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X HHE, G AR, AR, ) g
(ERAGERE [ER TR, 17 B E 330013)

RE - RBEARDZFLHEFM LS - SVM(Least Squares Support Vector Machines) ik 7 R B F R4 X N ERAKR B
8 #iR, AT IS-SVM E#BARAR TG LA L BABRBE R clip FAMA, #ATHERIR, IR0 M4 Q3 4
BN AMX AR MICCEF REARD - RIHAINLERTSL, HEX TF5 SEAEEFRRRHEARSHT
A 5%, K75 £ 45 40847 0], B 04 1& M 38 4% & 13 (Logistic Regression) JL ik # /7 st b X8, AP R 4 #¥a ¥
P Z RS EGERES R A 96.5%F 92.5% , B 1S~ SVM 8935470 ML Logist 89, SREFAAR DK IH
FENEAR ARG EBREREEREERLS, TAR ATFRARECERSLAM,

X # NBIP_RIBOFNABETR; EFREE

RES S TP391.42 SORARIRES - A

BEBI R R T RS ENRESTEREMANM B B EBRTAENE S, FARARESAI@,
R M AR AR R B R B 1y N B R BRI AR TR T H RN AN RN A B A S
HAEREENEN . EFFIEWIE, ASLHTTHEANNR, HBE TEEER. TRILRFLEE
B HPIERER:F—BRFERRD, LA MM ASERR. FoBARSE, RANAKE
HARENREAER0R e mgtl JAE £ 4 B4 43 % ( Non-negative Matrix Factorization, B NMF)™] 3 # 1o &
PL(Support Vector Machine, B SVM)(S B T AR S R RS 0B 48 1 ) 25, R R 040 TR TR A 43 25
AR RYERE, Kb pm BB RHERARN Z, XFNEIE—-FEENIREIE
&, BRI T 2B K S/ MEENI# I BEARR, IR m BILR TS RE S/MOE N T4, fikE
YERREMDRBERZ AR —ANBIF P45, BT EAFIF MR, 1999 4E, Suykens J A KR E T
BN SRR, RN SVM KA R HLR R B AL R R — Rt e R R, AT AL IR
BIERSIER

AR SCH B X B I AR R AR A TR AE SR U L 18 A LS - SVM EIEHEAT A3, I BEiR
WML AR . FINGE RIS B AR T 0 BRI, SRR R, LR B L%
(8

1 BRESHHESHSRRN

PR RGEHENITFR S E RME SN ESEERA EEN AR, FTURMNERN TN AR S E
WRIG RN LRABMATERE, RTERFLAE R BT RESHEN, RITEHDSRET
BORT , EB—BN G5 BRA RN TR, KX BRI, S2BRRE A o AR AE Al LA s 3 4
SR R E R UL B, SRR BRI R i8],

X MG S AT A TR, EX F R E S AT — E MBI, T E F A E SN
B WA S, 4 3CR AR08 B3k 2 % W (Hamming Window) o 25 3C o (9 & 4R $UIE R A B
22 050 Hz, ¥ 16, MK BL 25 ms, clip KEB 75 ms, X RESHITRLEZ G, RITE RS
RS HATRIEREL,

A B 38 : 2009 - 08 - 04
EEWE: BX B AR FE S A (60963012) ; IL T4 8 & THHEBF5T5 H (GJJ09507)
EER AT (1963 - ), LB EEA, VIl , TEFRAB A HEVN AREEEASEAR,
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&R 1 FRARTHES M LT REE, GRS O FOERE BIGEY R o Sk v, S
L S B v JRERRE m FHERIE /£ HHRRE R, (k) Mell BIERB M.

R1 BELXR%
&% A=K
o a’= [ (f-sp(f)df
n me= | (f= 50" p(Ndf, 72= 0
5 se= [ f-p()df
T my= [ (f- )P p(Ndf 71 =73
R.(k) R(B)=" % LIS, s D) Syt i+ 0)]
F F= Jow | F(w)lzdw/ﬁ | F(w)|%dw
B B =[PP @) o] | F() |0
1 N%?f'A(f)-Zf?flflA(f)
m '"=§A(f) sz;ﬁ-(;f)z
fe %}Az( 2] =o.95f§A2(f)
M C,,=é'3|ln ' (k)cos [n(k-0.5)n/M],n=1,2,,1

R 1A A() =1 Flx()]1,p(f) = A(f)/EflA(f)o ASUBH MR R 124, B MFCC RYAT 13 4,

B AR RIS IEAR, SRE SR E M A BMENE R clip F BERURRIE(E . FERRAEMRER A RLRE B 5 ) 35 4
HE RARBFEES . BTARFEERHEMEEZRENR, X BEXT LR S ST H N 13— b 3
%' = (2 - )/ 0; (D
K, p, IHE, 0, HTE,
B F MFCC IH—fbAb B /5 2Bl (8 25 5t /D, B 45 R A A SR, B LA MFCC AU —4kat
|, HE—A clip PAISBIN 13 4 MFCC R 5, RGTE clip WA & AEBOF- 3948, 4R i Brif) MFCC ##1E
fé.

2 BN FmB

B/ RS Fr i BYUR SR BN SGHE , ShRdE SVM R LB, T IR BET

(1) ASERARREBRE SWM BB PIARERAR;

(2) BRI\ WAL MR BRI R Y B,

IS- SVM A BB _KETIBH, MAK SVMEERA « FEBRE. RINLEEHR S=
{5, 7), € R, 7, €4 =1, + 1L o B MRABR, y BHNLF x; 8 B4R, | AFHE, =
A Ka R BARRBERERE y(x) = sign(f(x)), BE f(») BEMTFHIEX

f(x) =wTp(x) +6 | (2)
R, o+ ) MHAZ BBV LSS F B, REHE w AURZETO AR E, R w BE(FIHZE )+
3k 1S - SVM BT LIHR IRBERANR yi[wTo(x) +8]=1-¢,(i=1,2,-,1) FHE/MLIE
=, B

]
mjp(w’e)=%w’rw+7'é—i§e% : (3)

Kb, T RRB/MUEE VC 4, 5FIRRBU/MEIZGIRE, v RENRE, RSB RBUER AR/ N
BiIREMITH, e RRBMEE, o(+): RP>RABZEEABH B MRE o€ R IREER € RO E
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iz, EXHEAFIRARBARACIIE, 5 SHIRLAYRHS B AR
L(w,8.¢,8) = Jy(w,e) - BBy p(x) + yd + e ~1] @)

Kb BB E T 0, € R RIUBALTUEAT B
2L - 0y = X fiyp(x)
o 0o 3y8i=0

P
al
Ep 0= = 7e

i=1,2,,1 (5)

Lg_é- =0=>y,~(cuTgD(xi) +0)-1+¢=0
ERKFATLRACA T E a2

[(1) K+;-11H;] =[3] (6)

it\tq:‘ad= [dlyd29"',dl]T;p= [ﬁls,BZy""ﬂl]T;1= [1917."’]T;K(xhxj) = SD(x.)SD (xj)To :‘IX#,MWEQ
RPN TG

y:iéﬂiK(x,.i)+3 (1)
LS - SVM (N FEHEZRBHNERSEMETZE v, AT ERBUS SRS K BEBH « H, XAN
i THE,mEETFEH, &6 LS - SVM % BREUE RBF #,

3 XBERSHH

AR EBER, T T AGE hE SEMEEMER R, AR, ¥ mp3 # Rl
wav #2. SRHIFSRARSRER R 22 050 Hz K5I 16 1, FAAEHEECH wav 18 SREEFRRIIEEAECR 4 7, 205
24 500,800, 1 100 F1 1 400 1>, B MEEAIRHERCH 35 4, 7E MATLAB V& T T EER, '
BB B S M SR E AR, WERG 2R M MBS, TRBE R 2. M
29T, F R S R R L R S R EE R, R E R RN A T F R
HEREK FASEMNEI.

£2 HERH, HERHIBSEENLE Hz
BERIE Piss B/AME BXME WHEE #E
i HE 38.125480  151.784 356 23.984 641 88.300 812
wE 25.787530  213.158 617 40.777 140  104.434 910
Wity R 3 76.498 823  223.535 516 32.361 050  165.638 700
HE 83.235461  228.937 712 35.935390  171.333 900
. wE 2.272 616 7.841 646 0.964 699 3.563 798
SR At
HE 1.264732 8.492119 1.357 509 3.360 953
—— EE 7.458539  75.064 587  11.013 893 17.579 891
k& wE 3.725 267 80.384 371 13.654 432 16.719 941
. i -2.5x1077  -1.9x10"7 1.24x10"%  -2.2x1077
Sk e < e .
L3 -1.7x10 -1x10 1.41x 10 -1.4x10
T HE 516.796 932 3380.713015  773.764 448 1 094.979 017
L 516.796 932 7978.052017 1548.243 056 1 977.037 015

MR RIFHERAE T AR o8 B ARl Aol SR M 7R R AL A 3R 5 R X 31, T AT LA A A
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SRR LT AR B TA R
BAm R Ol SRR PO R T RBME F AR N —4, F F Fm % 6 MRS e —
4,0 S Fm ;s FBHXEREUE A FR BB AR MFCC i M #7583 8 LS - SVM H1B 4[5 )9 ( Logistic ) B B
HEAT 5 AT X R SIE T 10 KIGELR  IHE S RERRIE R, LRERNE 3.
3 1S-SVMH Logist IR ERBEMI LR

Bk ERE F F&A FEAGM S S&A SEAGM  F&SEA&M

1S.SVM EBRE 0.5121 0.6502 0.9100 0.7230 0.8810 0.9240 0.9650
EF bR 0.0102 0.0111 0.0060 0.0120 0.0433 0.0000 0.0130

Logis IEBEBE 0.5121 0.6112 0.8890 0.5%60 0.7170 0.9130 0.9250

IEB AR 0.0109 0.0123 0.0001 0.0170 0.0572 0.0140 0.0143

MR 3 PETAL, HLERORT] 35 R, R RBCRHLLLT AT 35 MRS, H LS - SVM 4
KAEBBRT Logist itk HHEBMALBEMBITHIE, LRERLE 4.
R4 EITHEIKE

s ReAS BTt ] /ms
" Fi ] Logist LS-SVM B3

500 100.52 75.27
800 120.12 77.54
uE 1100 158.32 80.72
1400 198.48 78.59
500 100.42 73.72
800 120.24 79.78
wE 1100 158.42 85.72
1400 199.10 80.27
500 100.50 83.04
800 120.30 90.50
=8 1100 158.30 95.03
1400 198.40 93.27
500 100.35 93.03
800 120.27 94.54
B8 1100 158.43 96.03
1 400 198.60 95.03

M 4 FOILIE ), BEE RSO, LS - SVM IBTTES EKAR LL Logist ITIEED
- MFE 3 T 4 P LIS, LS - SVM 228 VR R IHE B L Logist i, T 73 JSHEH RATRHEZ B/, Logist
BUEARERRBENB R, BEERERHHEM, 2+ R ERROHEE L. 2 35 MFIERHE,
LS - SVMA K G HERI R {HX D] 96.4% , L Logist A RMMEMFBIEE R 4 METR . AR IEFHR
b AEATE B L ATDAE B, ZERR R AR AP KR L 1S - SVM ISy RHERBIL T Logist J7i% o

4 ZRE5RE

Shti B I B F B R TR R B R SRR, LI EFHFRBNRHR, LRERE
B, LS - SVM 23 REH. Logist 432807 BB AT, 548 LS - SVM 0K AA RIFIIER M EURALBRAE ST, 7T LASE
AT HEERMRRENLE, §RESHHEEETREITRANR, S8 SRR RS,
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Classification of Music Instruments Based on LS - SVM
LIU Jian-hui, ZENG Li-hui, LIU Zun-xiong
(School of Information Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: The algorithm of least squares support vector machines (LS - SVM) is proposed for classification of music
instruments to recognize them. The corresponding music clips are chosen as experimental samples, and feature selection
including spectrum features, short-time auto-correlation coefficients, MFCC, etc. , is implemented , and then LS - SVM is
used in the categorization. The simulating experiments of four traditional musical instruments are conducted to obtain
classifying accuracy and running time . Meanwhile, logistic regression is also used in experiments as comparison . Accura-
cy rate of LS - SVM and logistic regression are respectively 96.5% and 92.5% . Running time of LS — SVM is less
than that of Logist. The results demonstrate that LS — SVM possesses better performance, and can be generalized to cope
with other practical classification problems.

Key words: LS - SVM; musical instruments; music feature
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A Design of Intelligent Trajectory Car Based on DSP
ZHANG Yong-gao', LI Yin-ling' , NIE Shui-guo®

(1.School of Electrical and Electronic Engineering, East China Jiaotong University, Nanchang 330013, China; 2. Patent Examination Coop-
eration Center of SIPO, Bejing 100190, China)

Abstract: The intelligent car adopting DSP TMS320LF2407A as its kemel is designed . The paper introduces the hard-
ware and software design of the intelligent car in detail . The intelligent car uses infrared sensor to identify the path. The
movement of the car is driven by the motor. The speed and direction of the car is controlled by PWM of the DSP.
Key words: intelligent car; DSP TMS320LF2407A ; PWM control
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