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Abstract: Visible videos can mainly provide texture information, whereas infrared videos provide hidden hot
information. The fusion of both kinds of videos can generate higher quality video viewing experience.
However, due to the limited mobile device resources, the complicated video processing tasks are off loaded
to the more powerful cloudlet with more sufficient resources (computing, storage, and battery resources)
to be performed. In this paper the inter-frame redundancy detection algorithm based on the mean hash is
proposed, and the video frames after redundancy removal are transmitted to the cloudlet for
processing. The video fusion algorithm based on the guided filter and the weighted two-dimensional
principal component analysis (W2DPCA) is proposed. The video frames to be fused are first divided into

base layer and detail layer using guided filter. Then, the base layers of visible frame and infrared frame are
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fused by the improved adaptive W2DPCA. Finally, the fused frame is acquired by combination of the
fusional base layer and the reserved detail layer. Experiment results show that the redundancy detection
method minimizes the amount of redundant data transmission in cloudlets and reduces the energy
consumption of mobile devices. Compared with the existing methods, the fused frame obtained by the video
fusion algorithm in this paper has more mutual information and higher structural similarity to the original
frame, and the fusion result also has higher overall standard deviation and peak signal—to-noise ratio thus
having better overall integration effect.
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Fig. 1 Visible and infrared video frames
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Fig. 2 System model
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Fig. 3 The flow chart of redundancy detection algorithm
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Fig. 4 The flow chart of presented algorithm

3 EseiTfh
B 3 2] UL LA LT SR, T xR 9 W2DPCA fill & 50k i MR RE DR A . 45 — 4L & OSU

PR L BT R /N R 320 X240, BT Y il 25 SR AN B 5 F s . B 2 20 A0 R AT UL O R A 7E 2 T
AR BB/ 360 X270, RS EERME 6 Fron . 55 = 41T LG A8 A 21 40 LA 2 ﬁ%fﬁim
TR, BT K/NK 632 X496, FER 7 v, 0] LLFE RIS = A1 000009 w5 45 8 . O T PR R I i T AR R
D535 1 1 B o 6 AL ABT AT T ST A A I, O Xof 2 36 45 2R B AT % WAL . Rl B v 5 Al 4 PR IEAT T
Fo A B 32 B4 0 Bl A (PCAD B 8L/ I A8 e fil & (DW T, discrete wavelet transform) ™', 3 4 F1 K &
SRR i B b & B 1k (ECD, a fusion algorithm based on entropy and the cumulative distribution of gray
levels)'™,
3.1 ERTFEM

NS — 2 AR o 35 3 — X AT WLOG AT ZE AT, 43 51 A0 P 5 Cad AL 5Cb) 7R o 7 8 5 Ca) i B B 7 2 A
THANAE S WE B ABTELL M BB WK BE (B . eAh, TT LA 5(b) Hh 7 B B i F A — BB BE 5L 3X
A R 7 YR T LI AN DR BR FE R 25 SR, PCA R DWT I il & 45 51 43 5 181 5 (o) FIEL 5 () Hh FTR
—IUZQBLLIHQM R R A U B B RS b, D B SR AT OB S i R . B 5 (e) AT 5 (D

Pl 7R T ECD F4E i 1 W2DPCA B iRl & 4558 . v LU B, AR H 1) AT UL Y6 20 B 2 A A7, id B
Qlﬁf‘*ﬂ%ﬁiiﬂ%ﬁniAﬂ HoRH, 5 ECD AL, W2DPCA SR B 1 Fidth b3 2 9 8CHE B L 1 ECD 945
KPP ST g ERN R,



101

(b)) £LAh

o
4,

(d)DWT (e)ECD (f) W2DPCA

Bs5 F—HERERMMAREENMAER

Fig. 5 The first set of source frames and fusion results of different algorithms
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Fig. 6 The second set of source frames and fusion results of different algorithms
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Fig. 7 The third set of source frames and fusion results of different algorithms
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¥ GE IV TN 48 bR PCA DWT ECD W2DPCA
SD 50.723 7 54.095 6 55.834 1 60.278 6
MI v /MI e 0.905 1/1.065 6 1.044 5/0.787 5 1.834 5/0.604 5 1.728 0/0.617 3
B — 2 A
SSIMyy /SSIM, 0.518 9/0.714 9 0.653 8/0.565 2 0.832 1/0.348 6 0.832 8/0.325 6
PSNR 29.960 6 39.458 2 50.273 9 54.822 4
SD 23.186 9 25.951 6 30.347 3 36.405 4
MI v /MI 1 0.683 0/0.383 9 0.728 3/0.366 9 1.598 3/0.376 9 1.784 1/0.380 6
o5 A
SSIMy /SSIM 0.783 8/0.733 4 0.767 8/0.702 9 0.875 7/0.536 0 0.898 4/0.482 0
PSNR 46.675 8 45.007 0 52.446 3 66.882 7
SD 20.680 6 22.673 8 29.499 8 27.934 1
MIve /MI ¢ 0.400 6/0.928 9 0.322 5/1.089 7 0.508 1/0.991 5 0.938 2/0.454 3
5 = A
SSIMyy /SSIM 0.670 4/0.669 7 0.550 9/0.769 4 0.731 1/0.563 3  0.868 5/0.409 3
PSNR 45.468 2 38.435 7 45.641 1 58.695 4
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Fig. 10 The influence of window radius r on the algorithm
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Fig. 11 The influence of parameter & on the algorithm

H1 T8 sl i s B9 T3 RE 0 A A0 A R 107 A9 BR 1) F0L03E A 55 W AB) BB 588 R = s A A T . O T O
e g o v A S8 BRSSO B v e B it ) A B B R R DL SE I 2 i
JemIT MRS . ARG R AR R A B BT IR A s BEAT RS . SRR ORI 1A T ) e R e 2%
SRS T BeAh D T AR R R B, £ IR T S S B AR AT W2DPCA MR R S Bk .
|5 Ak A A R AT L AN ZL AN o3 Ry SR AR 2 . SR AR SCHR B AL A 3E Y W2DPCA 5512
— RS BB FEJZ . T LM 2 )R A AL B — S TE T A SO R DR HORE G 2% S O AU AR BT DL S it
BARZAE Rl G 3R . SRS aT LA i 21 5 Bl 2R 2 AR OR AR B RS T, SERGZE R SR T 24 B R R R AR
& A TCARAG I S FE AL o R b S T 14,9 00 Y SR 4 e . 5 B Y A B R A L BB R S B S
PR FL S &5 R T AF B AR BT AT O LS SO S B B AR B ROR . AT UL OB IS £1 1 Wi il 2
AT 5 IR WS 22 (4 B AR R RN ZE AL AL | [a] If s B AT B 14 B A o 22 TR (LA IR 1L



106 TR K FFHR %42 %

SE LWk

[1]LiuY, Chen X, Wang Z F, et al. Deep learning for pixel-level image fusion: Recent advances and future prospects[ ] ].
Information Fusion, 2018, 42. 158-173.

[2] Liu Y C, Lee M J, Zheng Y Y. Adaptive multi-resource allocation for cloudlet-based mobile cloud computing system
[J]. IEEE Transactions on Mobile Computing, 2016, 15(10): 2398-2410.

[3]LiST, Kang X D, Fang L Y, et al. Pixel-level image fusion: a survey of the state of the art[J]. Information Fusion,
2017, 33: 100-112.

[ 4] Zhang Q, Liu Y, Blum R S, et al. Sparse representation based multi-sensor image fusion for multi-focus and multi-
modality images: a review[]J]. Information Fusion, 2018, 40: 57-75.

[ 5] Liu Z, Blasch E, John V. Statistical comparison of image fusion algorithms: recommendations[]]. Information Fusion,
2017, 36: 251-260

[ 6] Denman S, Lamb T, Fookes C, et al. Multi-spectral fusion for surveillance systems[]J]. Computers &. Electrical
Engineering, 2010, 36(4): 643-663.

[7]HuHM, Wu]J] W, Li B, et al. An adaptive fusion algorithm for visible and infrared videos based on entropy and the
cumulative distribution of gray levels[]J]. IEEE Transactions on Multimedia, 2017, 19(12): 2706-2719.

[ 8] Zhang H L, Zhang Q, Du X J. Toward vehicle-assisted cloud computing for smartphones[ J]. IEEE Transactions on
Vehicular Technology. 2015, 64(12): 5610-5618.

[ 9] Kong H, Audibert ] Y, Ponce J. General road detection from a single image[ C]//IEEE Transactions on Image Processing
a Publication of the IEEE Signal Processing Society, US: IEEE, 2010. 2211.

[10] Na Y, Zhao L, Yang Y X, et al. Guided filter-based images fusion algorithm for CT and MRI medical images[ J]. IET
Image Processing, 2018, 12(1). 138-148.

[11] Yang Y. Wan W G, Huang S Y. et al. Remote sensing image fusion based on adaptive IHS and multiscale guided filter[ J]. IEEE
Access, 2016, 4. 4573-4582.

[12] Jiang Y, Wang M H. Image fusion using multiscale edge-preserving decomposition based on weighted least squares filter[ J]. IET
Image Processing, 2014, 8(3): 183-190.

[13] HuJ W, Li S T. The multiscale directional bilateral filter and its application to multisensor image fusion[ ] ]. Information
Fusion, 2012, 13(3): 196-206.

[14] Bavirisetti D P, Dhuli R. Fusion of infrared and visible sensor images based on anisotropic diffusion and karhunen-
loevetransform[J]. IEEE Sensors Journal, 2016, 16(1): 203-209.

[15] Shahdoosti H R, Ghassemian H. Combining the spectral PCA and spatial PCA fusion methods by an optimal filter [ J].
Information Fusion. 2016, 27: 150-160.

[16] Patil U, Mudengudi U. Image fusion using hierarchical pca[ CJ // International Conference on Image Information
Processing, Shimla, India: IEEE, 2011: 1-6.

[17] Mandhare R A, Upadhyay P, Gupta S. Pixel-level image fusion using broveytransforme and wavelet transform[]].
International Journal of Advanced Research in Electrical Electronics and Instrumentation Engineering, 2013, 2 (6):
2690-2695.

[18] HeC T, Liu Q X, Li H L, et al. Multimodal medical image fusion based on IHS and PCA[]]. Procedia Engineering,
2010, 7. 280-285.

[19] Du J, Li W S, Xiao B, et al. Union Laplacian pyramid with multiple features for medical image fusion []].
Neurocomputing. 2016, 194; 326-339.

[20] Wan T, Canagarajah N, Achim A. Segmentation-driven image fusion based on alpha-stable modeling of wavelet
coefficients[ J]. IEEE Transactions on Multimedia, 2009, 11(4): 624-633.

[21] Desale R P, Verma S V. Study and analysis of pca, dct and dwt based image fusion techniques[ CJ // International
Conference on Signal Processing Image Processing and Pattern Recognition, 2013, Coimbatore, India: IEEE, 2013.

66-69.



% 50 HOFEATIFRES MR % E RSSO NR GRS 107

[22] Gambhir D, Manchanda M. A novel fusion rule for medical image fusion in complex wavelet transform domain[]].
International Journal of Image and Graphics, 2016, 16(4): 16-22.

[23] Ma Y, Chen J, Chen C, et al. Infrared and visible image fusion using total variation model[ J]. Neurocomputing, 2016,
202: 12-19.

[247] Shahdoosti H R, Ghassemian H. Spatial pca as a new method for image fusion[CJ] // The 16th CSI International
Symposium on Artificial Intelligence and Signal Processing (AISP 2012). Shiraz, Fars, Iran: IEEE, 2012 90-94.

[25] Felemban M, Basalamah S, Ghafoor A. A distributed cloud architecture for mobile multimedia services[]]. IEEE
Network, 2013, 27(5): 20-27.

[26] Guo S, Xiao B, Yang Y, et al. Energy-efficient dynamic offloading and resource scheduling in mobile cloud computing[C]// The
35th Annual IEEE International Conference on Computer Communications, 2016. San Francisco, CA, USA: IEEE,
2016 1-9.

[27] ChaerulHaviana S F, Taufik M. Comparison of various similarity measures for average image hash in mobile phone
application[ ] ]. IOP Conference Series: Materials Science and Engineering, 2017, 190: 12-13.

[28] Lin Y, Liang Y. A human face recognition method by improved modular 2dpcal[ C]J // International Symposium on It in
Medicine and Education, 2011. Guangzhou, China: IEEE, 2012: 7-11.

[29] Qu G, Zhang D, Yan P. Information measure for performance of image fusion[]J]. Electronics Letters, 2002, 38(7):
313-315.

[30] Wang Z. Bovik A C, Sheikh H R. Image quality assessment: from error visibility to structural similarity[ J]. IEEE
Transactions on Image Processing, 2004, 13(4): 600-612.

(B4 & #D



