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a b s t r a c t 

The swarm robot network is the widely used wireless communication technology, and significantly, it has higher 

uplink and downlink throughput than the conventional communication networks. Apart from the appreciable 

advantages, there are various challenges like minimized data retention rate, low data transmission rate, countless 

handovers over a short time, and a short transmission range due to higher data transmission usage. To resolve 

these challenges, Scalable Network Architecture with Dual Connectivity Application (SN-DCA) in control and 

data plane is proposed to improve data retention rates and minimize network usage by controlling unwanted 

access in the distributive clouds during transmission. Here, Two-stage control data plane splitting (TSCDP) is 

introduced to enhance network usage by optimizing unwanted access. It further improves the data retention rate 

during transmission. The analytical performance of the proposed techniques has been validated computationally 

and examined through simulation studies. The Simulation results show that these techniques achieve a higher 

performance ratio in the network with a minimum transmission delay and a high data retention rate. 
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. Introduction to the present robot swarm network in Wireless 

ommunication Networks 

In recent decades, mobile communication networks have experi-

nced enormous advancements [1] . The improvement in wireless gener-

tion indicates the upgraded system’s changes, data speed, techniques,

nd range. Each wireless generation has generalized standards, capabil-

ties, technologies, and certain new features that differentiate the com-

unication networks from the previous generations [2-4] . Mobile net-

ork is a network of communications with cellular links. It is spread

hrough land zones known as "cells", where each is served by three base

ell or base transceiver stations, and not more normally. These base

tations give the cell the network coverage that can be used to trans-

it voice, information and other content types. A cell usually uses an

lternate set of frequencies from neighbouring cells to prevent inter-

erence and guarantee a standard of service in each cell. A computer

etwork is essentially a computer system collection or community and

ther associated hardware devices interrelated across various commu-

ications channels to implement effective communication and associ-
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ted networking methodologies. Data Communication is essentially a

ransmission mechanism involving the transference of digital data be-

ween two or more computers or the like, and vice versa. In general,

his method of transmission is independent of the technical media, in-

erphases and geographical locations. It focuses on the various technolo-

ies and approaches to allow any form of electronic communication. 

Among the various generations, the robot swarm communication

etwork provides the best network services in the aspects of high speed,

igh capability, better Quality of Service (QoS), authenticated security

t low cost for both voice and data services [ 5 , 6 ]. All the 4G network ser-

ices are IP based system architecture. Long Term Evolution and Wire-

ess Interoperability for Microwave Access is the new technique in 4G

volved from previous generations [7] . The first security line for traffic

n and out of a network is the network firewall. The firewall checks traf-

c to ensure it complies with the organization’s security specifications

nd blocks unauthorized attempts. In recent years, firewall security has

one a long way. For defending against unlicensed access, a firewall pro-

ides a buffer between a device or network and the Internet. Presence

echnology is the capacity of a network system to recognize and assess

ts position as another device on the same network. 
pril 2021 
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All the transmission services under the 4G IP-based service are car-

ied out by the network’s control data plane [ 8 , 9 ]. The C-plane is purely

esponsible for routing information as it contains details about the path

raffic [10] . The C- plane function includes the configuration and man-

gement of a system [ 11 , 12 ]. It can have the ability to choose the path

nd routing protocols that can easily make the forward packet decisions

erfectly [13] . In particular, the main functions of the control plane re-

ated services are represented as AAA (Authorisation, Authentication,

ccounting) [14] , IP registration, QoS in signalling, and installation to

esolve traffic and security issues [15] . The routing protocols are the

ollection of rules specified for the communication between source and

estination by routers. They can hardly update the routing table that

ncludes the details and does not forward the information to a source’s

erminus. The protocols for Network Routers allow users to specify how

outers interact. It will enable the network to choose routes from a com-

uter network between any two nodes. 

The data plane refers to the functions and processes of transmission

f data frames between the interfaces [16] . It ensures the fast and ef-

cient transmission of information on every device. Simultaneously, it

an handle numerous communications by maintaining multiple proto-

ols [17] . Like the control plane, the data plane has several main func-

ions: classification, scheduling, and forwarding to maintain end-to-end

raffic flow. However, both control and data plane is the primary ori-

in for the IP based network transmission in the 4G transmission [18] .

ynchronous communication is effective, accurate and often used for a

arge quantity of data. The data transfer rate is faster, and there is an

ncreased risk of mistakes. It helps the connected devices to communi-

ate in real-time. The clocks get out of sync over time, and the target

omputer will have the wrong time, which could destroy some bytes

ue to missing bits. Traffic analysis is the method of intercepting and

nalysing messages to extract data from traffic patterns that can be car-

ied out even though messages are encrypted. The higher the number,

r even interception and store of messages, the more traffic can be de-

uced. An analysis of traffic may be carried out concerning military in-

elligence, counterintelligence or life pattern, and a computer security

ssue. Here particular software programs of the machine can back up

raffic analysis activities. Advanced techniques for traffic analysis could

nvolve different ways of analysis of social networks. 

Even though the control and data plane are responsible for effective

ransmission, there are some limitations like signalling delay, frequent

andovers in a short duration, high traffic, low data rate, and small

ransmission range [19] . Signalling is important for the railway’s safe

peration to ensure safe spacing of trains and prevent conflicting move-

ent. The ’traffic light’ signals on the rail tell the train driver whether

t is safe to travel along the line. A driver should not have been issued

 red signal, as with road lighting. The signal failure refers to different

hings going inappropriately that cause a train to stand at a red signal.

 stationary train easily causes delays, resulting in major delays with

he rail network busier than ever. 

A scalable network for dual connectivity is needed to improve the

volving robot swarm network to address these issues. Simultaneously,

 modified control/data plane has introduced to manage unwanted ac-

ess in the distributive clouds. The robot swarm network has a higher

ccess range by changing the parameters with such improvements than

he previous generations. The analytical expressions for the above-said

arameters have been developed, and the model can be verified using

imulation studies. 

Section 2 elaborates on various recent research works and their is-

ues. Section 3 constitutes the detailed computation of mathematical

elation for introducing the scalable Dual connectivity architecture in

he C/D plane for the evolution of robot swarm network with the devel-

pment of a two-stage C/D plane for the proper access of the internet

n the cloud base service of robot swarm. Section 4 discussed the ver-

fication of the analytical results versus the simulation results of the

erformance rate and transmission delay and followed by a conclusion

nd future aspects in Section 5. 
2 
. Review of literature 

The authors of [20] identified more challenges and problems in the

obility management of 4G communication Networks. Different issues

ehind the mobility drawback are discussed, and a method called For-

arding directive, Association, Rendezvous Architecture (FARA) is dis-

ussed as a solution. Since it had some advantages toward mobility,

ome failures like the low capability of forwarding multiple data frames,

ecurity, etc., have been reported by the authors. 

In [21] , the authors analyzed a model called Always Best Connected

ABC) to resolve the quick fluctuations in the network QoS and manage

he service unavailability. The model maps to an Np-hard problem for

he analysis of the concepts. Since it is a new paradigm in communi-

ation, the method is limited due to the absence of cost analysis which

esults in the model with a lack of optimization. 

The authors of [22] developed the CNetVerifier (CNV), a tool for pro-

ocol diagnosis that addresses the issues like the design and operational

roblems in the control plane. The cross-layer, cross-domain, and cross-

ystem had analyzed in the model. The discussion achieves good results,

hereas more research is needed for getting a clear idea about the tool

nd the control plane activities of wireless communication networks. 

The authors of [23] proposed a model to resolve the handover prob-

em of communication by introducing a heterogeneous network (Het-

et) to enhance the system capacity. It evolves between the macro and

icro nodes; the same remains a negative impact since high cell density

xists. 

In [24] , a Hybrid Network Model (HNM) is proposed for a use-

ul device to device transmission. The model combines the poison

nd k-means clustering process. It achieves a high-performance rate in

hroughput, with an optimized signal to noise interference ratio. The

rawback of the co-channel interference and the network capacity was

ot modelled by HNM as reported. 

The authors of [25] presented a framework of Fixed Mobile Conver-

ence (FMC) to provide the control plane’s design objectives in 5G net-

orks. It made use of the Software-Defined Network (SDN) technique to

nhance multi-network scenarios. In addition to that, the control plane

ad rapid service requirements in the FMC model. Apart from the ad-

antages, the major disadvantage of the model is inflexibility during

ransmission. 

Based on the Survey, the unresolved issues in the 4G network have

een resolved using the proposed SN-DCA and TSCDP approaches in

he evolution of future fifth-generation networks have been discussed

elow. 

. A Scalable Network Architecture with Dual Connectivity 

pplication (SN-DCA) in control and data plane with Two-Stage 

ontrol- Data Plane (TSCDP) 

More details about the proposed SN-DCA based on the network cou-

ling phenomena using dual connectivity in the Long Term Evolution

LTE)/Wi-Fi band of the standard structure of the C/D plane are elabo-

ated as follows. 

.1. Overall system architecture of SN-DCA 

Fig. 1 illustrates the proposed SN-DCA network overlapping

f LTE/Wi-Fi sub-clouds with a continuous LTE evolving Node Base

tation (eNB) coverage. Each sub cloud is a cluster of several Wi-Fi

 LTE dual connectivity band cells attached to a sub cloud controller.

he LTE eNB is connected to an Entity through the control plane in-

erface, and the service gateway through a user interface according to

he 3 rd Generation Partnership Project (3GPP) standard. As seen in the

ig. 1 , the current multiple Radio access techniques design is based on

 multistage process that is entirely consistent with the potential wire-

ess storage framework. The physical linking approach for a radio-based
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Fig. 1. Sn-DCA Architecture 
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ommunication network is Radio Access Technology. Most modern mo-

ile phones support multiple multistage processors, including Bluetooth,

LAN and GSM in one unit. A mobile terminal conducts neighbouring

ell measures and sends a measuring report to the network when linked

hrough a Radio Access Technology. The network will initiate handover

rom one potential wireless storage framework to another based on the

obile terminal’s measurement report. 

At the first connectivity, the LTE eNB is used as the primary user

quipment, and sub-cloud network as the sub-plan is transmitted di-

ectly via the minimum data rate on the Long-Term Evolution radio net-

orks WLAN availability through WLAN-unlicensed radio bands. The

ub cloud controller is used on the positioned local focal point for an-

lyzing the sub clouds in the corresponding second connectivity and

ased on availability; it determines the path between the Wi-Fi and the

TE channel. Therefore, though user equipment mobility inside the same

ub cloud is unique, the data route between eNB and controller remains

he same. Utilizing various LTE/Wi-Fi units, dual-band Wireless Lan Ag-

regation (WLAN- aggregation) is feasible on the user equipment side.

o ensure UE capacity, Wi-Fi/LTE modules will be active based on the

ual-link mode. Otherwise, the Wi-Fi/LTE connections are in the turn-
ff state. s  

i  

3 
A two-stage control and Data Plane (TSCDP) networking is imple-

ented in the SN-DCA instead of the traditional radio access networks

ystem. The TSCDP is utilizing C/D splitting, in which LTE eNB pro-

ects the inter-cloud point customer. Further, the background details

ike current location and demand for traffic are transmitted by a 1 st 

tage C-plane connected to the eNB LTE with the indications relevant

o mobility management, radio resource management, etc...Therefore,

he LTE can notify the user equipment to download its data traffic from

he selected sub cloud within a Wi-Fi / LTE sub cloud. The 2 nd Stage D-

lane is connected to the Wi-Fi channel. The C plane performs the dual-

ction inside the sub-cloud without any LTE eNB interference. It then

asses all the signalling details necessary to handle the device transport

nside the sub-cloud, which increases the delay and increases the reten-

ion rate. A dual-band router is a router that uses 2.4GHz and 5GHz

requency bands simultaneously to provide increased efficiency for data

ransmission. The dual-band router has higher signal strength and range

overage. A dual-band router will automatically switch bands when re-

uired. Instead of a new rival, allow Wi-Fi / LTE sub cloud team to

tay with the business. It needs a little imagination, although it could

lso mean a compounding gain, the downside of withdrawing after a

pecific point or endless supplements that make feel that your service

s continually changing for customers to try to locate a single point of
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Fig. 2. Location-Based Initial Access 
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ale. While many customer relationships are focused upon a business-

o-business arrangement, one person’s loyalty to another is fundamental

o your relationship. 

.2. Sub cloud performance 

The dual connectivity scheme, along with the TS C/D plane, is used

or LTE first connection inside the Scalable Network sub cloud. As seen

n the Fig. 2 , based on its possible power capabilities, the SN-DCA se-

ects a set of users to protect the user equipment at its approximate lo-

ation. The SN-DCA locates a group of best LTE sub cloud geometrically

o conduct the retention test with the user equipment cantered on its

pproximate position. Hence, The SN-DCA does not pick up the approx-

mate Line of Sight (LOS) along with the initial set of antenna beams

bove it to address transmission error. Many factors often cause delays

n the shift; however, mostly by inadequate maintenance or high miles.

n addition to acting as a cooling system, the transmission fluid retains

nternal dents lubricated to avoid hardening or wear out. Transfer delay

r store and forward delay, sometimes known as packet delay, is the

ime taken to pass all the packet bits into the wire within a network

ased on packet switching. It means that the data rate of the connec-

ion is causing the delay. Spectrums and frequencies are the operations

f the range of frequencies for a real LTE telephone. Various regions

ork in varying frequencies across the world. A higher frequency does

ot mean a better network because a lower frequency is better in rural

reas. LTE modifies the current flow of data to the Internet protocol sys-

em. Instead of transferring big data packets and simplifying the service

s both CDMA and GSM do, it would transfer small data quantities. 
4 
.3. Connection distribution models 

In this section, the connection distribution models for different Wi-

i/LTE bands to maintain network usage and reduce the transmission

elay have been shown. 

.3.1. LTE connection model 

A macro-eNB connection represents a 3GPP Urban macro system

odel. The power obtained in the user equipment at a distance 𝑙 from

he eNB measured in 𝑑𝐵𝑚 , 𝑅𝑃 𝐿𝑇𝐸 
𝑎 

is as follows: 

𝑃 𝐿𝑇𝐸 
𝑎 

[ 𝑑𝐵𝑚 ] = 𝑇 𝑃 𝐿𝑇𝐸 
𝑎 

[ 𝑑𝐵𝑚 ] − 𝑃 𝑃 𝐿 

𝐿𝑇𝐸 
𝑎 

[ 𝑑𝐵𝑚 ] (1)

here, 𝑅𝑃 𝐿𝑇𝐸 
𝑎 

[ 𝑑𝐵𝑚 ] is the eNB Receiver capacity 𝑇 𝑃 𝐿𝑇𝐸 
𝑎 

[ 𝑑𝐵𝑚 ] is eNB

ransmitter capacity. 𝑃 𝑃 𝐿 

𝐿𝑇𝐸 
𝑎 

[ 𝑑𝐵𝑚 ] reflects a range-dependent loss of

irection for a user equipment at the eNB level, which is represented as

ollows: 

 𝑃 𝐿 

𝐿𝑇𝐸 
𝑎 

[ 𝑑𝐵𝑚 ] = 𝑆 𝐷 𝐿𝑇𝐸 + 𝑙𝑜 𝑔 10 

( 

𝑟 

𝑟 𝐿 0 

) 

+ 𝐿 

𝐿𝑇𝐸 
𝑁 

(2)

here, 𝑟 𝐿 0 implies a reference distance equal to 0.1 km from the eNB.

 

𝐿𝑇𝐸 
𝑁 

is the shadowing log-norm criteria in the zero mean 𝑆 𝐷 𝐿𝑇𝐸 and

he normal range of the LTE model. 

.3.2. Wi-Fi connection model 

For Wi-Fi communication, the outdoor distribution paradigm is used.

n 𝑑𝐵𝑚, the obtained power is calculated as follows in user equipment

t a distance l from a Wi-Fi signal: 

𝑃 𝑊 𝑖 − 𝐹 𝑖 
𝑙 

[ 𝑑𝐵𝑚 ] = 𝑇 𝑃 𝑊 𝑖 − 𝐹 𝑖 
𝑙 

[ 𝑑𝐵𝑚 ] − 𝑃 𝑃 𝐿 

𝑊 𝑖 − 𝐹 𝑖 
𝑙 

[ 𝑑𝐵𝑚 ] (3)

here, 𝑅𝑃 𝑊 𝑖 − 𝐹 𝑖 
𝑙 

[ 𝑑𝐵𝑚 ] is the Wi-Fi Receiver capacity 𝑇 𝑃 𝑊 𝑖 − 𝐹 𝑖 
𝑙 

[ 𝑑𝐵𝑚 ]
s the Wi-Fi transmitter capacity. 𝑃 𝑃 𝐿 

𝑊 𝑖 − 𝐹 𝑖 
𝑙 

[ 𝑑𝐵𝑚 ] reflects a range-
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s  
ependent loss of direction for a user equipment at the Wi-Fi user equip-

ent level, which is as follows: 

 𝑃 𝐿 

𝑊 𝑖 − 𝐹 𝑖 
𝑙 

[ 𝑑𝐵𝑚 ] = 𝑆 𝐷 𝑊 𝑖 − 𝐹 𝑖 + 𝑙𝑜 𝑔 10 

( 

𝑟 

𝑟 𝑤 0 

) 

+ 𝐿 

𝑊 𝑖 − 𝐹 𝑖 
𝑁 

(4)

here, 𝑟 𝑤 0 implies a reference distance equal to 0.1 km from the eNB.

 

𝑊 𝑖 − 𝐹 𝑖 
𝑁 

is the shadowing log-norm criteria in the zero mean 𝑆 𝐷 𝑊 𝑖 − 𝐹𝐼 and

he normal range of the Wi-Fi model. 

This outdoor Wi-Fi connection model uses the Wi-Fi external link

ower in 𝑑𝐵𝑚 is calculated as following in user equipment situated at a

istance y from outdoor Wi-Fi Signal: 

𝑃 
𝑜 ( 𝑊 𝑖 − 𝐹 𝑖 ) 
𝑙 

[ 𝑑𝐵𝑚 ] = 𝑇 𝑃 
𝑜 ( 𝑊 𝑖 − 𝐹 𝑖 ) 
𝑙 

[ 𝑑𝐵𝑚 ] + 𝐴 𝐺 𝑑𝑏 ( 𝜃, 𝜑 ) − 𝑃 𝑃 𝐿 

𝑜 ( 𝑊 𝑖 − 𝐹 𝑖 ) 
𝑙 

[ 𝑑𝐵𝑚 ] 

(5) 

here, 𝑅𝑃 
𝑜 ( 𝑊 𝑖 − 𝐹 𝑖 ) 
𝑙 

[ 𝑑𝐵𝑚 ] is the outdoor Wi-Fi Receiver capac-

ty 𝑇 𝑃 
𝑜 ( 𝑊 𝑖 − 𝐹 𝑖 ) 
𝑙 

[ 𝑑𝐵𝑚 ] is the outdoor Wi-Fi transmitter capacity.

 𝑃 𝐿 

𝑜 ( 𝑊 𝑖 − 𝐹 𝑖 ) 
𝑙 

[ 𝑑𝐵𝑚 ] reflects a range-dependent loss of direction for a user

quipment at the outdoor Wi-Fi user equipment level, which is as fol-

ows: 

 𝑃 𝐿 

𝑜 ( 𝑊 𝑖 − 𝐹 𝑖 ) 
𝑙 

[ 𝑑𝐵𝑚 ] = 𝑆 𝐷 𝑜 ( 𝑊 𝑖 − 𝐹 𝑖 ) + 𝑙𝑜 𝑔 10 

( 

𝑟 

𝑟 𝑜𝑤 0 

) 

+ 𝐿 

𝑜 ( 𝑊 𝑖 − 𝐹 𝑖 ) 
𝑁 

(6)

here, 𝑟 𝑜𝑤 0 implies a reference distance equal to 0.1 km from the eNB.

 

𝑜 ( 𝑊 𝑖 − 𝐹 𝑖 ) 
𝑁 

is the shadowing log-norm criteria in the zero mean 𝑆 𝐷 𝑊 𝑖 − 𝐹𝐼 
nd the normal range of the Wi-Fi model. 

𝐴 𝐺 𝑑𝑏 ( 𝜃, 𝜑 ) in Eq. (5) refers to the elevation angles 𝜃 𝑎𝑛𝑑 𝜑 , antenna

ain in a certain direction, respectively, that can be expressed as in

q. (6) : 

 𝐺 𝑑𝑏 ( 𝜃, 𝜑 ) = 𝐴 𝐺 max ( 𝑑𝑏 ) − ( 
( 

𝜑 − 𝜑 0 
𝜑 

) 

− 

( 

𝜃 − 𝜃0 
𝜃

) 

) 2 (7)

 𝐺 max ( 𝑑𝑏 ) = 

𝜋

( 𝜃3 𝑑𝐵 − 𝜑 3 𝑑𝐵) 
(8)

here the maximum antenna gain in dB is 𝐴 𝐺 max ( 𝑑𝑏 ) .The elevation angle

f the antenna is measured by the ( 𝜃3 𝑑𝐵 and 𝜑 3 𝑑𝐵) half-powered beam

iameter and beam direction, respectively. 

.4. Two-stage control- data plane (TSCDP) 

This section includes descriptions of the existing Wi-Fi/ LTE network

sage management and the protocol stacks. The general 3GPP guidelines

ill usually be adopted in building LTE / Wi-Fi internet architecture,

uch as preventing any interface in the C/D plane, mitigate the effect

f network specifications, boost WLAN network mobility, and the sig-

alling cost. The suggested TSCDP design considers all these specifica-

ions and incorporates them. Mobility means that a client computer can

ransfer or switch from one access point (AP) to another while maintain-

ng an active network link in a Wi-Fi context. When it comes to roaming,

ustomers can switch from one region to another and roam from AP to

P without interrupting applications that need continuous network con-

ectivity. If the current connection becomes sub-optimal, a Wi-Fi client

ystem can go from one AP to another. When the consumer moves away

rom a related AP, the signal intensity decreases, and the region usually

ncreases RF interference. 

Fig. 3 shows the planned internetwork of WLAN (LTE/Wi-Fi) is im-

lemented very closely with the PHY layer since it is unnecessary to

ombine it with another network’s physical and MAC layers. The in-

egration of the Physical layer with the C/D plane includes major im-

rovements in IEEE standards criteria without breaking the above 3GPP

uidelines. Incorporating the MAC layer often includes implementing

ulti-band protocols by removing complicated problems of synchro-

ization of networks. As shown in Fig. 3 . 

Here, a new LTE/Wi-Fi dual connectivity protocol is introduced to

romote the existing LTE/Wi-Fi hierarchy configuration. Dual connec-

ivity (DC) aims to use the radio source in multiple carriers to increase
5 
ew LTE/Wi-Fi performance, similar to carrier aggregation (CA). In their

rogram circumstances and execution, the difference between DC and

A is Dual Connectivity (DC) allows an EU to simultaneously transmit

nd receive data on multiple partner carriers from 2 cell groups via mas-

er Node and secondary nodes, e.g. a relative delay between DC nodes

an boost users’ performance, provide mobility power, and help Nodes

or load balancing. The actual internet interfaces should be separated

rom the LTE layer and concealed because they are used for the process-

ng and conversion of signals between previous WLAN and LTE and vice

ersa. The signals are sent to the LTE evolving node and Wi-Fi respec-

ively for 1 st stage C-plane and 2 nd stage D-plane, and that Wi-Fi signals

re executed in higher range frequency bands in real-time. Dependent on

ts range, the D-plane can be supported by LTE/Wi-Fi. In telecommuni-

ations, a multi-band device is a communication device that can accom-

odate several radio frequency bands, particularly a cell phone. Each

ystem with more than one channel uses different frequencies; however,

 band has several frequencies. Various mobile device bands support

oaming between regions in which different requirements for mobile

hone services are used. If frequency bands are widely segregated, par-

llel circuits must be provided for transmitting or receiving signal paths

hich enhance the cost, complexity and power requirements for multi-

and devices. 

.4.1. C/D plane guideline stack 

Two control and Data planes (C/D) distribute power signalling be-

ween internetwork architectures. The LTE evolving node transmits a C-

lane signal, and the distributed DD-plane signals are transmitted from

he SN-DCA of a wireless network for the evolving robot swarm net-

orking. 

User equipment works with these C/D planes: C-plane for carrying

essages for the robot swarm LTE/Wi-Fi user equipment driving units

nd the other D-plane for carrying messages for user equipment LTE/Wi-

i receiver unit. 

.5. Computational analysis 

Analytical concepts are defined in this section to effectively relate the

tandard’s accomplishments and the new LTE/Wi-Fi bands. To evaluate

he effects of the proposed SN-DCA with TSCDP in LTE/Wi-Fi network

and usage, LTE energy consumption, and evolving node signalling load,

nalytical models are added for several interrelated parameters. This

aper uses the simple Markov models for the stability of a standard D-

lane’s probabilities as the D-plane described a close interaction with

he LTE/Wi-Fi domains. LTE in telecommunications is a standard for

roadband wireless communication based on GSM/EDGE technologies

n mobile devices and data terminals. It improves capacity and speed

ith a different radio interface and strengthens the core network. For

oth GSM and CDMA2000 networks, the LTE is the upgrade route to

perators. The different LTE frequencies and bands in various countries

llow LTE in all countries where they are assisted by multiband tele-

hones. 

By considering the user, equipment is bound to the maximum range

f the D-plane data rate. Simultaneously, it is still available; the C-

lane’s inter-cloud condition exists to prolong the C-evolution is ob-

erved. Similarly, the intra-condition C-plane exists as long as C-Wi-Fi

s detected. The inter-cloud condition of C-plane Exchanges operates

ased on some preferences and restrictions between cloud providers.

nter-cloud Exchanges use the Inter-cloud Roots resource catalogue to

rovide a D-plane data rate for fast inquiries. Cloud services continue to

ngage with each other until the talks are ended actively. Cloud com-

uting has been described as a form of a distributed parallel system that

rovides virtualised resources internally. It is commonly regarded as a

ost-effective model for technical resource rental. 

Fig. 4 depicts the process of the two-stage C/D plane states. It is as-

umed that the user equipment will enter the band wherever possible,
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Fig. 3. LTE/Wi-Fi Internetworking C/D Plane 

Fig. 4. operation of the two-stage C/D plane 
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hich provides the highest data rate. The transmission matrix will de-

cribe this as in Eq. (9) , 

 𝑀 𝐿𝑇𝐸∕ 𝑊 𝑖 − 𝐹 𝑖 = 

( 

1 − 𝑃 𝑇 
𝐶 

(
1 − 𝑃 𝐵 

𝐿 

)
𝑃 𝑇 
𝐶 

(
1 − 𝑃 𝐵 

𝐿 

)
1 − 𝑃 𝑎 

𝐶 

(
1 − 𝑃 𝐵 

𝐿 

)
𝑃 𝑎 
𝐶 

(
1 − 𝑃 𝐵 

𝐿 

)) 

(9)

here, 𝑃 𝐵 
𝐿 

refers to the Loss relation between robot swarm LTE/Wi-Fi

etworking and user equipment to the blocking possibility. 𝑃 𝑇 
𝐶 

is the

ikelihood that a D-plane from LTE to Wi-Fi can migrate correctly, which

an be represented as in (10): 

 

𝑇 
𝐶 

= 𝑃 𝑎 
𝐶 

(
1 − 𝑃 𝐹𝐴𝑈𝐿𝑇 

𝐶 

)
(10)

here, 𝑃 𝑎 
𝐶 

is the real LTE band availability and the percentage of the

verall evolving node coverage. 𝑃 𝐹𝐴𝑈𝐿𝑇 
𝐶 

This is mostly due to the LTE-

ased user equipment placement errors in the robot swarm LTE unit;

owever, located within their range, it is described as the probability

f the User equipment in the review places of sub clouds. Lower val-

es suggest greater proportions of the chance of fault for supplying the

ser equipment in LTE sub clouds with a high power range. Long Term

volution (LTE) is a wireless communication 4G standard which offers

martphone, tablet and other mobile devices the fastest Internet speed.

G uses electromagnetic waves, which provides greater coverage and
6 
enetration through regions than 3G, which uses microwaves. Wi-Fi is

 networking protocol that provides a fixed location with Internet ac-

ess. Like LTE, it requires a data provider’s services; however, the key

istinction is the necessity of a router or other wireless system. Once a

outer is strategically built at home, it transmits information and sends

 signal for devices in its range. 

The LTE/Wi-Fi C-plane probabilities 𝑃 𝑇 
𝐶 

in the steady-state can be

epresented as: by direct solving (9) in the SN-DCA, as shown in (11): 

 

𝑇 
𝐶 

= 

𝑃 𝑎 
𝐶 

(
1 − 𝑃 𝐹𝐴𝑈𝐿𝑇 

𝐶 

)(
1 − 𝑃 𝐵 

𝐿 

)
1 − 𝑃 𝑎 

𝐶 
𝑃 𝐹𝐴𝑈𝐿𝑇 
𝐶 

(
1 − 𝑃 𝐵 

𝐿 

) (11)

Fig. 5 shows the opposite action of the proposed two-stage C/D -

lane and the transformation and examining matrices are: 

 

𝑂𝑇 
𝐶 

= 

( 

1 − 𝑃 𝑃𝑇 
𝐶 

𝑃 𝑃𝑇 
𝐶 

1 − 𝑃 𝑎 
𝑃𝑇 

𝑃 𝑎 
𝑃𝑇 

) 

(12)

here the 𝑃 𝑃𝑇 
𝐶 

reflects the likelihood that represents intercloud status

nd can be transferred to intracloud status properly and can be formu-

ated as: 

 

𝑃𝑇 = 𝑃 𝑎 
(
1 − 𝑃 𝐹𝐴𝑈𝐿𝑇 

)
(13)
𝐶 𝑃𝑇 𝑃𝑇 
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Fig. 5. opposite action of the proposed two-stage C/D -plane 
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Table 1 

: Simulation Parameters 

Parameters (LTE/Wi-Fi) Values 

Carrier Frequency (GHz) 2/60 

Bandwidth (GHz) 0.2/0.4 

Time 5 min 

Height (m) 25/3 

No. of Sub clouds 10 
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b  

s  
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b  
here, 𝑃 𝑎 
𝑃𝑇 

and 𝑃 𝐹𝐴𝑈𝐿𝑇 
𝑃𝑇 

are the real functionality and the missteps in-

ide the LTE Small value of 𝑃 𝑂𝑇 
𝐶 

that fails again the low percentages

ased on the lack of linking to a sub cloud. 

 

𝐿𝑇𝐸 
𝐶− 𝐷 = 1 − 

( 

𝑃 𝑎 
𝑃𝑇 

(
1 − 𝑃 𝐹𝐴𝑈𝐿𝑇 

𝑃𝑇 

)
1 − 𝑃 𝑎 

𝑃𝑇 
𝑃 𝐹𝐴𝑈𝐿𝑇 
𝑃𝑇 

) 

(14)

 

𝑊 𝑖 − 𝐹𝐼 
𝐶− 𝐷 = 

[ 

𝑃 𝑎 
𝑃𝑇 

− 𝑃 𝑎 
𝐶 

(
1 − 𝑃 𝐹𝐴𝑈𝐿𝑇 

𝐶 

)(
1 − 𝑃 𝐵 

𝐿 

)(
1 − 𝑃 𝐹𝐴𝑈𝐿𝑇 

𝑃𝑇 

)
1 − 𝑃 𝑎 

𝑃𝑇 
𝑃 𝐹𝐴𝑈𝐿𝑇 
𝑃𝑇 

] 

(15)

rom the analysis, the probability of the transmission used in the C/D

lane of LTE/Wi-Fi cloud distribution is given as in Eqs. (14) and (15) . 

. Results and discussion 

This section, consolidated with detailed computational simulations

nd the proposed SN-DCA’s efficiency with TSCDP for evolving robot

warm LTE/Wi-Fi networking, has been analyzed. Moreover, similari-

ies with the findings come from the statistical context, and computa-

ional simulations demonstrate the precision of the retention rate, usage

ccess, and delay transmission delay. The delay reduction is generally

ccomplished at the expense of short lifetime or transmission times are

hortened by the uncertainty that is compromise rather than an over-

ll optimization. The latency of the network explains delays in network

ransmissions. Although the latency involves a device or workflow pe-

iod, the network latency includes any delays in data transmitted from

ne part of the network through another. 

.1. Simulation aspects 

The goal environment is designed to cover an LTE evolving node.

his macro-region is overlaid to virtually mask this field with the

mount of robot swarm LTE/Wi-Fi sub clouds. Dual connectivity bands

or robot swarm LTE/Wi-Fi are deployed in each sub cloud. As a key con-

ept of the robot swarm networks, the Network densification approach

s considered; the number of sub clouds per set of ranges to determine

ode output within various transmission range values has been analyzed
7 
ased on the evolving node. LTE refers to the unlicensed 5 GHz spec-

rum of its networking to replace the current corresponding second con-

ectivity and based on availability. In high-congestion areas, LTE adds

peed and service system simultaneously connecting to a standard LTE

ink when the nearby LTE signal gains extra bandwidth. According to

he regulations laid down in the law, the LTE system must meet existing

ower constraints of about 300 feet concerning Wi-Fi devices. Therefore

reas such as shopping centres and stadiums are the key aims to improve

TE congested traffic. As the user equipment is protected by the macro

nfrastructure, the evolving node supports the two-stage C/D plane. In-

tead, the data enters a sub cloud, in which the Wi-Fi band-supported

y2 carries out all the signal- stage C-plane and the D-plane for robot

warm LTE/Wi-Fi bands. Wireless Wi-Fi refers to the ability to transmit

wo separate forms of the antenna, both on the 2.4 GHz and the 5 GHz

and at the same time. Dual-band routers include two separate forms

f wireless radio as opposed to standard Wi-Fi equipment. Dual-band

outers first launched a few years ago supplied 802.11a and 802.11b/g

nd were created to use a mixture of Wi-Fi users in business networks. 

Table 1 describes the key parameters of the simulation and their

orresponding values. 

In the evaluation, the data retention rate, Network usage access, and

he delay have been compared with the evolving Generations’ conven-

ional network architecture. The time to process a packet in the switch

uffer refers to the queuing delay. The delay depends on the incoming

ackets’ arrival rate, the transmitting power of the outgoing link, and

he network’s traffic design. One-band router is compatible with most

roadband modems and cards as an old technology because they use a



C.-H. Hsu, K. Amilineni, H. Wu et al. Swarm and Evolutionary Computation 64 (2021) 100889 

Fig. 6. User Retention Rate (%) 
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Fig. 7. Energy Retention Rate (%) 
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.4 GHz band. The double-band router is compatible with both old and

ew smartphone, modem and wireless receiver, utilizing both frequen-

ies. 

.2. Data retention rate 

The Network Data Retention Rate is evaluated using the proposed

N-DCA with a Two-stage C/D plane. The mathematical findings have

een demonstrated using simulation studies. The results are compared

ith the conventional network infrastructure. By the end, the data usage

etention rate is generalized using the Eq. (16) based on the probabilities

f transmission as linked based on the Eqs. (14) and (15) . 

 𝑅 = 

𝑃 𝑇 
𝐶 
.𝑇 

𝑃 𝑇 
𝐶 
.𝑇 + 

[(
1 − 𝑃 𝑎 

𝐶 

)
.𝑃 𝐹𝐴𝑈𝐿𝑇 
𝐶 

+ 𝑃 𝑎 
𝐶 
.𝑃 𝐵 
𝐿 

]
.𝑇 

(16)

 𝑅 = 

𝑃 𝑇 
𝐶 
𝑃 𝑇 
𝑃 
.𝑇 

𝑃 𝑇 
𝐶 
𝑃 𝑇 
𝑃 
.𝑇 + 

[(
1 − 𝑃 𝑎 

𝐶 
𝑃 𝑎 
𝑃 

)
.𝑃 𝐹𝐴𝑈𝐿𝑇 
𝐶 

𝑃 𝐹𝐴𝑈𝐿𝑇 
𝑃 

+ 𝑃 𝑎 
𝐶 
𝑃 𝑎 
𝑃 
.𝑃 𝐵 
𝐿 

]
.𝑇 

(17)

Fig. 6 shows that the user data retention rate reaches a very appre-

iable increase by applying the Scalable propose architecture of dual

onnectivity application. The comparison results of the data retention

sage between various methods show the proposed method’s uniqueness

nd high precision. Data retention policies weight questions related to

egal issues and companies’ privacy and concerns about time retention,

rchival laws, data formats and the permitted storage, access and en-

ryption methods. Data retention typically refers to the preservation by

overnments and private organizations of call information records for

elephony, Internet traffic, and transaction data in the telecommunica-

ion industry. In the conservation of government data, typically the re-

ained data are made and retrieved through telephone calls, e-mails sent

nd received, and websites visited. As the fault detection works well and

aults of the proposed C/D method reduced than the conventional way,

t should be a better technique for the evolving robot swarm network

eneration. 

The user data retention and the energy retention of the data obtain a

ood accuracy in the proposed C/D – plane method as shown in Fig. 7 .

nergy efficiency is an important parameter for the network structures,

nd the present techniques achieve it and seem to be good compared

ith the pre-available methods. 
8 
.3. Performance accuracy ratio 

The research work achieves a better performance ratio by obtaining

he highest accuracy and lowest error rate. Fig. 8 (a) and (b) show the

ccuracy result and error rate resulting from the dual connectivity tech-

ique. The higher accuracy of the method in Fig. 8 (a) infers the suitabil-

ty of the dual connectivity technique for the evolving fifth-generation

etworks. The proposed method achieves an accuracy rate of 93.4% in

he transmission of data, whereas the traditional methods obtained less

ccuracy than the dual connectivity technique. 

From Fig. 8 (b), It is inferred that the transmission error is less than

he traditional methods. Since dual connectivity is applied in the evolv-

ng architecture of a robot swarm network, the error rate is lowered

ith the dual increase in the good transmission of data. The proposed

ethod achieves a lower error rate of 0.9% than the conventional meth-

ds. As the error rate decreases, it increases the model’s positive aspects
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Fig. 8. Accuracy Vs Error Rate. 

Fig. 9. Unwanted Network Usage rate (%) 
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nd increases the suitability of the proposed approach to the evolution

f future generation of networks. 

.4. Network usage access 

The current techniques over the swarm robot LTE architecture in-

rease unwanted network usage access in the distributive clouds. To

educe that, improper access to the two-stage C/D plane method is pro-

osed and implemented using the simulation. From the simulation stud-

es, Fig. 9 inferred that unwanted network access is probably reduce

sing the proposed C/D plane technique. The network usage increased

ue to the increase in users. Hence, to reduce the unwanted usage with
9 
he increasing number of users, the proposed method paves away with

 reduced access ratio than the available methods. 

.5. Fault detection rate and transmission delay 

The Fault Detection Rate increased with the proposed technique, and

t is evaluated using comparison with the conventional techniques as

hown in the Fig. 10 (a) and 10(b). Fault detection is a very important

arameter. As it is increased, it is neglected using the blocking prob-

bility, and it automatically decreases the delay and unwanted usage

ccess. 
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Fig. 10. . Fault Analysis 
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The increased fault detection reduces the delay of transmission,

hich remains the major problem in the present robot swarm LTE net-

orks. Transmission delay or storage and forward delay, known as

acket delay in the network depending on the packet switching, is the

mount of time taken to transfer all the packet bits through the cable.

n other words, the data rate of the connection causes this delay. Delay

f transmission is a function of the packet’s duration and has little to

o with the distance between the two nodes. The transmission capacity

ncreases the time the packet takes to transmit. It is proportional to the

ength of the packet in bits. Brand teams have two methods of evaluating

etention: for themselves and other businesses. Retention evaluates and

rend-devise steps against their own results week after week and month

fter month. For example, the product team should be concerned and try

o isolate triggers if retention is downward. If they are up, product teams

hould aim to isolate and capitalize on the associated improvements in

unctionality, marketing strategies and cohort behaviour. The transmis-

ion delay is general because of the large number of users, and it should

e reduced to increase the efficiency of the method. The dual connectiv-

ty method and the C/D plan increase the fault detection rate, reducing

he delay and making the method more efficient. The analytical perfor-

ance of the proposed techniques has been validated computationally

nd examined through simulation studies. The Simulation results show

hat these techniques achieve a higher performance ratio in the network

ith a minimum transmission delay and a high data retention rate. 

. Conclusion 

Long-Term Evolution bands’ complementary capabilities are effec-

ively used to incorporate a dual connected robot swarm LTE/Wi-Fi scal-

ble architecture for cellular networks with robot swarm. A novel prin-

iple of a two-stage C/D plane has been developed to establish contact

etween the proposed scalable architecture elements. In addition to the

rotocol guidelines, the comprehensive network design and necessary

rotocol stacks are adopted from the proposed SN-DCA. The statistical

fficiency of the proposed method against its key parameters is math-

matically strong. The research indicates that the SN-DCA has a lower

ikelihood of missing and false detection than the standard one that al-

ows it easier for the network to be available more and used. Moreover,

he proposed method renders that it is incredibly comfortable and pre-

ise with the versatility in signalling load and the related LTE/Wi-Fi

ignals. 
10 
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