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Abstract— In the present, cooperative communication is a very wide 

spread topic with numerous possibilities. Energy efficient network 

selection is an imperative constraint for wireless cellular network 

because of the curbed battery of mobile terminals (MTs) and relay 

channels. Researches on this very topic have hit the roof. In this 

paper we try to enhance the existing cooperative communication 

system to whole new level, where the proposed model will allow to 

uses the channel of helping mobile terminal by source mobile 

terminal with some specific condition. Competent algorithms based on 

fibonacci search and alternative optimization techniques are 

recommended to crack the delinquent behavior of the splittable and 

non-splittable data at source mobile terminal (SMT). This will ensure 

that every SMT finds every standard relay or helping relay to forward 

its data to base station (BS) with noble performance. Unlike the 

current systems in cooperative communication, we intend to consider 

multiple relay selection to keep the communication overhead low. 

Keywords — Cooperative Communication, Wireless Network, 

Energy Saving, Pricing Mechanism, Load Sharing. 

I. INTRODUCTION

The incredible innovation in the smartphones and amazing 

updates in multimedia applications, wireless cellular network is 

be subjected to an unwavering escalation in the wireless data 

traffic and now a days mobile terminals ( MTs) tends to 

consume higher amount of energy than earlier . MTs are 

normally run by batteries and the battery has to galvanize all the 

features of MTs for which renewing and recharging battery 

frequently is very difficult. With finite energy, we can only hand 

on a finite amount of information [1]. Therefor a revaluation in 

minimizing the energy consumption and improve the 

connectivity of the network is very critical for wireless cellular 

networking.  

Furthermore the exploration on network communication 

corroborate that enormous amount of  energy is consumed by the 

MTs in 2G, 3G era [2] and also the modern 4G lacks in energy 

efficiency[3]. This gives a good inspiration to explore the energy 

redeeming and improve the connectivity for the MTs in 

communication. 

Cooperative communication is the solid and one of the most 

effective design considerations for energy saving in wireless 

communication, Moreover it can revitalize the energy-

constrained networks like wireless cellular network and wireless 

sensor networks. However the prior researches are planned to 

improve the quality of service and performance, maximize the 

coverage, minimize coverage overlap they did not considered 

about the heterogeneity among MTs, battery level’s and 

elongated existence of MTs at the same time.  

Within the wireless cellular network some of the MTs are seems 

stumpy battery level and some are rich. If the energy level of the 

MTs is uncared, each MT is assumed to transmit data as well as 

act as a cooperative agent for another MT in wireless 

communication. But this is obviously unfeasible if the battery 

level of the MTs is drained easily. At this situation MTs in low 

battery can get help from other MTs which has rich in battery 

such that the baseline transmitting power is reduced and their 

operation time can extended. 

II. RELATED WORK

There are already prior works investigating about the energy 

efficiency in mobile terminals (MTs) [4]-[6]. In specific [4] 

explored the optimal modulation system to curtail overall energy 

consumption required to send a given amount of data. Coded and 

encoded systems are equally taken as for modulation 

optimization. Overall energy consumption consists of 

transmission energy and circuit energy consumption. [5] 

Explored the optimal power control problem to curtail the 

average energy consumption of MT in multi-cell TDMA system 

by decomposition method. In particular, [6] deliberate the 

energy saving of MTs by strengthening of cellular network at the 

base station (BS). Current [7], [8] meditated that there is 

tradeoffs between the BS and MTs for minimizing the energy 

consumption and maintain the quality of service. 

Energy redeeming of MTs for cooperative communication in 

wireless cellular network has been explored in [9]-[11]. In 

particular, [9] deliberate the timer based-relay selection in a 

© 2019 IJAICT (www.ijaict.com) 



Corresponding Author: Mr. Basil Varghese, Akshaya College of Engineering and Technology, Coimbatore, Tamilnadu.   1155 

distributed fashion with minimum signaling overhead for reduce 

the net energy consumption and capitalize the network lifetime. 

[10] Suggested a distributed space-time coding scheme for the

MTs to hand on the information to the BS under given outage

and capacity constraints since the overall transmission energy is

reduced. [11] Proposed the optimal time and power allocation

technique for minimizing the net energy consumption under

quality of service with spectrum sharing in cognitive radio

network.

Moreover transmitting the same data by multiple nodes, optimal 

relay selection and transmission coverage are investigated in 

[12], [13]. [12] Suggested distributed energy-efficient selective 

diversity (EESD) technique for reducing the transmission power 

of the MTs and increase the network connectivity. [13] 

Suggested a distributed game-theoretical framework for achieve 

optimal relay selection and power distribution in multiuser 

cooperative communication network without familiarity of 

centralized resource allocation [14] and a two-stage Stackelberg 

game is modeled to cogitate the interests of the source and 

helping relay terminals, where the source MT is modeled as a 

buyer and the helping relay terminals are modeled as sellers for 

providing relay channel for the source MT. 

2.1  Main Contribution and Organization 

The main contribution of this paper is summarized as: 

Energy saving and pricing mechanism for cooperative network: 

In the paper we consider that all the MTs are independent and 

only ready to cooperate when they have benefits from the 

cooperation [15]. Apart from the previous works on cooperative 

network we take multi relay mechanism and Fibonacci algorithm 

to make the cooperative communication more efficient with 

transmitting cost and battery.  

Full cooperation under complete information: First we consider 

the case of full cooperation under complete information with 

splittable and non splittable data. The relay selection of MTs for 

transfer the data to base station and heterogeneities of battery is 

formulated as problem. 

Partial cooperation under incomplete information:In partial 

cooperation under incomplete information each mobile terminal 

belongs to different entities so it’s not ready to share their 

private information to other MTs in the spectrum.so that the 

expectation is taken in two aspects successfully and unsuccessful 

under the depraved condition of MTs we formulate a 

optimization technique for improve the energy efficiency and 

pricing of the cooperative network[16][17]. 

The other sections of this paper is follow as like Section II lead 

the proposed system model to increase the efficiency of the 

cooperative network with battery and channel condition. Section 

III will explored the full cooperation network under complete 

information with proposed technique. Section IV will show the 

general case of partial cooperation with incomplete information.  

Section V illustrate the numerical results and finally section VI 

will conclude this paper and discuss the future work. 

III. PROPOSED MODEL

3.1 System Model 

At the beginning of the communication to its end, every mobile 

terminal (MT) deserves or desire for a comfort traffic. All MTs 

hope for unified service and connectivity, only thing which 

holds and accelerate the data communication are optimal relay, 

since it is one of the most difficult things in present life [18]. 

To reduce the total energy reaping and data transmission delay, 

the signal processing block at transmitter and receiver should 

be consider in the optimization model and the communication 

channels of all helping and source mobile terminal (SMT) has 

been explored in priority manner as shows in Fig. 1. The 

cooperative transaction contains four phases as in Fig. 1: 

phase I and phase II illustrate common events ensues in 

cooperative communication. 

In phase III the multiple source mobile terminals (MSMT) uses 

the channels of helping mobile terminal (HMT) in cooperative 

network to send their data to the base station (BS). In phase IV: 

The SMT uses the licensed spectrum of helping mobile 

terminal to transact the data to BS and another MT in the 

cooperative network spectrum, in the first half the SMT 

disseminates its data to the HMT, on the second half the HMT 

decrypts the received data from the SMT and forwarded to BS 

and MT in the cooperative spectrum. The MSMT will access 

the channels in by (TDMA). 

In ideal case, the private information of HMT which consists of 

number of channel, battery levels and conditions are shared 

between each SMT and HMT truthfully. But in practical case, 

the private information does not shared. Each MT does not 

know about the channel condition of other MT and their battery 

level. For cooperation under incomplete information between 

SMT and HMT, the problem of decision making under 

uncertainties with expected utility theory is formulated. Here, 

we assume that all the channel gain and battery level of HMT 

are independent. The conditional expected energy cost of SMT 

for set of HMT is determined. The reservation utility is 

measured which denotes the level of minimum benefit for the 
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helping mobile terminal (HMT) in the cooperation. For higher 

reservation utility for HMT, the expected energy cost of SMT is 

high. Based on this the channels of HMT is identified. 

Fig.1 : Cooperative communication with four phases 

Identifying and Allocating Channel for Source Mobile Terminal 

The channels allocation of HMT for the SMT and the access 

gain back of channel by SMT when they are in need it is done by 

considering the set of idle mobile terminal (IMT) are denoted 

within the short range communication distance d from MT as its 

set of HMT Hi where |Hi|=Ni is the number of MT in the 

channel. Then Ni follows Poisson distribution and its PDF is 

measured. If Ni≥1, SMT can operate in cooperative transmission 

mode by choosing HMT to relay the data. For selecting HMT, 

the channel gain between HMT and SMT is computed. Also, the 

energy cost function and utility function of its battery level are 

determined. Based on the difference between utility function and 

energy cost, the HMT is identified.There must be time slots for 

SMT to access the channel with a time slotted system. The 

symbols for data are transmitted in each time slot. The number 

of symbols is transmitted per time slot are normalized to unity to 

transmit without data loss. 

  Fig.2: Direct transmission 

Fig.3 : Cooperative transmission 

 

Fig.4 : Cooperative transmission at different time slot 

The direct transmission of data to the BS from the SMT is 

represented in Fig.2. .  Fig.3. represent the cooperative 

transmission that the SMT send the data to the BS with the help 

of a HMT and Fig.4.explore the cooperative transmission at 

different time slots. We consider two SMTs and one HMT as 

relay MT and one BS. While the SMT 1 transmits the data at 

time slots T1, T5, T9 and T13, the relay MT receives and 

forwards the data to BS at time slots T2, T6, T10 and T14. On 

the other hand, SMT 2 transmits the data at time slots T3, T7, 

T11, and T15 and relay MT receives and transmits the data at 

time slots of T4, T8, T12 and T16 to BS. 

Data Transmission and Power Attenuation 

Mostly MTs initiate data traffic or transmission independently 

and in simplified channel model incorporating the large scale 

with large scale power attenuation is as follow: 

𝐺𝑘 = {
𝐺0 (

𝑟𝑘

𝑟0
)
−𝛼

𝑟𝑘 > 𝑟0, 𝑘 ∈ 𝐾

𝐺0 , otherwise
(1) 

Where G0 is the constant path loss between the MT and BS at 

reference distance r0,rk is the distance from MT to BS and 

α>2.The data rate Dk is normalized by the available bandwidth at 

the MT for transmission of each symbol with an energy Ek, the 

achievable data rate for MT is represented in 

bits/sec/Hz(bps/Hz). 

𝐷𝑘 = 𝑙𝑜𝑔2 (1 +
𝑔𝑘𝐸𝑘

𝜎2
) (2) 
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Where σ2 is represent the power of noise at the BS receiver and 

gkis channel power gain between the MT and the BS its will 

expressed as 

𝑔𝑘 = |ℎ𝑘|
2 = 𝑛𝑘𝐺𝑘, 𝑘 ∈ 𝐾 (3) 

Where hkis the channel coefficient expressed as 

ℎ𝑘 =

{

ℎ̅𝑘√𝐺0 (
𝑟𝑘
𝑟0
)
−𝛼

ℎ̅𝑘√𝐺0  , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

,𝑟𝑘 > 𝑟0,   𝑘 ∈ 𝐾  (4) 

Direct Transmission (DT Mode): 

In direct transmission mode the MTs directly transmit their data 

to the BS with a normalized data rate Di and its need to calculate 

the energy per symbol for transmitting the data from MTs to BS 

with data rate Di is 

𝐸𝑖
(𝐷,𝑆) =

𝜎2

𝑔𝑖
(2𝐷𝑖 − 1), 𝑖 ∈ 𝐾𝑠 (5) 

Cooperative Transmission (CT Mode): 

In cooperative transmission mode some SMT associated with the 

helping mobile terminal with in short range distance d, then the 

HMT can help to relay the data of SMT to the BS, consider set 

of ideal mobile terminal (IMT) or normal MTs as the set HMT 

Hi with in distance from the SMT. where |Hi|=Ni is the number 

of MT in the channel. Then Ni follows Poisson distribution with 

mean 

𝜇𝑁𝑖 = (1 − 𝜌)𝜆𝜋𝑑
2 (6) 

Where λ is the spatial density 1-ρ is the probability of MTs 

remaining ideal. The probability mass function is of Ni directly 

proportional to the sort range distance d, and is explored as 

𝑃𝑟(𝑁𝑖 = 𝑛) =
𝜇𝑛𝑁𝑖

𝑛!
𝑒−𝜇𝑁𝑖 , 𝑛 = 0,1. . , 𝑖 ∈ 𝐾𝑆   (7)

Where μNiis the average number of HMT for SMT if Ni=0 or 

HMT Hi=0 or null the SMT will enter into direct transmission 

and it will send the data directly to the BS. When the Ni>1 and 

Hi>1 the SMT terminal try to find a HMT and relay the data 

through HMT. In cooperative transmission data rate should be 

split as 𝐷𝑖 = 𝐷𝐼
(𝑆) + 𝐷𝑖

(𝑅) here 𝐷𝑖
(𝑠) representing the direct

transmission of data if the SMT fail to find a better HMT to 

relay their data with specific condition, then the energy is 

explored as like (5) and 𝐷𝐼
(𝑅) represent the cooperative

transmission data rate of SMT and HMT. In CT mode first SMT 

find the perfect HMT then SMT disseminates its data to the 

HMT, on the second half the HMT decrypts the received data 

and forwarded to BS. The power gain between SMT and HMT is 

follow as 𝑔𝑖 = 𝑛𝑗𝐺𝑖 where nj is the short term Rayleigh fading of

the channel power and its distributed independently with in MTs 

and the energy consumption for data transmission is 

𝐸𝑗
(𝐶,𝑅) =

𝜎2

𝑔𝑗
(2𝐷𝑖

(𝑅)
) , 𝑗 ∈ 𝐻𝑖,𝑖 ∈ 𝐾𝑠 (8) 

Fig.5 : Cooperative Communication Protocol 

Cooperative Transmission Protocol 

The cooperative communication protocol that should keep in 

cooperative network for the data transmission with mutual 

benefits are explained in Fig.5. 
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 If a SMT has data to transmit to BS then it will select any

one of the data mode CT or DT according to the SMT wish

and here also consider complete and incomplete

information.

 In DT mode SMT directly transmit their data to the BS and

if it selected the CT mode then the Source MT should

announce the data rate and payment procedure to all of its

HMT.

 If any MT accept the request it will send the

acknowledgement to the SMT and its will relay the data to

the BS

 If multiple MTs accept the request then SMT select the best

MT by condition and the selected HMT will help to relay

the data to its BS.

In the case of multiple MTs accept the request form the SMT 

then it will filter and find the best HMT by the tender or any 

future agreement by the cooperative communication protocol we 

can reduce the cost and energy of data transmission in this 

incentivizing HMT in cooperative network is the major 

designing challenge. 

IV. FULL COOPERATION UNDER COMPLETE 

INFORMATION 

In full cooperation under complete information all the MTs 

willing to help each other without requirement on reserved 

utility and they will share their private information including 

number of HMT, channel condition, battery truthfully and so it’s 

known by SMT and as a result of fully cooperation under 

complete information SMT only need to make the payment to 

HMT because of the reservation utility of each HMT reduced to 

zero. Then SMT have to optimize data rate for their helping 

mobile terminal to minimize the sum of energy cost 

𝐶𝑖,𝑗 = min
𝐷𝑖
(𝑅)≥0

. 𝜁𝑗𝐸𝑗
(𝐶,𝑅) + 𝜁𝑖𝐸𝑖

(𝐶,𝑆) (9)

Where 𝜁𝑗𝐸𝑗
(𝐶,𝑅) is the energy cost for transmitting the data from

HMT to BS and 𝜁𝑖𝐸𝐽
(𝐶,𝑆) is the energy cost for transmitting the

data from SMT to BS here we minimizing weighted energy sum 

of HMT and SMT where the weight is unit energy cost of 

individual MT. Hence the unit energy cost of SMT and HMT is 

same then it has to reduce to the sum energy minimization. If the 

unit energy cost of one MT is larger than other MT then it’s very 

easy for the optimization of batter level as like max-min 

optimization. After obtaining the minimum energy cost the each 

HMT, the SMT will select the best HMT by the relay  

𝐶̂𝑖 = min
𝑗
. 𝐶𝑖,𝑗 (10) 

For selecting the cooperative mode by SMT we have to satisfied 

with best case that the cost reduction of CT mode has much 

difference than a threshold 𝛾𝑖 and the condition for satisfying

SMT for choose CT is  

𝐶̂𝑖 ≥ 𝜁𝑖𝐸𝑖
(𝐷,𝑆) (11) 

Cooperative Transmission With Non Splittable Data 

In cooperative transmission with non splittable data the SMT 

will not split their data due to privation of energy, 

timeorcomplication in processing functionalities so all the data 

of SMT transmitted by HMT and data rate of SMT will be 

𝐷𝑖
(𝑆)= 0 and 𝐷𝑖

(𝑅)=𝐷𝑖  according to 𝐷𝑖
(𝑆) + 𝐷𝑖

(𝑅) = 𝐷𝑖  then the

cost of the SMT linking with HMT is reduced as 

𝐶𝑖,𝑗 = 𝜁𝑗
𝜎2

𝑔𝑗
(2𝐷𝑖 − 1) (12) 

Where 𝑔𝑗 is the channel power gain of HMT, σ denotes the

power of noise. 

Cooperative Transmission with Splittable Data 

The optimal relay data rate shadows a threshold structure with 

respect to the log ratio between the operative energy cost SMT 

and HMT based on that the SMT will decide to either split the 

data or not, mainly three condition are there, when the effective 

energy cost of the SMT is too less than HMT then the HMT 

can’t satisfied the SMT and in this case the SMT will not split 

their data with HMT, it will send all the data itself by SMT. If 

the operative energy cost of SMT and HMT are comparably 

equal the then the SMT will split the data package with HMT 

and finally if the operative energy cost of HMT will much lower 

than SMT then SMT ask help to HMT transmit the data to the 

BS and is by 

𝐷𝑖̂
(𝑅)

=

{

0, 𝑖𝑓 log2
𝜃𝑖
𝜃𝑗
< −𝐷𝑖

1

2
(𝐷𝑖 + log2

𝜃𝑖
𝜃𝑗
) , 𝑖𝑓 −𝐷𝑖 ≤ log2

𝜃𝑖
𝜃𝑗
< 𝐷𝑖

𝐷𝑖 , 𝑖𝑓 log2
𝜃𝑖
𝜃𝑗
≥ 𝐷𝑖

(13) 

Where 𝜃𝑖is the energy cost of SMT and 𝜃𝑗 is the energy cost of

HMT it is by 𝜃𝑖 =
𝜁𝑖

𝑛𝑖
and 𝜃𝑗 =

𝜁𝑗

𝑛𝑗
 , log2

𝜃𝑖

𝜃𝑗
< −𝐷𝑖  denotes the

extension of cost rate to satisfy SMT in this case the SMT will 
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send the data itself to BS, −𝐷𝑖 ≤ log2
𝜃𝑖

𝜃𝑗
< 𝐷𝑖  in this case the

operative cost equal so the SMT will split the data with HMT, 

log2
𝜃𝑖

𝜃𝑗
≥ 𝐷𝑖  here the SMT operative cost is more higher than

HMT in this SMT will ask for the data transmission through 

HMT and HMT will send all the data . 

V. PARTIAL COOPERATION UNDER INCOMPLETE 

INFORMATION 

In partial cooperation under incomplete information the 

discussed scenario will not applicable because of here each 

mobile terminal belongs to different entities so it’s not ready to 

share their private information to other MTs in the spectrum.so 

that the expectation is taken in two aspects successfully and 

unsuccessful rely association and the probability of reject the 

request by HMT is𝑃𝑟(𝜋𝑖 − 𝜁𝑗𝐸𝑗
(𝐶,𝑅) ≤ 𝜖).

Where𝜖 represent the minimum level of benefit for HMT in 

cooperative communication, the energy cost 𝐸|𝐶𝑖| is increase

with 𝜖 also the reservation utility of the HMT is high then the 

expected energy cost SMT is also high. For minimizing the 

expected cost of SMT over price and data is 

min     𝐸
𝜋𝑖,𝐷𝑖

(𝑅)≥0
[𝐶𝑖]

𝜖 ≤ 𝜋𝑖 ≤ 𝜁𝑖𝐸𝑖
(𝐷,𝑆) − 𝜁𝑖𝐸𝑖

(𝐶,𝑆) (14) 

As we disused in cooperative transmission under complete 

information here also criterion for selecting DT and CT, for 

selecting CT its need to reduce the energy cost of SMT from that 

of direct transmission to be a larger than a threshold 𝛾𝑖.condition

for choosing the CT mode by SMT is  

𝜁𝑖𝐸𝑖
(𝐷,𝑆) ≥ 𝑚𝑎𝑥{𝛾𝑖 + 𝐸[𝐶𝑖

∗], 𝜖} (15) 

Where 𝐸[𝐶𝑖
∗] is the minimum expected cost and its mainly

depend on whether the is splittable or not splittable data and the 

probability function for successful cooperation between the SMT 

and HMT is 

𝑃𝑟(𝜋𝑖 − 𝜁𝑖𝐸𝑗
(𝐶,𝑅) ≥ 𝜖) = 𝑃𝑟 (

𝜁𝑖
𝑛𝑗
≤

𝐺𝑖(𝜋𝑖 − 𝜖)

𝜎2 (2𝐷𝑖
(𝑅)
− 1)

) 

= 𝑃𝑟 (
𝜁𝑖

𝑛𝑗
≤ 𝜔𝑖) (16) 

In partial cooperation under incomplete information the unit 

energy cost and its battery level of MTs is 

𝜁𝑘 = 𝜁𝑚𝑎𝑥 (1 −
𝐵𝑘

𝐵𝑚𝑎𝑥
) (17) 

And the probability of successful association between the SMT 

and HMT with expected energy is 

𝐸[𝐶𝑖] = ∑ 𝑃𝑟(𝑁𝑖 = 𝑛) {[1 (1 −
𝜔𝑖

𝜁𝑚𝑎𝑥
− (1 − 𝑒

− 
𝜁𝑚𝑎𝑥
𝜔𝑖 ))

𝑛

] ×∞
𝑛=0

(𝜋𝑖 + 𝜁𝑖𝐸𝑖
(𝐶,𝑆) − 𝜁𝑖𝐸𝑖

(𝐷,𝑆)) + 𝜁𝑖𝐸𝑖
(𝐷,𝑆)}

 (18) 

Here 𝜔𝑖 =
𝐺𝑖(𝜋𝑖−𝜖)

𝜎2(2𝐷𝑖
(𝑅)

−1)

Partial Cooperative Transmission with Non Splittable Data 

Partial cooperative transmission with non splittable data is also 

similar to cooperative transmission with non splittable dada in 

this case also the data is not split by the SMT all the data’s of 

SMT is transmitted by HMT 𝐷𝑖
(𝑆) = 0 and 𝐷𝑖

(𝑅) = 𝐷𝐼  and the

probability successful association with SMT and HMT reduced 

as 

min
𝜋𝑖
∑ 𝑃𝑟(𝑁𝑖 = 𝑛) {[1 − (1 −

𝜔𝑖

𝜁𝑚𝑎𝑥
− (1 − 𝑒

−
𝜁𝑚𝑎𝑥
𝜔𝑖 ))

𝑛

] ×∞
𝑛=0

(𝜋𝑖 − 𝜁𝑖𝐸𝑖
(𝐷,𝑆)) + 𝜁𝑖𝐸𝑖

(𝐷,𝑆)} (19)

𝜀 ≤ 𝜋𝑖 ≤ 𝜁𝑖𝐸𝑖
(𝐷,𝑆)

Partial Cooperative Transmission with Splittable Data 

In this case the SMT will decided to split their data only if SMT 

is satisfied and there will be a fixed cost for transmitting the data 

to the BS by HMT and the payment π for the HMT from the 

SMT is minimized by the fibonacci search algorithm and the 

algorithm follows some values with on the range of 𝛿𝐶𝑖from at

least local optimum solutions because it reduces the value of 

price π with precision 𝛿𝜋𝑖  and  also considering two main

condition lower bound and upper bound, the lower bound is 

denote by𝑂 (log2
𝜁𝑖𝐸𝑖

(𝐷,𝑆)

𝛿𝜋𝑖
)and upper bound with the data rate 

𝐷𝑖
(𝑅)and total payment price 𝜋𝑖is as explored as 𝑁

𝐷𝑖
(𝑅) =

log2 (
𝐷𝑖

𝛿
𝐷𝑖
(𝑅)
) and 𝑁𝜋𝑖 = log2

𝜁𝑖𝐸𝑖
(𝐷,𝑆)

𝛿𝐶𝑖
 and the total number of

iteration in the alternative optimization of upper bound is 𝑀 =

𝜁𝑖𝐸𝑖
(𝐷,𝑆)

𝛿𝐶𝑖
and the upper bound complexity is explored by 

𝑂 (𝑀 (𝑁𝜋𝑖 + 𝑁
𝐷

© 2019 IJAICT (www.ijaict.com) 

𝑖
(𝑅))). 
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VI. NUMERICAL RESULT

In this section we explored the working of single source MT 

(SSMT) and multiple sources MTs (MSMT) under proposed 

technique and algorithm in different transmission mode at the 

first step, simulation of SSMT is observed then MSMT 

simulation is considered and validate the result, simulation is 

done under100×100 𝑚2 area with data rate  𝐷𝑖 = 16 bps/Hz.

Also the position of MTs re-generate in iterations. 

Table 1 :  Values for simulation setup: 

Simulation parameters Values 

Total number of MTs |𝐾| = 100 

Probability of MTs initiate data 

transmission 

𝜌 = 0.2 

Data rate  𝐷𝑖 = 16𝑏𝑝𝑠/𝐻𝑍

Average number of HMTs 𝜇𝑁𝑖 = 1.2

Single Source Mobile Terminal 

The simulation of SSMT will illustrate the energy efficiency of 

the battery and the cost for the data transaction in cooperative 

mode and partial cooperative with split table and non split table 

data. 

Fig 6.Setup for simulation of single source MT with |𝑲| =100 MTs 

And comparison between the modes with convergence cost of 

data rate and battery level is: 

Fig 7.Expected cost for single source MT versus battery level under different 

mode of transaction 

Multiple Source Mobile Terminals 

The simulation for MSMT shows performance improvement in 

terms of battery and unit cost. In multiple source simulation 

probability of overlapping HMT for different SMT is more and 

one HMT can possibly relay with two different SMT to avoid 

this situation we use the function as follow 𝜇𝑁𝑖 = (1 − 𝜌)𝜆𝜋𝑑
2

for regenerating the position of the MTs if there is overlap 

between the HMT and the average number of HMT is 𝜇𝑁𝑖 = 1.2

and energy maximum for any time slot is 3J. 

Fig .8 : Setup for the simulation of multiple sources MTs with |𝑲| = 𝟏𝟎𝟎 MTs 
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Comparison between the modes with convergence cost of data 

rate and battery level in multiple source MTs is 

Fig 9 : Expected cost of multiple source MTs versus battery level under 

different mode of transaction 

The proposed technique with cooperative communication reflect 

better effective in the reduction of battery outage of MTs and 

energy cost the average battery level ∑ 𝐵𝑘 |𝐾|⁄𝑘  for the time slot

is  

Fig 10 : Average battery level ∑ 𝑩𝒌𝒌 |𝑲| of the MTs over time slot 

VII. CONCLUSION AND FUTURE WORK

This paper investigated the gains of wireless cooperative 

communication with different scheme then studied the optimal 

pricing and load sharing for redeemable battery energy of MTs, 

full cooperation under complete information with split table and 

non split able data is deliberated first then partial cooperation 

under incomplete information with split table and non split table 

data is evaluated and the optimal solution is achieved by 

Fibonacci search and alternative optimization algorithm. At last 

simulation of single source MT and multiple source MTs is 

explored and prove that the proposed technique for cooperative 

communication effectively reduce the battery outage of MTs and 

the result shows fresh discernment on the energy saving and cost 

reduction in wireless cooperative communication. 

In this paper multi relay selection is used to keep the traffic 

overload low. For more efficiency to reduce the energy cost, 

used the available channel mechanism where the SMTs ask help 

to HMT to send the data to BS and HMT will help SMT, in 

return SMT offers the payment for data rate of give the access 

permission to use the licensed spectrum of SMT under condition 

and practice active and inactive mode between data and voice 

channel for moderate the battery usage of MTs in wireless 

communication. 

References 

[1] YinghaoGuo, LingjieDuan, and Rui Zhang, “Optimal Pricing and 

Load Sharing for EnergySaving with Cooperative 

Communications”IEEE Transactions on Wireless Communications 

(Volume: 15, Issue: 2, Feb. 2016). 

[2] G. P. Perrucci, F. H. P. Fitzek, and J. Widmer, “Survey on energy 

consumption entities on the smartphone platform,” in Proc. IEEE

73rdVeh. Tech. Conf. (VTC Spring), May 2011, pp. 1–6. 

[3] A. Pathak,Y. C. Hu, and M. Zhang, “Where is the energy spent inside 

my APP? Fine grained energy accounting on smartphones with 

Eprof” in Proc. of the 7th ACM Euro.Conf.On Computer Sys.

(EuroSys ’12), 2012, pp. 29–42. 

[4] Shuguang Cui, Andrea J. Goldsmith,and Ahmad Bahai, “Energy-

constrained Modulation Optimization” in IEEE transactions on 

wireless communications, September 2005.

[5] K. Mythili and H. Anandakumar, "Trust management approach for 

secure and privacy data access in cloud computing," Green

Computing, Communication and Conservation of Energy (ICGCE),

2013 International Conference on, Chennai, 2013, pp. 923-927.doi: 

10.1109/ICGCE.2013.6823567

[6] V. Dhivya, H. Anandakumar and M. Sivakumar, "An effective group 

formation in the cloud based on Ring signature," Intelligent Systems

and Control (ISCO), 2015 IEEE 9th International Conference on, 

Coimbatore, 2015, pp. 1-4.doi: 10.1109/ISCO.2015.7282366

IJAICT Volume 6, Issue 10, October 2019 

© 2019 IJAICT (www.ijaict.com) 

      ISSN   2348 – 9928  
  Doi:01.0401/ijaict.2016.11.01 Published on 05 (10) 2019 



© 2019 IJAICT (www.ijaict.com) 

Corresponding Author: Mr. Basil Varghese, Akshaya College of Engineering and Technology, Coimbatore, Tamilnadu.   1162 

[7] A. Roshini and H. Anandakumar, "Hierarchical cost effective leach

for heterogeneous wireless sensor networks," Advanced Computing 

and Communication Systems, 2015 International Conference on, 

Coimbatore, 2015, pp. 1-7.doi: 10.1109/ICACCS.2015.7324082 

[8] S. Divya, H. A. Kumar and A. Vishalakshi, "An improved spectral 

efficiency of WiMAX using 802.16G based technology," Advanced 

Computing and Communication Systems, 2015 International 

Conference on, Coimbatore, 2015, pp. 1-4.doi: 

10.1109/ICACCS.2015.7324098 

[9] M. Suganya and H. Anandakumar, "Handover based spectrum 

allocation in cognitive radio networks," Green Computing, 

Communication and Conservation of Energy (ICGCE), 2013 

International Conference on, Chennai, 2013, pp. 215-219.doi: 

10.1109/ICGCE.2013.6823431 

[10] Liqun Fu, Hongseok Kim, Jianwei Huang, Soung Chang Liew and 

Mung Chiang, “Energy Conservation and Interference Mitigation: 

From Decoupling Property to Win-Win Strategy” in 49th IEEE

Conference on Decision and Control, December 15-17, 2010. 

[11] Hongseok Kim, and Gustavo de Veciana, “Leveraging Dynamic 

Spare Capacity in Wireless Systems to Conserve Mobile Terminals’ 

Energy,” in IEEE/ACM Transactions On Networking, Vol. 18, No. 3, 

June 2010. 

[12] ShixinLuo, Rui Zhang, and TengJoon Lim, “Joint Transmitter and 

Receiver Energy Minimization in Multiuser OFDM Systems” in 

IEEE TRANS. COMMUN.,VOL. 62, No. 10, PP. 3504–3516, OCT 

2014. 

[13] ShixinLuo, Rui Zhang and TengJoon Lim, “Downlink and Uplink 

Energy Minimization Through User Association and Beamforming” 

in C-RAN” in IEEE Transactions On Wireless Communications, Vol. 

14, No. 1, January 2015.

[14] Zhong Zhou, Shengli Zhou, Jun-Hong Cui, Member and Shuguang 

Cui, “Energy-Efficient Cooperative Communication Based on Power

Control and Selective Single-Relay in Wireless Sensor Networks” in 

IEEE Transactions On Wireless Communications, Vol. 7, No. 8, 

August 2008. 

[15] YulongZou, Jia Zhu, and Rui Zhang, “Exploiting Network

Cooperation in Green Wireless Communication” in IEEE TRANS.

COMMUN., VOL. 61, NO. 3, PP. 999–1010, MAR. 2013. 

[16] Dandan Liu, Wenbo Wang, and WenbinGuo, ‘Green’ Cooperative 

Spectrum Sharing Communication” in IEEE COMMUN. LET. ,

VOL. 17, NO. 3, PP. 459–462, MAR. 2013. 

[17] Krishna K. Pandey, NiteshBaghel, Sitesh K. Sinha, “Optimum Relay 

Selection for Energy-Efficient Cooperative Ad Hoc Networks” in 

International Journal Of Modern Engineering Research (IJMER) 

VOL.3, ISSUE.2, March-April. 2013. 

[18] Beibei Wang, Zhu Han, Member and K.J. Ray Liu, “Distributed 

Relay Selection and Power Control for Multiuser Cooperative 

Communication Networks Using Stackelberg Game” in IEEE

Transactions On Mobile Computing, Vol. 8, No. 7, July 2009.

IJAICT Volume 6, Issue 10, October 2019 

      ISSN   2348 – 9928  
  Doi:01.0401/ijaict.2016.11.01 Published on 05 (10) 2019 


