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EXTENDED ABSTRACT

Introduction

Conjugate gradient (CG) iterative methods have a simple structure and are low memory
algorithms. In these methods, no matrix is stored and only matrix multiplication by vector
is done. In this paper;, by combining FR and LS conjugate gradient methods, we introduce a
hybrid conjugate gradient method for solving monotonic nonlinear equations with convex
constraints. If the generated iterations be out of the convex region, we move them to the
convex region using projection method. The new algorithm is a combination of a conjugate
gradient method with strong convergence and another conjugate gradient method with
high computational efficiency. Also, the generated directions by the hybrid conjugate
gradient method are sufficient descent. We prove the global convergence of the new
algorithm under some standard assumptions. Compressive sensing problem is formulated
as a nonlinear equation with convex constraints. So, we use the hybrid method to solve the
compressive sensing minimization problem and removing noise from images.

n .
Let 2<0" bea non-empty, closed and convex subsetand F :F " —>L" bea continuous and
monotone mapping. Now, the nonlinear monotone equation with convex constraints is

FxX)=0, xeQ. Q)

Some problem such as the power flow equations, compressive sensing and the economic
equilibrium problem leads to (1). Conjugate gradient methods are useful algorithms to solve

) ) . e L, X, €Q
nonlinear monotone equations. In these methods using an initial point *° ,asequence

of iterates obtain by Xion =X + 00y in which
_ -Fk, k=0,
%71 va d k>1 @)
k™ %k k-1 =+

Also %~ 0 is the step length which is computed by inexact line search. To describe our

P, :L">Q

algorithm, we recall the projection map denoted as thatis

P,(x) =argmain{|x —y

Y €9,
which has the well-known non-expansive property

IP.(x) =Py =[x =Y. vx,y el




Farzad Rahpeymaii and et al. A hybrid conjugate gradient approach by combining ...

Methodology

The convergence of FR conjugate gradient method has been proven for a wide range of
functions, but this method is not numerically very strong. On the other hand, LS conjugate
gradient method has high numerical efficiency, but it does not have strong convergence. In
this section, by combining FR and LS conjugate gradient parameters, we introduce a hybrid
conjugate gradient method to solve the nonlinear equation (1). In the combined method, we
calculate the direction as follows

-F, k=0,
d = T 3
< -R+ Y [|- Fkaz]dm, k>1, @)

IR

N
Where conjugate gradient parameter P obtain by

T 2
=(1-ﬂk)bts+ﬂkbER=-(1-ﬂk)F§y“ s 5L @
Fiud I Pl
Hence
_ Ry . IR ][ d:”]
de =-F+|-(1- 4 ) ==+ 4 d,- +F (5)
SR A A TR

Now, we compute A such that the search direction dy satisfies the famous conjugacy

T —
condition dkyk-l =0

Therefore
1 F’
ik:M( kY kLS] (6)
k " Pk 2k
and

2 _dT dIl
k = OaYia® H Hz R Y-
k

Compressive sensing is one of the basic topics in signal processing and removing noise from
images. On the other hand, image processing plays an important role in medical sciences,

mxn
biological sciences, economics and engineering. Let Aell . Compressive sensing
problem is to find the sparse signal vector that satisfies to the linear equation system
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m
AX =D Iy this system, bel'™ s a vector of observations obtained from laboratory
sampling. To remove noise from the image, we must choose the sparest solution by solving
the following optimization problem

2
[ +7]x

min 1HAxb
x 2

17

in which 7> 0 isa parameter. This problem can be converted into a nonlinear equation with

convex constraints and then solved it with HLSFR algorithm. For convergence analysis the
hybrid conjugate gradient method based on FR and LS algorithms (HLSFR), we use the
following assumptions:

(H1) The mapping F is Lipschitz continuous. That is,

[FOO-Fy)|<L]x -y, vx,y el".
(H2) The solution set € is nonempty.

Lemma 1. Let di be the search direction generated by (5). Then, di always satisfies the
sufficient decent condition. That is,

Fid, =-| R’

Theorem 1. Suppose the Assumptions (H1) and (H2) hold. Then, the sequence {Xk}
generated by HLSFR method converges globally to a solution of (1). In other words

kl'gl ian F, H:
Results and Discussion

Suppose X be the original image and X be the recovered image. One of the important
criteria for comparing the efficiency of methods in image reconstruction is the signal-to-
noise ratio, which is calculated as follows

(255)°

PSNR = 20log,, — @

mn & (Xiyj'yu)z

We compare the results of the hybrid conjugate gradient method with the CGD and IPBDF
algorithms. First, we blur some images with Gaussian noise and then reconstruct them with
HLSFR, CGD and IPBDF methods. The PSNR values for some images for different values of
Gaussian noise are presented in Table 1, which shows that the PSNR value for HLSFR
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algorithm is higher than other methods. Therefore, this method has removed more noise
from images.

Table 1 PSNR values for different Gaussian noises

HLSFR IPBDF CGD values of  Image
Gaussian nois
22.97 22.95 22.84 0.1 P,
14.34 14.55 13.59 1 P
6.68 6.51 5.14 4 P
3.15 3.03 1.98 6.25 P,
20.98 20.95 20.82 0.1 P,
14.08 14.28 13.4 1 P,
6.61 6.49 5 4 P,
2.99 2.89 1.75 6.25 P,
22.77 22.74 22.62 0.1 P,
14.28 14.59 13.52 1 P,
6.66 6.58 5.24 4 P,
2.4 2.3 1.24 6.25 P,
18.65 18.61 18.52 0.1 P,
13.69 13.99 13.08 1 P,
6.58 6.42 5.1 4 P,
2.56 2.45 1.52 6.25 P,
Conclusions

In this paper, a conjugate gradient method is presented for solving nonlinear equations with
convex constraints. The new method is a combination of FR and LS conjugate gradient
methods. Global convergence of this method has been proven under some standard
assumptions. Also, the problem of compressive sensing problem is modeled as a nonlinear
equation to remove noise and blurring of images. Therefore, the hybrid conjugate gradient
algorithm can be used to remove blurring of images. The numerical results show that the
HLSFR method is more effective in removing the blurring of images compared to some other
iterative methods.
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