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Limited-Projection Fluorescence Molecular Tomography Based on Smoothed
I, Norm and Feasible Region
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Abstract  Limited-projection fluorescence molecular tomography (FMT) allows rapid reconstruction of three-
dimensional distribution of fluorescent targets in animals through shorter data acquisition times. However, due to
less projection data, the limited-projection FMT undergoes severe ill condition. In order to reduce the ill condition of
FMT reconstruction and improve the reconstruction speed, we propose a reconstruction method for limited-
projection FMT. Considering the characteristics of the sparse distribution of the target of FMT, this method
combines with smoothed /, norm and feasible region of prior information. A continuous function approximates the
smoothed /, norm, which improved the calculation speed. And the feasible region of the prior information improves
the precision of the recovered results. The reconstruction results of digital mouse model show that the position error
of the reconstructed image is less than 1 mm at 3, 6 and 9 excitation points and the reconstruction time is shortened,
and the reconstruction time under the 3 excitation points is 8 s. The reconstruction result of physical phantom
further verifies the feasibility of this method in practical FMT applications.
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(b) 3D reconstruction of /;-/, method; (c¢) 2D reconstruction of SLLO method; (d) 3D reconstruction of SLLO method
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Table 1 Quantitative reconstruction of fluorescence target in a simulated experiment
Method Number of excitation points fLe/mm J NrusE Sre/ Y Time cost /s
3 0.79 0.029 16 30.49
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Fig. 4 Quantitative analysis for reconstruction results of fluorescence target with 3, 6 and 9 excitation points.

(a) fies (b) farmse; (¢) fre; (d) time cost

3.2 YEXRK
R T HE— VR 45 A SLO AT AT IX 48 Ay 9k
FES bR FMT RGP MERE &I T — A B R
P KR 20 mm B2 T P A O R 58 ) AR
WU 2R ZL FE L P J3CE — 4> ol A BR R (16 mm,
8 mm,9.3 mm) [ F AT H AR, HER 452N
1 mm, &N 2 mm, ZEWEEZMAGELE RS
THEAT A DB RIS TE 2 =9.3 mm 1P
e S ) [n) B ORI SE O R A B A
2192 A5 mA1 12980 AN PUTH A . 4 CCD A HLAS:
2R 119 640 A o AR R 2R 18 28 O 43 A5 15 BT DL R 3K
78 G R 37
Ps={(x,y.,2), 2<=z <18}, (13)
FEAS 2 5255 v, SLO B3k 1 S 8005 & W 507 B
S o0 =2 r&a&c(S,),C:O.75,J?§IJ43§'§/J\E’\J o 18
R IX10 ' ERE T REEMRE T =3.c=5. KI5 K
Li-1, 7755 SLO J7 ik i W 3 5 06 o gt 25 L L rp &

5COME SR ERT L-1, k5 SLO HiEr
FEHEMBAE = =9.30 mm kb 4k # m KL B0 R
Rl Sk LSO IR L T AR O IE H AR B 4 R R LB/ 5
(O RE 5D AN 1 -1, ks SLo ik 3D &
R, 21 o DX IR A 8 X3 43 i) 3% LS OB TR
A P )5 IR HAR . R 2 15 &40 17 Hh vl
VE 1, SLO ke B AR 2 5 b A5 3 T R 470
mHR, EETEKLET L Tk fue=
1.01 mm, fxruse =0.029, fre =0.19 , T 8 B [6] 45 48
) 10.36 s, WP LI R T B 48 05 8 A 52 BR R H]
TR RE .
2 WS O bR R E BT A

Table 2 Quantitative reconstruction of fluorescent target
in physical experiments
) ) ) Time
Method fu-:/mm J NrusE _/RE/%
cost /s
[i-L 1.59 0.059 30 41.49
SLO 1.01 0.029 19 10.36

0907001-6



Fluorescent
yield /mm-!

= 05
0.4
0.3
0.2
0.1
0

z
E L
& X Y
N5
0 0
B—t—— ——0 _5L\\/
1030 10 0 0 10 10 0
Yio 20XImm Y/mmzo 20 am

B 5 ZOLHMRTEL TR ERLS R . () (-0 rk 2D LR (b) SLO ik 2D EAELR
(o) Ly~ JFHy 3D EALR; (D) SLO 5k 3D a4
Fig. 5 Reconstruction of fluorescence target in the cube. (a) 2D reconstruction of /;-/, method;

(b) 2D reconstruction of SLO method; (c¢) 3D reconstruction of /,-/, method; (d) 3D reconstruction of SLO method

J Tt — R B SLO Bk AE SE B R e AR Frnse I XM A 0.0298, 5 220 05 fre U (H R
EME AT — 4 o P I R/AMETE 1X107 78] 1X10°° 0.19, 7725 R 0.00005, H 4t it 43 45 R v LR
3 F PN A2 Ak ) 4 3L A S BT B ¢ T3 075, & L.SLO BB RABIEFRE. HE 6(DATLE
6 FE/R T SLO BN AT o 2 B Rafd v o by . TR L BARBEE o fe/MA /DN SLO B3k g i [|] A
WEXS 5 HIE B fre fvruse s fre TEAT GETT 250 ST 3G i AR A0 ) R R R R /N ATh AT Db A
Brog5 R fe MR 1.07, J5 2228 0.007; FMT,

0.05
1515 ()
0.04
g Lof T —a——a—a "
& § 003f = "—u o
F o5t hl
0.02
e 0.01 — : : ‘ ;
1010 100 107 107 10 10° 10 10°  10°
min o min o
14
(@)
<n
. 0
e 2 ././’.
%]
E 8¢
&
0.1 . . R . " 5 , . . L .
102 10 10 107 10 102 10° 104 10° 10

min o min o

6 SLOFEMFEMESIT. (@) fie: () freuses () fre s (D) EEH
Fig. 6 Stability analysis of SLO algorithm. (a) fre; (b) firuse; (¢) fre; (d) time cost
4zt w FMT S 75 . ikt a R FMT & &4
Wil —A> Lo TSR/ MR, R FH T AL Y 3 252 bR £
FEXA IR FMT Sgt sl B8 A SR A YE ORadim o 80 U oR i ok 2 , [ B i A 0T 471X
R Ta) 8, 3t — T n] A7 X SLO 9 A7 PR32 WA (S B, BT I AR BE MRS A L D R

0907001-7



h 5| 4 ot
O B A . KO B S 4 E WL 7 3 2012, 17(12)+ 126011,
6.9 AN R R L% T B R R B 4 iR 5 N T [9] Xu Z, Bai J. Analysis of finite-element-based
1 mmf T ELE L3 AN R TN S s methods ff)r reducing the ill-posedness in the
reconstruction of fluorescence molecular tomography
iﬁﬁrg,m" *E?Eﬁi%%*ﬁﬁf%ﬂ ’Eﬁﬁﬁj&?ﬁ FMT [J]. Progress in Natural Science, 2009, 19(4): 501-
w2 g i A ok R A R O TS RN, 3 I 509.
KRR, &5, oY S — A 1 E [10] Han D, Tian J, Liu K, et al. Sparsity-promoting
TR e S bR FMT )80 [ (O RE . BRI T tomographic fluorescence imaging with simplified
L " . . spherical harmonics approximation [ J ]. IEEE
EI{TIZ@?‘*H Lo ﬁﬁﬁgi@ﬁ{fﬁﬁﬁﬁﬁ%} FMT EF‘ Transactions on Biomedical Engineering, 2010, 57
RE f% PR 2 b R IR AT S, B 2 i AR A 1) o A (10): 2564-2567.
K% I A GEAR I b s W Y G IR BT IR (B B, R Ik, [11] Nunez M Z, Arias F X, Carlos A M C. Comparative
TEAMRFEE FMT @& rp P sk & H 2 ¢ B AR B analysis of sparse signal reconstruction algorithms for
A B I S R TS P 2 compressed sensing[C/OL]. Twelfth LACCEI Latin
American and Caribbean Conference for Engineering
5 £ X o and Technology, 2014. https://www. researchgate.
net/publication/264121234 _ Comparative _ Analysis _

[1] Ntziachristos V. Fluorescence molecular imaging[J]. of_Sparse_ Signal _Reconstruction _ Algorithms _ for _
Annual Review of Biomedical Engineering, 2006, 8: Compressed_Sensing.

1-33. [12] He X W, Liang J] M, Wang X R, et al. Sparse

[2] Vonwil D, Christensen J, Fischer S, et al. reconstruction for quantitative  bioluminescence
Validation of fluorescence molecular tomography/ tomography based on the incomplete variables
micro-CT multimodal imaging in wivo in rats [J]. truncated conjugate gradient method [J]. Optics
Molecular Imaging and Biology, 2014, 16 (3): 350- Express, 2010, 18(24): 24825-24821.

361. [13] Xue Z W, Ma X B, Zhang Q, et al. Adaptive

[3] Bai J, Xu Z. Fluorescence molecular tomography regularized method based on homotopy for sparse
[M]. Berlin Heidelberg: Springer, 2013: 185-216. fluorescence tomography[J]. Applied Optics, 2013,

[4] HouY Q, Jing MY, He X W, et al. Fluorescence 52(11): 2374-2384.
molecular tomography using a stochastic variant of [14] LiuX, Yan Z Z, Lu H B. Performance evaluation of
alternating direction method of multipliers[J]. Acta a priori information on reconstruction of fluorescence
Optica Sinica, 2017, 37(7): 0717001. molecular tomography [J]. IEEE Access, 2015, 3:
BEfE, UM, PN, & RTHEIEEET 64-72.

[ 3 T3k o 6o TWHZ E (1] . Sk, 2017, [15] Yi H J, Zhang X, Peng J Y, et al. Reconstruction
37(7): 0717001. for limited-projection fluorescence molecular

[5] Zhang X, Yi H J, Hou Y Q, et al. Fast tomography based on a double-mesh strategy [J].

reconstruction in fluorescence molecular tomography BioMed Research International, 2016, 2016:
based on locality preserving projection [J]. Acta 5682851.
Optica Sinica, 2016, 36(7): 0717001. [16] Mohimani H, Babaie-Zadeh M, Jutten C, et al. A
RIE, S, ERE, & RTRPIEEEL R fast approach for overcomplete sparse decomposition
e T E AR e B (J]. JbEEH, 2016, 36 based on smoothed [, norm[]]. IEEE Transactions
(7): 0717001. on Signal Processing, 2009, 57(1): 289-301.

[6] HeY, Cao X, Liu F, et al. Influence of limited- [17] Guo HB, Hou Y Q, He X W, ez al. Adaptive hp
projection on fluorescence molecular tomography[J]. finite element method for fluorescence molecular
Journal of Innovation in Optical Health Science, tomography with simplified spherical harmonics
2012, 5(3): 1250020. approximation [ J]. Journal of Innovative Optical

[7] Radrich K, Mohajerani P, Bussemer J, et al. Health Sciences, 2014, 7(2): 1350057.
Limited-projection-angle hybrid fluorescence [18] Dong F, Hou Y Q, Yu J J, et al. Fluorescence
molecular tomography of multiple molecules [J]. molecular tomography via greedy method combined
Journal of Biomedical Optics, 2014, 19(4): 046016. with region-shrinking strategy [ J]. Laser &

[8] Radrich K, Ale A, Ermolayev V, et al. Improving Optoelectronics Progress, 2016, 53(1): 011701.

limited-projection-angle fluorescence molecular
tomography using a co-registered X-ray computed

tomography scan[J]. Journal of Biomedical Optics,

0907001-8

WEIF, BRI, RS, S 4 Xl N BT A O
W26 Wi R MR (] ot 5ot 7 # b e
2016, 53(1): 011701,



