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Abstract-in this paper, we consider the problem of non-

regenerative two-way secure relay beamforming (SRB) for 

cognitive radio network (CRN) under the background of the 

simultaneous wireless information and power transfer 

(SWIPT). Our objective is to maximize sum rate under the 

transmit power constraint at the relay, energy harvesting (EH) 

constraint at the EH device and the interference constraint 

from secondary user (SU). The formulated problem is a non-

convex problem. We firstly propose a two-dimensional (2D) 

search scheme which provides an upper bound to the 

formulated problem; for decreasing the computation 

complexity, we propose a sequential parametric convex 

approximation (SPCA) based iteration scheme and obtain a 

local optimal solution. Simulation results have shown that 

SPCA based iteration scheme performs almost close to 2D 

search schemes, and has lower computation complexity. 

Keywords-EH; two-way relay network; CRN; convex 

optimization 

I. INTRODUCTION 

The need for the efficient use of the scarce spectrum in 
wireless applications has led to significant interest in the 

study of cognitive radio system. One possible scheme for 
the operation of the cognitive radio network is to allow the 
secondary users to transmit concurrently on the same 
frequency band as the primary users when the resulting 

interference power at the receivers is kept below the 
interference temperature limit [1]. The problem of secure 
transmission in the presence of an eavesdropper was first 

studied from an information-theoretic perspective in [2] 
where Wyner considered a wiretap channel model. 
Simultaneous wireless information and power transfer, 
which belongs to energy harvesting (EH) techniques, is a 

promising approach to solving the energy scarcity problem 
in energy-constrained wireless network. Motivated by the 
benefits of multi-antennas techniques, SWIPT for multiple-
input-multiple-output (MIMO) and multiple-input-single-

output (MISO) broadcast channels was investigated in [3]-
[4]. The SWIPT schemes for two-way relay OFDM were 
studied in [5]. However, to the best of our knowledge, the 

research on secure relay beamforming in non-regenerative 
two-way relay cognitive radio networks is missing. 

In this paper, the eavesdropper’s CSI is perfect at the 
relay and the sources. In order to solve our formulated 

problem, we firstly propose a two-dimensional (2D) search 
scheme; however the computation complexity is high. 

Motivated by decreasing the computation complexity, we 
propose a sequential parametric convex approximation 
(SPCA) based iteration scheme. 

The organization of the paper is as follows. In the 

Section II, we present the system model of the two-way 
wiretap channel with one two-way relay node and one 
eavesdropper. In the Section III, two different schemes, 2D 
search scheme and SPCA based iteration schemes are 

investigated, respectively. In Section IV, simulations are 
taken to illustrate the performance of the two schemes. In 
Section V, we show the computational complexity of the 

two schemes that we propose, and finally, in Section VI 
conclude the paper. 

Boldface lowercase and uppercase letters denote vectors 
and matrices, respectively. The conjugate, transpose, 

conjugate transpose, Frobenius norm and trace of the matrix 

A denoted as 
A , T

A , H
A , A , and )(tr A , 

respectively. The   denotes Kronecker product. )(vec A   

denotes to stack the columns of a matrix A into a single 

vector a .  ARe  denotes the real part of a matrix of A . 

a denotes the Euclidean norm of vector a . )(max A and  

)(min A denote the maximum and minimum eigenvalues 

of A , respectively. By 0A  or 0A , we mean that 

the matrix A is positive semidefinite or positive definite  

respectively. 

II. SYSTEM MODEL 

In this paper, we consider a dual-hop cognitive channel 
with two users source1 and source2, a primary user, an 
eavesdropper, an EH device and a relay. The non-

regenerative relay typically adopts amplify-and-forward (AF) 
protocol. The two-way relay, equipped with Nantennas, is 
responsible to establish reliable and secure communications 
between source1 and source2, to transfer power to the EH 

receiver. Every node is equipped with single antenna except 
the relay. As shown in Fig. 1. 

All the terminals and two-way relay node are in half-
duplex mode. We assume that there is no direct link 

between two sources and all the channels remain unchanged 
during one slot. Thus, the quasi-static channels are 
considered in this paper. 
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Figure 1. The system model of  two-way relay cognitive radio network 

with eavesdropper and EH device 

The source1 and the source2 exchange the information 
symbols through the relay are divide into two phases. In the 
first phase, Source1 and Source2, at the same time, transmit 

the symbols 1x  and 2x  to the two-way relay, eavesdropper, 

EH device and PU, respectively. Ry  stands for the relay 

received signal 

 Rs2fs1fR nHHy  21 xx (1) (1) 

where 
1

1

 N

fs CH  denotes channel response from the 

Source1 to the relay,
1

2

 N

fs CH denotes channel 

response from the source2 to the relay, 
1 N

R Cn  is the 

additive Gaussian noise (AWGN) vector at the relay, which 

has zero mean and covariance matrix I
2 . E,1y  stands for 

the signal by the eavesdropper received 

 E,12211E,1 nxexey   (2) 

1e denotes channel response from the source1 to the 

Eavesdropper, 2e denotes channel response from the 

source2 to the eavesdropper, E,1n is the AWGN at  the 

eavesdropper, which has zero mean and variance 
2 . 1,py and 1E p stands for the signal and energy, 

respectively, received by the PU 

 1,22111, pP nxpxpy   (3) 

 )(EE 2

22

2

111 pPpPp   (4) 

1p denotes channel response from the source1 to the PU. 

 2

11P xE , which stands for the source1 average 

transmitted signal energy. 2p denotes channel response 

from the source2 to the PU.  2

22P xE , which stands 

for the source2 average transmitted signal energy. 1,pn is the 

AWGN at the PU, which has zero mean and variance 2 . 

The energy received by EH device can express as 

  2

22

2

111 PPE hh    (5) 

where 1h denotes channel response from the source1 to 

the the EH device. The factor  denotes the efficiency of 

EH device, we assume that the EH device efficiency 1 . 

In the second phase, the relay needs beamforming matrix 
to enlarge the received signal, and then forwards the 

enlarged signal to two sources. We utilize NN
CW

 as 

beamforming matrix. The transmitted signal from relay can 
be expressed as 

 RR WyY   (6) 

The minimum transmit energy of relay can be expressed 
as [6] 

       H

y

H

RR trtr WYWWyyWY  EE
2

R  (7) 

where
H

RRy yyY  . 

By using the equality (8) and (9) 

      BABA vecvectr
HH   (8) 

      BACABC vecvec  T
 (9) 

The minimum transmit energy of relay can be 
transformed as 

    wIYwY  T

y

H

R

2
E  (10) 

where  Ww vec . 

The received signal at source1 and source2 can be 
expressed as 

 
1

122S111S11

S

R

T

bSf

T

bSf

T

bSs

n

xxy



 WnHWHHWHH
 (11) 

 
2

222S211S22

S

R

T

bSf

T

bSf

T

bSs

n

xxy



 WnHWHHWHH
(12) 

where 
1

1

 N

bS CH  denotes channel response from the 

relay to source1. 1Sn  is a AWGN at Source1, which has 

zero mean and variance 2 . 
1

2

 N

bS CH denotes channel 
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response from the relay to the source2, 2Sn  is a AWGN at 

Source2, which has zero mean and variance 2 . 

The received signal at Eavesdropper can be expressed as 

 2,212112, ER

T

rfS

T

rfS

T

rE nxxy  WneWHeWHe  (13) 

where
1 N

r Ce denotes channel response from the 

relay to the Eavesdropper. 2,En is a AWGN at Eavesdropper, 

which has zero mean and variance 2 . 

The received signal and energy at PU can be expressed 
as 

 2,22112, pR

T

rfS

T

rfS

T

rp nxxy  WnpWHpWHp  (14) 

 wAw PU

H

pE 2  (15) 

where   T

rr

TH

fSfS

H

fSfSPU PP ppIHHHHA
 2

222111  . 

1 N

r Cp denotes channel response from the relay to the 

PU and 2,pn  is a AWGN at PU, which has zero mean and 

variance 2 . 

The first term in (11) and the second term in (12) is the 
backward self-interference. We assume that each terminal 
knows both the channels associated itself with the relay 

nodes and the weighted coefficient matrix W . It can 
subtract the backward self-interference from itself and only 
obtain the desired information from the other one. After this 
operation, we can get (16) and (17) 

 1122S11 SR

T

bSf

T

bSs nxy  WnHWHH  (16) 

 2211S22 SR

T

bSf

T

bSs nxy  WnHWHH  (17) 

From (15) and (16), the received signal-to-noise ratio 

(SNR) at Source1 and Source2 are 1  and 2  

 
 
  2

11

2

11222

1

P













wHHIw

wHHHHw

bS

T

bS

H

bS

T

bSfS

H

fS
 (18) 

 
 
  2

22

2

2211

H

1

2

P













wHHIw

wHHHHw

bS

T

bS

H

bS

T

bSfS

H

fS
 (19) 

In the second phase, the harvest energy of EH device can 
be expressed as 

 wAw )(E 22 EH

H  (20) 

where   T

rr

TH

fSf

H

fSf hhIHHHHA
*2

22S211S12EH PP  

1 N

r Ch denotes the channel response vector from relay 

to EH device. In both phases, the eavesdropper has chance 
to receive the information which has been transmitted from 
source1, source2 and two-way relay. The information can be 
expressed as [7] 

 eee nxHy   (21) 

where 
T

2,1, ],[ EEe yyy  











fS

T

rfS

T

r

e

ee

21

21

WHeWHe
H ,  Txx 21x  













2,

1,

ER

T

r

E

e
n

n

Wne
n  

We employ matrices to describe the information of the 
Eavesdropper. The capacity of the eavesdropper got 
information can denote as (22) in both phases 

  1-

E2 detlog
2

1
R RHHI

H

eee P  (22) 

Where 

))1(,( H22
wwR ccE Rdiag   , ),( 21 PPdiagP . 

For (22), we can denote 

 
)1(

log
2

1
R

42
wRw

wQw e

cc

H

H

e








 (23) 

   
T

cfcg

T

cgcfcc

cgcfe

eePPeePP

PePPPePP

aaaaR

RRQ

**

1221

**

2121

2

2

2

121

2

1

2

221








 

H

cfcfcf aaR  ,
H

cgcgcg aaR  ,  )( H

rrcc eeIR   

)(vec 1

T

fSrcf e Ha  , )(vec 2

T

fSrcg e Ha  , 

42

2

2

2

2

1

2

1 PP   ee . 

The sum rate of two-way relay cognitive networks can 
be expressed as 

 











 eS R)1(log

2

1
)1(log

2

1
R 2212   (24) 

where   ),0max( aa 


. 

The constraint of the transmit power at relay can be 
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expressed as 

   th

T

y P wIYw
H

 (25) 

Since considering the normal working conditions of the 

relay equipment, we assume that the thP  denotes the 

transmit power threshold at the relay. 
The constraint of the EH device can be expressed as 

 thQEE  21  (26) 

Since considering the normal working conditions of the 

energy harvesting equipment, we assume that the thQ  

denotes the energy harvesting threshold at the EH device. 
The constraint of the interference temperature at PU can 

be expressed as 

 thpp IEE  21  (27) 

In this paper, we employ the underlay model of 
cognitive radio networks, namely, the interference of second 

user to the PU should lower than a threshold value thI . 

According to [8] and [9], thQ should be chosen such that 

 max0 Q， , where maxQ can be expressed as 

 )(E)(maxEQ 2max121max EHE A  (28) 

Since the thI  is similar to maxQ , using the same 

approach, we set the thI . It should be chosen such that 

 maxI0， , where maxI can be expressed as 

 )(E)(maxEI max121max PUppp E A  (29) 

III. SRB WITH THE EAVESDROPPER’S CSI 

We assume that eavesdropper’s CSI can be estimate at 
the two-way relay and the source1 and the source2, which is 
valid when the eavesdropper is active [10]. When the 
eavesdropper’s CSI is available, we all works are to 
maximize (30) 

 

 
 

 
 

  















































































42

2*

22

2

*

2211

2

2*

11

2

*

1122

2

1
1log

2

1

1log
2

1

1log
2

1









wRw

wQw

wHHIw

wHHHHw

wHHIw

wHHHHw

cc

H

e

H

bS

T

bS

H

bS

T

bS

H

fS

H

fS

H

bS

T

bS

H

bS

T

bS

H

fS

H

fS

H

 (30) 

s.t. th21 QEE   

thpp I 21 EE  

  th

T

y

H P wIYw  

According to Lemma 1 in [11], the optimal 
beamforming vector w in (30) is 

 when 1

T*

th (trP pthr EI ）pp  

 thlay

H PwAw Re  (31) 

where IYA  T

ylayRe . 

when 1

*

th )(trP pth

T

rr EI pp  

 
1*

1Relay )()(  T

rrpth

H trEI ppwAw  (32) 

Fixing 2P , (30) is monotonically increase or decrease 

with respect to 1P [11] . If  is established, we set 

-1

thRelay1 PAM  . Otherwise, )(E-I *1-

1pthRelay1

T

rrtr ppAM ）（ . 

(33) is established 

 11

H wMw  (33) 

We substitute (33) into problem (30), since 2log
2

1
 is 

monotonically increase function and omit 2log
2

1
 can 

simplification computation. we omit 2log
2

1
 and get 

 
wCw

wCw

wBw

wBw

wAw

wAw

12

11

12

11

12

11

H

H

H

H

H

H

  (34) 

 01211  wDwwDw
HH

  (34a) 

 01211  wEwwEw
HH

 (34b) 

where 

   



















1

2

*

1S1S

2*

1S1S2S2S2

11

P

M

HHIHHHH
A



 b

T

bb

T

bf

H

f

  1

2*

1S1S

2

12 MHHIA   b

T

b  

  1

2*

2S2S

2

12 MHHIB   b

T

b
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  4

111 MRC  cc
, 112 MQC  e , 

 
  



















1

2*

2S2S

2

*

2S2S1S1S1

11

P

MHHI

HHHH
B

 b

T

b

b

T

bf

H

f

  1111 Q MD Eth  ,
2EH12 AD  , 

11PU11 E MAE p , 112 I ME th . 

A. 2D Search Solution 

In this section, we employ 2D Search and to derive an 
upper bound for (34). First, we introduce two slack 

variables 1var  and 2var . 

 
wAw

wAw

12

11
1var

H

H

 ,
wBw

wBw

12

11
1var

H

H

  (35) 

Problem (34) turn into (36) 

 max
21 var,var,w 










wCw

wCw

12

11
21 varvar

H

H

 (36) 

s.t.   0var 12111  wAAw
H

 

  0var 12211  wBBw
H

 

  01211  wDDw
H

 

  01211  wEEw
H

 

By employing rank-one relaxation and using the 

equality
H

wwQ  . (36) can be expressed as 

 max
21 var,var,0Q

 
 











QC

QC

12

11
21 varvar

tr

tr
 (37) 

 s.t    0var 12111  QAAtr  (37a) 

    0var 12211  QBBtr  (37b) 

    01211  QDDtr  (37c) 

    01211  QEEtr  (37d) 

If problem (37) has an rank-one Q , (37) is equivalent to 

problem (36). Given 1var  and 2var , problem (37) is a linear 

fractional programming, which can be solved by employing 
Charnes-Cooper transformation. 

 max
0Q

  QC1121 varvar tr  (38) 

s.t. 1)( 12 QCtr  

(37a)-(37d) 
where (38) is an SDP problem. We can solve the SDP 

utilize the interior-point method. (35) are generalized 
Rayleigh quotients. Duo to the properties of generalized 
Rayleigh quotient, we obtain 

    1

1211min1

1

1211max var   AAAA   (39) 

    1

1211min2

1

1211max var   BBBB   (40) 

If the optimal solution to (38) found by programming is 
not rank-one, we can utilize the Gaussian randomization 
method to find a sub-optimal solution [13]. 

B. SPCA Based Iteration Scheme 

In this section, we develop a lower complexity method 
to find a local optimal solution. According to [11], the 
conclusion has shown that the SPCA based locally optimal 
solution performs close to upper bound. To solve (34), we 
transform it into an equivalent difference convex problem 
(DCP). It can be expressed as 

max
w

     
     


















wCwwBwwAw

wCwwBwwAw

121212

111111

lnlnln

lnlnln

HHH

HHH

 

 s.t. (34a)-(34b) (41) 

We utilize the equality 
H

wwQ  and transform (41) 

into 

 min
0Q

     

     













)(ln)(ln)(ln

)(ln)(ln)(ln

121212

111111

QCQBQA

QCQBQA

trtrtr

trtrtr
 (42) 

s.t.   1Rank Q  

(37c)-(37d) 

where   1Rank Q  with 0Q can be equivalent to 

(43) [12] 

 
    0

0

max 



QQ

Q

tr
 (43) 

We employ (43) turn (42) into (44) 

 min
0Q

     

     




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


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)(ln)(ln)(ln

)(ln)(ln)(ln
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121212
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 (44) 

s.t.     0max  QQ tr  
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(37c)-(37d) 
We utilize the exact penalty method [13] to solve (44) 

and rewrite it 

 min
0Q

     

     

     





















QQ

QCQBQA

QCQBQA

max

111111

121212

)(ln)(ln)(ln

)(ln)(ln)(ln

 tr

trtrtr

trtrtr

 (45) 

s.t. (37c)-(37d) 
where  is an enough large penalty factor. For problem 

(45) is equivalent to problem (42) when  0 [11]. 

We use the result of [14]. If we replace the non-convex 
terms with their convex upper bounds and iterative solve the 
resulting problem by judiciously updating the variables until 
convergence. we can obtain a local optimum of (45). We 
employ this method to replace (46) and (47) 

  Qmax  (46) 

         QCQBQA 121212 lnlnln trtrtr   (47) 

We assume that qQ is an available point to problem (45), 

using the property of concave functions, we have 

      
  
 q

q

q
tr

tr
trtr

AQ

QQA
AQAQ


 lnln  (48) 

       q

H

q tr QQqqQQ 
maxmax --   (49) 

where q  is the unit-norm eigenvector corresponding to 

the maximal eigenvalue  qQmax . 

Since the right-hand sides of (48) and (49) are linear, 
they are convex upper bounds of the left-hand sides of (48) 
and (49), respectively. 

min
0Q
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 s.t. (37c)-(37d) (50) 

In (50), 
)(n

Q is optimal solution in the thn iteration, 

)(n
q is the unit-norm eigenvector corresponding to the 

maximal eigenvalue  )(

max

n
Q .

)0(
Q is chosen by using 

HH
UUxx , where U are consists of the eigenvectors of 

matrix 1211 DD   which are associated with the eigenvalues 

being no greater than zero. x is a randomly generated vector.  
We solve the convex optimization problem base on SPCA 
iterative algorithm until convergence. 

IV. COMPLEXITY ANALYSIS 

From [11], the computational complexity of 2D search 
scheme and SPCA based iteration scheme are 

   215N25N55NLL 462

21   (51) 

   3NN2NL 462    (52) 

where The 1L and 2L  is the number of 2D search 

scheme. L is the number of iterations of the SPCA based 
iteration scheme. 

V. SIMULATION RESULTS 

In this section, we will present the simulation results. 
First we assume that in the two-way relay network all the 
entries in the channel response vectors are i. i. d. Complex 

Gaussian random variables with zero mean and unit 
variance. To solve the SDPs, we use the Matlab-based CVX 
optimization software. In all simulations, the transmit power 

of two sources are dB5PP 21  . 

In Fig. 2, we present the average sum rate comparison of 
different secure relay beamforming schemes for various 

2/P th constraint. In the legend, 2D search scheme is 

denoted as 2D, and the SPCA based iteration scheme is 

denoted as SPCA. The EH constraint is maxth 5.0Q Q and 

the PU interference threshold is thmaxII th . The number of 

antennas at relay is 4N  . In this paper, =0.01 . From Fig. 

2, with the increase of 
2/P th , the average capacity 

increase. When 
2/P th reaches to 20dB, the average 

capacity stay the same. It is observed from Fig. 2 that the 
SPCA scheme performance is very close to 2D scheme. 
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Figure 2. Average secrecy sum capacity versus SNR 
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Figure 3. Average secrecy sum capacity versus N 

In Fig. 3, we present the average sum rate comparison of 
different schemes for different number of antennas at relay 
where the transmit power to noise power ratio of relay 

is dBth 20/P 2  , and the EH constraints 

is maxth 5.0Q Q and the PU interference threshold is 

thmaxII th . It is observed from Fig. 3 that with the 

increase of N, the average sum rates of our proposed 
schemes increase. 

VI. CONCLUSIONS 

In this paper, we propose two schemes, 2D search 
scheme and SPCA based iteration scheme, to solve the 
problem of secure relay beamforming in the non-
regenerative two-way relay cognitive radio networks when 
the eavesdropper’s CSI is available. Simulation results have 
shown that SPCA based iteration scheme performs almost 
close to 2D search schemes, and has lower computation 
complexity. 
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