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Analysis of Choosing the Initial Value of Principal Curve Algorithm

WANG Zhen CAO Li-Min
(Department of Computer Science and Technology, Tongji University, Shanghai 200331)

Abstract Principal Curves are very useful approaches of feature extraction and data compression, they are nonlinear
generalizations of the first linear principal component which can be thought of as ‘optimal’ linear 1-d summarization of
the data. Up to now several algorithms for constructing principal curves have been proposed. They are all initialized by
the first principal component for the close relation between principal curves and the principal components. Taking ex-
ample for the HS and the polygonal line algorithms, this paper analyzes how the initial line affects the principal curves.
We conclude the first principal component line is not always the best choice of the initialization step, The experiments
show the HS algorithm will produce perfect results if it starts with the origin,and the polygonal line algorithm should
choose proper initial value according to different global structure of the data. It proves that local optimization can not

always lead to global optimization.

Keywords Principal curves,Principal component, Initial value, Projection indices

1 BI§

1984 4%, Hastie F1 Stuetzle(f&icy HS) B KIEH 7 £
KFED, ER—FHREESMSTERRMGAE RS L, HS
EMRB T AR BT REE ST E R
HeR K HHANRAMAE LB AMEREELANE
BEOWE. BFXMER, HS 8 T O MBER 47 AR
WA THREEEANEMRNLERAR(T XN HSH
B). BT TEHARRN E AR AR EENRR A
FEX HS Eh& LA, 4 B A e B R M E .
HPRNEEWE R Kegl 3| AR K EAR Kl
AW IR TN A Z BB,

LR AR AT U H TR A R W T Bk 16
BRI R R TRART. EEERS
ME X FREBRERNFE . H—, S EMRB TR R EL
i IRA TR ER H = W R E R AR
M. ERENFHAFEEEUT ERSOER, 2 ERST
KEBARM T HS HEEMEZ R EHERG S P
B—FRSREMRE, XEEE FUTFRIMERER. B
RERRY BB ERMROR DAL TR ENHE
EFZHE T KORBRE. BRIV TIILEAE KRR
£ FINEAE AR B8R 5, 4 B R PR AR B R ER 3 i
8RB, T HS Bikd R RS8R g —
ERALITE L T EAREL RERERSNEREH
WA A a8 ER AW T . ARSCTIEAX
KREEMRHRE HEER.

EXFE2HHERRTRATHEKEEE3WIHET
PIHAEM Bk KR, H 44 TR ARG S RERUR

SRR BIE BE2 L
2 EpEE%E

HSEWRHE ETHABNEMISZE B THBERATEMN
IR, AAE FEMNARRAE i TwE  RfE AR E
AR, HhhREEmE HSEENSHERE. &
Tl X P H MR

2.1 HSH%

BT GAHA M, HS 454X B 50485 4y A5 Fl R 40 40 A
MEEAEASRE TAREMENEED ., MFEmsRs
HHBESES BENT.

03.:5=08f,4 FOWNBIEE X WE—FTRILE;

1 ﬁ: (&ﬁzﬁ)xﬂ-ﬁﬁﬁ IGRd "&E l/(,') (x) :max{tz || x
— £ || =min, || z— £ || } '

248 GREAN S f (O =E[X|t 0 (X)=t];

3950 1~ AL TN R UL T, &

J=iT1LRESE L4,

ko A NERARSTER TS HEwA HE.
RIEEMT B EEETE—FHR, T THEEN S
HS 42 4 s b 2,

{E"&%%f\"iﬁ Xo={z1 225" x4 }CRd !%&E‘)ﬁ&%
KWK SRR f £ BB fG), f)y s f
(t) B AIE I BH o 1 /DB KHIITRF SR T4 38 A
HEATHERE . BRI A T R R 0 T AU B
MR N T e, LM KESL I REER . AB AR
B A AR 2 N THAREL f@ =10,
Hp . BRAMREH

R WA, RERRSAEEIRAG, SETE W A S, FEFRAEEING, AT EEY.

o 227 -


http://www.cqvip.com

t1 =03

b=t + || fGY—FGim) || 4i=2yym; ‘

0N, O WREIRE X, WE—FRAE. BEL
BRI R S (O RITEFREEG £, (=1,
won), F—WREX— B0 EREE S BRI E -
RWBEREHER. B KERE, At R R IR 2
SO gy fO VNN EATE LR . BHEE D bl Se Ry
R A« TR, BERSEER L. Wit
EREEWH.

2.2 ZihmE*®

ZiWEEEY Bk HS B2 FX MR E MR mHE
B EAENARKEARN M, HEN AR BEE R
FMERR LA HS B IR E. SBERFERE
M MFEEREEMMARKEEL TR, TEHE LR
ENE—-THRE.:

045 (FIH MO E=0 B, fo,. HEIBE X WHF—EWA LK
FERARE AN KEREN—EB

135 (R e 030 MR 4 L B A o B R 43 BUAS ]
’zjﬁ Vi sV ﬂ:ﬂ Si1sy S

Vi={z€ X, |Alz,v)=A(z, ),

Alzyu) <Ay ) ym=1,,i—1}
S ={x€X,|x&V:,Alx,s)=Az, ),
Alx,5:)<<A(x 380 ) ym=1,r+,i—1};

28 (MEMAD KK AETRR o BAEEEEV) =A,
(Vi)+ApP(Vi)J‘$§IJﬁ,J\§

30 AU )<A o 1) TSR TR RN £ 22>,
A MZ I, BFRMAR SR EE 1.

3 WRERER

3.1 WRRERT HS Mk a KT

ROELH HS WIERT, 7655 0 W IMBEREENE
— R4S R AT R B 8, 78 3 5 A X HE T R R MR A
IR do AR —UKIAER , SR U5 VR B M S AR L — K%
REGFME. WRRIRBEF P UREFEEREEEM
dn RMEE LR, RITWERBE T ELM ISR Y=7
(X)te BXHES B e~N,62) , iR E7ECH S |
TN IE 25437 B P A R AR . I HS Bkt [R] — 2 08 K

ERERAENEMN d, BESE dn WEARVGEERE

HIZR, LB TR, KB ERIE - ERSRHAER
BEARE D, REBESESESARSHHAARNE
O AE AR SR R E LR B I B P e A R . L
w2 MR R 5 B R DA B IR L TE 95 4R 9 TR e 2 b 1 R
FARM, AP N EEEHMARESES EEBUR A F
—HR B ERSREMBEERT £,
ME 1 ATAEMN, HSEERP B HEHEERE - TR &
A MR B SR B4 BT (SR TRt
FHMURBBRE D . RITHE—S LR RHTHT. XL
Fr b R RS IR A AT LABREFE S — B R P B IE AT
BRFARBEIFERRE B, EAE—YGRB R EH0, %
BERBEIFRL HE RS AT RAERTHEL 2
HEMATF BH B RIRBIELITTE , L iE S do MR
R—KIE FBFE— KB AR LN RS HRIESHE
LK R P T 10 S R OIS
SR ARG IE N5 — ERARET BB R IERIE R HE
HE. Bl TRE AR IR EE, S 1R
SR RPERFRE. WE 2, F—RERPLEIER 1 &
B L L R AR/ DB R 2 HEF . 1
. 228

£ 000 http://www.cqvip.com|

&%Eﬁqﬂ/‘\"\ dn"—“3ymlﬂﬁ t(ll Yotz ) st (xs )"'E‘JJ'ﬁFf_’ Ty 9Ty
xs RPN HESEES A L. T TR, 8134
FRUGE A Y £ 2R 2B 1(b3) BETE.

(al) (a2) (a3)

(b1) ®2) (b3)

(c1) (c2) (c3)

Bl LE=SHBER AR K. E R
& EMMIES AR R A A8, §—4H (B30 al, a2,
aDRMFAFYESH HSEEREREMEK, §—
A MNEYIGE R RS RN E R ER, B
FEZENE—ERSR.

X EATAE— NV IR R A B R AR S R A L
KEREAN BEL, KEH EMRB LSS N AY R
FHRIE SR UM FE A, O SO Y B AR TT LA, R
ISE T A H AT AL IR FIEA .

x1 frmmsssssnncssilly X2
[ | oy ® 3
[ ]

e |4 °,
* [ ]

[ ] ‘.

*
1

B2 x AEHER LRI, 5 A NIER

3.2 el & ih R W E MK
KRR FESRFR T 20T H R B F R MR


http://www.cqvip.com

T HS Bk, (BRI (R A R, 3 A7 S
R — MR R E R AR R BB AR e k. A 3,
X TAEIESE L AMIE A0 WA g R, (DR RS — A
B R B i 2R, (DB s BYTRMIME, BR, 5 H
R E 2 AR & AR

X T ENTER L, MBI LB R S AR R, 7
8 — E MR REIA BB BUR B BRI IR E ,
BA KB AR RS ‘

gt Eidx ERWRPR B HEAT AT, RATAT AR X
MG REBRIEA LRI LR,

MTEMKRS WA ENRE, B ERS e &
)RR R SRR T EEE - TR LB R
H, e FHIAH RSB ERE. HE RIELER,
AL TR A RIS . X T HS BV R ER RS
SR WER LB R. T2 UWEEETS X R AR
RIEHTE R R AR YIIRE.

% X m

1 ' Hastie T. Principal curves and surfaces: [PhD thesis]. Standford
University, 1984

2 Hastie T, Stuetzle W. Principal curves. Journal of the American
Statistical Association, 1989, 84. 502~516

3 Zhang Junping, Wang Jue. An Overview of Principal Curves. Chi-
nese Journal of Computers, 2003,26(2):129~146

£ 000 http://www.cqvip.com|

Kegl B, Principal curves: Learning, design, and applications: [ Ph
D dissertation ], Concordia University, Canada, 1999

Delicado P. Another look at principal curves and surfaces. Journal
of Multivariate Analysis,2001,77(1):84~116

Duchamp T, Stuetzle W. Geometric properties of principal curves
in the plane, Robust Statistics, Data Analysis, and Computer In-
tensive Mehtods. New York: Springer Press,1996,109.135~152

S+ data point
~— initial line
“.* principal curve

B3 sE—AFEESRKEFOAZLBEERR
MEMLOEEHL) . OPMBEIFT—EHS
(EPEL , QOO IRE N E I,

(E#F 2107

A6 Wine 8385 &8 bk 35 47 57
B FAER LB m o T AL,F=10
m Ve Vee Vs Vixa' Vi Virs Vix Viows Vs Visy
1.5 2 3 8 2
1.7
1.9
2.1
2.3
2.5

DN DN
[SUH SRS S N
00 |00 [00 {00 | OO OO0
LWl [ |
NN NN DD
oc|oo| oo || o0
Wl lw|lw|w|w|w
DWW | ine |
Wi wp~|wiw

2
2
2
2
2

it ASCH M ] R E L B F B VE AN 1A,

EREMN 4 KFCM B pyRal b BB R SRS H A

BEHH X R, AN ELOHBEER Ve, Vs, Vi,
Vsvs Vows, Vi 7 8# Hilbert Z ), BB LB ZR. [
b 3 R SE R PE A T X B AL A RO 46 3
R f KGR, SREW, EFSRAERT,
Xie-Beni #5475 B IL B #) Kwon 1847 BB X RA RIF &Y
ERERIRR MY , TR Jott v KFCM B35 5 p A BT

$ £ XW

1 KH A AT . BREEE. ITEAEE, 2002, 25(6);
587~590

2 {RLBR BT AR, BTHEMBRERE:, TEET
R A (A RPEERRD » 2004, 31(4): 533~537

3 Girolami M. Mercer Kernel-Based Clustering in Feature Space,
IEEE Trans. Neural Networks, 2002, 13(3): 780~784

4 LiK, Liu YS. KFCSA: A Novel Clustering Algorithm for High-
Dimension Data, FSKD 2005, LNAI 3613, Springer-Verlag,
Berlin Heidelberg, 2005.531~-536

5 Kim D'W, Lee K'Y, Lee D, et al, Evaluation of the Performance
of Clustering Algorithms in Kernel-Induced Feature Space. Pat-
tern Recognition, 2005, 38; 607~611

10

11

Chen S C, Zhang D Q. Robust Image Segmentation Using FCM
with Spatial Constraints Based on New Kernel-Induced Distance
Measure. 1EEE Trans. SMC PART B: CYBERNETICS, 2004,
34(4): 1907~1916

XuR, Wunsch II D C. Survey of Clustering Algorithms, IEEE
Trans. Neural Networks, 2005,16(3): 645~678

Halkidi M, Batistakis Y, Vazirgiannis M, Cluster Validity Meth-
ods: Part I, Available at; http://citeseer. ist. psu. edu/534869,
html

Bezdek ] C. Numerical Taxonomy with Fuzzy Sets. J. Math, Bi-
ol, , 1974, 1, 57~71

Bezdek ] C. Cluster Validity with Fuzzy Sets. J. of Cybernetics,
1974, 3, 58~72

Kim D-W, Lee K H, Lee D. On Cluster Validity Index for Esti-

. mation of the Optimal Number of Fuzzy Clusters. Pattern Recog-

12

13

14

15

16

17

18

19

nition, 2004, 37. 2009~2025

Xie X L, Beni G. A Validity Method for Fuzzy Clustering. IEEE
Trans. PAMI, 1991, 13(8); 841~847

Fukuyama Y, Sugeno M. A New Method of Choosing the Num-
ber of Clusters for the Fuzzy C-Means Method, In: Proc. of the
fifth Fuzzy Systems Symposium, 1989. 247~250

Kwon S H. Cluster Validity Index for Fuzzy Clustering. Elec-
tronics Letters,1998, 34(22). 2176~2177

Rezace M R, Lelieveldt BP F, Reiber ] HC, A New Cluster Va-
lidity for the Fuzzy C-Mean. Pattern Recognition Letters, 1998,
19, 237~246 ’

Boudraa A-O. Dynamic Estimation of Number of Clusters in Data
Sets, Electronics Letters, 1999, 35(19): 1606~1608

Kim DJ, Park Y W, Park D]. A Novel Validity Index for Deter-
mination of the Optimal Number of Clusters, IEICE Trans. In-
form. Syst. D-E, 2001, 84(2). 281~285

Pal N R, Bezdek ] C. On Clustering for the Fuzzy C-Means Mod-
el, IEEE Trans, Fuzzy Systems, 1995, 3(3); 370~379

UCI Repository of Machine Learning Databases[ DB/OL]. Avail-
able at; ftp://{tp. ics. uci. edu/pub/machine-learning-database

o 229


http://www.cqvip.com

