Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

ETFHRFINRELHEEEE
BEfE R NE EEF AL TR
Dense light field reconstruction algorithm based on dictionary learning

Xia Zheng-De  SongNa LiuBin PanJin-Xiao  Yan Wen-Min  Shao Zi-Hui

5|5 K. Citation: Acta Physica Sinica, 69, 064201 (2020) DOI: 10.7498/aps.69.20191621
TEZE 2 View online: https://doi.org/10.7498/aps.69.20191621
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

JCEE R AR ISR A R NLEE LR AP PR

Defocusing mechanism and focusing evaluation function of light field imaging

PB4, 2019, 68(20): 204202  hitps://doi.org/10.7498/aps.68.20190725

ST B HPINTZ T 7 vk

Tomographic reconstruction of stack plume based on sparse optimization

PIBEAEAR. 2019, 68(16): 164205 https://doi.org/10.7498/aps.68.20190268

SIYRRB AR5 1 - bit 45 B F 7k

One-bit compressed sensing reconstruction for block sparse signals

WIHEAEAR. 2017, 66(18): 180202 hitps://doi.org/10.7498/aps.66.180202

BETIRBUMALAZAE L IR 7 AT LR I R GE sl S E AT ST
Dynamic reconstruction of chaotic system based on exponential weighted online sequential extreme learning machine with kernel

WIFEAEA. 2019, 68(10): 100503 https://doi.ore/10.7498/aps.68.20190156

TR ey > AR RN 3 33 A2 B0 ) TR R 1] P 27 Pt
Chaotic time series prediction based on brain emotional learning model and self-adaptive genetic algorithm

PrPReEd. 2018, 67(8): 080502  https://doi.org/10.7498/aps.67.20172104


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191621
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20190725
https://doi.org/10.7498/aps.68.20190268
https://doi.org/10.7498/aps.66.180202
https://doi.org/10.7498/aps.68.20190156
https://doi.org/10.7498/aps.67.20172104

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 6 (2020) 064201

ETFRFINPERGERT L

EIEfEY XNED FEEED EHXHY AHTAEY

1) (PR RE {5 I S L PE A T A 5030, KJF 030051)
2) (hAb R S TR, (5 B4R 5 b2 L7548 B 55080 %, KR 030051)
3) (MRS HARE ALK E, JLT 102202)
4) (32178 #HBBA, dbmT 100220)

(2019 4E 10 H 23 HYEl; 2019 48 12 A 16 HIEIE )

ARALIE SR AR IS (] H ARG 15 B0 B T2 B, SR R RUASE 2 S A L e 510 0 J o3 10 B2 20 e 9 14
7 W SR A M L B AR, (]I 7 A 4 R e K A ) 20 A% i 5 SR AR BR ) OB RAE R, O T S B
i 06 70 SR A 0 B 2 o, AR SO TR G S B , 2T T — 37 55 2 W A TR 23 T A UL ) BB A A
TUARNE, LA RO 6 W >0 R i 4 0 K AR ARG A 0 20 B G 3R ) B 2 TROG AR, s Sr M AU A
VA i A T AR S AR i A 8 ol i 20 WS K D7 1k, O &5 2 o PR i T S 3R, SRR £ 4 O v B A A
M. SEE A5 R R W], A SO i RE A XS 7 5 vh P . B R DA R AR D R A AR R AT B R A, T LA T
2T R GO IR S T AT S T LM R AR O BB T, RORRS B X AR R MR AR B

Dy AT IS, ARG AR AR S PR TR v B B

KR LY, TSR], Mg, TR
PACS: 42.30.-d, 42.30.Va

1 5 =

Mg ROt R R R e, 22 34
Zebkly, R AR BN &, HR i
HARSE SRS AL SOE L, BRI T f5
BARLE TR RN, A 2205 e 74
A, SRR AR PR, TEARLIG S
WA IRIZRAE T, BRI LR AR PRI Z DL,

FUAT, S st 2R T e B (02

AR L B0 IR~ ) O O B T 58 B T
AR GO E TS, Rt T —F x4
Hre R B RN AR 5 5 R AEHEZRL ), b
TR P AR, (HUR205 58 i T 4h
TR CLR A AR VR IR R T 020 615 (56 2

DOI: 10.7498/aps.69.20191621

F R, FECE AR EURAE W AR, SR TR
BT LA A LR 7 58 A0 3 JE TR Y A A AR 5
(mode-based rendering, MBR)) F13& T EI& B0 £
A B (image-based rendering, IBR) Kk, H TR
Ze 37 57 AR IR M, MBR XU B T ff S 37 5t % T
IBR, I THAEFR RSN R, [R5 505
BRI, BRI R IBURMER, MTiT AR <237 B A
AL 10900y T R IR £ H AR R B A5 Sl
MR AR B ST IR ] R S 7
LA DG BE S7 AR AT HE AU A 2 1h o A A
T ARG RO ROR, H 25 B AR 25 R A 1) K ahs
B, MZZALRE 122, T HAZEoRTE 670 % B
S HIRE O B SR BA T A AR BE 58 O B 4
A, AHE T A SRR AN REAR L b i 52
IR K.

* RS EARE SRR ERS (S 614260603030817) MILTFEE HAFERHEFITIE S (LS 201901D211275) ¥ By L.

T EfEMEH . E-mail: liubind14605032@163.com
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

064201-1


http://doi.org/10.7498/aps.69.20191621
mailto:liubin414605032@163.com
mailto:liubin414605032@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 69, No. 6 (2020) 064201

T, RSO AR A A B %2, 4y
Pt R B s 18 R IO AR R 1, B R A
[t AP AR R R A A S, ﬁﬁfrﬂﬁﬁj‘ﬁ%é\ﬁ 55
TR S (B - BE AR AR, R — Rl RE T i S &
iz o] AR B R E R AR SCRIA ]
PR R R R D, ZURERMIAARES A AL
Mok AR PEA TR, B e A B 7 .

2 AR HE
2.1 BHERELGHAZERERE
W0 1 19 10 e AR R T 02 1 5 0

et FBRCAR S 7 1w | 9D A5 AE B S
IR, R T R A = A s ] R 2 A

FERETT I Z AT G AR, =i [ ot se &
58 £ 2 128 REE G ROt R 5 RA S &1,

TEZS (B AR B SCEAT TUA T, MRS e 40 IR iy
AR R 1) ] oKy HA R 8 — MR R A ) o
%ﬁ%@%ﬁ%ﬂﬁ%ﬁﬁﬂﬁ%@%ﬁ%%$
JEAFAE. TR —¥5t BARZ M 15 BAE S R R B A
a%%ﬁﬁﬁm%@s%aﬁ%ﬁ%mﬁ¢%ﬁi
HFR BT AEZT O R N HAE 2 (8] I AH B A R e
F.IXBE, T DL G B B S R 5 2 A
TR IE AR DI A BEARAT 22 1) 43 ] v (19,
P o ) 72 o 1 5 2R KA el T A B AL
P B 5 1,
YRR 1 . AR S SR
G B AD St , it e i SR R i

F IR

e

1=X

\y/

HEAUSA BEE S REALLFA L

Sl

AP

P38

b As

| WS s e i

i A8 15

H i
R |

- I
XPyXMX L

Light field
patches

Ch1

LR
Mlﬂpm% b, |

Ch n

Virtual view

!
l

=

A T

e

X

D

Dictionary learning and sparse
resentation

rep

A ={ajay

%@
l v

fe—

Bl 1

LSRR 1A
Fig. 1. Algorithm workflow.
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Fig. 2. Light field overcomplete dictionary.
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Fig. 3. Performance of reconstructed image: (a) Performance in sparsity, pixels = 256 x 256; (b) performance in sparsity, pixels =
512 x 512; (c) PSNR in different resolution; (d) performance in redundancy, pixels = 256 x 256.
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Fig. 4. Image reconstruction in different sparsity and re-
dundancy: (a) K = 16, N = 256; (b) K = 34, N = 1024.
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Table 1.  Performance of image reconstruction in
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Fig. 5. Dense reconstruction of light field with occluded targets: (a) Dense light field; (b), (e) reference images; (c), (d) reconstruc-
ted virtual images of view 2 and view 5; (g), (h) target images; (f), (i) residual images.

PSNR = 35.3673, SSIM = 0.9699 PSNR = 18.9751, SSIM = 0.9993
(b)

(d)

View 1 View 2 View 3 View 4 Virtual view  View 5 View 6 View 7 View 8

Bl 6 BENHIKE  (a) A CEEKE FIR; (b) DIBR B EKEEL; (o) BAREIR; (d) 52E; (o) P L
Fig. 6. Dense reconstruction of light field: (a) Reconstructed image for proposed algorithm; (b) reconstructed image for DIBR;

(c) target image; (d) residual image; (e) dense light field.
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Table 2. Dense reconstruction of light field in different scenes.

Sense Table Bicycle town Boardgames rosemary Vinyl bicycle*

MSE 21.2124 54.4215 25.8005 53.9244 18.8950 22.4756 49.0044
PSNR/dB 34.8649 30.7731 34.0145 30.8129 35.3673 34.6137 31.2285

SSIM 0.9323 0.8860 0.9474 0.9341 0.9699 0.9421 0.8865

* WRBEK = 34, TUAREN = 1024.
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Abstract

The camera array is an important tool to obtain the light field of target in space. The method of obtaining
high angular resolution light field by a large-scaled dense camera array increases the difficulty of sampling and
the equipment cost. At the same time, the demand for synchronization and transmission of a large number of
data also limits the sampling rate of light field. In order to complete the dense reconstruction of sparse sampling
of light field, we analyze the correlation and redundancy of multi-view images in the same scene based on sparse
light field data, then establish an effective mathematical model of light field dictionary learning and sparse
coding. The trained light field atoms can sparsely express the local spatial-angular consistency of light field, and
the four-dimensional (4D) light field patches can be reconstructed from a two-dimensional (2D) local image
patch centered around each pixel in the sensor. The global and local constraints of the four-dimensional light
field are mapped into the low-dimensional space by the dictionary. These constraints are shown as the sparsity
of each vector in the sparse representation domain, the constraints between the positions of non-zero elements
and their values. According to the constraints among sparse encoding elements, we establish the sparse encoding
recovering model of virtual angular image, and propose the sparse encoding recovering method in the transform
domain. The atoms of light field in dictionary are screened and the patches of light field are represented linearly
by the sparse representation matrix of the virtual angular image. In the end, the virtual angular images are
constructed by image fusion after sparse inverse transform. According to multi-scene dense reconstruction
experiments, the effectiveness of the proposed method is verified. The experimental results show that the
proposed method can recover the occlusion, shadow and complex illumination in satisfying quality. That is to
say, it can be used for dense reconstruction of sparse light field in complex scene. In our study, the dense
reconstruction of linear sparse light field is achieved. In the future, the dense reconstruction of nonlinear sparse

light field will be studied to promote the practical application of light field imaging.

Keywords: light field, dictionary learning, sparse coding, dense reconstruction
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