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Abstract: In this paper, an algorithm named non-truncated wavelet finite element for bioluminescence
tomography (BLT) is proposed. Using linear combination of non-truncated wavelet functions across the elements to
approximate the unknown function, this algorithm is used in BLT forward problem in phantoms of cylinder and
sphere successfully. Theoretical analysis and numerical simulations show that the computation accuracy by this
algorithm is almost as good as that of finite element method (FEM), while the number of elements and
computational complexity reduce greatly compared with FEM.

Key words: molecular imaging; bioluminescence tomography; non-truncated wavelet finite element

T OE AT AR RRETE AR R T — AR IR AR PR R R SR R R TR AR BTSN R R R
PR BRI BRIk T Y Z T AR IR 30 SR L A T R TR R AR E @ P AL B A
o B 5R AT IR 0 B 50 BR 6 AT Fo B ABAT 25 RRON, B S TRAT 0 BAB AR AR b, 3% FE ik A2 RAF R AR A 2R e 1 LT
BT BB A KT I F R AR

» Supported by the National Natural Science Foundation of China under Grant Nos.60872137, 30873462, 90209008, 30870685,
30672690, 30600151, 60532050, 60621001 ([ % H #kF}2% 3L 4x); the National Basic Research Program of China under Grant
N0.2006CB705700 ([H % T i FE Al F 9% & J& 11 %1 (973)); the Program for Cheung Kong Scholars and Innovative Research Team in
University of China under Grant No.IRT0645 (KT.2%3% #1407 H1BA & & 11 &1)); the Program for Chair Professors of “Cheung Kong
Scholars Program” of China (“:T. 2% % Jil v1- %R I 20 #%); the Joint Research Fund for Overseas Chinese Young Scholars under Grant
N0.30528027 (HAh54E & S 1EWFST 5 4x); the CAS Hundred Talents Program (7 [E R 5% 1 A #%1]); the CAS Scientific Research
Equipment Develop Program under Grant Nos.YZ0642, YZ200766 ("' [E £} ¢ 5 KRRz 4 W4 551 H ); the Beijing Municipal Natural
Science Foundation of China under Grant No.4071003 (4t 5t [ 48 R} 27 3 4x)

Received 2008-04-10; Accepted 2009-01-14

© PERRERAAAFIIFUR  htpy/ www, jos. org. en



FEA ST A A PR BLT GE @) MR A 1195

KR TR B R R B A IR AR BT R PR T
REESES: TP39L XERFRIRAD: A

H & 56 2 A4 (bioluminescence tomography, & Fk BLT )1 JL 4 K& #7 B 0 73 1~ 52 A% A8 1 (1 58 4R
SLARSAAE T AT LALE PR TE G 0 100 2 43 7 R4l AT (0 A2 03s shMLBLT rh 56 6 0 TR AT 5 0 R X I8k (g 22
DR )R S 5 e A AR AL R R Hh 98 PR BT AROIF 5 0 465 1 10 i S5R39 1) i) 850 8 A 77 T, 1 1) ] 0 2
S ' M6 PR X35 ' 25 8 A1 2 i, S A5 24 00 1k 2 TR ' 5 43 A 16y sk R T, 3 g e A B 2R ) A A R 1 £
5 9 oy TR AT B otk S LB A LR R (0 BLT 45 (6 0 - 3015 W7 TS 2500 T R v 473
SR B A 12D,

BLT {0 Rif 1 il A5 5 o 1 s ol A, 3 BT 50006 1 8 A 0 4 0 () A4 o R 0 A 8 LB, 7 $ % b
AR — A I i R AT BRIG E BT PR TSk CONT T X BLT MBI R0 & TR 3 R S At A 4% 4
A9 B TG A% G AT B G R ) 22 30 R A'E A9 T 0 K00, 5 A 460 550 K00 160 388 300 K5 32 57 4 350 4 FKHEL 40 R 2 350 5K 1 o o
T L — A 5 R A ARG 0 T B, R A R O N, K T BUVE I S A% B /N A B UG (wavelet finite
element, fFR WFE) LL/INBAE 35 R 40, /N 3 HAT 2 ROEE . 22 0 AN S B R , mT DR S50 9 s e B0 D 1 1
BT BRAGHE L (1938 30 25 SR B,

AELEE, AT AR/ A B 70 SR P R 7 170 46 AT 10 /0N 9z 5 R 3 30 oA 801 501890, 5 80 08 I R B T — ¢ A 70
o BT R A D) RO SCAR T Rl A R AR T AN A PR TG A 9 3 SR TR G ) AT 1 /N o
I P T (AT A 5 R FEAR A AR 1K) BLT 1 ) o) FUATF 9 v BRAE 20 M RS0 07 B 45 SR R W % B892 78 554 B0 A PR TG B
5 AH 20K B2 (A 0 T BRAR T S AR
1 ETF=ZHRARAET 5 a9IEE MR B RTIEIR

NPT PR TGAE S J8 I R 7 A T 2 B ik O A e o I 5 A AR HE 1R/ A BR TG AE BB 25 20 A A6
BT 8 W AT A5 1) T O AE R A R AN b PR R = T R B A 2 AR ) RO A SR 1 R
FR KT /N AT BR TC R TS R T XA R [ B L T TR T e T R T ) (0% AR R B (N
1 BR T 48 SCHRR 9P I i,

1.1 BHEFK/NEK

A AATC LI T KB R /NE R L Meyer /M. Daubechies /Nl M B FEA& /NSRS R T2
PR SCRBE T B R4/, A AR AT 208 2K 50025 S 0 B At 17 .

m B B 4 U B e S

N, () =N, * Ny =[N, (x~0)dt, m22 )
Horp *ROR BB, N, R XA [0, 1] AR 1E 06 8, HL N, e C™2
FH LA b SCRT DA B B AF 4% JURE ek BT 53 — e ik o130

1 S K[ m m-1
Nm(x):m;(—l) [kj(X—k)+ 2
Horp,
{x;:l ) )
X =), m=2

K1 g TR RS 2 (A 4 B B AR 40 R pR 8

© PEBRABRGAFIFURT  httpy/ www, jos. org. cn



1196 Journal of Software #AF3#% \Vol.20, No.5, May 2009

Fig.1 Scale functions of B-spline
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Fig.2 Scale functions of m=4, j=0, which have support on [0,1]
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Fig.3 B-Spline scale functions of m=4, j=0, which have support on [0,2]
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Fig.9 Distribution of @ along the line, which paralleled with X axis and pass through the phantom’s center
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Fig.10 Cubic phantom where the smaller cubic is the light source
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Fig.11 Simulation results of the cubic phantom, the graphs is screened from
the negative direction of the X-axis
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Table 2 Maximum and minimum value in Fig.11
F2 K1 SRR K EME
Fig.11(a) Fig.11(b) Fig.11(c)  Fig.11(d)
Max 0.00306  0.00297  0.00313 0.00273
Min  1.35e-4  -1.28e-004 1.35e-4  1.4le-4
MELE AT BCE5 R AT LU AR AR TN A BROT Y T = 4R AR R I BUS A [ S e RS T 5164
PR TCAH 2 FIRS BE BRI T S 2

© PEFREBAEHIITUN  httpd/ www. jos. org. cn



$EA ST A A PR BLT B @) MR A 1205

4 HRIE

ATCH T — R AR A BT, R N T BLT IE i) i) R AR 58 7 B AR Wos T
HERG LN v 28 N LU SO L 2 00 R 22 ROBE IR R P 8 30 R 07 A T A G AT IR G 18 22 0 g ) i
IS A B 0 AR s /I A I T 75T K] — DKo e, 2 A B T BEAR 1 — A HE D /N AT B G 1R 552 s N2 T 0 TR
R T PO K TR D A S ST D AN DR R ) U A T R (0 7 e S AR A SO SR 2 AN B AT
BR 70 A RS N ] 5 T G 3k — 20 AR T, A S AR S AE R IE S0 10 38 3 T 5 A% GEAT IR OCIE A7 AL — 282 0, AT R
— 5 [ AR TBAE 2508 0K — i BLRGHEAT A3 NN IR OC SR BT 9 b iR 2O N RO T T BLT 381
Te) L7 1T R 5 .

BUS ARk, AT 1 AR SO Tk VY 22 HL RO S L TR A e R RE SR AR ST ST R A 1R 2 A [ 2
A7, JE R i e 2 il 2 s Sk

References:
[1] Li H. Studies on forward and inverse problems in vivo bioluminescent tomography imaging [Ph.D. Thesis]. Beijing: Institute of
Automation, the Chinese Academy of Sciences, 2005 (in Chinese with English abstract).
[2] Hengerer A, Wunder A, Wagenaar DJ, Vija AH, Shah M, Grimm J. From genomics to clinical molecular imaging. Proc. of the
IEEE, 2005,93(4):819-828.
[3] Cong WX, Wang G, Kumar D, Liu Y, Jiang M, Wang LH, Hoffman EA, McLennan G, McCray PB, Zabner J, Cong A. Practical
reconstruction method for bioluminescence tomography. Optics Express, 2005,13(8):6756—-6771.
[4] L0 YJ. Research of inverse problems in bioluminescence tomography (BLT) [Ph.D. Thesis]. Beijing: Institute of Automation, the
Chinese Academy of Sciences, 2007 (in Chinese with English abstract).
[5] Wang G, Li Y, Jiang M. Uniqueness theorems in bioluminescence tomography. Medical Physics, 2004,31(8):2289-2299.
[6] L0 YJ, Tian J, Cong WX, Wang G, Luo J, Yang W, Li H. A multilevel adaptive finite element algorithm for bioluminescence
tomography. Optics Express, 2006,14(8):8211-8223.
[71 Li KT, Huang AX, Huang QH. Finite Element Method and Its Applications. Xi’an: Xi’an Jiaotong University Press, 1984 (in
Chinese).
[8] Ma JX. Theory of daubechies wavelet finite element method and its engineering application [Ph.D. Thesis]. Xi’an: Xi’an Jiaotong
University, 2003 (in Chinese with English abstract).
[9] He ZJ, Chen XF, Li B, Xiang JW. The Theory of Wavelet Finite Element and Its Applications in Engineering. Beijing: Science
Press, 2006 (in Chinese).
[10] He ZJ, Chen XF. Advances in theory study and engineering application of wavelet finite element. Chinese Journal of Mechanical
Engineering, 2005,41(3):2-11 (in Chinese with English abstract).
[11] Xiang JW, Chen XF, He ZJ, Dong HB. The construction of 1D wavelet finite elements for structural analysis. Computational
Mechanics, 2007,40(2):325-339.
[12] Jin JM, Xue PX, Xu YX, Zhu YL. Compactly supported non-tensor product form two dimension wavelet finite element. Applied
Mathematics and Mechanics, 2006,27(12):1464-1476 (in Chinese with English abstract).
[13] Chui CK. An Introduction to Wavelets. New York: Academic Press, 1992.
[14] Wang G, Cong WX, Durairaj K, Qian X, Shen HO, Sinn P, Hoffman E, McLennan G, Henry M. In vivo mouse studies with
bioluminescence tomography. Optics Express, 2006,14(17):7801-7809.
[15] Cherry SR. In vivo molecular and genomic imaging: New challenges for imaging physics. Physics in Medicine and Biology, 2004,
49(3):R13-R48.
[16] Li H, Tian J, Wang G. Photon propagation model of in vivo bioluminescent imaging based on Monte Carlo. Journal of Software,
2004,15(11):1709-1719 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/15/1709.htm
[17] Wang LHV, Wu HI. Biomedical Optics Principles and Imaging. New York: John Wiley & Sons, Inc., 2007.
[18] Xu KX, Gao F, Zhao HJ. Biomedical Photonics. Beijing: Science Press, 2007 (in Chinese).

© ‘hERRER

AAEFFTE http/ www, jos. org. en



1206 Journal of Softiware #AF3 3% Vol.20, No.5, May 2009

[19] Lu JF, Guan Z. The Numerical Solution of Partial Differential Equations. 2nd ed., Beijing: Tsinghua University Press, 2004 (in
Chinese).

Bt FR 32528 SOk

[1] 25 A0 R A e 2 AR T 1) B0 i) 1) RBEPT  [ — 2 07 18 30T AL e b URL 2 Bt 19 3 A6 WF 5T BT, 2005.

[41 B EA. AR TG ARG ) ) ST L 2207 16 0] Akt b E R B G 3hBF 5T 7, 2007.

(71 ZFTF28, 334 0 RO A B 7T J7 19 B L R G 21 22 Al K 2t Wi A, 1984,

[8] 7% Ai.Daubechies /N A7 R JGEE i J TR N FH T [0 k2% A7 1 3] 76 ¢ 74 2 A8 38 k%, 2003.

[9] T IF 35, I 5 U6, 2 e, i) 5K A /N DS B G B 08 AL TR I AL o k2 H AL, 20086

[10] il IF 5%, W 5 0 /N A B G BRI 90 M HE Rt e LA L 7 %% 412, 2005,41(3):2-11.

[12] 4 B PRS00, e I8 e, 2R PR LA 8 S I A K RO X /NI AT B G  F 0% 0 94,2006, 27(12):1464—1476.

[16] =%k I, £ 45 JL+ Monte Carlo 754 4 415 % AR 1) 56 7 4 S AR 8L 3 14 4 41,2004, 15(11):1709-1719. http://www.jos.org.cn/
1000-9825/15/1709.htm

[18] AR Tk, fen e X 25 05 AR W B 2 6 12 AL B0 R 2 1 R AL, 2007

[19] ki< AT, D TA AR Bl 20 7 P A OO A 722 5 2 P AL i K 2 A Wit 4L, 2004,

#EE £ (1984 ), 7, L oG i A il 1+,
LEHE G AU O 5 TR AR R B R
bR,

B E899(1985 —) L M L A=, T BT AL AT
o TIN5 S S U AR PR

R (1964 —), Lo, 1 b B, B H WA
WO Bl B GRS B R A R
Ak B

FREF1(1984—), I3, 18 L/, 32 S 5L Uk
AT AR R (R A B

T DT (1970 —), %, 1 4, @l 2082, & 2ok
SEATUI A /)N i B A L T P A Ak B B
FIKER.

B3 58 (1983 —), Y3 Wi - 2, 32 BEHF 57 4k
o3 F R M5 IS S UG AR B

E5555(1984—), U5, W o2, 2 WERIF 5T 400K
R IR AR S B A E R A EL

© PERRERAAAFIIFUR  htpy/ www, jos. org. en



	1   基于三维形状体剖分的非截断小波有限元理论
	1.1   B样条小波
	1.2   小波有限元
	1.3   非截断小波有限元

	2   基于非截断小波有限元的自发荧光断层成像正向问题算法
	2.1   自发荧光断层成像的数学模型
	2.2   非截断小波有限元应用于BLT正向问题

	3   仿真结果与分析
	3.1   圆柱仿体
	3.2   圆球仿体
	3.3   正方体仿体

	4   结束语

