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A Methodological and Experimental Investigation on Time-Domain
Diffuse Fluorescence Tomography of Analytic
Based on Two-Dimensional Circular Scheme

Li Jiao Gao Feng Yi Xi Zhang Limin Zhao Huijuan

(College of Precision Instruments and Opto-Electronics Engineering . Tianjin University, Tianjin 300072, China)

Abstract An image reconstruction method for time-domain fluorescence diffuse optical tomography is proposed using
a two-dimensional (2D) turbid medium of circular domain. The methodology based on a linear generalized pulse
spectrum technique, employs analytic expressions of the Laplace-transformed time-domain photon-diffusion model to
construct a Born normalized inverse model. The resultant linear inversions introducing a pair of real domain
transform-factors are solved with an algebraic reconstruction technique to separate distributions of the fluorescent
yield and lifetime. The effectiveness and feasibility of the proposed scheme have been validated by experiment using
multi-channel time-correlated single-photon-counting system. The results show that the approach retrieves the
position and shape of the targets with a reasonable accuracy.
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Fig. 2 Calculating and experimental model
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yield

-10 0
2 /mm

lifetime

10

Yy /mm

-10

& /mm

@
5 5 AL R SOt R A A G 7E A RIS BT i =

Fig. 5 Reconstructed images of fluorescent yield and lifetime with different iterations in experiment 2

10

e ZEE 5Ca) A1 (b)

2] o A EE A A R . A
TARGE R A HLEEH

X104
2.5

2.0

FUbs A 80 75 e JE AR AL B . 1 e 200 )™ R A BLAE B
F AT AR W B 0 B v P AT AT . (ROt A A
(1 H A RCR 5 S P A D0 22 S R U I SR AT AR AT

TEAH 5K 1 TR] AL
yield X105 yield X 1(())
9
& :
7
6
x /r(t)lm 10 2 /mm
lifetime X 10 lifetime X 10
30 5
25 4
20 3
15 2
10 1
5 0
2 /mm
(c) (d)
AR YRR %5 I 404 T 4

ARALE RN R B S AR AT,
AR Y 51 77 i T AR AN L B 5 52 B 1 B0 d AR A5
B ER RSP H AR AR o Bl 2 AR
b A% ) P 2 A v o L H A MR 19 007 88 9 R & 2B i
. SO RMPCTF AN H LR R T

X104
3.0

yield

2.5

2.0

Y /mm

-10

Y /mm

-10

[fa] 53 A7 o A 45



2748 2l 5]

oo e 3%

PRACE g, AT DUIE WSk M ME T PR R AT AT M. AT
I 55— A SR A R EE L BB T A O SR R
SR ZE AR R A TR AR R
7 A B DR R I Aof 52 o 1 JE G ol A 3 T 2 — 2
(19 52 36 B i

4 4 7

¥ GPST $ AR FF B 8 & 9 8oy # & or
TR AT BT O B AT T E Y
YA AT R0 ] A5 AU A SR i B o A SR R v
FA T 05— Ak 0 B 1 5 3 s A4S AT DA sl A 00 o )
b o 1T HoAlL AT DA sEE Ao S 56 2k AR v A B JR) D AR OE .
K0T TATBRAE AR A B R AE N IE LA T
B RSB T R SO 1 7 3R OR 5 i Y () B IR R
IF H A T TCSPC H AR B FDOT 52 56 % 4%
I FDOT g oy ik k47 7l sk, ¥ 8
AT VT 52 95 477 1A Py 52 30 0 S 540 2 A BIR i BR vk
HEAT AL HL, T OO0 R AR i) 42
B . S5 45 L R S5 05 7R 1 98 0 77 S A we
TS R A AR T R E A R TR E
FOE AT AT RS AT R . i — 25 ) S G B IE T AR
WERFFEAT o ATESE BT 7 2k i) S I

s X X #
1F. Gao, J. Li, L. M. Zhang et al.. Simultaneous fluorescence
yield-and lifetime-tomography from time-resolved transmittances
of a small-animal-stimulating phantom [J]. Appl. Opt., 2010,
49(16): 3163~3172
2 Zhang Limin, Gao Feng, Li Jiao et al.. Reconstructing three-
dimensional fluorescent parameters using time-resolved data based
on transmittance and reflection measurements [ J]. Chinese J.
Lasers, 2009, 36(10) . 2552~2556
TREE, m WL A W SE. BT SRS IR IR JR] 23 B e
H9e S =i mal]]. FE#EA. 2009, 36(10): 2552~2556
Yang Fang, Ruan Pingqiao, Gao Fenger al.. Conjugate-gradient-

8

based optimization for three-dimensional time-domain diffuse
optical tomography [[J]. Chinese J. Lasers, 2009, 36 (10):
2517~2523
o . BUTIT. om0 S — R T IR AR B B e B AR =
FEWHIR Y WOt B T E LI ] P B ok, 2009, 36 (10):
2517~2523

4 Wang Weichao, Liu Yujia, Tobias Braeuler et al.. Frequency-
domain optical coherent tomograph and the application in
ophthalmology[ J]. Chinese J. Lasers, 2009, 36(sl1): 181~184

T4i#8 ., XI55 . Tobias Braeuler %. SOG4 T 2 M1 1% K&
HAEMRAE PR AT, B sk, 2009, 36(s1): 181~184

5 V. Y. Soloviev, K. B. Tahir, J. McGinty et al.. Fluorescence
lifetime imaging by using time-gated data acquisition [J]. Appl.
Opt. . 2007, 46(30): 7384~7391

6 F. Gao, H. J. Zhao, Y. Yamada e al.. Time-resolved diffuse
optical tomography using a modified generalized pulse spectrum
technique [J]. IEICE Transactions on Information and Systems ,
2002, E85-D(1). 133~142

7 B. Han, M. L. Zhang, J. Q. Liu. A widely convergent
generalized pulse-spectrum technique for the coefficient inverse
problem of differential equations[]J]. Appl. Mathematics and
Com putation, 1997, 81(2-3): 97~112

8 F. Gao, H. J. Zhao, Y. Yamada. A linear, featured-data
scheme for image reconstruction in time-domain fluorescence
molecular tomography [ J]. Opt. Express, 2006, 14 (16):
7109~7124

9 C. D. Andrea, L. Spinelli, D. Comelli et al.. Localization and
quantification of fluorescent inclusions embedded in a turbid
medium[]J]. Phys. Med. Biol., 2005, 50(10): 2313~2327

10 V. Ntziachristos, R.  Weissleder.
dimensional fluorescence reconstruction of diffuse media by use of
a normalized born approximation[]J]. Opt. Lett. , 2001, 26(12);
893~895

11 Gao Feng, Niu Hanben, Zhang Huanwen. A temporal and

Experimental  three-

frequency domain analysis of the optical responses in tissue acted
by ultra-short laser pulse-Dirichlet boundary condition and
isotropic point source [ J]. Acta Phototnica Sinica, 1997, 26
(10): 865~876
rWe. RIS, RS BB E R A A SR G
M 107 FF) B 43 450 488 43 A - Dirichlet 21 5 4% 04 F1 G 1) s 80 P8 LT 1.
EF #1997, 26(10): 865~876

12 Z. X. Wang, D. R. Guo. The Generality of Special Function
[M]. Beijing: Science Press, 1979
FEATE, FHAT. R REBAE LML b B A, 1979

13 G. T. Herman. Image Reconstruction From Projections: The
Fundamentals of Computerized Tomography [ M ]. Beijing:
Science Press, 1985
G. T.#f/RE. MBGEHERAERG— CT Wy Hal [(M]. dbat:
Bh2E R, 1985

14 A. T. Kumar, J. S. Skoch, B. J. Bacskai et al.. Fluorescent-
lifetime-based tomography for turbid media [J]. Opt. Lett. .
2005, 30(24); 3347~3349

15 W. Becker, Qu Junle, Gao Feng. Advanced Time-Correlated
Single Photon Counting Techniques [ M]. Beijing: Science Press,
2009
W. Becker, 750, = W, G0 E]AH G BO6 F I BORER
[M]. et Bl2é di i, 2009

16 Gao Feng, He Huiyuan, Ma Zheng. Method for determining
optical properties of turbid media based on time-resolved
reflection measurement [ J]. J. Tianjin University, 43 (6):
757~1761
O, RUERRE, T A% BE T A RS A A TR M A Ok
FLPOTEITEL]]. REXF K, 2008, 41(6): 757~761



