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Fig. 1 The system of dual camera

0111003-2



KRB, A5 BT AR R A AR U Y U B 4 D' 3% 1145 o A B vk

2 BREEGEZREE

7o O T PR S — v B R 115 5, 78 25 ) A3 R #RAE 72 6 £ 05 B0 . BRI D6l 4 B2
b, AR S AOLIE AT L 6~8 4> F 4ok KR IF LR — 3 5 AR AE AR 2003 ih AR LY X8 A5 )
YERE L, Al — 5K & Ll LR BIAR 2 R LS54 B9 (R o A8 580 % IR X LB ST IR R R A kAl L M T — P =
2 3 J5 M L 2 AR DR £ T R R

M RGB WL 47 i B 5 i o7 o R0 6 Ak B4 D 3% R F 28 KO 123 102 8] RSE o 6 X
b X Q)B4 EIE N B T ST IR E . SR K RGBAHBL A 335 19 RGB MR 3 /38 18 UG AL 43 31l
BRN T FNRIE g 6 X oy ZHEEMR B BB 2], 2k, 20,70 e RGB =l 8 £ F A48 45 (7, ) 19 BB B
i R 2 X

X, =[(z)", (x5)", (2] (8)
FIH K BE R XA R A AR B X, 470 28, 0 i KA L SR 05 DL R 45 38 48 30 1= ik GO0 0L Y ST
ITRY AT B 2 e 8 UM ERY ! FRIRE RN FER ST 7 R B ) B HE B . Hohn=10 X b X 0
FEoR L R A A B L RN S R S T RS B X RE A R 8 S AR B R A 32 4 4 B B
Y PR IBOZ I B FRRAEAVE R 32X 1 7 8, S5 e F I @, e R
€ R R R SRR F i i —A4 = 4i ik de ) & 32 R  AbF A bs (4, 7 ) A &, B
x,,=R,,F (9)
A R, ERMORE—AHARIURFE, N F LUK s I =48 o WP RBEGERLE o, BT i
W, R AR B 7 30 @, 25 ST v A B oo, 64 0 68 2 Y 3 3 — 1 v R A AR A T X A b i e Bk
T . X T 45 % 0 F 30 @, 78 3053 7% 18R G 1% AR 04 33 () A RU 4 2 1] Jy 38 A ABL M 5 A 5y 38 AH AR i 5
filt I, ) g o A AL Oy
(F,a)= argFmin%H Y —HF H: + 2( Z(‘ %H R.,F—®,a,, Hi + ,7H a.,— B, Hl (10)
A F, a g R T A @O G R R B8R R a N T A GRS R B R R B, BRI, C FR
ARG ES vy g R IE WS EG| a0, — B \IIﬁ%ﬂHﬂ%)‘ﬁi%@f%ﬁ@#%%ﬁﬁ%%%ﬂﬁ%%%
7 B T B 5 5 A SRR 3R 7 38 0k 1 B I A5 30 Y S MOR A B 2R At = D PR 25 g R/, BV E
I 1 AR 0 AR JR 38 TC A R 3 T T A8 5 B, 2 WO T B A A8 S8 N S A ABL R 8 ISR A R B 2R R
FA, B R R LS R R A AL T, B
Bu=(@)' 2 wiTis (11)

Ko, BoRFEEUG Y 2, R TP i — A% T Q,, AR g N FLER w2 AR R IAL R 48

H TR TRk A BRSNS 2 M5 B, AR LB oo, 30 5 2 AR 4 T 10 v [ &5 SR ke Al 1
S T RE BB R ) = 4 S ik ek 2 i, O B 7E 8 a0 B b T BRI R AT AR RN Ak L 2B B T
B AE D% o o5 — 7 1D, BT 35 AR 22 A AR AE , DA ) 285 2R SR A o AR AL R AN — 2 WA o B % ik — ) A, FH RUAH
PLAR S8 B RGB WL A% B 80 M5 Bk AT AR B Al 11, i T RGB BIM& B — 1~ 38 18 2 B 5 = 6 B —
JNBEGTE I BB By, G SR A R e RGB =/~ 38 i A0 B 2 A0 A 5 30, I 4 B b s 63 BUE B9 WA 65
ez B iR Bt R 7 i .

RGB EGAG T A B AR 5 1R AR B )Ll !, 430 2 RGB =3 T8 A2 T A6 5 (4, ) Y AR B i1 o) &
TRy o, 53 A AR T AL T AR R (m, ) MG ) & R € XBEE D, N

D= [, e (] = [ ()T ]| (12)
PA D, B R /INFASG T H R 55 6 5% BSR4 G B 2 [a] B AR . FRLE, o] LA E X
exp(—D,.;/h)
W, =
' 2 exp(—D,,;/h) (13)

0111003-3



P/ R 4

1L D, B RANK R B = L BRI o 035 B B BT i T

75 52 53 A v, TE U A6 2 850 09 /N 0 Sl 2 SRS e T A0 2R g U, RE B e 0 ) 6 i e
7 L[ e 2 0 i — ST B o 2 HO R/ 2 5 0 A I S B R P R T R o B B
JE o A%l A R 2 A (R A L, YRR TR A B Ar A A5 R RRE T A IS 2 R

C

01,/,/:m (14)
AP ORI ) PRI TER R — D BB MR R e — D HLBUNR R R I s R B
R 1 2 K 2
(R&hﬂ@mnzYHF2+§:E(gthQm”?+MwwwﬂJJ (15)
F.a E=1(ij)EC, B

A g B ARy XA B AU R M E
TR A 3 CIS) K DG A ) Ao it ) P A 1D A TRl SRR S8 B AR SR e o 7 (2 + 1)U AUH X F
W 7 (4 F°, i 1 2 % 28 5 a O AR

K
t M y t l 2 t t
a HJ:argmm§: z (2‘ R, ,;F'"— @, 2+H77,,_,(a<,,;*ﬂf,,)) ‘1) (16)
@ k=1(i,j)EC,;
FH AR 4 3 ok ok i X (16) , & 3 e PGS JC R AT L R (17) 73 51,
a;=max ([vy — Byl — 77;” ,0)©sign (v — Byu)+ Bu (17)
K LRI R A TTER ey BRI IDITE
U,jZkal‘RHF“) (18)
T [ 1 @ F AT LLGE 5 X (19) /Y - [a] 3k 47 358 .
1 2 K
F'= argmianY—HF(” +> ] (}/ R, F"— @,a/; UHZ) (19)
r 2 =P A ’
SR — A R P AR TR, AT LASK P A fif
—1
K K
FUU=|H"H+y> > R;‘,‘_,R,»,f) H'Y +y> > R,chbkaﬁf,l)) (20)
k=1(i,))eC, E=1(i.j)EC,

TR R HORCHAR I, T i B oK i, FH SLH0BR B2 R R R R i U o i i 5 (17) A (20) 3285 BT a A
F 985 8 TUGEAE B — 7 i @, 1 WS, ol BEARAS 5 19 F AR 35 1%

3 LINER

31 WAET

Sk T ERA T O VA A O CAVE B £ 7 . CAVE S0 0% T 31 M 400~700 nm % Bt
H 6 TE G, A B0 10 nmo 5258 I B R R 85 R/ 256 X 256 X 31 Y Ht IKIRAE S 2 2% B, IR 10—
REI0, 1], SEE P IEREH RS RN 4 X4 X 31 SRFE K s 20 2 X 2, BRI AN K R 50, % T84~ G S AR 78
25X 25 Ay 7 11 Hp 3R 21 I B R Y 15 B, 3 AR IR EICH 400, g AR AR IR A p=0.5 RYAAS% R 40 A o 256 o G X
FL 7 v TR, o0 IR 3 T Bk /MBI B3 (DeSCD 7 3 | W il 28 W 46 (19 534 (PnP-DIP) ™ A3
J5 5 DeSCI Y 52 45 52 7£ CPU K i7-10750H, N A7 4 16 G 19 20 A B i E 4 F§ MATLAB 2016a 5¢ i ,
PnP-DIP 525 /& 7E GPU 1080T1 i il 55 & F 58 it

J T PEAS E A RS B, A 0 {5 1 L (Peak Signal to Noise Ratio, PSNR) )¢ i £ il € ( Sepctral
Angle Mapping, SAM) """ 4% ¥ 4 ol B ( Structural Similarity, SSIM) “" 3¢ ffif # & ¢ i 8 . H.tf PSNR 5
SSIM fif et 8 £ (1% 25 [A] 5T &t , A BR OK 38 78 25 (A1 0 B A o o 8 0 5 SAM A7 k0 At 1) D' 3 o 4 o 32 (B /)
e H A i 4R ST B B
32 (FEHENK
321 THRELEHAE

TE CAVE B4 4 F g SE g 25 R a0 3¢ 1 7R, A~ IR I e AR S5 SR LOMLIR 5t s o W DL Hh AR SO

0111003-4



KRB, A5 BT AR R A AR U Y U B 4 D' 3% 1145 o A B vk

TE PSNR .SSIM .SAM #8035 A0 3R &, 7E 25 (8] i MG RS 2 L FH & k. W4 PSNR #9481k,
DeSCI 9 °F 3 PSNR & 25.80 dB, PnP-DIP J& 30.45 dB, 7% 3 J5 ¥ J& 42.68 dB, #H [t DeSCIE ¥ $# T T
16.88 dB, 2 65% , It PnP-DIP - #4EF 12.23 dB, 21 40% . M SSIM Fl SAM il DLF Y, A SC 7 e E AW
Ttk BIAG AE 25 [8) 25 K4 RN 63 il 28 i s B2 2 dee v 19

X1 CAVEHBEEEZELERIIL

Table 1 Comparison of reconstruction results of CAVE dataset

DeSCI PnP-DIP Proposed method

fmage PSNR SSIM SAM PSNR SSIM SAM PSNR SSIM SAM
Beads 20.43 0.698 1 0.3105 26.00 0.799 4 0.196 7 36.42 0.978 6 0.067 7
Chart 23.06 0.834 5 0.220 1 23.15 0.846 5 0.205 8 43.49 0.992 9 0.046 0
Balloon 35.04 0.977 2 0.061 1 34.37 0.9128 0.1153 51.08 0.996 9 0.016 3
Oil_painting 22.68 0.6519 0.266 8 29.48 0.8224 0.116 6 40.45 0.983 6 0.043 5
Cloth 21.15 0.794 7 0.217 8 28.18 0.853 8 0.106 2 36.28 0.964 6 0.044 3
Glass 21.15 0.794 7 0.217 8 29.15 0.880 7 0.127 8 37.02 0.982 5 0.0451
Paint 26.29 0.927 5 0.123 8 31.81 0.9257 0.1551 43.15 0.993 4 0.043 1
Lemons 35.99 0.959 4 0.088 5 37.94 0.927 2 0.108 4 51.87 0.997 3 0.023 7
Thread 26.38 0.839 1 0.1857 32.25 0.857 2 0.143 4 43.31 0.991 4 0.036 8
Lemon _slice 26.23 0.868 7 0.201 0 32.14 0.886 6 0.1755 43.19 0.989 8 0.058 7
Average 25.80 0.834 6 0.189 3 30.45 0.8712 0.145 1 42.63 0.987 1 0.042 5
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Fig. 2 Comparison of reconstruction results of chart and glass at 670 nm. The first line is the chart scene, the second line is the
glass scene
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Table 2 Comparison of mean absolute error
Method DeSCI PnP-DIP Proposed method
Mean absolute error 0.033 4 0.026 6 0.003 9
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Table 3 Comparison of reconstruction time of different methods in chart scenarios
Method DeSCI PnP-DIP Proposed method
Reconstruction time/s 2608 7024 3355
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Fig. 4 Comparison between RGB assisted dictionary learning and similarity estimation method and intermediate result dictionary

learning similarity estimation method
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Table 4 Comparison of reconstruction time between RGB assisted dictionary learning and similarity estimation method
and intermediate result dictionary learning similarity estimation method in the chart scene

Method RGB auxiliary Intermediate result
6 332

Reconstruction time/s 3355

3.3 SSHREENR

FEHE T WE S FTOR 1 R Gk IE— B MK AT 8E . R G B R azure-0918M3M (£ 9 mm) ,
W 4k 5% 4 Edmund C45762, JK FEHIAL N PointGray FL2-20S4M, RGB Al #L N PointGray FL2-20S4C , B4~ 4
BLAAR 2R R #R 2 4.4 pmX4.4 pmo Za B A B & — 4> 300300 114 B AL — 1B RE B , B A~ e /D BT R R
8.8 umx<8.8 pm. b B Ay 1l (1 XU K VG b 4, ke B Al AR 550 nm B G REAE B I e B

. Objective L
Beam splitter lens Code aperture Relay lens Amiciprism

H5 BRHIEEF S

Fig. 5 Dual camera imaging system
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Fig. 6 Observation images of two branches
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Fig. 7 The reconstruction results of real data
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Fig. 8 Influence of different parameters on reconstruction results
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Dual-camera Compressed Spectral Image Reconstruction Algorithm
Based on Non-local Self-similarity
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Abstract: Coded aperture spectral imaging is a snapshot spectral imaging method, but it usually has the
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problems of large reconstruction error and high reconstruction computational complexity. To solve this
problem, this paper proposes a compressed spectral reconstruction method based on non-local sparse
representation and dual-camera system. First, a dual camera system is used to obtain the spectral and
spatial data of the target. This dual camera system has two branches, the light is divided into two paths
through a spectroscope, half enters the coded aperture spectral imaging system to obtain encoded images,
and the other half is received by an RGB camera to obtain RGB images. The RGB observation image is
used to construct 3D image patches, and k-means clustering is used to classify these 3D image patches.
Then we propose a method to estimate the non-local similarity of target spectral image by RGB
observation. The clustering and similarity estimation results of 3D image patches are used to guide the
classification and similarity estimation of target spectral images. Divide the initialized target spectral image
into a series of three—dimensional spectral patches, and classify the spectral patches based on the previous
clustering results. Perform principal component analysis on each cluster, obtain the common features
between different patches of the target spectral image, and use them to sparsely represent other spectral
patches. For each patch, the sparse representation coefficients of the current patches are estimated by the
weighted sum of sparse representation coefficients of nonlocal similar patches, and the weighted
coefficients are calculated from the 3D image patches constructed by RGB observation. In order to improve
the reconstruction quality, we set adaptive regularization parameters for sparse representation coefficients.
We transform these operations into a variational optimization model, and then adopt an alternative
optimization scheme to solve the objective function. We use conjugate gradient descent method and iterative
threshold shrinkage method to optimize alternately. After every fifteen iterations, perform a principal
component analysis on the classified three-dimensional spectral patches to obtain a new dictionary, and
continue to repeat the iterative process. Through multiple repetitions, the final objective function
converges, and the reconstructed spectral image can be obtained. We have done simulation experiments on
the public spectral image dataset, and the experimental results show that our method has smaller spatial and
spectral dimensions errors than other methods. We conducted simulation experiments on public spectral
datasets, and the results show that our method has smaller errors in both spatial and spectral dimensions.
From the perspective of spatial dimension, the proposed method can retain more details. From the spectral
dimension, the method has smaller error and smaller error fluctuation in almost all wavebands than other
methods. In addition, we compare the RGB auxiliary dictionary learning and similarity estimation method
proposed in this paper with the common intermediate result dictionary learning and similarity estimation
methods, the RGB auxiliary reconstruction method saves nearly half of the time while maintaining the same
reconstruction quality. Finally, we set up an imaging system to do experiments on real data, and took
images with filters for reference. The experiments show that our method can also obtain the best
reconstruction quality on real data, which is most similar to the images obtained with filters. We also
analyzed the influence of some factors, such as sampling step size and patch size, and selected the most
appropriate parameter settings through a large number of experiments. Experiments on simulation data and
real data show that our reconstruction model can greatly improve the reconstruction quality of spectral
images in spatial and spectral dimensions, and the RGB observation assisted reconstruction method can
effectively reduce the reconstruction time.

Key words: Spectral imaging; Compressed sensing; Coded aperture; Non-local similarity; Sparsity;
Dual camera
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