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Abstract

Abstract

Intelligent video surveillance is one important part in the field of computer vision
research. Visual behavior analysis of moving object, abnormal behavior recognition and
behavior prediction in intelligent video surveillance have a broad application prospects.
Motion analysis is an important means of abnormal behavior detection and behavior
prediction. The objects in surveillance scene move with some certain patterns rather
than wander around. Information of these patterns can be used for the research of
abnormal behavior detection and behavior prediction. Therefore, the subject of this
thesis based on the patterns analysis has important theoretical significance and
application value.

Since the sudden faults of tracking, blocking and some other reasons that a lot of
incomplete tracks exist in the real surveillance scene. Based on the behavior analysis of
moving object, the problem of incomplete trajectory prediction can be solved by
learning the patterns of historical trajectories of surveillance scene, establishing a
function mapping between the test trajectory and historical data. Using the mapping
result, not only achieves the goal of predicting the future movement of the object, but
also determines what pattern the object belongs to, and then detects the abnormality.
Trajectory prediction can reduce security risks and make optimal route guidance. The
issue has important research significance.

In this thesis, Based on the control points of cubic B-spline describe the trajectory,
we using a local trajectories subset of complete trajectory calculate the classification
and prediction probability of incomplete test sample. We obtain the local trajectories
subset according to the positional relationship between the current position of test
sample tracks and the control points which obtained by sparse reconstruction analysis.
Finally, based on the Dynamic Time Warping (DTW) method of alignment training
trajectories samples, we show the prediction result and pattern of the incomplete test
trajectory. The main content and the contribution can be listed as following:

1) In the study of incomplete trajectory representation and the local subset of

complete training trajectories establishing, we adopt the method named
LCSCA (Least-squares Cubic Sparse Curves Approximation) to describe
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trajectories with the control points, solving the problem of different length of
motion trajectories. We get the local trajectories subset according to the
positional relationship between the incomplete test sample and those control
points. By this way, we can ensure the maximum similarity between the
incomplete test sample and local trajectories subset which are used for
behavior patterns learning.

2) In the study of incomplete trajectory classification and prediction, based on
the LCSCA representation of trajectories, we proposed sparse reconstruction
analysis (SRA) to learn the behavior pattern of each trajectory. By the
reconstruction error minimum, we get the probability of each pattern.
Furthermore, on the basis of DTW alignment training trajectories, we use the
sparse reconstruction coefficient to calculate the predicted trajectory. With the
SRA method we can not only get the probability of the incomplete test sample
belonging to a certain pattern, but also the prediction trajectory by the sparse
reconstruction coefficient which reflects the similarity between the incomplete
test sample and the training data.

Key Words: Visual Surveillance, Motion Trajectory Representation, Sparse
Reconstruction Analysis, Incomplete Trajectory Classification, Incomplete Trajectory
Prediction
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TiE S =k B SRR RURFIE R BRI TR EXS B, AN R R S B
FSEgeah R =R B FEPEREELLF . 7ELL N & =Mt th 200 1T H bR R
eI EAN A
1) Cheybyshev 2 i & %0 VI E L2 il 2 AE[-1, 1068 X (8] — &
FIEZA 2 I, HAE I @i b i B 2 A R — R DT S R 2 ik
HIRR AT T 2 e, REE 4R 1 2 IIaTE B 4L s B B £ — Bud i .
FE[-1,1]1X 8] _E5E S n M S R 2 WA L (2-1) Fs, A mEy)
R LA ZEIL R R Q, (), BEIAK (2-2), HriZFTERMMN
T RAPUE I S R L2 A SH, BT Ko g EXH XA
ERIERAZ I, B LTS b, I 7 AT SOSAR R B R Y X A
Pz SEA — 2 KRR

Q, (t)=cos(ncos™(t)) (2-1)
X(1)=3.0,Q, (1) (2-2)

2) B A B A S L A R ] ) 5 —
MO, AR (2-3) B, 3 X =[x x, | WEEABRECR, N
X KR, JAREEORGE =T, 5 I LA e S ) SR
FESRMUE R R B, BIAR (2-4), Hob R (2) 22 10530, 3(2)
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Rz s, 3(1(X))%F 0.

1y 27j(k-1)(n-1)
fk(X):WZXHe [ j (2-3)

n=1

&= 4(%)) 1 (1(%) (1) < ()] 2

3)  Haar /NEREE. ZITVELE Haar /AR He ) RO R BORI/INE R 2, TR
LSRN R ORI R PO HE « Haar /NBRH 1 RUZ BRH ¢ (s ) /N BR
By, (s) X AR (25) J (2-6), Hrbke[0..20 1] 1 j 43511
BEMRESH FIREORPUER BN 2 MR, e (2-7) 1A
IRHT RS 5 Haar INEREL ARF X =[x,..0 %, | WELESE,
N BB EE, AR/ N RS Hiriit, Ko (2-8).

¢(s)— 1 if0<s<l (2-5)
|0 otherwise
1 if OSSS1
2
i .
z//jyk(s)=221//(2‘s—k) . p(s)=<-1 if%<ss1 (2-6)
0 otherwise
13 13
05=WZ¢(si)'xi , ﬂj,k=ﬁzl//j,k(5i)'xi (2-7)
i=1 i=1
C=[afoornB,ip] (2-8)

it 2838 T L RS TTER BRI IR R R P SIS T AARIIAR. 7 <%
G, MRS &, E2MOGEPIL I ZREBER, X ST
F T304 55 L PR3 i R R 75 1) (0 AN 58 BE LI 1 20 AT O T BT S ks 15
o, M EGEL AR R L A AR B — BRI 8, ATLVRE S s
IRZAT B A R A G, 2T LB A, IR I PR IRFE AR

12
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Z NPT RN ITIEZ B AN R . ASCRAMETR/N R =K B FE&M
H ARz & T i Z0E 1E (1 H AR 2R .
22 1TAEXES
Wi 537 5tia 5 B AR T Bl S S XS E R 8, W TR N B I ARk
HE bR ST SR I B R . 383 B ARAT R ST R R,
A EBR LA A= MBI I T0E. To B 12 2] 05 A B N
2Tk
& B 1T
A W B IAT A 2] 5 BORARTE TG & 355 h BT AT AR 28 5 1
T UIRFEARZEFRAE LA, DA & B U 27 2] 15 B 414 1% 6 9)1| 2k
FEARAT AR . XS 428 5% thig 3l B ARAT 920 A i ) A IR 27 115 31
AL, W] DU HTRE A AT 2SI BB RE AR AT AR . A B 5 11 BAT
LAY 25 5 TE HAB B . BB BER, OS2 5 B« i
A FCRIAE 7. XTI E LU UM & S
1) HMM (Hidden Markov Model, B& T /RBFFARD o 15 A B AL ) —F,
HMM BPRASNBE BB SR, H AR B stk 245 5 00 1) &7 41 2 1)
IR OC R EAF 2, A — AW ) 52 B — LA AH AR 6 25 B 43 AT
HERZAS 51 7= £ B0 SRSk, HMM R s T a3 5 b i 4
AL, ARZAE HMM SERE RSOl SvE gz k. Oliver 2B HJf:
EL#: 7 HMM 1 CHMM (Coupled Hidden Markov Models) i 5 5%
WP NBAT N Duong M A7E HMM JERE F 482 H P #6 #es o J)
FAER (Switching Hidden Markov Models) 5§ AMITHIAT k4724 > 528l
SERATOVKEIIA H . Dizan SR H 19K B D R BLRAEA (Growing
Hidden Markov Model) F#)3 & 2 ) 8 R AE 570 18 30 H AR s % s it 47
3], ZITER A FRONRAS P, FE R R HCIRSEH L RE

13
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2)  SVM (Support Vector Machine). SVM &3 T4 i34 > BES fl i /Mb 45
DAY g B 2 S 0 SN T VS v NP 5 ) B s VA R R s (S A ET R B i i s
HASEE L W, SVM 55 4% Vapnik 254442 41, 55k Boster 251012%
A% DT SVM S T Ab B AL Al L. Scholkopf 251°17E SVM [
Ffih B3 H One-Class SVM 5%, One-Class SVM fIFE A AR & f {4
ANE] 73 BOREAS RSN B i 4R AE A (), FEARFAE 25 1) P oA Sl A o A o3 A
MOMER BB, ST REAEE /0 A 10 AE AR AL, AR ST AR, K
FEARTERFE S 1] 55 IR m A K IAIRR 20 0T, P iRE A 2 5 s T i%
. Piciarelli 257 P [ s 4 FE 10 100 Bk 3 R FE I H ARSI, P4 A
One-class SVM J7iZR3RIL /- B, I A 21 1) 73 B 0t 37 55 v i)
B H bR BEAT AT R

3)  FSM (Finite State Machine, A HREHL) . FSM 2 —Mf A IRARETHF
HIX IR 2 [ BEMS B AR # i B B, B R A b 557 h ol 5 21
ERNib eI =R w2 walll EdI B e &5y wel ESITDN SR Al TN i Rl S B 7Y
FEAN AN Z) 2 [ B 5K 52 o FSM A BRAVIRZS Z IR A B #2145 B RPIR S e #
PR R B FRAS IR RS s WA AR 2 R A R B ULIC
RO Sl TR S35 43 e Fp R FSM 448 38 25 B A58 [X 3sk 5 SN AN R RDUIR
A, MRIEAFPRE Z 18 AL 1€ AN FRAT Jy, DU 7R A8 25 3 v )
y[EN S

& BRI

XS TAH BB 21750, BB GRS, B XL
WZREARAT ], BN GREE S sy 5t 12 3h B AR AT AR R 45 14 o
To B 5 ST B R E A U B2 3 M O A L SRR X 2% 5 3

BB K A3 M T VE R Gy s AR R YNGR 43y — 38, B2 2 A AE A
JERHE UREE, ARFHBIEREETE, AR RESCR AR H
FRBIEET DU — A sl = A AR IF FR R, (o)), (), ) ), (a),a) )} o H

14
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PRPUAE 473 8] N R AR F 41 o i R AR B AR B2 2 1 LR S8 (1)
B EA: Euclidean fHE. PCA (Principle Components Analysis, =40 #7)
+Euclidean 5 25. Hausdorff }5%. LCSS (Longest Common Subsequence, ¥
ANFEFREAD BEE . DTW (Dynamic Time Warping, ZhASKF RIS FHE,

PR FE B8 L2 5, IR 2P BRI T LA 4k 4 IR L6 77 724 A1
ARy i —2K, G121 R P A FAT A . K-means £ H A —FaEH 24
ST B R IR T 2RI A K ARG, B A KRR
I TEARIC I GRAE A TH R B Rl (5O, A AR SE, SR E T A IR
FEAR R R E EHT R R FE L, EREEH P RERIE. K-means
SRR, TR 2 N T IS SIS 8 B ARAT N A U R bR g 1 0z
Kl B 252 >) . Stauffer A1 Crimsondeng 251 8hi a1 7 B4k il — M A Sk ik 32 5
HbrrO B AEE, FEFHTEZ K-means TRV ZID A B & LA ot &
TP AT 5395 . 1E K-means J:4ili |, £x53g 504 BRI E RE3011T 4,
Bezdek 2£191f] FCM (Fuzzy C-means, HiHi C %ME) BT 31 HARIT A
i, K-means "PAEESFPIL R BEJE T — 2K, AR C BEFET, B
AT LUE F A SR AN, Hu S P2 FCM S0E R 6% 5] HARAT M. Liu
EITHR BT I (PR B (1) FCM S0 37 S L B 2K 0

SOM HHZE 28 & —FhIo RIMAI R K TE, A E M E e, AR
e YERIAH A TG, MR AU N B 4R B R e YRR SRR
AN S E A MR BUE SE I A% . SOM FE AR, N ERIEL
P NI, At 2 BN TS R4S B s ORI AR, BRI R B0 — 8715 R
LRI 170 41 P 52 B0 AR, R R 28047 — R 3T, PSR A B LA
FE 32 B BRI 5 i S N SRR BUE TR IR, 2% N HhE 28
RO AR, a2 RS Rl R AR AR, R ER IS R R B — 4E-F
T b A H A T e BN B AN B A R E S, REAR R R
T RURE R RES S Wi N B 20 A G, I W e A\ s B9 AR 2K 93] Johnson
S Grad B bkt H bRz L e RS B — U S R, TR B R ORIz
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(¥ () 7 B RIZ 305 BAE N SOM #HE ML I, Bk SOM #1444 k2% 5]
KB

& EIERETNE:

FERZ I AR Fh, RER R8I A bR ERIL, REHEA
RAREE, FETIXFERI SRR G, (R A i BB RIS bR id i 2
B I RARZ B AN A EMR, I Rk R 7k,

K 548 (K-Nearest Neighbor, KNN) Hi%A & B FLmt, Sk
OB SR, ENLER ) BRI SR B T AT, & — R H
AR R 2 20 ik BT TR SEA AR I ZRREA SR b, B0 R A RE A B UL K
AT AR A, UTAR SR 2 R B A A s T IR . B R 2 DA M AL BE Sy
JE&, FHEBREARSRIER K MEAFEA S, JHENRAEA x 555 X K
AT AR REA T BLREUR 2 2800 o AR AR 5 I 2R A AR DL — i B
SAMRIEE . SR, VIS RIS, KRR, BRI RS,

GMM (Mixture Guassian Model, & SR 2 B2 3] J7iklA, i)
ZAEARAAGRS, B CEE GMM B AR . BEL KT ZH ISR, &5
BT R Y

2.3 ETHEFRMTARNAE ST

e 4230 AT N o M T FC B R X 4 5t 0 SO B A B, 24 3 I S AT
o A SRR AT O, IR AT R SR, IR R T
F AT IR, SRR R AT Dy, IXRE L& 2 B R W 45 21 1
P S AL R e S 3 ) AR AN BEAS B F b B T RE U IZ BN T TN, SR RETH
TN E AR R RAT HE () BARAL B MR AT AT PO T Bt e 3 2R A T
Aot S5 Py S AT AR S ST RO T, A 2-1 B .

P S2 BB B B2

CIREEA) — T RT

K 2-1 BUZAT S TT FUHE L
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BE Pl RN R B LR IA

Dizan 2%t 37 S G028 P R R M T IS B R s sAT R, 5
L HAE 55— RAT A BR R E, B ELRME R R 14T A KO
BT RIIEENT . Ellis 2P —REAESHK P TN FOHESE, %0
Fo b FH e i R I SR S — A, IS B BRI A T B AR T
— i ZIMBE B AL E, A A S P I T . Hermes 2505 H DU e i
A e K A I 5 B T VEAE B R ARBA I 2 B, A KL B i VR R RIS
) HARSR I, 7 PR EE P TSRO A B R B H AR B . Keller 45
oI Hermes ZE°Mit FEHESRAF AT NAT N (AT7E 1510 432K, R Fug i UE &
KIAT KRN B FRTI 47 4 - Hermes Z51°°17E 2011 484 ) [ S 8 720 405 3 X
Yy AT R AR T2 5l H FRAT 9, BAkfi%Ja ] Chebyshev 2 Tia3R H Ax
BhEE, KRR A B B — A S Ee A, R UKR (Unsupervised Kernel
Regression, JGHLEAIEIED Tk S Hun &5 BMRERIRTE I, BRI
v FRRE T30 I8 B B ) S 3 K30 5 E 3 H AR 67 B - Bashir 270691 250
BRI Bz, A K-means BR2RT7VEMS B A BOLIE AT A0, X
e Jr B B AT RS AR R S R B HPIRAS , FI IR ZS 22 17 f % 7% R 1t
A SKHIAT A5 Piciarelli ZEVRI F AR G5 SR FR BT, ARHEA T i 2 1) ) e i
AR BARHIAT A Hu ZMTHPZ FCM BESRHMTH RS, B 21
SRR i o A @, AR DUt S D v S A K )38 B0 7 1)

2.4 ISSIRE AN SEEENIT 5 KR UM R E A E

W 2 T HE 3 FRR UL B 31 10T A BN SERE 0T I 0P T 0 £
17 2 T e He P RO Y b o AT 22 ST 7T, Wi R
B A, BRERCRT . PN S0 AR T AR RS B R SR,
SRR R — . 35 2 B TR 25 26 25 I B A B A7 B ST FO v e
SR, AT AT R 5T B0 7 B AR £ 2
BB BANOFOR R ST HER . Ak, BUBT R E T gk
SR LI 7 7 VR DR B (R ROR 2 BB % (55 . B 2

17



3% 37 55 A e BB Y 73 S R SN 7T

ST T 1R b T 7 VA B I b, B SO g B B =02 ) vkl DLy
NS B S SR B 5 2] =287 BN T T, H AT
FILNERZ 21T 2230 H g T 2T e, J Rk iz 30 77 17
B R RAR RIS (] N IS B B, T AN REAS 2R SRA IS 8] A #0328 T 45 2R

AR SO0 45 3 55 v B AN S8 BE R 53 R T TN R SR 1947 4, SR H LCSCA H
FRE RN T, SEETT DL A R B bRl e sy, Kihaksg
FET={(%0 Y1) (%0 Yo ) oo (X Yo )o (X Yoo )} BRI ST = 0K B FE BB B0
e, RE\BBHUFFIF ={C},C),...C);C/.C},..CL | » FIZITHIZR HERHLIL,
Horh p sl T s 2, 107 v b i ) T RO ER - B A% R 3 (1) F 3R R i
- FIAR (02 th 280, ) LCSCA 7 il e, 42t T Reuh E Al /047
(RIS 5 R TIR,  FAS s B AP AR 37 S5 b SURAT N I 2Rk A ok
RIRARIL, ARAE A 2 W ARE AR 10 47 A 2 T A A g 3
AT R BINERE,  H A R BUIRAS T2 BN P 5 AR M AT s Ll 25
FEABIAHAUARE RS, I FH E A9 SR E0nT LLSRAS B9 e B & B2 0 A 58 BN R P AT
N EE AR TN

25 KRB/

ABIIF R AT AR BT AT R 2 5] B T X = 4
(ETERF TN RS RS EEREAT T 450k . B S A48 7 A — AL R B K B 6
TRV, IR B R i I SO T RN AR T ST R 2
I EAETRIN S e, I T ASCHIF 9 A 2 1 SR 0 07 425 o
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F=F AERPIROR KA G

EBZF IEBIERTEHESEWE

230 HARPUEAT DR a0 2 SR A P T S e R R MR,
AR EA— BEATNE R FEALH D TE AR IX AU T U A
ASE RN TE S IS 3 B ART BE R AT 20 MR 0L, WA e B AT N
WO AT AT LA 358 3 AR R G 2 TE R ThRE . A SO A8 B 73 2
TR FEHE ] LCSCA FLikdRon HARHIL, 2 HEA 58 BB =2 A i 2007 B 5 4
BYNGRFEAPILE =X B Ff ok s B A BR R BUR L TSR N AN e 2
AR 73 AT TR ZRAEAR, B 3-1 P OOV A T £ AN

$%%@ﬁﬁ RE AN

T (Y $h

R IR A oo Da

K 3-1 ASE BT AN T TEHE L

3.1 ZIESR

#T LCSCA M RZABEARERIE: K/ =1k B FE&X HiziL
) = I AR 5 B B AT AR R A, — AN K Y S 0 R IR R K
FERINTE, {62 A5 IZ I R T R 2= 05 8., FLd s TS ATBUE 5 1 BE
R HREHEH IR SRR BB 26 . A SOt s, R ER R B
B, BARME: RIEIEEh B hsPUE KSR, WG SR EREEY
SRR, MR RINARS AT SRR B R R, T SRR R
RBGERE, @ESLRETTRE, PR EERE SO A RUSCR DA IR B () 45
FEPO, EE, ARIEAS SR 2 O B S Y SRR A A B ] 0 oy B
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B¢ A SRIUT LAAR 52 B30 23 AN T 140 /25 0 38 A T8R4 A S8 B 2 2K %
FRIBT TN SRREA SR S o ORI 2 ) S B RESR 2ot AN R K FE
IPARE K SE IS ER R, R T UK R — . P g %
BLEFRUEE S AL, 8 HARKIZE T S B, MR IR A 2 ] L o
DL e R IRIUR TR T4, (R IE I B J5 36030 B AR 18 B IR AR Ak 5 R 58
BEMIR B AR LIS, A H o 5 T A 52 BE B 7 2K (R v f e 24 S, TS o
o tH B8 A T 45 SRIRAIE T B 7SR R B 2 R T R A R

ETHAEMITOARZERD KRN FT B FRPEAT kR >
(AT TR AT LA 2 RS 52 B R B R T PN 72 . i e 4 278
B R P IT I RIR 2, FREARET IR A T BN, &9
HRBH, A2 AT AR B 1 R A X 87 1 28 R B ORa i T, i 2 A4
IHIITERT LMESNE B E DB ABAERIREA b P RIR 5 345
JREREAC TSR IERN b, PSR AT 7 K R 5 B 5 TS AR S I RE AR R
5 RAT 9 (I G RE A HEAT TR Y2, SRIDUR BRE A 148 rpRE A X % (1)
P RBOR AR 2, X 54 R BN SR 2 AT VA, FE M 2 /N
A of 28 M A 52 SR B O R 2R Fr ke, %9 20 B A 8 14 T A R R AR 52
BRI 53X L RE AR AR o i 45— T AT 5 TR A 7 140 25 7
it RS 52 B BT TR, 8 50 A5 T 1) LB S0 0d S M b A, Aol
FEAK 5, 48 B R BT MR BEA R BN A . %77 RE s Xt 1 %37
B IR SE PO AT AT AR, BRI EEEYE, X R S8 B AT
ST B T T H 3B 7 ) 3 B SR A B 1 T . A S i e 4 SRk 4
VI R BEAT I
3.2 ET LCSCA BIBMTRR

o R S BRI 2R AT A 2 ST B _EREAT BU TR 5, fh TR K
BER—, R8Ol KR, BafE B AR RSB, WA e B0
oy, B, RN 58 IS 2K TR 75 B e X B AT B B . A A
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F=F AERPIROR KA G

TERFHE T LCSCA HIBIE RN, =R B FERFE M U BENE RTEHRIA & FRR 1%0
R, FEIRIFPIL [ 2 KRR AR, /5 2P Ros P9 A& Hirfis
ZITFE R

321 wm/NTR=IR BHEEFKIAML

1964 4. FEFEHFS 1.0.5choenberg 55— Ui i RE & BB, 159 2%
2R — e, XBIECEF E LT —Fh B RES R, ey s B B R
16 B RES MRBERY R HET ZE0/5 8. LCSCA £ EIEI 514 3 =k B R4 RIS 5L
il b 45 A B EOEAT BB AR, B RS R IR DL 2 R RS RS RS T BR A, L
1 IR 728 40 T R RS s TR 2 AR s o 6 (K19 LCSCA 15 0 LA
PE, Rowland UM% =k B BE4 5 HOEIE M ELR 45 A ) T 205 BRI,
Li?12012 457 ] LCSCA SR Wit 37 5t H AR BLE , BB 3de $icaim 5 e po AT 7 1
SR RN T TRz sl B FRIT AR ST, SOk SR 1 se i s i,
BRI A3 B T BT B AT R4S

B REAEERRSL: B RESHERBUE — A B S MR B Ve I K 2 5
R, BB SR, A (B N kB BRI IE X, KPR, P, P
LRI TS, N, () 52 k K B REAHIZINIE RS, B FE4 2 U] De

mwomﬁﬁﬂu%ﬂﬁﬁwaﬁmH1M%Bﬁ%%&ﬁ%%%%&%:m

[t J B T AN KB B FESE N, (t) ISCHEIX A

P(t)=iF’iNi,k(t) t, <t<t . (3-1)
i=0

N (0=t ift <t<t,,

W10 otherwise (3.2)
-t t, —t

N., (t)= L N. t ik N. t

I’k() ti+k—1_ti I’kil( )+ti+k+l_ti+1 Hl'kil()

15 SERRAF 7 R o 2 K F De Boor-Cox e XL If B FR&HE RS, ©AE
LA )5t -
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N (1)20, teft,t,]

E] Tixz % ﬁ‘ : °
1) )EJI Bi@@*ﬂjkj I‘i Niyk (t)=0, tg[ti'tnk]

2) B ATARI K SHE—te[t  ta], A DN, (1)=1.

3) Brk=04k N, () fFEME KM, Frk=1Mk=2%F N, (t)H 4%

S 22
A /\/\ ’ _ k _1 k _1 .
4) N, () B AR N ()= N (D) N (1), TEAE
i+k—1 i i+k M+l

WKt b ] RS, N, (0 AERATT S, 7ET5 AUAE N, (t) £ p—c K
T, Mok e ML AR, TR A T I B A 4 i 2
P,
B FE4 %k : De Boor-Cox i HEi S B RESHE BRACET] i B L M2 itz
Y, WE). EEEHTL R, P, ... P AE 2 TR B % &0
M4, BB MG TR T 2 RS, B A a5 T
BT RIS, EEEA LAY, BRI, SH i B R
el X, JLEA DL F R
1 R, kB REHIZAE e[t 4, ] DI 155 k ARl T %, [
B, BB KB B LA AN T, LA LU A e O AR A
KB, AR 4

2) FELEE. P M+ LB T TR, 5 T s
T4 B B I AT n— LI LTS, 2RI SR 2 h,
4% B PRI ZR AT n—h— LB JLATIELE.

3) FP7ESHAR MR B BRI A 2, 7T DR EAEE A2 (3-3)
B REAHIZE 0 S 3L
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F=F AERPIROR KA G

:Zn:PiNi',k (t) (3-3)

4) JUAANE. 3 (3-1) N B FRAc i Zie G, HIBIRAAL B 5 AL b
R MEFETLR .

5) PrRiE. ST R TR I & AP 1 2 AR, B A
o 2 A — 2%t o fih 2K

K 3-2 —fix B R PR PR B K

6) MLk, Htelt .M, HIE B REAMEEIIERA 0N, (1) <1k
BN, (t)=1, [, 5 s ST I, fE [t ] KR, B

ToF 2 HHT 2 00 S A I 42425 1) TR AR 3T A B T 2 N e I 3-3 s,
ANAFERITSIE R B =X B MRk =B B FEoc i Ze Ak, & — Bl
I3 AEAE DA T A B 2z

K 3-3 — M B ARk 2k R MR E A
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3% 37 55 A e BB Y 73 S R SN 7T
7) ARFEGEIRAE o R B ARSI 2R AOFE I TR n+1A4, IR L ) TR %
H & B FEAR - R RIRFIE 230, M LU R 458 12 I NAEE —F L
5% B FEAR IS AN A 51 B A S RHIE 2 TR AS AN E,

3-4,
AI PoN f

§

3-4 —fi& B FE S il 2 1978 2 e v
8) ELLRARFRME. 1) T M B O REAE 2 3 IR AL B — 4% ELER I 1, B FE
SR AB I — S B2
9) FEME—t. AR (3-1) W—FFMH (P, R, ..., P} FHIT A RR )
KB B FEZHh 2
BRI BRSO T 0 0 2 2 R KT T 84 R BT (R 25 B S o
PR, BROEIE Rk AR RN T, R MR B I i, TR
H R REAR IR E IR, BB A A R F(X), JRAE f(X)e A, BRTE
Ty KRR E TR R EE B R p(x) e B, il p(x)'5 (x) HIRZEAER:
PR SUR RN, f () HBOEIE MR AL p(X) AT R, P2 2 iE
SRS, BB AR IX I [a,b] b %EL: R A, LfECla,b], HEBIEE A
NRETR. ARG R AL WA, EREUEIEAEClab] . f(X)
UL AT (3-4) rh = 1 B Bt
[# =0 (lx 1%

1
1, =([1f (o) 2-ion (3-4)
[, =max|f () oot
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F=F AERPIROR KA G

HHE Weierstrass 5@ 2, W%t Ve >0, SBAEEZTN p(x), HHAN (3-5) 1EX
] [a,b] b —FaL.

max

asxst

LCSCA JEAE UL EVFIR [ B AR R EL. — M B A% B AR bR H0E X =4
LA ERR R, ERRE LU SO UE A, R B OFESR I BRI AL SR
TR T B BRI 2 (4% R 5. I AR B Ay AREE H BRI o A
4, AEHILFE T ={(X Y2 )2 (%o Vo )sooes (X Yoo ) BRI 5T =00 BB S b0 B0

Be, BEHAFHILIFRFIIF ={C).C),...CY.C].Cy..Ch ), Horhp s

I S AEG BRI HRPUERR 55, AH De Boor-Cox iHERE XL B #
IR SRS S REUERE © , @t SR E T FY =0T .

f(x)-p(x)|<e (3-5)

3.2.2 ETF LCSCA HIB#r#ifrkR
FEM 5t A e BRI 2 20T, FH T SRR TR AR AR 1 3 B P 38
KEEAR—M 108, 5 BB T AR, fRIE I R [ K B s 2 TR 7
S EG o LCSCA 7525 hs il TH st RV DR BB A% R 3 (1987 & Rl IR (v it 28
ffiFl LCSCA J7iE#os HARPUZE, BRI IR R, H HFRF 5
A& T HIrEsh o7 mfE B BRI el H R Ul K i L fitass,
HESHREAAE ST SRR, ARG ST AR EME AR5 B MK
FERRHL, B R I = SRR AR R A e O B IS Bl U7 AR BRI R A,
FEV R SOR P A5 00 R A B, o5 AR s M R TR . TEAR OIS, R
H LCSCA T353R m AN e B 1) AR AR 4 T
D HESHREAAR ST SRR,
A H ARSI E K I oA a e, IS B (R 15 S AR S K A
ENSHRESs={0,5,,--S\y 1, Sv}» WARK (3-6), H#Hn=23-N,

s, €(0,) -
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