines an interval relationship between the input tone
Nt and the highest tone PBCtop of the previous bass chord
part at step ¢2 and c3, renews the whole analysis list LIST
in accordance with the tone pitch of the input tone Nt and
returns the program to the main routine.

[lustrated in FIG. 18 1s allotment of the parts based on the
input tone Nt during processing of the arpeggio continuing
routine. If “PBCtop<Nt=PBCtop+9” 1s satisfied at step c2,
the program proceeds to step ¢7 where the CPU 1 adds the
input tone Nt to the list PBCLST of the previous bass chord
part and sets 1t as BCLST. At the following step ¢8, the CPU
1 sets the detection tone PBS as an element of the bass part,
sets BCLST as an element of the bass chord part and makes
the list of the melody chord part and melody part empty. It
“PBCtop+9<Nt=PBCtop +16” 1s not satisiied at step c3, the
program proceeds to step d10 where the CPU 1 sets the
detection tone PBS as an element of the bass part, sets the
list PBCLST of the previous bass chord part as an element
of bass chord part, sets the input tone Nt as an element of the
melody part and makes the list of the melody chord part
empty. If “PBCtop+9<Nt=PBCtop+16” 1s satisiied at step
c3, the program proceeds to step c4 where the CPU 1
determines whether the list of the previous melody part is
empty or not. If the answer at step ¢4 1s “Yes”, the CPU 1
executes processing at step c7. If the answer at step c4 1s
“No”, the CPU 1 determines at step ¢S5 whether
“Nt=PMCtop+9” 1s satisfied or not. If the answer at step ¢5
1s “Yes”, the program proceeds to step ¢c6 where the CPU 1
sets the detection tone PBS as an element of the bass part,
sets the list PBCLST of the previous bass chord part as the
an clement of the bass chord, sets th mput tone Nt as an
clement of the melody chord part and makes the 11st of the
melody part empty. Thereafter, the program returns to the
main routine. If “Nt=PMCtop+9” 1s not safisfied at step c8§,
the program proceeds to step ¢9 where the CPU 1 determines
whether “Nt<PMbtm-7" 1s satisfied or not. If the answer at
step ¢9 1s “Yes”, the CPU 1 executes processing at the
following step ¢7 and c¢8. If the answer at step ¢9 1s “No”,
the CPU 1 executes processing at step cl10.

In processing of the arpeggio continuting routine, as
shown 1n FIG. 18, the key code higher than the highest tone
PBCtop of the previous bass chord part 1s assigned to the
bass chord part, melody chord part or melody part in
accordance with the interval relationship among PBCtop+9,
PMCtop+9 and PMbtm-7.

The foregoing one-note strong beat part analysis, the
one-note weak beat part analysis and the one-note part
analysis 1including each processing of the arpeggio continu-
ing are conducted mm common for two-note part analysis,
three-note part analysis and [ our-or-more-note part analysis.
In each processing of the two-note part analysis, three-note-
part analysis and four-or-more-note part analysis described
below, one-tone part analysis for the lowest tone of plural

10

15

20

25

30

35

40

45

50

55

60

65

12

input tones 1s first performed. In addition, each processing of
the two-note part analysis, three-note part analysis and
four-or-more-note part analysis shown 1 FIGS. 9 to 11 1s
cffected to determine whether the mput tone 1s a measure
head or not and to renew the whole analysis list 1n accor-
dance with an interval relationship among depressed key
tones and the content of the whole analysis list defined by a
result or the one-note part analysis. In the flow charts shown
in FIGS. 9 to 11, a hexagonal determination block
“vl=[. .. ]| represents whether the left list “v1” is identical
with an element of the right list or not. The content of a
rectangular block represents renwal of the whole analysis
list thereto. (LIST . . . ])

In processing of the two-note part analysis shown 1n FIG.
9, the CPU 1 sets at step S21 a key code of the previous bass
tone as PBS, a key code of the lower tone of depressed key
two-tones (input tone) as Ntl, a key code of the higher tone
of depressed key two-tones Nth and causes the program to
proceed to step S22. Subsequently, the CPU 1 sets the lower
tone Ntl as Nt at step S22 and executes the foregoing
one-note part analysis at step S23. At the following step S24,
the CPU 1 sets the whole analysis list LIST indicative of a
result of the one-note part analysis as “v1” and causes the
program to proceed to step S25. At step 25, the CPU 1
determines whether the current timing 1s a measure head or
not. If the answer at step S25 1s “Yes”, the program proceeds
to step S26 where the CPU 1 determines whether an mterval
difference between “Ntl” and “Nth” exceeds one octave or

not. If the answer at step S25 1s “No”, the program proceeds
to step S27 where the CPU 1 determines whether “Nt1+12”

exceeds “Nth” or not. Thus, the CPU1 assigns “Nt1”, “Nth”
to the respective parts 1n accordance with the list “V1” as
shown 1n the flow chart for renewal of the whole analysis list
LIST.

When the interval difference of “Ntl” and “Nth” at the
measure head 1s 1n one octave, the CPU 1 assigns “Nt1” and
“Nth” as a pair to the melody chord part and the melody part
and assigns “Ntl” to the bass part and “Nth” to the bass
chord part by processing at the following step after step
S201. When the interval difference of “Nth1” and “Nth™ at
the measure head exceeds one octave, the CPU 1 assignes
“Ntl” to the melody chord part and “Nth” to the melody part
and assigns “Ntl” to the bass part and “Nth” to the melody
part by processing at the following step after step S202.
When the interval difference of “Ntl1” and “Nth” 1s in one
octave, the CPU 1 executes processing at step S203 and its
following step to assign “Ntl” to the bass part and “Nth” to
the bass chord part 1n a condition where the bass part is
“Ntl” and the other parts are empty, to assing PBS to the
bass part 1n a condition where the bass part 1s not “Ntl1” or
the other parts are not empty and to assign “Nt1”, “Nth” as
a pair to the bass chord part, the melody chord part or the
melody part. When the interval difference of “Ntl” and
“Nth” exceeds one octave, the CPU 1 executes processing at
step S204 and 1t following step to assign “Ntl” to the bass
part and “Nth” to the melody part 1n a condition where the
bass part 1s “Nt1” and the other parts are empty, to assign
PBS to the bass part and “Nth” to the melody part 1n a
condition where the bass part 1s not “Nt1” or the other parts
are not empty and to assign “Ntl” to the bass chord part or
the melody chord part.

In processing of the three-note part analysis shown 1n
FIG. 10, the CPU 1 sets at step S31 the key code of the
previous bass tone as PBS, the key code of the lower tone
of three tones of depressed keys (input tone) as “Nt1”, the
key code of the intermediate tone as “Ntm”™ and the key code
of the higher tone of the three tones as “Nth”. Subsequently,
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the CPU 1 sets at step S32 the lower tone “Nt1” as “Nt”,
executes at step S33 the one-note part analysis and sets at
step S34 the whole analysis list LIST indicative of a result
of the one-note part analysis as “v1”. When the program
proceeds to step S35, the CPU 1 determines whether the
current performance part 1s a measure head or not. If the
answer at step S35 1s “Yes”, the program proceeds to step
S36 where the CPU 1 determines whether or not the higher
tone and lower tone at the measure head are 1n an 5th interval
apart from the mtermediate tone. If the answer at step S36
1s “Yes”, the program proceeds to the following step where
the CPU 1 determines whether or not “v1=[[Nt1]. [].[]. []]”
1s satisfied. If the answer 1s “Yes”, the CPU 1 assigns
“Ntl”to the bass part and “Ntm”. “Nth” to the bass chord
part. If the answer 1s “No”, the CPU 1 assings the three tones
of “Nt1”. “Ntm” and “Nth” to the bass chord part.

In the answer at step S35 1s “No”, the program proceeds
to step S37 where the CPU 1 determines whether or not the
higher tone and lower tone are 1n the 5th interval apart from
the intermediate tone. If the answer at step S37 1s “Yes, the
CPU 1 determines at the following step whether or not
“vI=[[Ntl].[].[ ] []]” is satisfied. If the answer is “Yes”, the
CPU assigns “Nt1” to the bass part and “Ntm”. “Nth” to the
bass chord part. If the answer 1s “No”, the CPU 1 assigns
PBS to the bass part and the three tones of “Nt1”. “Ntm”,
“Nth” to the bass chord part. Since the chord at the measure
head 1s changeable as described above, the CPU 1 does not
assign PBS to the bass part. Since the chord under no
presence of the measure head 1s continued, the CPU 1
assings PBS to the bass part.

As 1s understood from the flow chart, when the higher
tone and lower tone at the measure head is out of the 5th
interval apart from the mntermediate tone, the three tones of
“Ntl”, “Ntm”, “Nth” are assigned to the lower tone side.
When the higher tone and lower tone under no presence of
the measure head 1s out of the 5th interval apart from the
intermediate tone, the three tones of “Nt1”, “Ntm”, “Nth”are
assinged to the higher tone side. Even if the higher tone and
lower tone at the measure head 1s out of the 5th interval apart
from the intermediate tone, the CPU 1 assigns “Ntl”to the
bass part without assigning PBS to the bass part. In addition,
“highest two notes more than an 8th interval apart”means
the fact that an 1nterval between “Ntm™ and “Nth” 1s higher
than the 8th interval, “lowest two notes less than an 8th
interval” means the fact that an interval between “Ntl”and
“Ntm” 1s 1n the 8th interval, and “highest two notes less than
an Sth interval apart” means also the fact that an interval
between “Ntm™ and “Nth” 1s in the 8th interval. In the case
of the 5th interval, these facts becomes similar to the above
case.

In processing of the four-note-or-more part analysis
shown 1n FIG. 11, the CPU 1 sets at step S41 the key code
of the previous bass tone as PBS, the key code of the lowest
tone of depressed key tones as “Ntl”, the list of depressed
key tones as “NtLis” and the list of tones of depressed keys
except for the lowest tone as “butllis”. Subsequently, the
CPU 1 sets at step S42 the lowest tone Ntl as “Nt”, executes
at step S43 the one-note part analysis, sets the whole
analysis list. LIST indicative of a result of the one-note-part
analysis as “v1” and causes the program to proceed to step
S45. At step S45, the CPU 1 determines whether an interval
difference between the lowest tone and the next lower tone
(the second lower tone) 1s more than the 8th interval or not.
If the answer at step S45 1s “Yes”, the program proceeds to
step S46 where the CPU 1 determines whether “v1=|[Nt1].
[']. []. []]” is satisfied or not. If the answer at step step S46
1s “Yes”, the CPU 1 assings “Ntl” to the bass part and the
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list “butlLis” to the bass chord part. If the answer at step S46
1s “No”, the CPU 1 assigns PBS to the bass part and the
depressed key list “NtlLis” to the bass chord part. If the
answer at step S45 1s “No”, the program proceeds to step
S47 where the CPU 1 determines whether the interval
difference of the second lower tone 1s 1n the 5th interval or
not. If the answer at step S47 1s “Yes”, the CPU 1 executes
processing at the following step after step S48. If the answer
at step S47 1s “No”, the CPU 1 executes processing at the
following step from step S49.

At step S48, the CPU 1 sets the list “NtLis” of tones of
depressed keys as UndInt 5 and causes the program to
proceed to step S401 where “NtLis-UndInt 5” 1s set as rLis.
Subsequently, the CPU 1 determines at step S402 whether
“vI=[[Nt1].[].[]. [ 1] is satisfied or not. If the answer at step
S402 1s “No”, the CPU 1 assigns PBS to the bass part.
UndInt 5 to the bass chord part and rLis to the melody chord
pan. If the answer at step S402 1s “Yes”, the program
proceeds to step S403 where the CPU 1 sets “UndInt
5-Nt1”as the list “butlU15” and assigns at the following
step “Ntl” to the bass part. “but 1U15” to the bass chord part
and “tL1s” to the melody chord part.

Assuming that the program proceeds to step S49, the CPU
1 sets a key code of the second lower tone of the key
depression list NtLis as “Ntm” and a key code or the third
lower tone or NtLis as “Ntmn2” and causes the program to
proceed to step S404. At step S404, the CPU 1 determines
whether an 1nterval between “Ntm”™ and “Ntm2” 1s 1n the 5th
interval or not. If the answer at step S404 1s “Yes”, the
program proceeds to step S405. If the answer at step S404
1s “No”, the program proceeds to step S409. Thus, the CPU
1 determines at step S405 or S409 whether the current
fiming 1s a measure head or not. Subsequently, the CPU 1
assings the tones of depressed keys to the respective parts 1n
accordance with the interval between “Ntm™ and “Ntm2” to
renew the whole analysis 11st LIST.

When the interval between “Ntm” and “Ntm2” at the
measure head 1s in the 5th interval, the CPU 1 assings
“Ntl”to the bass part, “UndInt §” to the bass chord part and
“rLis”’to the melody chord part. When the interval between
“Ntm”and “Ntm2” 1s out or the measure head in the 5th
interval, the CPU 1 sets at step S406 “NtLis” as “UndInt5”
and at step S407 “NtLi1s-UndIntS” as “rLi1s” and causes the
program to proceed to S408. At step S408, the CPU 1
determines whether “v1=[[Nt1].[].[]. [ ]]” 1s satisfied or not.
If the answer at step S408 1s “No”, the CPU 1 assings “PBS”
to the bass part, “Ntl” to the bass chord part, “UndIntS” to
the melody chord part and “rLis” to the melody part. If the
answer at step S408 1s “Yes”, the CPU 1 assings “Nt1” to the
bass part, “UndInt5” to the bass chord part and “rLis” to the
melody part.

When the interval between “Ntm” and “Ntm2” at the
measure head 1s beyond the 5th mterval, the CPU 1 assings
“Ntl” to the bass part, “Ntm” to the bass chord part, the
melody chord part and “rLis” to the melody chord part.
When the interval between “Ntm”™ and “Ntm2” 1s out of the
measure ahead and beyond the 5th mterval, the CPU 1 sets
at step S410 the list “NtLi1s-Nt1-Ntm” as the list “rLis” and
determines at step S411 whether “v1=[|Ntl]. []. []. []]” 1s
satisfied or not. If the answer at step S411 1s “No”, the CPU
1 assings “PBS” to the bass part, “Nt1”, “Ntm” to the bass
chord part and “rLis” to the melody chord part. If the answer
at step S411 1s “Yes”, the CPU 1 assings “Ntl” to the bass
part, “Ntm” to the bass chord part and “rLis” to the melody
chord part.

With the foregoing processing of the performance parts,
the key codes produced during the interruption processing
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every 8th-note duration are analyzed into four performance
parts 1n accordance with plural conditions such as the tone
pitch, the current timing, the strong beat or weak beat the
interval relative to the previous bass part and the interval
relative to the previous melody part to obtain each key code
of the performance parts in the whole analysis list LIST.
Thus, detection of a chord 1s effected on a basis of the whole
analysis list as described below.

In processing of the chord detection routine shown 1 FIG.
12, the CPU 1 produces at step S51 a list of notes of the bass
chord part Jand melody chord part] with redundant existence
of the same notes omitted and sets the produced list as
“ShrLis” and determines at step S52 whether the elements of
the list “ShrLis” are more than three (3) or not. If the answer
at step S52 1s “Yes”, the CPU 1 executes processing or the
chord detection at the following step S53 to S55. If the
answer at step S52 1s “No”, the program proceeds to step
S56. At step S53, the CPU 1 sets information CHRD of 12
bits for chord detection corresponding with the key codes in
the list “ShrlLis” as “1” and sets the other bits as “0”. Thus,
the CPU 1 scans the chord table based on the information
CHRD to detect a chord. Subsequently, the CPU 1 deter-
mines at step SS55 whether the chord detection has been
successful or not. If the answer at step S35 1s “Yes”, the
program returns to the main routine. If the chord detection
has failed, the program proceeds to step S56 where the CPU
1 sets a list of notes of the bass part and bass chord part with
redundant existence of the same notes omitted as the list
“ShrLis”. Al the following step S57, the CPU 1 determines
whether or not the elements of the list “ShrlLis” are more
than three (3). If the answer at step S57 is “Yes”, the CPU
1 executes processing at step S58, S59 to detect a chord 1n
the same manner as the processing at step S53 and S54.
Subsequently the program proceeds to step S501 where the
CPU 1 determines whether the chord detection has been
successtul or not. If the answer at step S501 1s “Yes”, the
program returns to the main routine. If the answer at step
S501 1s “No”, the program proceeds to step S502 where the
CPU 1 sets a list of notes of the bass part, bass chord part
and melody chord part with redundant existence of the same
notes omitted as the list “Shrlis” and returns the program to
the main routine.

In processing of the chord detection routine shown m FIG.
13, the CPU 1 sets at step S61 a list of notes of the melody
part with redundant existence of the same notes omitted as
the list “Shrlis” and determines at step S62 whether the
elements of the list “ShrLis” are more than three (3) or not.
If the answer at step S62 1s “No”, the program proceeds to
step S66. If the answer at step S62 1s “Yes”, the CPU 1
excutes processing at step S63, S64 to detect a chord 1n the
same manner as the processing at step S53 and S54. At the
following step S65, the CPU 1 determines whether the chord
detection has been successful or not. If the answer a( step
S65 1s “Yes”, the program returns to the main routine. If the
answer at step S65 1s “No”, the program proceeds to step
S66 where the CPU 1 sets a list of notes of the bass part and
melody tones part with redundant existence of the same
notes omitted as the list “ShrLis”. Thus, the CPU 1 executes
processing at step S67 and S68 to detect a chord 1n the same
manner as the processing at step S53 and S54 and returns the
program to the main routine.

With the foregoing processing, the key codes of depressed
key tones are analyzed into the four performance parts
different 1n tone areas in accordance with performance of the
keyboard, and a chord 1s detected on a basis of the analyzed
performance parts. This 1s effective to facilitate detection or

the chord.
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Although 1n the above embodiment the depressed key
tones have been adapted as performance information to
cifect the performance part analysis, other information
applied from other external equipment or memory may be
adapted to effect the performance part analysis. In addition,
it 1s apparent that the timing of the performance can he
detected by a measure line memorized 1n the information.

Although 1n the above embodiment the whole analysis list
has been renewed at each processing of the interruption
routine to detect a chord, 1t 1s apparent that the analyzed
performance parts can be successively memorized in the
whole analysis list to accumulate a result or the performance
part analyses. Although 1n the above embodiment the ana-
lyzed performance parts have been adapted to detect a chord
for automatic accompaniment, information of the automatic
performance may be analyzed into a plurality of perfor-
mance parts and memorized to mute a desired performance
part from the memorized performance parts for the auto-
matic performance. This 1s effective to provide a minus-one
function to the electronic musical mstrument.

What 1s claimed 1s:

1. A performance mmformation analyzer, comprising:

input means provided to be applied with a plurality of tone
pitch information data 1n response to progress of per-
formance of a musical tune;

detection means for detecting the number of the tone pitch
information data simultaneously applied to said input
means;

analysis means for analyzing the tone pitch information
data 1nto a plurality of performance parts 1n accordance
with the detected number of the tone pitch information
data, wherein the plurality of performance parts com-
prise at least one of a bass part, a bass chord part, a
melody chord part and a melody part, said analysis
means being adapted to analyze one of the tone pitch
formation data into one or the performance parts based
on a difference 1n tone pitch between the one of the tone
pitch information data and reference tone pitch infor-
mation data previously assigned to a predetermined
part of the performance parts during prior analysis of
the tone pitch information data and to analyze the other
tone pitch information data mto the other performance
parts based on a difference 1n tone pitch between the
analyzed tone pitch information data and each of the
other tone pitch 1nformation data.
2. A performance 1nformation analyzer as recited in claim
1, wherein said analysis means includes means for substi-
tuting the analyzed tone pitch information data for the
reference tone pitch information data in response to progress
of performance or the musical tune.
3. A performance 1nformation analyzer as recited in claim
1, wherein said analysis means includes first means for
analyzing one of the tone pitch information data into one of
plural performance parts based on a predetermined tone
pitch and a difference 1n tone pitch between the one of the
tone pitch information data and reference tone pitch mfor-
mation data previously assigned to a predetermined part of
the plural performance parts if a timing of the tone pitch
information data 1s a measure head and second means for
analyzing one of the tone pitch information data into one of
the plural performance parts based on the difference 1n tone
pitch 1f the timing of the tone pitch information 1s not the
measure head.
4. A performance information analyzer as recited 1n claim
1, wherein said analysis means 1s adapted for use 1n com-
bination with a chord detection device for detecting a chord
based on the analyzed performance parts.
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5. A performance information analyzer, comprising:

input means provided to be applied with first tone pitch
information data produced by depression of a single
key on a keyboard or second tone pitch information
data produced by simultaneous depression of plural
keys on the keyboard in response to progress ol per-
formance of a musical tune;

first analysis means for analyzing the first tone pitch
information data into one of plural performance parts,
wherein the plurality of performance parts comprise at
least one of a bass part, a bass chord part, a melody
chord part and a melody part, based on a difference 1n
tone pitch between the first tone pitch information and
a reference tone pitch mformation data previously
assigned to a predetermined part of the plural perfor-
mance parts during prior analysis of the first or second
tone pitch information data; and

second analysis means for analyzing one of the second

tone pitch information data into one of the plural
performance parts, wherein the plurality of perfor-
mance parts comprise at least one of a bass part, a bass
chord part, a melody chord part and a melody part,
based on a difference 1n tone pitch between the one of
the second tone pitch mmformation data and the refer-
ence tone pitch mformation data and for analyzing the
other second tone pitch information data into the other
performance parts based on a difference 1n tone pitch
between the analyzed tone pitch information data and
cach or the other second tone pitch mmformation data.

6. A performance information analyzer as recited in claim
1, wheremn the reference tone pitch information data is
successively assigned to the bass part 1n response to progress
of performance of the musical tune.

7. A performance information analyzer as recited in claim
6, wherein said analysis means includes means for assigning
the first tone pitch information data or one of the second tone
pitch information data to the bass part or the melody part if
there 1s not any reference tone pitch mformation data at an
initial stage of performance of the musical tune.

8. A performance information analyzer for analyzing tone
pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

input means for receiving tone piich information data

representative of tone pitches which constitute a pro-
gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

detection point providing means for providing a plurality

of points for detection allotted in sequence along said
progression of the musical performarnce;

fone pitch detection means for detecting, at one point after
another among said points, a tone pitch or pitches of at
least one inputted tone piich information data existing
at each detection point;

analysis means, including at least one analyzing
algorithm, for analyzing the ftone piich information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a chord
part and a melody part;

analysis result storing means for storing data indicating
the determined performance part for each of the ana-
lyzed tone pitches; and
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output means for delivering said stored data as the
analysis result with respect to each said tone piich;

said analyzing algorithm including a step of comparing
the tone pitch under analysis with the data of a previous
analysis result stored in said analysis result storing
means.

9. A performance information analyzer as claimed in

claim 8, wherein

satd analyzing algorithm includes a step of comparing the
fone pitch under analysis with the data of a previous
analysis result stored in said analysis result storing
means for determining a belonging performance part
of the tone pitch under analysis, and further includes a
step of re-analyzing the previously determined perfor-
mance part of a stored previously analyzed tone pitch
o newly determine a belonging performance part for
said tone piich thereby rewriting the stored data in said
analysis result storing means.

10. A performance information analyzer for analyzing

fone piich information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

input means for receiving tone piich information data
representative of tone piiches which constitute a pro-
gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

detection point providing means for providing a plurality
of points for detection allotted in sequence along said
progression of the musical performance;

tone pitch detection means for detecting, at one point after
another among said points, a tone pitch or pitches of at
least one inputted tone piich information data existing
at each detection point;

tone number detection means for detecting the number of
fone piiches as detected by said tone pitch detection
means at said each detection point;

analysis means, including a plurality of analyzing algo-
rithms depending on the number of detected itone
pitches, for analyzing the tone piich information data
based on the detected number of tone pitches using one
of said analyzing algorithms which corresponds to said
detected number of tone pitches at each detection point
to determine which of a plurality of performance parts
each of said detected tone piiches belongs to, wherein
the plurality of performance parts comprise a bass
part, a chord part and a melody part;

analysis result storing means for storing data indicating
the determined performance part for each of the ana-
lyzed tone pitches; and

output means for delivering said stored data as the
analysis result with respect to each said tone piich.
11. A performance information analyzer for analyzing

fone piich information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

input means for receiving tone piich information data
representative of tone piiches which constitute a pro-
gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;



US RE38,477 E

19

detection point providing means for providing a plurality
of points for detection allotted in sequence along said
progression of the musical performance;

tone pitch detection means for detecting, at one point after

pitch for which the performance part has been tempo-
rarily determined and the tone pitches of the rest of said
more than one tone pitches.

13. A performance information analyzer for analyzing

20

analysis means, including a plurality of different analyz-
ing algorithms depending on said different timings for
analyzing the tone pitch information data based on the
musical timing using one of said analyzing algorithms
which corresponds to said musical timing as the detec-

another among said points, a tone pitch or pitches of ar 3 . . . . .
least one inputted tone pitch information data existing lion point 10 derermme' which of a p lum.lzly of perjor-
ot oach detection point mance parts each of said detected tone pitches belongs
analysis means iffcluéing at least one analyzing rojbwherein rhepéurfiliry ofpeziforma;@c;? paris comprise
_ > ‘ | | ‘ a bass part, a chord part and a melody pari,;
algor -’fhff’% for ‘analyzmg. the tone 'P”Ch infor mation - gnalysis result storing means for storing data indicating
data using said analyzing algorithm fo determine the determined performance part for each of the ana-
which of a plurality of performance parts each of said lyzed tone pitches; and
detected tone piiches belongs lo, wherein the plurality output means for delivering said stored data as the
of performance parts comprise a bass part, a chord analysis result with respect to each said tone piich.
part and a melody part; s 14. A performance information analyzer for analyzing
analysis result storing means for storing data indicating fone pitch information representing tones which constitute a
the determined performance part for each of the ana- progression of a musical performance to determine th_h
Iyzed tone pitches; and ohne of a plm:al;r)l; c;f performance parts each of the tones in
L . the progression belongs to, comprising.
output means for delivering said stored data as the Pros 52 19 Prisws: :
analysts result with respect to each said tone pitch; inpul means for receiving lone p m.?h infs ormation data
y oot T , , > 20 representative of tone piiches which constitute a pro-
ol el s, il st n b gesion of o sl prformarc Iy be e
wherein which one of a plurality of performance parts
information data in case more than one tone piiches are to which each of said tone pitches belongs to is unde-
detected at a time, said analyzing algorithm is to first tormined.
deter e dremp O?}fr ily the perf or ﬁ;am;e ;U art 1o ;”h i€l 25 gorection point providing means for providing a plurality
f;fi;fe ‘if;m??]:i ;5;0?;?;3?5 f; g:r ]f;r rjl f 2}% z;z n?jf; of points for detection allotied in sequence along said
_ _ _ _ rogression of the musical performance;
than one tone pitches with reference to satd temporarily pros f pery . .
determined performance part for said one of said more tone pitch detection means for detecting, at one point after
. . . . another among said points, a tone pitch or piiches of at
than one tone pitches, wherein said temporarily deter- 30 1Hons POULS, (L 7ONC PECR OF P . f
mined performance part may be changed to another least one inputted tone piich information data existing
. . at each detection point,;
performance part in case a better assignment should be _ HOR PO _ _
found in the course of analyzing the rest of said more analysis means including at least one analyzing algorithm
than one tone pitches for analyzing the tone pitch information data using said
12. A performance information analyzer as claimed in 35 analyzing algorithm fo deter e which of a p l”fr ality
claim 11. wherein of performance parts each of said detected tone pitches
7 _ _ _ belongs to, wherein the plurality of performance parts
said analyzing algorithm determines the performance - ompis e a bass part a};h ord pl);nif é; dfa melo dyf:) art:
part for each of said more than one tone pitches using . . . o
an amount of fone piich difference between the tone analysis result storing means for storing data indicating
40 the determined performance part for each of the ana-

lyzed tone piiches; and

chord detection means, including a chord detection
algorithm, for detecting a chord based on the analyzed
fone pitches in the respectively determined perfor-

fone pitch information representing tones which constitute a
progression of a musical performance to determine which #3
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

mance parts using said chord detection algorithm,
wherein said chord detection algorithm is such that the
chord detection is made based on the tone pitches
which have been determined to belong to said chord
part as long as said tone pitches which have been
50 determined to belong to said chord part are sufficient
for detecting a chord and if not the chord detection is
made based on the tone pitches of the chord part and
the tone pitches of any other performance parts in
combination.
ss 15, A performance information analyzer for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

input means for receiving tone pitch information data
representative of tone piiches which constitute a pro-
gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

musical time defining means for defining a time progress
with respect to said progression of a musical perfor-
mance to be analyzed, said time progress including
musically different timings of measure heads, strong
beats and weak beats,

detection point providing means for providing a plurality

60  Iuput means receiving tone pitch information data repre-
of points for detection in said time progress, said points sentative of tone pitches which constitute a progression
being allotted in sequence along said progression of the of a musical performance to be analyzed, wherein
musical performance; which one of a plurality of performance parts to which

tone pitch detection means for detecting, at one point after each of said tone piiches belongs to is undetermined,
another among said points, a tone pitch or pitches of at 65  detection point providing means for providing a plurality

least one inputted tone piich information data existing
at each detection point;

of points for detection allotted in sequence along said
progression of the musical performance;
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fone piich detection means for detecting ar one point after
another among said points a tone pitch or piiches of at
least one inputted tone piich information data existing

at each detection point;

analysis means, ncluding at least one analyzing algo-
rithm for analyzing the tone pitch information data
using said analyzing algorithm to determine which of a
plurality of performance parts each of said detected
fone pitches belongs to, wherein the performance parts
comprise a bass part, a bass chord part a melody chord
part and a melody part;

analysis result storing means for storing data indicating
the determined performance part for each of the ana-
lyvzed tone pitches; and

output means for delivering said stored data as the
analysts result with respect to each said tone piich.
16. A performance information analyzer for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to comprising;

Input means receiving tone pitch information data repre-
sentative of tone pitches which constitute a progression
of a musical performance to be analyzed wherein which
one of a plurality of performance parts to which each
of said tone piiches belongs to is undetermined;

detection point providing means for providing a plurality
of points for detection allotted in sequence along said
progression of the musical performance;

tone piich detection means for detecting at one point after
another among said points, a tone pitch or pitches of at
least one inputted tone pitch information data existing
at each detection point;

analysis means, including at least one analyzing
algorithm, for analyzing the tone piich nformation
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the perfor-
mance parts comprise at least two of a bass part, a bass
chord part, a melody chord part and a melody part;

analysis result storing means for storing data indicating
the determined performance part for each of the ana-
lyzed tone pitches; and

output means for delivering said stored data as the
analysts result with respect to each said tone pitch;

said analyzing algorithm including a step of comparing
the tone pitch under analysis with the data of a previous
analysts result stored in said analysis result storing
means.

17. A performance information analyzer as claimed in

claim 16, wherein

said analyzing algorithm includes a step of comparing the
fone pitch under analysis with the data of a previous
analysis result stored in said analysis result storing
means for determining a belonging performance part
of the tone piich under analysis, and further includes a
step of re-analyzing the previously determined perfor-
mance part of a stored previously analyzed tone pitch
fo newly determine a belonging performance part for
said tone piich thereby rewriting the stored data in said
analysts result storing means.

18. A performance information analyzer for analyzing
fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising;
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input means for receiving tone piich information data
representative of tone pitches which constitute a pro-
gression of a musical performance to be analyzed
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

detection point providing means for providing a plurality
of points for detection allofted in sequence along said
progression of the musical performance;

tone piich detection means for detecting at one point after
another among said points a tone pitch or piiches of at
least one inputted tone piich information data existing
at each detection point;

tone number detection means for detecting the number of
fone piiches as detected by said tone pitch detection
means at said each detection point;

analysis means, ncluding a plurality of analyzing algo-
rithms depending on the number of detected itone
pitches, for analyzing the tone piich information data
based on the detected number of tone piiches using one
of said analyzing algorithms which corresponds to said
detected number of tone piiches at each detection point
to determine which of a plurality of performance parts
each of said detected tone piiches belongs to, wherein
the plurality of performance parts comprise a bass
part, a bass chord part, a melody chord part and a
melody part;

analysis result storing means for storing data indicating
the determined performance part for each of the ana-

lyzed tone pitches; and

output means for delivering said stored data as the
analysis result with respect to each said tone piich.
19. A performance information analyzer for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

input means for receiving tone piich information data
representative of tone piiches which constitute a pro-
gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

detection point providing means for providing a plurality
of points for detection allotted in sequence along said
progression of the musical performance;

tone pitch detection means for detecting, at one point after
another among said points, a tone pitch or pitches of at
least one inputted tone piich information data existing
at each detection point,;

analysis means, including at least one analyzing
algorithm, for analyzing the tone piich information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a bass
chord part, a melody chord part and a melody part;

analysis result storing means for storing data indicating
the determined performance part for each of the ana-
lyzed tone pitches; and

output means for delivering said stored data as the
analysis result with respect to each said tone pitch;

satd analysis means including at least an analyzing
algorithm which 1s used to analyze the tone piich
information data in case more than one tone piiches are
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detected at a time, said analyzing algorithm is to first
determine temporarily the performance part to which
one of said more than one tone pitches belongs; and
next to determine the performance part for all of said
more than one tone piiches with reference to said
temporarily determined performance part for satd one
of said more than one tone pitches, wherein said
temporartly determined performance part may be
changed to another performance part in case a better
assignment should be found in the course of analyzing
the rest of said more than one tone pitches.

20. A performance information analyzer as claimed in

claim 19, wherein

said analyzing algorithm determines the performance
part for each of said more than one tone pitches using
an amount of tone piich difference between the tone
pitch for which the performance part has been tempo-
rarily determined and the tone pitches of the rest of said
more than one tone pitches.

21. A performance information analyzer for analyzing

10

15

24

detection point providing means for providing a plurality
of points for detection allotted in sequence along said
progression of the musical performance;

tone pitch detection means for detecting, at one point after
another among said points, a tone pitch or piiches of at
least one inpuited tone pitch information data existing
at each detection point,;

analysis means, including at least one analyzing
algorithm, for analyzing the tone pitch information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a bass
chord part, a melody chord part and a melody part;

analysis result storing means for storing data indicating
the determined performance part for each of the ana-
lyzed tone piiches; and

chord detection means, including a chord detection

algorithm, for detecting a chord based on the analyzed
lone pitches in the respectively determined perfor-
mance parts using said chord detection algorithm,
wherein said chord detection algorithm s such that the

fone pitch information represeniing tones which constitute a 20
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs fto, comprising:

input means for receiving tone pitch information data

chord detection s made based on the tone pitches

representative of tone pitches which constitute a pro- 25 which have determined to belong to said chord part as
gressi()n Of a miusical performance fo be ana[yzed} ZOHg as said tone piIChE’S which have determined to
wherein which one of a plurality of performance parts belong to said chord part are sufficient for detecting a
to which each of said tone piiches belongs to is unde- chord and if not the chord detection is made based on
fermined; the tone pitches of the chord part and the tone pitches
musical time defining means for defining a fime progress i of any other performance parts in combination.

with respect to said progression of a musical perfor-

23. A performance nformation analyzer for analyzing

mance to be analyzed, said time progress ncluding
musically different timings of measure heads, strong
beats and weak beats,

detection point providing means for providing a plurality ..

fone piich information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

of points for detection in said time progress, said points
being allotted in sequence along said progression of the
musical performance;

fone pitch detection means for detecting, at one point after
another among said points, a tone pitch or pitches of at

input means for receiving tone piich information data
representative of tone piiches which constitute a pro-
gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts

. o , 740 fo which each of said tone piiches belongs to is unde-
least one inputted tone pitch information data existing tormined.
at each detection point; _ T o o _
. . . . : detection point providing means for providing a plurality
analysis means, including a plurality of different analyz- . . . .
ing algorithms depending on said different timings for of points for detection allotted in sequence along said
. LS . progression of the musical performance;
analyzing the tone pitch information data based on the ‘ | . |
musical timing using one of said analyzing algorithms fone piich detection means fqr detecting. ‘at one point
which corresponds to said musical timing as the detec- after another among said points, a tone pitch or piiches
tion point to determine which of a plurality of perfor- of‘ar‘ least one mpurrf?d fone pitch information data
marnce parts each of said detected tone pitches belongs existing at each detection point;
fo, wherein the plurality of performance parts comprise .,  analysis means, including at least one analyzing
a bass part, a chord part and a melody part; algorithm, for analyzing the fone pitch information
analysis result storing means for storing data indicating daf? using said | analyzing algorithm to deter mine
the determined performance part for each of the ana- which of a plurality of performance parts each of said
lyzed tone pitches; and detected tone pitches belongs to, wherein the plurality
output means for delivering said stored data as the ss of performance parts comprise a bass part, a bass

analysts result with respect to each said tone piich.
22. A performance information analyzer for analyzing

chord part, a melody chord part and a melody part;

analysis result storing means for storing data indicating
the determined performance part for each of the ana-

fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in ¢
the progression belongs to, comprising:

lyzed tone pitches; and

chord detection means, including a chord detection
algorithm, for detecting a chord based on the analyzed

input means for receiving tone pitch information data
representative of tone piiches which constitute a pro-
gression of a musical performance to be analyzed,

wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-

fermined;

65

fone pitches in the respectively determined perfor-
mance parts using said chord detection algorithm,
wherein said chord detection algorithm is such that, in
case both of the tone pitches analyzed to be in the bass
chord part and the tone pitches analyzed to be in the
melody chord part have sufficient information for
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detecting chords, respecitively, the fone pitches ana-
lyzed to be in the bass chord part are used in preference
to the tone pitches analyzed to be in the melody chord

part in detecting a chord.
24. A performance information analyzer as claimed in one 5

of claims &, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22 and 23, wherein:

said inputted plurality of tone pitch information data are

from tones in a real time musical performance;

said detection point providing means includes tempo 10

defining means for defining a tempo of musical time
progression in the analyzer, said tempo being
selectable, and detection timing providing means for
providing a plurality of timings for detection allotted in
sequence along said progression of the real time muisi-
cal performance, and

15

said analysis means determines the performance parts for
the detected tone pitches in real time alone with the real
[ime music performance.

: : _ : 20
25. A performance information analyzer as claimed in one

of claims 8, 9, 10, 11, 12, 13, 15, 16, 17, 18, 19, 20 and 21,
further comprising:

chord detection means, including, a chord detection
algorithm, for detecting a chord based on the analyzed
fone pitches in the respectively determined perfor-
mance parts using said chord detection algorithm.

20. A performance information analyzer for analyzing

25

fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

30

an input device which receives tone pitch information
data representative of tone piiches which constitute a
progression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

35

a detection point provider which provides a plurality of
points for detection allotted in sequence along said Y
progression of the musical performance;

a tone piich detector which detects, at one point after
another among said points, a tone pitch or pitches of at
least one inputted tone piich information data existing

at each detection point; 45

an analyzing device, ncluding at least one analyzing
algorithm which analyzes the tone piich information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to wherein the plurality of
performance parts comprise a bass part a chord part
and a melody part;

50

an analysis result storing device which stores data indi-
cating the determined performance part for each of the
analyzed tone pitches; and

an output device which delivers said stored data as the
analysts result with respect to each said tone pitch;

55

said analyzing algorithm including a step of comparing
the tone pitch under analysis with the data of a previous
analysts result stored in said analysis result storing
device.

27. A performance information analyzer for analyzing

60

fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to comprising:

65
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an nput device which receives fone pitch information
data representative of tone piiches which constitute a
progression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point provider which provides a plurality of
points for detection allotted in sequence along said
progression of the musical performance;

a tone piich detector which detects at one point after
another among said points a tone pitch or piiches of at
least one inputted tone piich information data existing
at each detection point;

a tone number detector which detects the number of tone
pitches as detected by said tone pitch detector at said
each detection point;

an analyzing device including a plurality of analyzing
algorithms depending on the number of detected tone
pitches which analyzes the tone piich information data
based on the detected number of tone piiches using one
of said analyzing algorithms which corresponds to said
detected number of tone piiches at each detection point
to determine which of a plurality of performance parts
each of said detected tone piiches belongs to, wherein
the plurality of performance parts comprise a bass
part, a chord part and a melody part;

an analysis result storing device which stores data indi-

cating the determined performance part for each of the
analyzed tone pitches; and

an output device which delivers said stored data as the
analysis result with respect to each said tone piich.
28. A performance information analyzer for analyzing
fone piich information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

an nput device which receives fone pitch information
data representative of tone piiches which constitute a
progression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point provider which provides a plurality of
points for detection allotted in sequence along said
progression of the musical performance;

a tone pitch detector which detects, at one point after
another among said points, a tone pitch or pitches of at
least one inputted tone piich information data existing
at each detection point;

an analyzing device, including at least one analyzing;
algorithm, which analyzes the tone pitch information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part a chord part
and a melody part;

an analysis result storing device which stores data indi-
cating the determined performance part for each of the
analyzed tone pitches; and

an output device which delivers said stored data as the
analysis result with respect to each said tone pitch;

said analyzing device including at least an analyzing
algorithm which 1s used to analyze the tone piich
information data in case more than one tone piiches are

detected at a time, said analyzing algorithm is to first
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determine temporarily the performance part to which
one of said more than one tone piiches belongs and next
o determine the performance part for all of said more
than one tone pitches with reference to said temporarily
determined performance part for said one of said more
than one tone pitches, wherein said temporarily deter-
mined performance part may be changed to another
performance part in case a better assignment should be
found in the course of analyzing the rest of said more
than one tone pitches.

29. A performance information analyzer for analyzing
fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

an nput device which receives tone pitch information

data representative of tone piiches which constitute a
progression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a musical time defining device which defines a time
progress with respect to said progression of a musical
performance to be analyzed said time progress tnclud-
ing musically different timings of measure heads, strong
beats and weak beats,

a detection point provider which provides a plurality of
points for detection in said time progress, said points
being allotted in sequence along said progression of the
musical performance;

a tone piich detector which detects, at one point after
another among said points, a tone pitch or pitches of at
least one nputted tone piich information data existing
at each detection point;

an analyzing device, including a plurality of different
analyzing algorithms depending on said different
nimings, which analyzes the tone pitch information data
based on the musical timing using one of said analyzing
algorithms which corresponds to said musical timing
as the detection point to determine which of a plurality
of performance parts each of said detected tone pitches
belongs to, wherein the plurality of performance parts
comprise a bass part, a chord part and a melody part;

an analysis result storing device which stores data indi-
cating the determined performance part for each of the
analyzed tone pitches; and

an output device which delivers said stored data as the
analysts result with respect to each said tone piich.
30. A performance information analyzer for analyzing
fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:
an nput device which receives tone pitch information
data representative of tone piiches which constitute a
progression of a musical performance to be analyzed
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point provider which provides a plurality of
points for detection allotted in sequence along said
progression of the musical performance;

a tone piich detector which detects, at one point after
another among said points, a tone pitch or pitches of at
least one inputted tone piich information data existing
at each detection point;
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an analyzing device, including at least one analyzing
algorithm, which analyzes the tone pitch information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a chord
part and a melody part;

an analysis result storing device which stores data indi-
cating the determined performance part for each of the
analyzed tone pitches; and

a chord detector including a chord detection algorithm,
which detects a chord based on the analyzed tone
piiches in the respectively determined performance
parts using said chord detection algorithm wherein
said chord detection algorithm is such that the chord
detection s made based on the tone pitches which have
been determined to belong to said chord part as long as
said tone pitches which have been determined to belong
o said chord part are sufficient for detecting a chord
and 1f not the chord detection is made based on the tone
pitches of the chord part and the tone piiches of any
other performance parts in combination.

31. A performance nformation analyzer for analyzing
fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones ill
the progression belongs to, comprising:

an nput device which receives fone pitch information
data representative of tone piiches which constitute a
progression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point provider which provides a plurality of
points for detection allotted in sequence along said
progression of the musical performance;

a tone pitch detector which detects, at one point after
another among said points, a tone pitch or pitches of at
least one inputted tone piich information data existing
at each detection point;

an analyzing device, including at least one analyzing
algorithm, which analyzes the tone pitch information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone piiches belongs to, wherein the perfor-
mance parts comprise a bass part, a bass chord part,
a melody chord part and a melody part;

an analysis result storing device which stores data indi-
cating the determined performance part for each of the
analyzed tone pitches; and

an output device which delivers said stored data as the
analysis result with respect to each said tone piich.
32. A performance nformation analyzer for analyzing
fone piich information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:
an input device which receives a plurality of tone pitch
information data representative of tone piiches which
constitute a progression of a musical performance to be
analyzed, wherein which one of a plurality of perfor-
mance parts to which each of said tone pitches belongs
fo is undetermined,

a detection point provider which provides a plurality of
points for detection allotted in sequence along said
progression of the musical performance;
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a tone pitch detector which detects, at one point after
another among said points, a tone pitch or piiches of at
least one inputted tone piich information data existing
at each detection point;

an analyzing device, including at least one analyzing
algorithm which analyzes the tone piich information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the perfor-
mance parts comprise a bass part, a bass chord pari,
a melody chord part and a melody part;

an analysis result storing device which stores data indi-
cating the determined performance part for each of the
analyzed tone pitches; and

an output device which delivers said stored data as the
analysis result with respect to each said tone piich;

said analyzing algorithm including a step of comparing
the tone pitch under analysis with the data of a previous
analysts result stored in said analysis result storing
device.

33. A performance information analyzer for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

an nput device which receives tone pitch information
data representative of tone piiches which constitute a
progression of a musical performance to be analyzed
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point provider which provides a plurality or
points for detection allotted in sequence along said
progression of the musical performance;

a tone pitch detector which detects, at one point after
another among said points, a tone pitch or piiches of at
least one inputted tone pitch information data existing
at each detection point;

a tone number detector which detects the number of ftone
pitches as detected by said tone pitch detection means
at said each detection point;

an analyzing device, including a plurality of analyzing
algorithms depending on the number of detected tone
pitches, which analyzes the tone piich information data
based on the detected number of tone piiches using one
of said analyzing algorithms which corresponds to said
detected number of tone pitches at each detection point
to determine which of a plurality of performance parts
each of said detected tone piiches belongs to, wherein
the plurality of performance parts comprise a bass
part, a bass chord part, a melody chord part and a
melody part;

an analysis result storing device which stores data indi-
cating the determined performance part for each of the
analyzed tone pitches; and

an output device which delivers said stored data as the
analysts result with respect to each said tone piich.
34. A performance information analyzer for analyzing
fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

an input device which receives tone pitch information
data representative of tone piiches which constitute a
progression of a musical performance to be analyzed,
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wherein which one of a plurality of performance parts
fo which each of said tone piiches belongs to is unde-
fermined;

a detection point provider which provides a plurality of
points for detection allotted in sequence along said
progression of the musical performance;

a tone patch detector which detects, at one point after
another among said points, a tone pitch or piiches of at
least one inputted tone piich information data existing
at each detection point;

an analyzing device, including at least one analyzing
algorithm, which analyzes the tone pitch information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a bass
chord part, a melody chord part and a melody part;

an analysis result storing device which stores data indi-
cating the determined performance part for each of the
analyzed tone pitches, and

an output device which delivers said stored data as the
analysis result with respect to each said tone pitch;

satd analyzing device including at least an analyzing
algorithm which 1s used to analyze the tone piich
information data in case more than one tone piiches are
detected at a time, said analyzing algorithm is to first
determine temporarily the performance part to which
one of satd more than one tone pitches belongs and next
to determine the performance part for all of said more
than one tone pitches with reference to said temporarily
determined performance part for said one of said more
than one tone pitches, wherein said temporarily deter-
mined performance part may be changed to another
performance part in case a better assignment should be
found in the course of analyzing the rest of said more
than one tone pitches.

35. A performance nformation analyzer for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

an input device which receives a plurality of tone pitch
information data representative of tone pitches which
constitute a progression of a musical performarnce to be
analyzed, wherein which one of a plurality of perfor-
mance parts to which each of said tone pitches belongs
fo is undetermined;

a musical time defining device which defines a time
progress wWith respect to said progression of a musical
performance to be analyzed, said time progress includ-
ing musically different timings of measure heads strong
beats and weak beats,

a detection point provider which provides a plurality of
points for detection in said time progress, said points
being allotted in sequence along said progression of the
musical performance;

a tone pitch detector which detects, at one point after
another among said points, a tone pitch or pitches of at
least one inputted tone piich information data existing
at each detection point;

an analyzing device, including a plurality of different
analyzing algorithms depending on said different
rimings, which analyzes the tone pitch information data
based on the musical timing using one of said analyzing
algorithms which corresponds to said musical timing
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as the detection point to determine which of a plurality
of performance parts each of said detected tone pitches
belongs to, wherein the plurality of performance parts
comprise a bass part, a bass chord part, a melody

chord part and a melody pari;

an analysis result storing device which stores data indi-
cating the determined performance part for each of the

analyzed tone pitches; and

an output device which delivers said stored data as the
analysis result with respect to each said tone piich.
36. A performance information analyzer for analyzing
fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:
an input device which receives tone pitch information
data representative of tone piiches which constitute a
progression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point provider which provides a plurality of
points for detection allotted in sequence along said
progression of the musical performance;

a tone pitch detector which detects, at one point after
another among said points, a tone pitch or piiches of at
least one inputted tone piich information data existing
at each detection point;

an analyzing device, ncluding at least one analyzing
algorithm, which analyzes the tone pitch information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a bass
chord part, a melody chord part and a melody part;

an analysis result storing device which stores data indi-
cating the determined performance part for each of the

analyzed tone pitches; and

a chord detector including a chord deteciion algorithm,
which detects a chord based on the analyzed tone
pitches in the respectively determined performance
parts using said chord detection algorithm wherein
said chord detection algorithm is such that the chord
detection s made based on the tone pitches which have
been determined to belong to said chord part as long as
said tone pitches which have been determined to belong
o said chord part are sufficient for detecting a chord
and if not the chord detection is made based on the tone
pitches of the chord part and the tone pitches of any
other performance parts in combination.

37. A performance information analyzer for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, comprising:

an input device which receives tone pitch information
data representative of tone piiches which constitute a
progression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point provider which provides a plurality of
points for detection allotted in sequence along said
progression of the musical performance;

a tone piich detector which detects, at one point after
another among said points, a tone pitch or pitches of at

10

15

20

25

30

35

40

45

50

55

60

65

32

least one inpuited tone pitch information data existing
at each detection point;

an analyzing device, including at least one analyzing
algorithm, which analyzes the tone pitch information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a bass
chord part, a melody chord part and a melody part;

an analysis result storing device which stores data indi-
cating the determined performance part for each of the
analyzed tone pitches; and

a chord detector, including a chord detection algorithm,
which detects a chord based on the analyzed itone
pitches in the respectively determined performance
parts using said chord detection algorithm, wherein
said chord detection algorithm is such that, in case
both of the tone pitches analyzed to be in the bass chord
part and the tone piiches analyzed to be in the melody

chord part have sufficient information for detecting
chords, respectively the tone pitches analyzed to be in
the bass chord part are used in preference to the tone
pitches analyzed to be in the melody chord part in
detecting a chord.

38. A machine readable medium for use in a system of a
data processing type comprising a computer, for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, said medium containing pro-
gram instructions executable by said computer for exectit-
Ing.

an input process of receiving tone piich information data

representative of tone pitches which constitute a pro-
gression of a musical performance fo be analyzed,
wherein which one of a plurality of performance parts
fo which each of said tone piiches belongs to is unde-
fermined;

a detection point providing process of providing a plu-
rality of points for detection allotted in sequence along
said progression of the musical performance;

a tone pitch detection process of detecting, at one point
after another among said points, a tone pitch or pitches
of at least one inputied tone pitch nformation data
existing at each detection point,

an analysis process, performing at least one analyzing
algorithm, for analyzing the tone pitch information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a chord
part and a melody part; and

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the
analyzed tone pitches;

satd analyzing algorithm including a step of comparing

the tone pitch under analysis with the data of a previous
analysis result stored in said analysis result storing
means.

39. A machine readable medium for use in a system of a
data processing type comprising a computer, for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, said medium containing pro-
gram instructions executable by said computer for execiit-

Ing.
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an input process of receiving tone pitch information data
representative of tone pitches which constitute a pro-
gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point providing process of providing a plu-
rality of points for detection allotied in sequence along
said progression of the musical performance;

a tone piich detection process of detecting, at one point
after another among said points, a tone pitch or pitches
of at least one inputted tone pitch information data
existing at each detection point;

a tone number detection process for detecting the number
of tone piiches as detected by said tone pitch detection
process at said each detection point,;

an analysis process, performing a plurality of analyzing
algorithms depending on the number of detected tone
pitches, for analyzing the tone piich information data
based on the detected number of tone piiches using one
of said analyzing algorithms which corresponds to said
detected number of tone piiches at each detection point
to determine which of a plurality of performance parts
each of said detected tone piiches belongs to, wherein

the plurality of performance parts comprise a bass
part, a chord part and a melody part; and

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the
analyzed tone pitches.

40. A machine readable medium for use in a system of a
data processing type comprising a computer, for analyzing
fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, said medium containing pro-
gram instructions executable by said computer for execiii-
Ing.

an tnput process of receiving tone pitch information data

representative of tone piiches which constitute a pro-
gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point providing process of providing a plu-
rality of points for detection allotied in sequence along
said progression of the musical performance;

a tone piich detection process of detecting, at one point
after another among said points, a tone pitch or pitches
of at least one inputted tone pitch nformation data
existing at each detection point;

an analysis process, performing at least one analyzing
algorithm, for analyzing the ftone piich information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a chord
part and a melody part; and

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the
analyzed tone pitches;

said at least one analyzing algorithm being for analyzing
the tone piich information data in case more than one
fone pitches are detected at a time, said analyzing
algorithm is to first determine temporarily the perfor-
mance part to which one of said more than one tone
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pitches belongs and next to determine the performance
part for all of said more than one tone pitches with
reference to said temporarily determined performance
part for said one of said more than one tone piiches,
wherein said temporartly determined performance part
may be changed fo another performance part in case a
better assignment should be found in the course of
analyzing the rest of said more than one tone pitches.
41. A machine readable medium for use in a system of a

data processing type comprising a computer, for analyzing
fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, said medium containing pro-
gram instructions executable by said computer for execiit-
Ing:

an input process of receiving tone piich information data
representative of tone piiches which constitute a pro-

gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a musical time defining process of defining a time
progress with respect to said progression of a musical
performance to be analyzed, said time progress tnclud-
ing mustcally different timings of measure heads, strong
beats and weak beats,

a detection point providing process of providing a plu-
rality of points for detection in said time progress, said
points being allotted in sequence along said progres-
sion of the musical performance;

a tone piich detection process of detecting, at one point
after another among said points, a tone pitch or pitches
of at least one inputted tone piich information data
existing at each detection poini;

an analysis process, performing a plurality of different
analyzing algorithms depending on said different
rimings, for analyzing the tone pitch information data
based on the musical timing using one of said analyzing
algorithms which corresponds to said musical timing
as the detection point to determine which of a plurality
of performance parts each of said detected tone pitches
belongs to, wherein the plurality of performance parts
comprise a bass part, a chord part and a melody part;
and

an analysis result storing process of storing data indicat-

ing the determined performance part for each of the
analyzed tone pitches.

42. A machine readable medium for use in a system of a

data processing type comprising a computer, for analyzing
fone piich information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs fo, said medium containing pro-
gram instructions executable by said computer for execiit-

Ing.

an input process of recerving tone pitch information data
representative of tone piiches which constitute a pro-
gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point providing process of providing a plu-
rality of points for detection allotied in sequence along
said progression of the musical performance;

a tone piich detection process of detecting at one point
after another among said points, a tone pitch or pitches
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of at least one inputted tone pitch information data
existing at each detection point;

an analysis process performing at least one analyzing
algorithm, for analyzing the ftone piich information
data using said analyzing algorithm to determine 5
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a chord
part and a melody part;

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the
analyzed tone pitches; and

a chord detecting process, performing a chord detection
algorithm, for detecting a chord based on the analyzed
fone pitches in the respectively determined perfor-
mance parts using said chord detection algorithm,
wherein said chord detection algorithm is such that the
chord detection is made based on the tone pitches
which have been determined to belong to said chord
part as long as said tone pitches which have been
determined to belong to said chord part are sufficient
for detecting a chord and if not the chord detection is
made based on the tone pitches of the chord part and
the tone piiches of any other performance parts in
combination.

43. A machine readable medium for use in a system of a
data processing type comprising a computer, for analyzing
fone pitch information representing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, said medium containing pro-
gram instructions executable by said computer for execiii-
Ing.

an nput process of receiving tone pitch information data
which, constitute a progression of a musical perfor-
mance to be analyzed, wherein which one of a plurality
of performance parts to which each of said tone pitches
belongs to is undetermined;

a detection point providing process of providing a plu-
rality of points for detection allotied in sequence along

said progression of the musical performance;

a tone piich detection process of detecting, at one point
after another among said points, a tone pitch or pitches
of at least one inputted fone pitch information data s
existing at each detection point;

an analysis process, performing at least one analyzing
algorithm, for analyzing the tone piich nformation
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said s
detected tone pitches belongs to wherein the plurality of
performance parts comprise a bass part, a bass chord
part, a melody chord part and a melody part; and

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the ss
analyzed tone pitches.

44. A machine readable medium for use in a system of a
data processing type comprising a computer, for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which ¢o
one of a plurality of performance parts each of the tones in
the progression belongs to, said medium containing pro-
gram instructions executable by said computer for execiit-
ing.:

an tnput process of receiving tone pitch information data 65

representative of tone piiches which constitute a pro-
gression of a musical performance to be analyzed
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wherein which one of a plurality of performance parts
fo which each of said tone piiches belongs to is unde-

fermined;

a detection point providing process of providing a plu-
rality of points for detection allotied in sequence along
said progression of the musical performance;

a tone piich detection process of detecting, at one point
after another among said points, a tone pitch or pitches
of at least one inputted tone pitch information data
existing at each detection poini;

an analysis process, performing at least one analyzing
algorithm, for analyzing the tone pitch information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a bass
chord part, a melody chord part and a melody part; and

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the
analyzed tone piiches;

said analyzing algorithm including a step of comparing

the tone pitch under analysis with the data of a previous
analysis result stored in said analysis result storing
process.

45. A machine readable medium for use in a system of a
data processing type comprising a computer for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to said medium containing program
instructions executable by said computer for executing:

an input process of receiving tone piich information data
representative of tone pitches which constitute a pro-
gression of a musical performance fo be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point providing process of providing a plu-
rality of points for detection allotied in sequence along
said progression of the musical performance;

a tone piich detection process of detecting, at one point
after another among said points a tone pitch or pitches
of at least one inputied tone pitch njformation data
existing at each detection poini;

a tone number detection process for detecting the number
of tone pitches as detected by said tone piich detection

process at said each detection point;

an analysis process performing a plurality of analyzing
algorithms depending on the number of detected tone
pitches for analyzing the tone pitch information data
based on the detected number of tone piiches using one
of said analyzing algorithms which corresponds to said
detected number of tone piiches at each detection point
to determine which of a plurality of performance parts
each of said detected tone pitches belongs to wherein
the plurality of performance parts comprise a bass part
a bass chord part a melody chord part and a melody
part; and

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the
analyzed tone pitches.

46. A machine readable medium for use in a system of a
data processing type comprising a computer for analyzing
fone piich information represeniing tones which constitute a
progression of a musical performance to determine which
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one of a plurality of performance parts each of the tones in
the progression belongs to, said medium containing pro-
gram instructions executable by said computer for execiuit-
ing:
an nput process of receiving tone pitch information data
representative of tone piiches which constitute a pro-
gression of a musical performance fto be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a detection point providing process of providing a plu-
rality of points for detection allotied in sequence along
said progression of the musical performance;

a tone piich detection process of detecting at one point
after another among said points, a tone pitch or pitches
of at least one inputted tone pitch information data
existing at each detection point;

an analysis process, performing at least one analyzing
algorithm for analyzing the tone pitch information data
using said analyzing algorithm to determine which of a
plurality of performance parts each of said detected
fone pitches belongs to wherein the plurality of perfor-
mance parts comprise a bass part, a bass chord part,
a melody chord part and a melody part; and

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the
analyzed tone pitches;

said at least one analyzing algorithm being for analyzing
the tone pitch information data in case more than one
fone piiches are detected at a time said analyzing
algorithm is to first determine temporarily the perfor-
mance part to which one of said more than one tone
pitches belongs and next to determine the performance
part for all of said more than one tone pitches with
reference to said temporarily determined performance
part for said one of said more than one tone pitches
wherein said temporartly determined performance part
may be chanted to another performance part in case a
better assignment should be found in the course of
analyzing the rest of said more than one tone pitches.
47. A machine readable medium for use in a system of a
data processing type comprising a computer, for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to said medium containing program
instructions executable by said computer for executing.

an nput process of receiving tone pitch information data
representative of tone piiches which constitute a pro-
gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-
fermined;

a musical time defining, process of defining a time
progress with respect to said progression of a musical
performance to be analyzed, said time progress tnclud-
ing musically different timings of measure heads strong
beats and weak beats,

a detection point providing process of providing a plu-
rality of points for detection in said fime progress, said
points being allotted in sequence along said progres-
sion of the musical performance;

a tone piich detection process of detecting, at one point
after another among said points, a tone pitch or pitches
of at least one inputted tone pitch nformation data
existing at each detection point;
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an analysis process, performing a plurality of different
analyzing algorithms depending on said different
rimings, for analyzing the tone pitch information data
based on the musical timing using one of said analyzing
algorithms which corresponds to said musical timing
as the detection point to determine which of a plurality
of performance parts each of said detected tone pitches
belongs to, wherein the plurality of performance parts
comprise a bass part, a bass chord part, a melody
chord part and a melody part; and

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the

analyzed tone pitches.
48. A machine readable medium for use in a system of a

data processing type comprising a computer, for analyzing
fone piich information represeniing tones which constitute a

progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, said medium containing pro-
gram instructions executable by said computer for execiit-
ing.
an input process of receiving tone pitch information data
representative of tone piiches which constitute a pro-
gression of a musical performance fo be analyzed,
wherein which one of a plurality of performance parts
fo which each of said tone piiches belongs to is unde-
fermined;

a detection point providing process of providing a plu-
rality of points for detection allotted in sequence along
said progression of the musical performance;

a tone pitch detection process of detecting, at one point
after another among said points, a tone pitch or pitches
of at least one inputted tone piich information data
existing at each detection poini;

an analysis process, performing at least one analyzing
algorithm, for analyzing the tone pitch information
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a bass
chord part, a melody chord part and a melody part;

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the
analyzed tone pitches; and

a chord detecting process, performing a chord detection
algorithm, for detecting a chord based on the analyzed
lone pitches in the respectively determined perfor-
mance parts using said chord detection algorithm
wherein said chord detection algorithm is such that the
chord detection is made based on the tone pitches
which have been determined to belong to said chord
part as long as said tone pitches which have been
determined to belong to said chord part are sufficient
for detecting a chord and if not the chord detection is
made based on the tone pitches of the chord part and
the tone pitches of any other performance parts in
combination.

49. A machine readable medium for use in a system of a
data processing type comprising a computers for analyzing
fone pitch information represeniing tones which constitute a
progression of a musical performance to determine which
one of a plurality of performance parts each of the tones in
the progression belongs to, said medium containing pro-
gram instructions executable by said computer for execiit-
Ing.

an input process of receiving tone pitch information data
representative of tone piiches which constitute a pro-
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gression of a musical performance to be analyzed,
wherein which one of a plurality of performance parts
to which each of said tone piiches belongs to is unde-

fermined;

a detection point providing process of providing a plu-
rality of points for detection allotied in sequence along
said progression of the musical performance;

a fone pitch detection process of detecting, at one point
after another among said points, a tone pitch or pitches
of at least one inputted tone pitch information data
existing at each detection point;

an analysis process, performing at least one analyzing
algorithm, for analyzing the ftone piich nformation
data using said analyzing algorithm to determine
which of a plurality of performance parts each of said
detected tone pitches belongs to, wherein the plurality
of performance parts comprise a bass part, a bass
chord part, a melody chord part and a melody part;

an analysis result storing process of storing data indicat-
ing the determined performance part for each of the
analyzed tone pitches; and

a chord detecting process, performing a chord detection
algorithm, for detecting a chord based on the analyzed
lone pitches in the respectively determined perfor-
mance parts using said chord detection algorithm,
wherein said chord detection algorithm is such that, in
case both of the tone pitches analyzed to be in the bass
chord part and the tone pitches analyzed to be in the
melody chord part have sufficient information for
detecting chords, respectively, the tone piiches ana-
Iyvzed to be in the bass chord part are used in preference
to the tone pitches analyzed to be in the melody chord
part in detecting a chord.

50. A method for analyzing tone pitch information repre-
seniing tones which constitute a progression of a musical
performance to determine which one of a plurality of
performance parts each of the tones in the progression
belongs to, comprising the steps of:

inputting a plurality of tone piich information data rep-
resentative of tone pitches which constitute a progres-
sion of a musical performance to be analyzed, wherein
which one of a plurality of performance parts to which
each of said tone pitches belongs to is undetermined;

providing a plurality of points for detection allotied in
sequence along said progression of the musical perfor-
mance;

detecting, at one point after another among said poinis, a
fone pitch or pitches of at least one inputted tone pitch
information data existing at each detection poini;

analyzing the tone pitch information data using at least
one analyzing algorithm fo determine which of a plu-
rality of performance parts each of said detected tone
pitches belongs to, wherein the plurality of perfor-
mance parts comprise a bass part, a chord part and a
melody part; and

storing data indicating the determined performance part
for each of the analyzed tone pitches obtained as a
result of the analyzing step;

said analyzing algorithm including a step of comparing

the tone pitch under analysis with the data of a previous
analysts result stored in said storing step.

51. A method for analyzing tone pitch information repre-
seniing tones which constitute a progression of a musical
performance to determine which one of a plurality of
performance parts each of the tones in the progression
belongs to, comprising the steps of:
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inputting tone pitch information data representative of
fone piiches which constitute a progression of a musi-
cal performance to be analyzed, wherein which one of
a plurality of performance parts to which each of said
fone pitches belongs to is undetermined;

providing a plurality of points for detection allotted in
sequence along said progression of the musical perfor-
mance;

detecting, at one point after another among said points, a
tone pitch or piiches of at least one inputied tone piich
information data existing at each detection point;

detecting the number of tone piiches as detected by said
fone pitch detection process at said each detection
point,

providing a plurality of analyzing algorithms depending
on the number of detected tone piiches;

analyzing the tone pitch information data based on the
detected number of tone piiches using one of said
analyzing algorithms which corresponds to said
detected number of tone piiches at each detection point
lo determine which of a plurality of performance parts
each of said detected tone piiches belongs to, wherein
the plurality of performance parts comprise a bass
part, a chord part and a melody part; and

storing data indicating the determined performance part
for each of the analyzed tone piiches obtained as a
result of the analyzing step.

52. A method for analyzing tone pitch information repre-
senting tones which constitute a progression of a musical
performance to determine which one of a plurality of
performance parts each of the tones in the progression
belongs to, comprising the steps of:

inpuiting tone pitch information data represeniative of

fone piiches which constitute a progression of a musi-
cal performance to be analyzed wherein which one of
a plurality of performance parts to which each of said
fone pitches belongs to is undetermined;

providing a plurality of points for detection allotted in
sequence along said progression of the musical perfor-
mance;

detecting, at one point after another among said poinis a
fone pitch or piiches of at least one inputied tone piich
information data existing at each detection poini;

analyzing the tone pitch information data using at least
one analyzing algorithm to determine which of a plu-
rality of performance parts each of said detected tone
pitches belongs to, wherein the plurality of perfor-
mance parts comprise a bass part a chord part and a
melody part; and

storing data indicating the determined performance part
for each of the analyzed tone pitches obtained as a
result of the analyzing step;

satd at least one analyzing algorithm being for analyzing
the fone pitch information data in case more than one
fone pitches are detected at a time, said analyzing
algorithm is to first determine temporarily the perfor-
mance part to which one of said more than one tone
pitches belongs and next to determine the performance
part for all of said more than one tone pitches with
reference to said temporarily determined performance
part for said one of said more than one tone pitches
wherein said temporartly determined performance part
may be changed to another performance part in case a
better assignment should be found in the course of
analyzing the rest of said more than one tone pitches.
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53. A method for analyzing tone pitch information repre- chord detection is made based on the tone piiches of the
seniing tones which constitute a progression of a musical chord part and the tone pitches of any other perfor-
performance to determine which one of a plurality of mance parts in combination.
performance parts each of the tones in the progression 55. A method for analyzing fone pitch information repre-
belongs to, comprising the steps of: s senting tones which constitute a progression of a musical

performance to determine which one of a plurality of

performance parts each of the tones in the progression
belongs to, comprising the steps of:

inputting tone piich information data which constitute a

progression of a musical performance to be analyzed,

wherein which one of a plurality of performance parts

to which each of said tone piiches belongs to is unde-

inpuiting tone piich informaiion data representative of
fone pitches which constitute a progression of a musi-
cal performance to be analyzed wheretn which one of
a plurality of performance parts to which each of said
tone pitches belongs to is undetermined; 10

defining a time progress with respect to said progression
of a musical performance to be analyzed said time

progress including musically different timings of mea- rer:nf{med; ‘ _ _ ‘
sure heads, strong beats and weak beats; providing a plurality of points for detection allotted in
. " . . L _— 15 sequence along said progression of the musical perfor-
providing a plurality of points for detection in said time mgnce' 5 Prog f perf

progress said points being allotted in sequence along

said progression of the musical performance; detecting, at one point after another among said points, a

fone pitch or piiches of at least one inputted tone piich
information data existing at each detection point;

20 analyzing the tone pitch information data using at least
one analyzing algorithm to determine which of a plu-
rality of performance parts each of said detected tone

. _ _ _ pitches belongs to, wherein the plurality of perfor-
analyzing the tone piich informaition data based on the mance parts comprise a bass part, a bass chord part,

musical timing using one of said analyzing algorithms 25 a melody chord part and a melody part; and
which corresponds to said musical timing as the detec-

lion point to determine which of a plurality of perfor-
mance parts each of said detected tone pitches belongs
to, wherein the plurality of performance parts comprise

detecting, at one point after another among said points a
fone pitch or pitches of at least one inputied tone pitch
information data existing at each detection point;

providing a plurality of different analyzing algorithms
depending on said different timings;

storing data indicating the determined performarnce part
for each of the analyzed tone pitches obtained as a
result of the analyzing step.

56. A method for analyzing tone piich information repre-

a bass part a chord part and a melody part; and 30 seniing tones which constitute a progression of a musical

storing data indicating the determined performance part performance to determine which one of a plurality of
for each of the analyzed tone pitches obtained as a  performance parts each of the tones in the progression
result of the analyzing step. belongs to, comprising the steps of:

54. A method for analyzing tone pitch information repre-
senting tones which constitute a progression of a musical 35
performance to determine which one of a plurality of
performance parts each of the tones in the progression
belongs to, comprising the steps of:

inpuiting tone pitch information data represeniative of
fone piiches which constitute a progression of a musi-
cal performance to be analyzed, wherein which one of
a plurality of performance parts to which each of said
fone pitches belongs to is undetermined;

inpuiting tone P-’:f’{?h infor ”faﬁ@” data repr esentative ‘{’f .0 providing a plurality of points for detection allotted in
fone pitches which constitule a progression of a musi- sequence along said progression of the musical perfor-
cal performance fo be analyzed, wherein which one of MATICE:

a plurality of performance parts to which each of said

_ _ , detecting, at one point after another among said points, a
fone pitches belongs to is undetermined;

lfone pitch or pitches of at least one inpuited tone piich

providing a plurality of points for detection allotted in 45 information data existing at each detection point;
sequence along said progression of the musical perfor- analyzing the tone pitch information data using at least
marice, one analyzing algorithm to determine which of a plu-
detecting, at one point after another among said points, a rality of performance parts each of said detected tone
fone pitch or pitches of at least one inputted tone pitch pitches belongs to, wherein the plurality of perfor-
information data existing at each detection point; 50 mance parts comprise a bass part, a bass chord part,
analyzing the tone piich information data using at least a melody chord part and a melody part; and
one analyzing algorithm to determine which of a plu- storing data indicating the determined performance part
rality of performance parts each of said detected tone for each of the analyzed tone pifches obtained as a
pitches belongs to, wherein the plurality of perfor- result of the analyzing step;
mance parts comprise a bass part, a chord part and a 5 sqid analyzing algorithm ncluding a step of comparing
melody part; the tone pitch under analysis with the data of a previous
storing data indicating the determined performance part analysis result stored in said storing step.
for each of the analyzed tone pitches obtained as a 57. A method for analyzing fone pitch information repre-
result of the analyzing step; and senting tones which constitute a progression of a musical
detecting a chord based on the analyzed tone pitches in 60 performance fo determine which one of a plurality of
the respectively determined performance parts using a performance parts each of the tones in the progression
chord detection algorithm, wherein said chord detec- belongs to comprising the steps of.
tion algorithm is such that the chord detection is made inputting a plurality of tone pitch information data rep-
based on the tone piiches which have been determined resentative of tone pitches which constitute a progres-
to belong to said chord part as long as said tone pitches 65 sion of a musical performance to be analyzed wherein
which have been determined to belong to said chord which one of a plurality of performance parts to which

part are sufficient for detecting a chord and if not the each of said tone pitches belongs to is undetermined;
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providing a plurality of points for detection allotied in
sequence along said progression of the musical perfor-
mance;

detecting, at one point after another among said points, a
fone pitch or pitches of at least one inputied tone pitch
information data existing at each detection poini;

detecting the number of tone piiches as detected by said
fone pitch detection process at said each detection
point;

providing a plurality of analyzing algorithms depending

on the number of detected tone piiches;

analyzing the tone pitch information data based on the

detected number of tone piiches using one of said
analyzing algorithms which corresponds to said
detected number of tone piiches at each detection point
to determine which of a plurality of performance parts
each of said detected tone piiches belongs to wherein
the plurality of performance parts comprise a bass part
a bass chord part, a melody chord part and a melody
part; and

storing data indicating the determined performance part

for each of the analyzed tone piiches obtained as a
result of the analyzing step.

58. A method for analyzing tone pitch information repre-
seniing tones which constitute a progression of a musical
performance to determine which one of a plurality of
performance parts each of the tones in the progression
belongs to comprising the steps of:

inputting tone pitch information data representative of
fone piiches which constitute a progression of a musi-
cal performance to be analyzed, wherein which one of
a plurality of performance parts to which each of said
fone pitches belongs to is undetermined;

providing a plurality of points for detection allotted in
sequence along said progression of the musical perfor-
mance,

detecting, at one point after another among said poinis, a
fone pitch or pitches of at least one inputted tone piich
information data existing at each detection point;

analyzing the tone piich information data using at least
one analyzing algorithm to determine which of a plu-
rality of performance parts each of said detected tone
pitches belongs to wherein the plurality of performance
parts comprise a bass part, a bass chord part, a melody
chord part and a melody part; and

storing data indicating the determined performance part
for each of the analyzed tone pitches obtained as a
result of the analyzing step;

said at least one analyzing algorithm being for analyzing
the tone piich information data in case more than one
fone pitches are detected at a time, said analyzing
algorithm is to first determine temporarily the perfor-
mance part to which one of said more than one tone
pitches belongs and next to determine the performance
part for all of said more than one tone pitches with
reference to said temporarily determined performance
part for said one of said more than one tone piiches,
wherein said temporarily determined performance part
may be changed to another performance part in case a
better assignment should be found in the course of
analyzing the rest of said more than one tone pitches.
59. A method for analyzing tone pitch information repre-
seniing tones which constitute a progression of a musical
performance to determine which one of a plurality of
performance parts each of the tones in the progression
belongs to, comprising the steps of:
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inputting tone pitch information data representative of
fone piiches which constitute a progression of a musi-
cal performance to be analyzed, wherein which one of
a plurality of performance parts to which each of said
fone pitches belongs to is undetermined;

defining a time progress with respect to said progression
of a musical performance fo be analyzed said time
progress including musically different timings of mea-
sure heads, strong beats and weak beats;

providing a plurality of points for detection in said time
progress, said points being allotted in sequence along
said progression of the musical performance;

detecting, at one point after another among said poinis, a
fone pitch or piiches of at least one inputied tone piich
information data existing at each detection poini;

providing a plurality of different analyzing algorithms
depending on said different timings;

analyzing the tone pitch information data based on the
musical timing using one of said analyzing algorithms
which corresponds to said musical timing as the detec-
lion point to determine which of a plurality of perfor-
mance parts each of said detected tone pitches belongs
to, wherein the plurality of performance parts comprise

a bass part, a bass chord part, a melody chord part and
a melody part; and

storing data indicating the determined performarnce part
for each of the analyzed tone piiches obtained as a
result of the analyzing step.

60. A method for analyzing tone pitch information repre-
senting tones which constitute a progression of a musical
performance to determine which one of a plurality of
performance parts each of the tones in the progression
belongs to, comprising the steps of:

inputting tone pitch information data representative of

fone piiches which constitute a progression of a musi-
cal performance to be analyzed, wherein which one of
a plurality of performance parts to which each of said
fone pitches belongs to is undetermined;

providing a plurality of points for detection allotted in
sequence along said progression of the musical perfor-
mance;

detecting, at one point after another among said points, a
fone pitch or piiches of at least one inputied tone piich
information data existing, at each detection point;

analyzing the tone pitch information data using at least
one analyzing algorithm to determine which of a plu-
rality of performance parts each of said detected tone
pitches belongs to wherein the plurality of performance
parts comprise a bass part, a bass chord part, a melody
chord part and a melody pari;

storing data indicating the determined performarnce part
for each of the analyzed tone piiches obtained as a
result of the analyzing step; and

detecting a chord based on the analyzed tone piiches in
the respectively determined performance parts using a
chord detection algorithm, wherein said chord detec-
lion algorithm is such that the chord detection is made
based on the tone pitches which have been determined
o belong to either of said chord parts as long as said
fone piiches which have been determined to belong to
said chord part are sufficient for detecting a chord and
if not the chord detection s made based on the tone
pitches of the chord part and the tone pitches of any
other performance parts in combination.
601. A method for analyzing tone pitch information repre-
senting tones which constitute a progression of a musical
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performance to determine which one of a plurality of storing data indicating the determined performance part
performance parts each of the tones in the progression for each of the analyzed tone piiches obtained as a
belongs to, comprising the steps of: result of the analyzing step; and
inpuiting tone piich information data representative of detecting a chord based on the analyzed tone piiches in
fone pitches which constitute a progression of a musi- > the respectively determined performance parts using a
cal performance to be analyzed, wherein which one of chord detection algorithm, wherein said chord detec-
a plurality of performance parts to which each of said tion algorithm is such that in case both of the fone
lone piiches belongs fo is undefermined; pitches analyzed to be in the bass chord part and the
providing a plurality of points for detection allotted in 0 fone pitches analyzed to be in the melody chord part
sequence along said progression of the musical perfor- have sufficient information for detecting chords,
mance, respectively, the tone pitches analyzed to be in the bass
detecting, at one point after another among said poinis, a chord part are used in preference to the tone pitches
fone pitch or pitches of at least one inputted tone pitch analyzed to be in the melody chord part in detecting a
information data existing at each detection point; > chord.
analyzing the tone piich information data using at least 02. A performance information analyzer as claimed in one
one analyzing algorithm to determine which of a plu- of claims 11, 12, 19 and 20, wherein.:
rality of performance parts each of said detected tone said one of said more than one tone pitches is the lowest
pitches belongs to, wherein the plurality of perfor- fone pitch of said more than one tone pitches.

mance parts comprise a bass part, a bass chord pari,
a melody chord part and a melody part,; k% k%
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