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Abstract— Smart meters, sensors and other measuring devices in smart grid 

networks are expected to generate huge amounts of data continuously. Data generated 

from these devices must be delivered reliably to utility control centers within specified 

time for wide-area monitoring and control. Overall grid status would be determined 

by using this data in a timely manner. Hence reliable and efficient data aggregation is 

an important process in smart grid communication network. Several network designs 

have been proposed for data aggregation using various communication technologies. 

WiMAX and WLAN are the two promising technologies of wireless networks. The 

combined operation of WiMAX and WLAN can extend transmission range and 

significantly improve the efficiency of a hybrid network by improving link quality. 

Hybrid network allows flexible data aggregation to reduce signaling and protocol 

overheads. We implemented multilevel WLAN WiMAX communication environment 

for data aggregation in smart grid to support multiple traffic sources/ applications 

using Network Simulator3 and analyzed the performance of the network in terms of 

quality of service parameters specified for smart grid applications. Results indicate 

that proposed network architecture can satisfy the delay requirements of multiple 

smart grid traffic sources/ applications. 
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1. INTRODUCTION 

Communication network is an essential component of smart grid. Data generated by 

sensors, smart meters and other devices needs to be collected and utilized by various smart 

grid applications. Data aggregation can be done using either wired or wireless 

communication technologies. Wireless communication is a main component to connect the 

digital world by overcoming the set of restriction factors from other communications. 

Wireless networks give technological advantages especially easy deployment. One of the 

key motives for choosing a wireless network is improving the communication concreteness 

of countryside subscribers that holdup after the city subscribers. WLAN technology based 

on the IEEE 802.11 standard is considered for communication in smart grid due to its low 

cost and wide use. [1] To make sure the longer connectivity up to several miles using IEEE 

802.11 based network, we need a static wireless transportation technique based on IEEE 
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802.16 known as WiMAX. Features like security and scheduler support makes it applicable 

for the smart grid communication. [2, 3] Hybrid networks can provide better QOS and are 

preferable for advanced metering application of smart grid. [4, 5] Hybrid network with 

WiMAX can provide scalable, cost effective solution to satisfy the QOS requirements of 

various applications of smart grid. [6, 7] Wireless sensor networks are important part of 

smart grid infrastructure used for control and monitoring functions. Optimizing every form 

of WSN communication and networking is the overall objective. [8, 9] To provide QOS 

requirements of different smart grid application along with the delay critical applications 

is the goal of network design for smart grid communication. [10] 

There are several methods to understand the output of big wireless communications 

using measurements from the network to get the most correct results. Sometimes we need 

to consider the scalability, the multiple scenarios of placements, various packet rates at 

nodes, dissimilar position of devices. An optional method to know the output is using open 

source network simulators. Network Simulator 3 is open source software to carry out 

research in the field of networking. The simulation resolves the issue of changing the 

multiple environments to be calculated very efficiently. Multiple simulation situations can 

be built and data can be measured by the tool to assess the output of the networks with 

complex environment where output statistics have to be collected for different parameters. 

[11, 12] In this paper, we implemented scheduler based multilevel data aggregation 

hybrid sensor network using network simulator 3.We analyzed the performance of 

multilevel WLAN –WIMAX based network which can support multiple 

applications/traffic sources in smart grid. The rest of this paper is prearranged as follows. 

In Section 2, presented available existing work with WLAN-WIMAX standards for smart 

grid. In Section 3, the network design method that have been implemented using the 

Network Simulator-3 environment for Smart grid application is explained. In Section 4, 

results are presented and discussed. At the end, conclusions are presented in Section 5. 

 

2. EXISTING WORK WITH WLAN-WIMAX STANDARDS FOR 

SMART GRID 

Advanced metering infrastructure, substation automation, distribution automation, 

demand response management, distributed energy resources, remote site communication, 

and wide area situational awareness are some of the applications in smart grid. Advanced 

metering infrastructure or smart metering is used to transfer data from a smart meter to 

regional aggregator or meter collection point. Advanced metering infrastructure (AMI) 

uses real-time two-way communications between the utility and the customers. This system   

ensure optimal usage of energy, enable customer participation and enhance overall 

reliability, security and efficiency of the power grid A robust communication network is 

required for a successful AMI formation [7]. Various wired as well as wireless 

communication technologies are proposed for the designs of the network for data 

aggregation. Having fiber-optic backbone network extending it to thousands of homes can 

be one of option for utilities, but it will be costly for solely utility purposes. In contrast, the 

present-day wireless technologies are mature enough to provide reliable data 

communication to a large number of users. Moreover, they are fast and relatively easy to 

install and do not require major construction effort or structural interference in buildings. 

WiMAX technology has various advantages like seamless communications, high data rates 

scalability, lower cost of deployment, well developed security protocols, and long network 

span. The wireless local area networks (WLAN) have been widely used for short range 

communications, mainly based on the IEEE 802.11 (Wi-Fi) standard. [13, 14]Wireless 

LAN can be considered for various smart grid applications, such as control of distributed 

energy resources, distribution automation, Protection, and monitoring of a substation 

especially for remotely located small substation and Distributed Energy Resources. 

WiMAX and WLAN are potential wireless technologies to build AMI networks. [15, 16] 
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Direct and aggregated architecture models with WIMAX technology for multiple 

services in smart grid are analyzed in urban, suburban and rural environment. Aggregation 

model make a better reliability between different traffic classes and collision probability 

can be reduced the for UDP traffics. As all the devices need not be activated by WIMAX 

technology, aggregation models are more economic. [17] WiMAX based traffic priority 

model for smart grid connecting Neighborhood Area Network (NAN) and Home Area 

Network (HAN) serving five different applications with parameters namely overall 

network delay, throughput and network capacity are studied. [18] The optimized 

configuration of Wi-Grid profile to meet the time critical smart grid communication 

requirements for the choice of frame duration, type-of service to traffic mapping, 

scheduling strategies, as well as the system architecture is investigated [19] QOS 

parameters for different applications like the electric car metering and pricing application, 

video surveillance and lastly voice support are analyzed.[20] One of the options is  IEEE 

802.11s-based wireless mesh networks to implement Neighborhood Area Networks 

(NANs) in Smart Grid (SG).[21] Specific results for IEEE 802.11af performance for 

neighborhood area network in a Smart Grid scenario are obtained.[22] 

In an AMI network there would be a large number of measurement devices in order to 

collect readings from each residential and commercial meter within its coverage area. A 

low data connection may be needed in most of the Advanced Meter Reading applications 

but very high signaling and protocol overhead is required per transmission. Loss of signal 

strength at variable propagation conditions such as obstructions in the harsh utility 

environment, multipath, fading, background noise etc. limits the coverage area of a wireless 

network under the AMI environment In addition, some of the meters operating with fixed 

wireless links may always remain under poor coverage area To improve coverage of the 

network, a possible solution could be a denser distribution of base stations (BS) or access 

points (AP). However, it may further increase interferences and degrade the propagation 

environment.  Low cost relays in the network, such as the IEEE 802.16j based WiMAX 

multichip relays could be another solution. But the relays complicates the network 

infrastructure and also increase interference, transmission latency and signaling overhead. 

Hybrid network architectures can provide strict quality of service (QoS) requirements of 

electric system automation applications in a cost-effective manner and are alternative for 

scalable wireless communication systems. Heterogeneous deployment of long-range IEEE 

802.16 based WiMAX and short-range wireless technologies such as the IEEE 802.11 

based WLAN networks can significantly enhance the performance and coverage of an AMI 

network [23]. 

Automation and management of distribution network has an important role to improve 

efficiency, reliability and quality of electric grid. Distribution network in smart grid can 

have types of devices like smart meters, sensors, voltage regulators, switches, transformers 

etc. In addition to collection of data from smart meters, sensors, distribution system has 

devices control, protection, configuration and monitoring functions. Controlling the power 

devices remotely, protection of part of distribution system after the fault occurrence and 

reconfiguration of devices remotely are control, protection and reconfiguration functions. 

Monitoring is one of function in distribution network used to transfer information from a 

feeder meter aggregation point to a sub-station. This is needed to monitor the status of 

feeder in terms of voltage, current etc. for operational and maintenance purposes. These 

functions give rise to control, protection, configuration and monitoring type of traffics. 

These traffics have different communication requirements. To carry traffic for these 

applications, WIMAX-WLAN based network can be utilized Wide area situational 

awareness is used for monitoring of power-system components and performance across the 

network over large geographic areas in near real time. The objectives of situational 

awareness are to understand and optimize the management of power components, prevent, 

or respond to problems before interruptions can occur. To provide communications to 

under serviced utility premises permanent and temporary sites, such as remote offices, 
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substations, and construction sites is the goal of remote site communication application. 

Smart meters, sensors, voltage regulators, switches, transformers are considered to be the 

nodes in the network [24]. 

The dynamic spectrum access in heterogeneous wireless networks is a candidate 

technology that can be used to reduce the communication expenses (by reusing the existing 

infrastructures) and to improve overall performance of smart grid. [25] Over the broadband 

unified network, QoS can be provided for real-time and non-real-time traffic. [26] User-

level QoS support can be provided with IEEE 802.11e WLANs. The multi-hop networks 

of IEEE 802.16 can provide an excellent network architecture for QoS support to different 

services. [27] Due to the advantages with the hybrid network, requirements of smart grid 

applications and importance of data aggregation technique, we considered multilevel data 

aggregation using hybrid network. 

 

3. MULTILEVEL DATA AGGREGATION USING HYBRID 

NETWORK 

The network is designed in three parts as network connectivity, application selection and 

scheduling and data aggregation. Network connectivity describes how a set of users are 

connected to the utility center. WiMAX supports different scheduling policies. Depending 

on the type of application, a scheduling policy is selected. Finally data aggregation 

algorithm used to collect the data through multiple levels is explained. 

 

3.1. NETWORK CONNECTIVITY 

The set-up environment as shown in Figure 1, is assembled using a hierarchical 

structural design connected to a set of users. Four level of hierarchical architecture based 

WiMAX-WLAN communication is formed in order. 

 

 

 

 

 

 

 

Fig. 1   Network Connection 

In the 0th level, sensors senses the data from the environment such as electrical current 

CE ,voltage changes reading RV , current,  temperature TC  state and pressure level EP  for 

the operational and maintenance purposes from its deployed environment. 
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Fig. 2   Network Connectivity 

In the first level, the sink devices are deployed and station devices STA maintains the 

connection with the sensor and observe the data from the network region. In the second 

level the STA forwards the data to the WLAN base station BS as shown in Figure.2 WLAN 

nodes, the set of users served up by the WLAN BS is aggregated at a contact point as in 

Figure.3. The BS works as a gateway device for the set of users. Each 802.11 network with 

the BS along with the relevant users are attached to a cell. Each end point of the network 

allows the connectivity to one or more 802.11 cells. These each cell may be extending over 

the coverage of some kilometer distances. The WLAN BS of the network is connected to 

the CSMA node is connected with the 802.16 WIMAX BS. At the final level the WLAN 

BS maintains the communication with the WIMAX BS through the above network 

communication. 

 

 

Fig. 3   Aggregation Model. 
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3.2. SCHEDULER MANAGEMENTS 

We recognized the behaviors and needs related with each data and plan a 

scheduling policy based on the time and consistent incoming significant data. The 

formulated scheduler also assures that the data is reasonably collected from preset 

nodes within the similar data class and is effectively collected by the destination 

within the convinced deadline. Packet frame period approximately assumed from 2.5 

to 20 mille-second is divided into a downlink sub-frame and an uplink sub-frame and 

total packet frame period is depends on the kind of orthogonal frequency division 

multiplexing (OFDM) physical layer.In this design, the lowest level sensors are 

responsible to collect the data from the smart meters and subsequently send them to 

the service station schedulers based on the allocated service classes. All midway 

nodes worked as an aggregators and pass on to the downlink and uplink, in order. 

Five types are service classes are assigned to service station schedulers depend on the 

sensor applications. 

 The WLAN base station nodes acts as a terminal station which is used to collect 

the data from the sensors based on the sensed application and executes the data 

forwarding process. The following data observation and transmission knowledge is 

built inside the sensors during deployment period. The base model of the smart grid 

sensing process is developed with the smart metering application which collects and 

sent the data to the terminal station. The monitoring application sensors are collects 

the information related to the current, voltage temperature and pressure for the 

operational purpose. Smart meters MS are placed in smart grids to manage the energy 

sources, to progress the reliability. Figure 4 shows the functional section of a MS sensing 

and transferred to the WLAN base station, to create local communication. Accurate electric 

power sensing at the link between MS and the received mains electrical energy supply keeps 

the key to computing electric consumption data. 

 

 

 

Fig. 4   Communication between Nodes 

The remote monitoring and control application sensor fetches the information 

about the field-automated devices used for the distribution automation. The 

protection sensors execute the coordination application which fetches the location 

information by using the nearby broadcasting. The remote configuration and the 

access for the field devices are managed by the configuration sensor. The defense 

sensors permits the maintenance state of the network by reconfiguring the 

components in the shared network after complicated situations, so that the 

consistency and elasticity is to be enhanced by means of defense sensor monitoring. 

WiMAX end user equipment are built with the recloser, which is necessary for high 

voltage rated circuit breakers with integrated current and voltage sensors and 

a defense relay, optimized for network shared defense asset.  Improved defense 

management allows the error regions to infer with perfect accuracy, reduces the 

volume of end users without electric power, and gives advanced public protection. 

Isolated configuration setup is screening or adjusts product settings for damage 

assessment. 

Based on the application type, the TCP/UDP connection is selected along with the 

service classes. The pre-emptive priority service class scheduling is applied with respect to 

the service class of the application. To validate the data connection type for the specific 

applications with their needed consistency, transmission control protocol TCP connections 

are used. By nature TCP connections are considered as high priority connectivity. 

Current Sensing Terminal Station WLAN 

https://en.wikipedia.org/wiki/Circuit_breaker
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However, in some cases the data that needs very low delay with high data rate; user 

datagram protocol UDP transmission is used for this type of classes as low priority 

transmission. 

 

3.3. INTER-INTRA CLASS SERVICES 

The high precedence and low precedence packets can arrive simultaneously so that 

a pre-planned guidelines is employed by the devices in order that by the arrival of a 

high precedence packets, the transmission of a low precedence ends up instantly. 

Once the transmission of low precedence data completion, then the pre-planned 

guideline is employed in the inter class service. In the intra class service, round robin 

and the fair queue model is employed to complete the data transmission. During the 

packet arrival, bytes per frame are computed from the minimum reserved traffic rate 

with the product of the frame duration per bit. As the incoming packet classes, 

especially control and monitoring, are important for the stability of the grid, so that 

we use a precedence based forecast policy in both WLAN base station and WiMAX 

base station. The precedence based scheduler believes the forecasting type 

precedences across all the devices as shown in Figure 7. 

 

 

 

 

 

 

 

 

 

Fig. 7   Service Levels in Network 

Since control and monitoring are both arrived unwanted contribution and they need 

low delay, so that we assigned an earliest deadline forecast guidelines in advance. 

While real time Polling Service control packet go after an arbitrary distribution and 

it also needs low delay, we assigned a round robin mode and hand out it as per the 

subjective fair queuing forecasting guideline so that no data streams are served at the 

same time, and we provide an advanced influence to the service streams with earliest 

deadline having higher data rate. Hence assign static bandwidth to the low precedence 

data and in round robin mode only if earliest deadline is still obtainable after 

allocating the high precedence streams. 

 

3.4. DATA AGGREGATION 

In this aggregation part, sensors are liable to collect the data from the smart meter and 

then send this data to the WIMAX base station through the WLAN base station. So the 

midway devices work as aggregators and carrier to downlink and uplink in order. 

Consequently, there would be some impacts can occur during the aggregation state 

compared to the direct delivery based on the scalability. Following are the steps for data 

aggregation. 
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Count

Data
Average




[]
 

                                                     Aggregated Data = Average 

 

As above steps initially store data and update counts of the data by incrementing the 

values. Then sum the total data and update the sum values. By finding the average value 

using sum divided by count get the final aggregated values for each data. 

Another fundamental side is that the power consumption of the smart meter observed by 

the sensors and transmit that data to the WIMAX base station is minimized by the 

aggregators, thus reduced the congestions and redundancies by compressing the data due 

to the relationship between the collected packets. 

The data is aggregated using the multi-level aggregation using each level of hierarchy. 

The first level data aggregation is performed in the sensor to sink communication at which 

the sink collects and aggregate the data based on the sensing event type. The data collected 

from smart meter is directed to the aggregator, which exists at the same range of local 

transformer which is used to connect smart meter to the power grid. The second level 

aggregation is executed in the WLAN level with the collected data. The end level 

aggregation is performed by the WiMAX base station from the entire set of collected data. 

Upon receiving the data in each service class, the inter class and intra class is performed 

by based on the selected scheduling policy. 

Table I. Total Number of Aggregation Packets 

Total Aggregation 

Node rtps Aggregation nrtps Aggregation BE Aggregation UGS Aggregation 

20 190 242 75 7 

25 272 134 145 62 

30 236 181 181 43 

35 248 282 148 8 

40 337 254 103 66 

Table II. Number of TCP aggregation packets 

TCP Aggregation 

Node rtps Aggregation nrtps Aggregation BE Aggregation UGS Aggregation 

20 156 215 69 3 

25 125 71 50 32 

30 171 138 124 35 

35 165 161 121 8 

40 139 116 56 17 

Table III. Number of UDP aggregation packets 

 

 
UDP Aggregation 

Node rtps Aggregation nrtps Aggregation BE Aggregation UGS Aggregation 

20 34 27 6 4 

25 147 63 95 30 

30 65 43 57 8 

35 83 121 27 0 

40 198 138 47 49 
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4. RESULTS AND DISCUSSION 

We have presented the simulation results and graphs for the implemented network. 

We performed simulations to determine the QOS provided by the network in terms 

of packet delivery ratio and average delay, considering different parameters of the 

network. Figure 8 and 9 shows the effect of variation of packet interval on packet 

delivery ratio and average delay as various applications in smart grid can have 

variation in packet interval value. We considered packet delivery ratio as it is measure 

of reliability of the network and average delay is important from the point of view of 

smart grid applications. 

 

 

Fig. 8   Packet interval vs Packet Delivery Ratio 

 

Fig. 9   Packet interval vs Average Delay 

Figure 10 and 11 shows packet delivery ratio and average delay with respect to number 

of nodes in the network  
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Fig. 10   Nodes vs Packet Delivery Ratio 

 

Fig. 11   Nodes vs Average Delay 

Figure 12 and 13 shows packet delivery ratio and average delay with respect to 

simulation time. 

 

 

Fig. 12   Simulation Time vs Packet Delivery Ratio 
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Fig. 13   Simulation Time vs Average Delay 

Figure 14 and 15 shows packet delivery ratio and average delay with respect to 

variation in packet sizes. Different packet sizes can be used to support different 

applications in smart grid. 

 

 

Fig. 14   Packet size vs Packet Delivery Ratio 

 

Fig. 15   Packet size vs Average Delay 
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5. CONCLUSION 

Gathering data from different sensors and devices within specified time is needed 

for proper functioning of smart grid. In the existing work, performance using 

technologies WLAN, WiMAX and WLAN-WiMAX hybrid networks are analyzed. 

Either local or single level aggregation is utilized to implement the network 

considering any one of the smart grid application. Traffic types and their QOS 

requirements for typical smart grid applications are specified in the existing literature. 

We implemented multilevel WLAN-WIMAX scheduler based hybrid sensor network 

for data aggregation in network simulator 3.It can support multiple traffic sources/ 

applications. Type of scheduling is chosen depending on traffic type /application. As 

WiMAX is utilized, range of network increases. We analyzed QOS performance of 

the network under normal condition. From the results, it can be observed that average 

delay values are less as compared to the delay values for similar network architectures 

discussed in existing work. Further work can be to analyze QOS performance of the 

network for fault and recovery conditions of the sensor network. 
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