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Block-Based Compressive Sensing Using Soft Thresholding of
Adaptive Transform Coefficients

Hadi Hadizadeh
Faculty of Electrical Engineering, Quchan University of Technology, Quchan, Iran

Abstract

Compressive sampling (CS) is a new technique for simultaneous sampling and compression of signals in
which the sampling rate can be very small under certain conditions. Due to the limited number of samples,
image reconstruction based on CS samples is a challenging task. Most of the existing CS image
reconstruction methods have a high computational complexity as they are applied on the entire image. To
reduce this complexity, block-based CS (BCS) image reconstruction algorithms have been developed in
which the image sampling and reconstruction processes are applied on a block by block basis. In almost all
the cxisting BCS mcthods, a fixed transform is used to achicve a sparse representation of the image. however
such fixed transforms usually do not achieve very sparse representations, thereby degrading the
reconstruction quality. To remedy this problem, we propose an adaptive block-based transform, which
exploits the correlation and similarity of neighboring blocks to achieve sparser transform coefficients. We
also propose an adaptive soft-thresholding operator to process the transform coefficients to reduce any
potential noise and perturbations that may be produced during the reconstruction process, and also impose
sparsity. Experimental results indicate that the proposed method outperforms several prominent existing
methods using four different popular image quality assessment metrics.
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(Figure-1): Histogram of the transform cocfficients amplitude for clean Barbara (left) and Lena (right).
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(Figure-2): The statistical distribution of noise for Barbara (left) and Lena (right). The blue curve shows the empirical
distribution of noise while the red and black curves shows the Gaussian fit and Laplacian fit, respectively.
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(Table-1): The proposed CS reconstruction algorithm.

Input: {y4, ..., ¥u }: CS samples of M blocks;
{®,, ..., Py }: Sampling matrices for M blocks;
TOL:Tolerance; MAX;rgr: maximum iteration number;

Output: Reconstructed Image (X)

Initialization: Sct the itcration number K = 0; For cach block j do 56\? =

¢J-Tyj or usc the original BCS-SPL algorithm to obtain 55\;) or X°

Repeat

x* = Smoothing Filter(z*)

for each block j do

~k ok T(v — & ok
xf < % + o] (v, - 9%

Obtain the adaptive transform ‘]’]

sk — gk
v = l]’Jx}

K ok _ ok
o, — median(|Df — median(})|)/0.6745
1 2 2
o ome(0d S (6 ()
V. .
i'eQ()
z
V2 (U’]{f)
v} « sgn(9f) max | 0, |9f| - ——
9j
=k — w1k
X =% v
k1 . ok T =
X < & + of (v, — E])
cnd for
Compute ekt = ||3\Ck+1 - fk“lz
?k — Qk+1
k<k+1
Rt ok —
I.l]]tllle e | < TOL or k = MAXITER
x < xF

Note: /fjl-(denutes the j-th reconstructed block in the k-th iteration, and X¥ denotes the reconstructed frame (image) in the K-th iteration
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(Table-2): Comparing various methods on 5 images at a sampling rate of 10%.

Mcthod Metric Barbara Lcena Goldhill | Mandrill | Peppers

PSNR 22.75 28.17 26.85 22.87 28.56
BCS-SPL-CT SSIM 0.641002 | 0.800301 | 0.660215 | 0.682412 | 0.798810
VIF 0.882540 | 0.898211 | 0.858748 | 0.868451 | 0.898152
FSIM 0.891131 | 0.922451 | 0.878712 | 0.893265 | 0.934421

PSNR 22.85 28.31 26.96 22.94 28.88
SSIM 0.650521 | 0.807823 | 0.663154 | 0.687125 | 0.802140
BCS-SPL-DDWT VIF 0.887551 | 0.899001 | 0.860214 | 0.869511 | 0.890115
FSIM 0.894562 | 0.928211 | 0.882157 | 0.898651 | 0.938125

PSNR 22.62 27.81 26.71 22.54 28.69
. SSIM 0.639811 | 0.794223 | 0.658145 | 0.680001 | 0.800010
BCS-SPL-DWT VIF 0.875581 | 0.885763 | 0.852145 | 0.865871 | 0.898251
FSIM 0.889810 | 0.910012 | 0.872251 | 0.891075 | 0.935275

PSNR 22.76 27.70 26.10 22.31 27.88
SSIM 0.644833 | 0.790604 | 0.651181 | 0.676870 | 0.776263
BCS-SPL-DCT VIF 0.8830051 | 0.898552 | 0.847862 | 0.855990 [ 0.882111
FSIM | 0.8929260 | 0.925236 | 0.868256 | 0.887651 | 0.923927

PSNR 22.45 27.86 26.53 22.31 28.52
BCS-TV SSIM 0.636522 | 0.795312 | 0.653254 | 0.676870 | 0.798652
VIF 0.869951 | 0.875886 | 0.850054 | 0.855920 | 0.895665
FSIM 0.882231 | 0.914221 | 0.870017 | 0.887651 | 0.932561

PSNR 22.88 28.39 26.90 22.89 28.72
BCS-ICT SSIM 0.653581 [ 0.808981 | 0.660822 | 0.683310 | 0.801158
VIF 0.886982 | 0.905554 | 0.869825 | 0.870051 | 0.898505
FSIM 0.896652 [ 0.930014 | 0.880051 | 0.893878 | 0.937725

PSNR 20.97 25.94 2431 20.20 25.94
SAMP SSIM 0.610150 0.772341 0.633251 | 0.655671 [ 0.765 %23
VIF 0.795528 | 0.802560 | 0.775870 | 0.785553 | 0.802517
FSIM 0.853211 | 0.884120 | 0.846892 | 0.863211 | 0.881451

PSNR 22.65 27.90 26.80 22.66 27.76
GrC-CS SSIM 0.600541 | 0.770251 | 0.659880 | 0.680051 0.77321Q
VIF 0.800557 | 0.822540 | 0.776816 | 0.782578 | 0.807416
FSIM 0.890044 | 0914555 | 0.873358 | 0.890011 | 0.920335

PSNR 22.98 28.05 26.85 22.75 28.08
o s SSIM 0.670551 | 0.810051 | 0.673005 | 0.692251 | 0.798527
DBCS-FOCUSS VIF 0.882243 | 0.896557 | 0.856710 | 0.863300 | 0.931051
FSIM 0.897552 | 0.930051 | 0.889522 | 0.908520 | 0.926587

PSNR 23.13 28.48 27.30 23.23 28.70
ABCS-SPL SSIM 0.672391 | 0.811428 | 0.672284 | 0.698106 0.8()0?@
VIF 0.889557 | 0.905736 | 0.861522 | 0.870252 | 0.889560
[SIM 0.903950 | 0.932043 | 0.891701 | 0.910340 | 0.936390

X Gl pdigad &5 53 digad ygual gy ($9 g2 AliSo gy dumm o (Y- Jgua)
(Table-3): Comparing various methods on 5 images at a sampling ratc of 30%.

9y ,bxs | Barbara Lena Goldhill | Mandrill | Peppers
PSNR 25.90 32.99 30.48 26.95 32.57
BCS-SPL-CT SSIM | 0.839985 0.‘)51245 ().‘)29871 0.900542 | 0.949251
VIF | 0.819983 | 0.943361 | 0.926951 | 0.910058 | 0.943988
FSIM | 0.860005 | 0.970010 [ 0.941742 | 0.931245 | 0.968915
PSNR 25.92 33.50 3045 26.69 32.89
) SSIM | 0.840051 | 0.958210 | 0.929651 | 0.899821 | 0.957725
BCS-SPL-DDWT VIF | 0.821256 | 0.947852 | 0.926901 | 0.899803 | 0.957750
FSIM | 0.861154 | 0.972547 [ 0.940005 | 0.930005 | 0.972813
PSNR 25.20 32.94 30.13 26.03 32.48
SSIM | 0.831572 | 0.950011 | 0.924424 | 0.890015 | 0.947100
BCS-SPL-DWT VIF | 0.814432 | 0.943002 | 0.926372 | 0.880055 | 0.946885
FSIM | 0.858977 | 0.968984 | 0.938871 | 0.926658 | 0.960258
PSNR 25.91 32.46 29.63 25.94 31.90
BCS-SPL-DC'L SSIM 0.840001 | 0.945255 | 0.921002 0.887(_)82 0.940050
VIH 0.82005 | 0.937563 | 0.920521 | 0.878567 | 0.940511
FSIM | 0.860212 | 0.960015 [ 0.929920 | 0.922541 | 0.957664
PSNR 24.57 32.56 30.56 26.08 32.74
BCS-TV SSIM | 0.821159 | 0.947512 | 0.930015 | 0.892243 | 0.951578
VIF | 0.828834 | 0.938782 | 0.927861 | 0.881052 | 0.955560
FSIM | 0.838871 | 0.963351 | 0.945587 | 0.928890 | 0.970011
PSNR 25.93 32.57 30.69 26.13 32.87
BCS-1ICT SSIM | 0.842241 | 0.948025 | 0.933471 | 0.893351 | 0.954251
VIF | 0.821335 | 0.940521 | 0.928330 | 0.882205 | 0.957655
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FSIM | 0.862364 | 0.964555 [ 0.949255 | 0.928715 | 0.971157
PSNR 25.04 32.04 28.07 24.00 30.69
SSIM | 0.829875 | 0.938871 | 0.904841 | 0.875698 | 0.915215

SAMP VIF | 0.813003 | 0.935614 | 0.895820 | 0.845573 | 0.945520
FSIM | 0.850248 | 0.958765 [ 0.920087 | 0.900545 | 0.936871
PSNR 25.78 33.61 29.54 26.72 32.75

GrC-CS SSIM | 0.828401 | 0.957823 | 0.919980 | 0.89995 | 0.957215

VIF | 0.816993 | 0.948351 | 0.918832 | 0.901100 | 0.928241
FSIM | 0.846784 | 0.968882 | 0.928763 | 0.932501 | 0.968873
PSNR 25.85 33.68 29.88 26.88 32.93
SSIM | 0.838734 | 0.959220 | 0.922340 | 0.899200 | 0.958522

VIF | 0.818532 | 0.950502 | 0.921533 | 0.905584 | 0.930051
FSIM | 0.849832 | 0.971376 | 0.930012 | 0.929821 | 0.971558
PSNR 26.03 33.76 30.67 27.04 3291
SSIM | 0.843251 | 0.964102 [ 0.932555 | 0.912548 | 0.958741

VIEF | 0.827793 | 0.953237 | 0.928005 | 0.915587 | 0.932251
FSIM | 0.865214 | 0.978454 | 0.946810 | 0.936541 | 0.972259

DBCS-FOCUSS

ABCS-SPL

PPA T 595 2 ke el (ke lel 3 Wgliie 5,10 paiges GWE P 50 Alise St s llo (F-Jgu)
(Table-4): Comparing various methods at different sampling rates based on the mean metric over 5 images.
RTY) Hbxo 10% 20% 30% 50% Avcrage

PSNR 25.84 28.06 29.77 32.94 29.15
SSIM | 0.716548 | 0.818225 | 0.914179 | 0.935541 | 0.846123
VIF 0.88122 | 0.895823 | 0.909868 | 0.924378 | 0.902822
FSIM | 0.903996 | 0.912254 | 0.934383 | 0.954253 | 0.926222
PSNR 25.98 28.18 29.89 32.89 29.23
SSIM | 0.722153 | 0.820145 | 0.917092 | 0.930251 | 0.84741
VIF | 0.881278 | 0.895936 | 0.910712 | 0.914522 | 0.900612
FSIM | 0.908341 | 0.918742 | 0.935305 | 0.949820 | 0.928052
PSNR 25.67 27.77 29.35 32.23 28.75
SSIM | 0.714438 | 0.805548 | 0.908624 | 0.914421 | 0.835758
VIF 0.875522 | 0.888328 | 0.902149 | 0.908723 | 0.893681
FSIM | 0.899685 | 0.906581 | 0.93075 | 0.935220 | 0.918059
PSNR 25.35 27.54 29.16 32.25 28.57
SSIM | 0.70795 | 0.788547 | 0.906798 | 0.915582 | 0.829719
VIF | 0.873504 | 0.886532 | 0.899442 | 0.906540 | 0.891505
ISIM | 0.899599 | 0.8993887 | 0.92607 | 0.936681 | 0.915559
PSNR 25.33 27.72 29.30 32.17 28.68
SSIM | 0.712122 | 0.795244 | 0.908501 | 0.912551 | 0.832105

BCS-SPL-CT

5 Jadus ol pad o 5 (6 pa5 Al T Sl o sl by (55 ghs 83 puitd (5,5 g

BCS-SPL-DDWT

BCS-SPL-DWT

BCS-SPL-DCT

BCS-TV VIF | 0.869495 | 0.887973 | 0.906418 | 0.905542 | 0.892357
FSIM | 0.897336 | 0.900051 [ 0.929342 | 0.930988 | 0.914429

PSNR 25.95 28.15 29.63 32.70 29.11

BCS-ICT SSIM | 0.72157 | 0.819982 | 0.914268 | 0.925418 | 0.84531
VIF | 0.886183 | 0.896132 [ 0.906009 | 0.913569 | 0.900473
FSIM | 0.907664 | 0.917562 [ 0.935209 | 0.942558 | 0.925748

PSNR 23.47 25.56 27.96 31.80 27.20
SAMP SSIM | 0.687307 | 0.755213 0.8929 | 0.907512 | 0.810733
VIF 0.792406 | 0.839673 | 0.887106 | 0.893002 | 0.853047

FSIM | 0.865777 | 0.872250 | 0.913303 | 0.925870 | (.8943

PSNR 25.55 27.85 29.68 32.08 28.79
GrC-CS SSIM | 0.696787 | 0.804773 | 0.912674 | 0.925432 | 0.834917

VIF | 0.797981 | 0.850437 [ 0.902703 | 0.913229 | 0.866088
FSIM | 0.897661 | 0.913544 | 0.929161 | 0.940267 | 0.920158
PSNR 25.74 27.93 29.84 32.44 28.98
SSIM | 0.728877 | 0.823441 | 0.915603 | 0.928820 | 0.849185

VIF | 0.885972 | 0.895671 | 0.90524 | 0.918459 | 0.901336
FSIM | 0.910446 | 0.920633 | 0.93052 | 0.948773 | 0.927593
PSNR 26.16 28.42 30.08 32.93 29.40
SSIM | 0.731034 | 0.837410 | 0.922239 | 0.934882 | 0.856391

VIF | 0.883325 | 0.823367 | 0.911375 | 0.921178 | 0.884811
FSIM | 0914885 | 0.927129 | 0.939856 | 0.953527 | 0.933849

DBCS-FOCUSS

ABCS-SPL

Y el o)l VAR Ll
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(Figure-3): Visual comparison of the top 3 methods at a sampling rate of 10% on a piece of Mandrill (top) and Barbara (bottom). From
left to right: The original image, BCS-SPL-DDWT, BCS-SPL-CT, and the proposed method.
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(Table-5): Comparing various methods based on average
rcconstruction time (T in mscc) on a 512x512 imagc.

Method T Method T
BCS-SPL-CT 3955 BCS-ICT 4755
BCS-SPL-DDWT | 3698 SAMP 18225
BCS-SPL-DWT | 3668 GrC-CS 6266
BCS-SPL-DCT 3352 | DBCS-FOCUSS | 5330
BCS-TV 3885 ABCS-SPL 5682
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(Figurc-4): Comparing various methods based on average reconstruction time (T in msec) on a 512x512 image.
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