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Timbre features of western instrument under
multiplication model
LIU Ruo-lun, ZHANG Jia-qi

(Electronic System Engineering Department, Shandong University at Weihai, Weihai 264209, Shandong, China)

Abstract: The acoustic features related to western instrument timbre, including the distribution of harmonic energy,
cepstrum and Mel-frequency cepstral coefficients (MFCC), and the mechanism sound MFCC (MSMFCC) which is
proposed in this paper, are investigated under the multiplication model of musical sound. Features are extracted from
pure tone of western orchestral instruments, and their influences on timbre are assessed through analyzing each feature
pattern. Results show that: MFCC and MSMFCC emphasizing the nature of excitement perception can reflect timbre
difference very well; MSMFCC is more capable for instrument classification; The distribution of harmonic energy,
which reflects only the properties of resonator, can differ timbre to some degree; Complex and real cepstra have limited

ability to distinguish the different instruments.

Key words: sounding mechanism; timbre feature; western instrument

1 5 5

IREEFAE IR 2, BN S A,
CHA R RE PR A DN EARL:
w WAREL R BRI R . L R
DXy ANIR] 5 s 1) do BB VAL, A VR BT
Pedmr: SRas U S R R L AR ) B A
HAT, b3 i A R B LEAS BT =AMk 5
OB D EHZAX NS, Bl POE X
e Wit D) ELAT A [ Wi A5 e X P A 7 2
PR o 338 SCRARAN AL AR AT
R REE T, BT RS H 2 545 5 Al
R e IR Y PR AL

Yafs HEA: 2008-04-04; f&[=] HER: 2008-08-03

EZ RN XER(1971-), B, WALERA, WL, B, #97m
hEFUE T 51 BB

BHAEE: X318, E-mail: ruolun.liu@sdu.edu.cn

2 Rk AL

IR A AN ke RN UK
etk PREhfile R, k. B WA,
5 HORAIEIR] P e FE R MBEAS 0, O A
DA A2 B, e D ORI SRR . S
AU 45 S % 1 35 €6 LA LA AR A DU (0
RKZ Z IG5 IR -8 B A b It
AR IR SN R S ORISR TR 5K, e ig
PR 5 i 5 A S R A A I R A . AN AT AR
SRR IR AR AN R
JIT LRS- D e A A B R o M vk AR BES
FHE)— 28 NSIRIETR, (A3 7R R s R = AL
B, IERAMRKIRIRER . 1 HIAIRBE TR,
PR PR AR I R0 B Y B B A s A
BB S 4 & G AT

FEVEFE SR A A AR A IO ARl A 2 1



270 R

R

2009 4F

JE I, AR 2 Y . U ASE
B A SRS I i, LR S ML S 1 1)
RPN AL, FEVE S AR, 1] kb R 7
B AH EL S M AR A A mT LS 1), HYE 240 A AR
WAL YR R 2 A B . — 7 TR IR AR (1 1B 9
B2 ZEH W B SURSER, — 5 THE  hAkE
MYRsh & AR TWE IS, M e2s B LA ) ok
JEE, BET S BT I 207 1) (1) SR 3 1. AR
SRARIG R T L S T SR AR, (R PR B A2 T A
B o T I e ARSI S RN 1T PR I FL DN,
AR T AR TR AR o 5% SR 2% (1 B 2
5 5B RS R RS, SRS I AR
FIBEARZS I o 92 SR A BB L iR R 2%, &
B . BES NI . B A B (B
B YA SEARR B PR A R Y H A T
B, DUBCKEESE ERFSR RS .

IR I AR AL T2 B R 4 AR AR TR A . AR B
O RNEEIRFB 7> o Martin 45 H, AR A6 T2 FNEIREE 7>
g (AR IE A B, Em i, %R SR
1 R AE AN B S o 800 DLy B Bl U R &R 45 L
K, BT LAA] DR SR R A0 7E — e R oy
T 355 (0 R Tk L SR AR ISR A
AR, W ST R,
E B SRS R IR 4

5535 (0 AT 5 (R AE — 5 AT 43 DAy B g R A 3
PIRRAE . AR FIR A IR . XX SR AE [ S A 2
SRAIEGIEFTCH, UL N % AE [R]—Fh SR 2
B R GE B SR, TAEAR ) SRas b 22 I 8. RS
BUFET, Y2 AR LPC 53R A7 ey A 40
KA WLPCY . i WLPC 5 MFCC 24, %
TGSV T Bark ZUEE, LIS 2 (M
Mo A4k, EHVFZHE RS BT,
WAL R A I A, A Rk

POVE SR BT . SRR AR 2326, T H e
(102 SR A 1R R LA o AR RS I TG S % & 7 AL )
T, AN RSS2 [F) 5 m i, R R R AN
O3 AT E I e T AL HRAR . T LR — RS W A R
B, HE O e M BRI IR R s PR IR A
V¥ 1) €0 22 0 [ A s 87 T Sl IR S e A AR T+
Jr CASE i BH 3

AR ST A3 BT 5202 P E SR A P AR A . AR S
SR B R PR R 1) 7 2 A, DA e S
T R L, e 4 mT LA B 4604 o5
SRR E B A RS T ) R . A
TEOHT T iDL . BRSS9 . Mel {2135
HUHIE Mel 813 . R E SRS REA KA T

McGill University Master Samples(MUMS) CD.
3 KRR L

SR BA YRR, e KA h e 5
SR UG AT T . 1877 4F, Helmhotz! 76 %
ARSI HT A, B IREH, ANFENEP 2 R RE %]
LT 2 S o €6 1) — /N B EREE . SRS I O
POl L MREEOR, Wk ke 2

A TR PR AT 5 I e AR TR

K
X, 0=, 02 A, cosk2mfi+g, ) (1)

Ferb o (0 REAFIRARAEIEITN f I IR
Ve (O AZFER N IR & I B AR, e B
BT AR R AL Ary SRR FEUN £ k
AN EBIRSE s ¢ N RTINS o AV IR B R
BT AR R B R IS RE R L

rr= [AlﬁAzJ; ...,AKJ‘] (2)

ry AT DUE L0 5045 5 G AT (3 HL e e, AR
JE AN A I REAT VA — AL BT B, 25
QYIRFIEAF AR A e e LL IR P (. Hor, N AR
FRAZN S A A5 T B 9 P REB 23 1) P N 5

1 N
rzﬁzlrfn ?3)

MR IIBLEE Y R L], DLW S i) 2
HURFPES RS, X TART A, N H Al i
WGz EHR AR, AT, R
B o BT LIRS e s B T AR
PBL, MR as rTRG R St LU R o ARSI
WROEH A 8 ADLLE, M S s — R EZ 41

B 1N S BEE . MR BRE
BT LERE DL B RAANR AN, s
L MARER T %R S A B kP I B RE SR AT I
PR ARSIV R R, R A
ANTFLE R e AR K, AR R IC SR
B RBORRAW . NSRBI A5, IBRE
B E AR B B GRS . B R
REFE AT BA R E, B R T AR BV BEX =
PISET B o /PREER A S LR S BT 2 8 A
[, BrECE R B, /MRS NIE R RE
BT R AR A .

(] A1 A A AR AN T 5 s 08 5 e L 1
ZE, TR RO B AL A, st
2z AR . IR AT S A
R A ERBIAT BERLAM ], X I IR 2 EAP] Ok ARt
S B TR, AR A RIS



5 3 3]

PUBSR (o 3P ¢ I IR P R SE R L T 271

@/

0 4 8 12 16 20

IR
Bl bRt b Mgk . MR REEA ST SEEon) I AN ek

RS
Fig.1 Normalized harmonics energy distribution. Dot line with cross is
of single note; Solid line is of the average over all notes
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Fig.2 Complex cepstrum of trumpet(a) and violin(b).Thin line is of
single note; thick line is of the average over all
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Fig.3 Real cepstrum of trumpet(a) and violin(b).Thin line is of single
note; thick line is of the average over all notes
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