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Curves Approximation with Hierarchical Many-knot Splines

CAI Zhanchuan ,ZHENG Caimu
(Faculty of Information Technology, Macau University of Science and Technology, Macau, China)

Abstract; Based on many-knot splines, a new curves approximation algorithm is proposed in this paper.
The algorithm makes use of a hierarchy of control lattices to generate a sequence of functions whose sum
approaches the desired approximation function. This algorithm can automatically select the proper control

points according to the setting threshold. The satisfactory result is obtained for the fitting of experimental
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spectroscopic data using the optimization methods of cubic many-knot splines.
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Fig. 1 Many-knot spline functions
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Fig. 3 Reconstruction with Chang’E-1 laser altimetry data

4.2 ARBEZEMMLZIER

TNTERKEE LAY Co AANES A5 1 B (- 1, 1
RTEARBRES 22560 T W2 IR 245 R SR B ROR

TEMI S RETE s trh, 2R AP itk
THBREIRS kTS . WE 4(a) B T E—5
Nal #R10 #% %1% Co JCR B R ML 2 h MG,
R T IRANGE RS, B G R R ACOT i A PR DL
BmEDEEML, XERMZIR 255 AT
SGeitgdndt TiE R, SEE 4(b) PR ETUR,
HUAS RAFIRCR

5 4%

AT ZEE R, T T BB T Y
Jriki, FER M T 2245 s e A 10 R B A A (e 1
T R F PR R AR G A R, KR
P R AL BSR4 B X s, b
G 1 SR BRI [ 2R R e 05 8 24 i s 2K 119 JRR
Bio BEAh, FREEREMRIE BOE A ZE(E, Ak

350 ‘

3000 3

_ 250

£ 200

2 150}
100}
50 -

ol ) e
0 1000 2000 3000 4000 5000 6000 7000 8000
Channels

(2)

350
300 3
250 %
g 2001
2150+
100+
50+

oLL . B e ™ -
0 1000 2000 3000 4000 5000 6000 7000 8000
Channels

(b)
Pl 4 % Co fMFAR RS A i T

Fig. 4 Smoothing the gamma spectrum data for ©Co

PRI TR s 2B, AT R E AR AR
B BB . HA T A B 28R A, 5l
AfHEE I A E Tk, R T ikReEA
R R e AT 2K

B3k

(1] FFARM. KT 2455 BEEH 5 -spline HfH{H (1),
(ID), (M) [T]. 35 ARORE4k: A SRBE I, 1975,
3.70-81;1976, 2. 36 -44;1979, 3. 1 -8.

[2] QI DX, LI HS. Many-knot spline technique for approxi-
mation of data[ J]. Science in China (E), 1999, 42
(4). 383 -387.

[3] FFARJ0,H A%, KEO, 5. HEARREE WHLELS AL
vt iR L)), RBLETE, 1982, 4. 45 -51.

[4] YANWQ, QI D X. Many-knot spline interpolating
curves and their applications in font design[ J]. CADDM
( Computer Aided Drafting, Design and Manufacturing) ,
1999, 9(1) :1 -8.

[S] ME, 8 — SRR Bl Z2TCRINZ RE 245 13
ARLI] FHRHLE B BT 5 BB 5 4, 2004, 16
(5): 619 -5624.

(6] ¥k, BRISC. KET 245 fURE 2% BRI I I 1 58l 2500
RIEGEELT]. R R4, 2005, 39(4) .
539 —543.

(7] 75 TR CAD #F5g L St st il &, AL
R (kB ) [ CPL JEst st il G, 1991.

[8] dEJ5 Tl K CAD BSOS ALt B = H0F ’L s il
T AHREALRE R CRIRL) [CP]. Jbat: Jbathl =2
ARSI T T R AR 24T R, 1992.

(FHe5 27 1)



5511 F WA A I R B RUBE S5 R B R AL P A FR BOE K 27
a 0
[ [ e B.Cay)uty)dody - BE T

Ao Eu(x>,31< )
[[eetom] £, ()7 (s)

M Jo“fiewﬁz((r,x)u(x)dadx <0, Mk (19)
FAVEIR S

———————dsdodx (19)

- ffie“’ﬁxa,x)g Bls)
exp - [ A1) m()) +y1< > o
(20)
A K(L) = Lafiem (o) ;’812‘:; .
eXp{_L A +pu(s) w;f)(l()) + 9, (s ) }deadx

PRECK(A) fE R R ES ™M, HHA
Jim K(A) = 0 LK lim K(A) =+ e T,

FEK(A) = 1 AME—SCEUR Ao o B, AT TEAR
e, B FIARIE,

HERE (T(2)) oo BIIEPERT s(A) > - o (I
(8] HEE VL 1.10), PLRE|3T G| FES,
GRS N7

#iE1 s(A) <o(A) Ho,(A) <s(A),

M5B 7 FdfEie 1, A —A € Ry
BY UKL e >0MM =15

e T(e) I || <Me™ , X FHiAM =0
Hepo || - | #R € EREEE. TREM

2 FHIE,

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

FARKAS J Z, HINOW P. On a size-structured two-phase
population model with infinite states-at-birth[ J].
ity, 2010, 14(3): 501 -514.

FARKAS J Z, GREEN D W, HINOW P. Semigroup a-

Positiv-

nalysis of structured parasite populations[J]. Mathemati-
cal Modelling of Natural Phenomena, 2010, 5. 94 —114.
AUSLANDER D M, OSTER G F, HUFFAKER C B. Dy-
namics of interacting populations [ J]. J Franklin Inst,
1974, 297 ; 345 -376.

PIAZZERA S, TONETTO L. Asynchronous exponential
growth for an age dependent population equation with de-
J Evol Equ, 2005, 5: 61 -77.
PIAZZERA S. An age dependent population equation
Math Methods Appl Sci,

layed birth process[ J].

with delayed birth process[ J].
2004, 27. 427 -439.
BATKAI A, PIAZZERA S. Semigroups and linear partial
differential equations with delay[ J]. J Math Anal Appl,
2001, 264. 1 -20.
THIEME H R. Balanced exponential growth of operator
semigroups| J]. J Math Anal Appl,1998,223.30 —49.
ENGEL K J, NAGEL R. One-parameter semigroups for
linear evolution equations [ M ].
2000.
FARKAS J Z, HAGEN T. Stability and regularity results
for a size-structured population model[ J]. J Math Anal
Appl, 2007, 328 119 - 136.

ARENDT W, GRABOSCH A, GREINER G,

New York: Springer,

et al.
One-parameter semigroups of positive operators [ M ].
Berlin: Springer-Verlag, 1986.

CLEMENT P, HEIJMANS H, ANGENENT S, et al.
Amsterdam: North-hol-

One-parameter semigroups[ M ].

land, 1987.

R e e e e e e e e e ) e e N

(_ER4%55 21 51)

[9] DAHMEN W, GOODMAN T N T, MICCHELLI A. Com-
pactly supported fundamental functions for spline interpo-
lation[ J]. Numerische Mathematik, 1988, 52(6): 639
- 664.

RIEMENSCHNEIDER S D, SHEN Z W. General inter-

polation on the lattices:

[10]
compactly supported fundamen-
tal solutions [ J ]. 1995, 70.
331 -351.

[11] ARAERTE, W T 245N A i/ MR 22

Numerische Mathematik ,

(12]

[13]

I KR I C /4 15 T v il B 005 DB
22 R 2540 CADCG2008 , 2008.

FORSEY D R, BARTELS R H. Surface fitting with hier-
archical spline [ J]. ACM Transactions on Graphics,
1995, 14(2): 134 - 161.

FIAL, B BB, A SETIRIR— S TR EOLI
FRWLI Y H Bk FE A5 R CLTM-s01 [ J]. o [E Bl 2,
2008, 53 (11): 1601 —1612.



