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Abstract Fluorescence molecular tomography (FMT) is a depth-resolved macroscopic optical imaging technique,
and it can locate and quantify the fluorescent molecular probes inside biological tissue; it has a great potential in
studying the protein interaction, analyzing the mechanism of drug action, and evaluating the therapeutic effect of
tumor. However, one of the key challenges in FMT is that the inverse problem is highly ill-conditioned, which
means that image reconstruction is sensitive to the measurement noise and the numerical errors. To improve results
of image reconstruction, we should improve the performance of the imaging system as much as possible to reduce
measurement noise, improve the accuracy of the forward problem of FMT to reduce the numerical error, and
meanwhile alleviate and overcome the ill-condition of the inverse problem to strengthen the anti-noise ability. We
introduce the research progress of FMT in image reconstruction on the last two aspects.
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Table 1 Comparisons of several deterministic models used in FMT
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Item harmonics approximation
Pl PS SPI{ SN
Radiance is Radiance is o Full solid angle of 4w is
Replace the 1D derivatives o
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: . with their 3D counterparts . .
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distribution
Computational
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accuracy
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Fig. 1 Comparisons of fluorescence intensity on CCD detectors among pfMC model, dfMC model, and phantom experiments
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Fig. 2 (a)(e) Simulated models; (b)(f) reconstructed results of IRL, regularization; (c)(g) reconstructed results

obtained by common L, regularization; (d)(h) reconstructed results obtained by IRL

3.1.3 TV EN4L

A — A R I W) A e 2 4 AR 25 E W Ak
(Total variation, TV), TV IE N4k 5k 2 408 f# 69 4
AR 2 2 QA D IE WAL I DLk BB s i H Y. 7R
FMT FgEd . 5 Tikhonov 1IE M fLEAM . TV
1E T Ak 1 R A0 T 4y b 7 A A AR UE MR R oy B R 2
ETIE 7T R O T = N S S A S SR e S STl NS
PR OTIOST H 3R IE U Ak Y 45 A E T 5 A G X
7 B BB RN

[) i i 1 ) A — A, TV IE Ak 30 2 A 7] £
1), W LR E LB . 0 Newton #£ 4%
PUOU TR A W OH 4y 2T % Bregman

1ET LK 3 TF Rudin-Osher-Fatemi (ROF) #4214
PRALTE O E AT T TV IE WA i 5K A

SZ L HAEEENAE T 9z -l T 5e ik FEMT ¥ fn)
[ R vy AR A sy o PR ) B i 92 1 O
PROGERCRE SR L. % 3 1 T FMT g AR
[F) B TE U Ak T 12 R s e R BBk
3.2 ERIEMLAE

BEAEN AL Ty e A PR ) 1 A I Ak
RO 2 AR ek A I8 2T WY A 1 ) A 2 50 ik AR U B 47 T
HIE AL S HO 1R T DR 5 2 54K 5 38 9 ¢ 1k e
DU A R AR B D A AR 1Y 158 22 K F DL E 2 kAR
IE AR O vk B G B R T R 2 ACIE WAL Oy A

* 3 HT FMT i | 1E A5 i K E 2 Ak 5k

Table 3 Direct regularization method and main optimization algorithms used in FMT

Item Tikhonov regularization Sparsity-promoting regularization Total variation regularization
Term L, norm L, norm L,(0<<p<<1) norm Seminorm

Sparsely spatial Sparsely spatial
Scope No limitations distribution of distribution of No limitations

fluorophores fluorophores

Retaining the

Differentiable Stronger effect of Retaining the

Advantage high-frequency

objective function sparsity than L, edge feature

information

Filtering out the high . .
Non-differentiable

objective function and

Non-differentiable Creating the staircase

. frequency information o ) ) )
Disadvantage . objective function and effect and non- differentiable
and yielding smooth o )
objective function

complex implement complex implement

reconstructions

Gauss-Newton, Restarted nonlinear Newtontype iterations,

Main optimization Majorization-

conjugate gradient, conjugate gradient, augmented Lagrangian split,

algorithm Minimization

Levenberg-Marquardt homotopy. and split Bregman and split Bregman
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