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Abstract 

A fundamental entity of smart Grid is Advanced Metering Infrastructure 

(AMI). It enables a bi-directional communication network between 

Distribution, Generation (D&G), and Smart Meter(SM) of the Grid. In a 

single transformer area, conventionally, the AMI environment involves 

homogenous communication SM and Data Concentrator Unit (DCU). The 

future has a complete rollout of SM in various environments, SM to DCU 

data exchange becomes a bottleneck. Deployment of various SMs and DCU 

standards will be a solution that improves grids capability, which provides 

openness and flexibility. The IEEE vision for smart grid communications 

2030 and completed predicted a new device would be used in between 

HAN- NAN. Considering that as a driving force, a new device, namely 

Building gateway (BGW) and Floor gateway (FGW) would be used. In the 

proposed work, heterogeneous SMs that adapts different   communication 

technology provided by a single vendor has been considered to reduce the 

DCUs in AMI. The scheduling in the BGW is modeled by giving priority to 

the high load user profile. The queue of the scheduler is modeled as a finite 

Markov chain process. The main attribute is Demand response, which is 

computed based on load consumption data, which is essential in achieving 

the optimized distribution. The communication cost analysis is also 

performed for the agent-based scheduling of heterogeneous data. 
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The result shows a 15% reduction in the communication cost by the utility 

in Grid. As the prospects of smart Grid aim vitalities access to their controls 

through smart meters, improvement of utilization factor 13% is achieved 

through our proposed method. 

 

Keywords: smart Grid, Smart Meter,DCU, AMI, load consumption data. 
 

1 Introduction 
 

Smart grid has three major networks, namely Home Area Network 

(HAN), Neighbourhood Area Network (NAN), and Wide area Network 

(WAN). At Present centralized meter data collection is implemented. [1] in 

smart grid implementation. The SMs data flow will be based on customer 

requirements on tariff and power quality factors. AMI collects SM [2] Data 

from the NAN location and forwards it to WAN's central control center. The 

SMs employed in the Grid may have different short-range communication 

protocol like Zigbee, Bluetooth, PLCC, Zigbee provides efficient 

communication with many SMs and widely used with WMN in AMI with 

data rate of 250 kbps and coverage of 10-50m [3]. Power line carrier 

communication (PLCC) is a wired communication technology that enables 

data transmission over existing power lines. 

 

2 Literature Survey 
 

As the utility companies are installing AMI networks based on exclusive 

protocols, the AMI communications architecture must be open and 

interoperable with standard applications. As discussed by Yan et al. [4], an 

IP-based network provides an effective solution for the communication 

requirements of the smart Grid. It is not a technology-dependent deployment 

to support Interoperability, Scalability, and Quality of Service. Sidhu et al. 

[5] proposed combinational network architecture composed of wired, 

wireless, and cellular technologies that justify cost-effective data 

supervisory. It is shown as the delay limit varies with the type of data and 

between the type of link between towers, substation, and control center.  

Smartphones [6] and Mushroom products [7] are state-of-the-art mobile 

terminals with multiple radio interfaces that simultaneously transmit data 

from parallel wireless access networks. Wireless networking in the future is 

projected to provide heterogeneous connectivity options for delivering high-

quality mobile services [8]–[12]. The authors of [13] discussed the possible 

smart grid applications and wireless connectivity that can be used for SG 

communication. As an enhancement of IEEE 802.11s-based SG AMI 

communications networks [14] [15] proposed gateway placement for data 

collection. Hoi Yan Tung et al. proposed a multi-interface management 

framework to coordinate the operation between multiple interfacesbased on 

short-range wireless topology, supporting multiple routing methods in a 

single network [16]. Hybrid wireless network and Long Term Evolution 

(LTE) cellular network is widely studied and analyzed for the NAN and 

WAN environment for different peak load conditions [17] [18] [19].  
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The gateway-based approach discussed in the literature considered the 

homogenous SM environment under normal data traffic conditions. In the 

proposed system, heterogeneous AMI, which schedules the data based on the 

Demand response of the customer, is considered and will be efficient for load 

conditions. As the IEEE VISION FOR SMART GRID 

COMMUNICATIONS: 2030 AND BEYOND emphasize on New appliances 

in the market will be equipped with communication devices that will allow 

utilities access to their controls through SM. [20][21][22].The Proposed 

method ensures the best choice, which reduces the channel usage by the 

utility, and direct control between utility to a smart meter is also well 

established. The proposed system will be effective even in the increased 

number of SMs that also provide high scalability and maintain the Smart 

Grid QoS. 

 

3 Research Method 
 
3.1 Architecture 
 

i) A single vendor providing multiple technology SMs viz PRIME and 6 

LoWPAN type Smart meters. 

ii) Multiple vendors providing same type of SMs. 
                              Table 1. Standards of Smart meter 

 

 

 

 

 

* 

considered to support IEEE 802.15.4 short range communication in the 2.4-

GHz band, now employed for SM communications. 

The traffic assumed in our proposed work is the same vendor providing 

two different communication technology type SMs in a Residential 

apartment. The residential apartment has six floors with five flats in the first 

and 10flats on the remaining floors. The first floor is employed with PLCC 

type SMs and the remaining floor with wireless type SMs. The PLCC SMs 

adapts PLCC-PRIME protocol, and wireless SMs adapts 6LoWPAN 

protocol. Every floor will be equipped with an FGW that coordinates data 

transfer between SMs and BGW. The large number of meters scattered in 

multi-storey buildings leads to massive data flow [23][24]. It replaces 

ordinary slower data flow AMI where data will be sent back to a utility from 

a single house. A massive amount of aggregated data provides the 

compulsion to investigate building area networks (BANs) to accommodate 

for heavy-traffic AMI. 

 

3.2 System Model 
An IEEE 802.15.4 Zigbee massive multi-hop wireless meshes network 

and a PLCC network are deployed forAMI as BAN and NAN. 

Standard    Technology       Bandwidth          Datarate (Kbps) 

PRIME                             OFDM 42-89 KHz       21.4-128.6 

                             

6LoWPAN*           

Wireless   (MR-

OFDM) 
Sub-1GHz                  250 
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For the NAN, the BGW acts as a Mesh massively Point and the root 

node to forward data from Zigbee and PLCC meters. The BGW has a dual 

interface to handle data from Zigbee and PLCC SMs to support bi-directional 

traffic flow between network tiers. The BGW periodically broadcasts a 

logical spanning-tree that refers to the sorted SMs data of NAN's instances. 

The BGW must handle heterogeneous traffic and would experience 

computational and memory-related issues. By adopting a proper queuing 

model and sorting algorithm, the BGW overcomes the delay in decision 

making [25].The proposed scheduling algorithm in BGW fixes the priority 

based on the consumer load profile from the SM.Since the FGW coordinator 

can handle 4 meters at once, the heavy load consumers have identified 15 

minutes by the BGW and forward to the DCU. The SMs data are managed 

effectively in the BAN itself before being forwarded to DCU. This type of 

scheduler will improve the efficiency of data management and demand 

response of the Smart Grid. In addition to the communication aspects, 

configuring and managing the devices has to be characterized by qualitative 

properties. [26].As the data communication will exchange data in terms of 

ZB shortly, good put is essential rather than throughput [27]. 

 

3.2.1 Proposed BGW Scheduler 
 

Smart grid communication modeled in the proposed scenario forwards 

the data from SM to FGW, FGW to BAN gateway, BAN gateway forwards 

 the data to DCU of NAN.The wired PLCC SMs involves a virtual queue, 

essentially forward the data directly to BGW.The arrangements of BGW, 

FGW in the apartment scenario considered is as shown in Fig 1.The wireless 

SMs data delivered by FGW to BGW is modeled to handle 4 SMs instantly 

and store the queue data. The BGW performs sorting of the queue, 

prioritizing, and forward to DCU within the SG demand response period. The 

BGW sorts the data in descending order by calibrating the difference of 

instant t and t-1. The larger the difference refers to a high load in the short 

interval and given priority. It ensures smooth load distribution on the 

consumer side and an optimized distribution of the Smart Grid. At any 

instant t, the BGW encounters similar SM data; BGW considers t-1 and t-2 

instant value for priority. 

 

 

 
                           Fig 1. Apartment with Heterogeneous Smart meters 
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3.3 Proposed Algorithm 
 

The queue model of BGW as a finite time-varying model, where the 

arrival rate is λ(t), and the serving rate is different as sorting is involved in 

BGW. The arrival and service rate has been modelled as Finite Markov chain 

model. Different state values sort the array; its approximation as a discrete 

step function, which leads to a smooth time dependent service rate. This 

scheduling method improves the utilization factor of transmission lines due 

to the traffic regulation done at two phases viz. FGW and BGW. 

Input: Data Packet type = x at t_n 

1: if x  = S_1,m /  PLCC meters  data 

2: Send x to BGW1/ PLCC data to BGW 

3: return: Go step 1 

4: end if 

5: if x= S_2,m  /  Zigbee  type meters data 

6: for m= 1 to 4 do/ FGW forwards data for 4 time instants 

7: for i= 0 to3 do       // BGW receives 4 FGW data 

8: S_2,m(x) t_n-S_2,m(x) t_(n-1)=a[i] / store the difference of the past and 

present data in an array 

9: Sort a[i]   / Perform Descending sort on the array. 

10. for i = 0 to 3  

   if 

  a[i] == a[i+1],i++ 

then  

          S_2,m(x) t_(n-1)-S_2,m(x) t_(n-2)=a[i]   

 end 

  

11: for i= 0 to 3 do 

12: Send a[i] to BGW / Send the sorted value to BGW 

13: end if 

14: for n = 2 to N do 

15: Send FGWn to BGW / Send the data‘s from FGW to Building gateway  

16: end 
 

 

 

3.4 Scheduling Process 
 

In the above algorithm, the queue length in the BGW is less than the 

queue length of the DCU. Modeling the SM to DCU communication as 

M/M/1.Prioritizing the Peak load consumer at DCU is performed at BGW 

and forwarded to DCU. Hence the same queue discipline and Markovian 

chain model is adopted in our proposed work. The M/M/1 queue will follow 

the mean arrival rate λ, with exponential distribution function (µ). 
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The steady state parameter L, time-average number of customers in system is 

given by 

 

  ∑   

 

   

                                                          ( ) 

 

 

 

where P_n -steady-state probability of having n customers in system  

m- Maximum no of customers. 

 

As the Proposed system always has fixed values (a) of the PLCC 

customers in the queue, the remaining customers (b) are serviced regularly. 

The BGW at queue status filled can service (a+b/3) a condition within 5 

minutes. The group of b/3 is added with (a) and serviced; hence within15 

minutes, all the customers are serviced. Here the queue discipline is a 

priority; the customers whose values are more significant than 0 have to be 

serviced for the proposed algorithm. It indicates the customer consumed 

power in the interval. Customers having value equals to 0 will be appended 

in the queue forwarded to DCU. It indicates the customer consumes no load 

in the interval. As the queue varies, a significant utility may calculate 

Demand response very early, since the utility can estimate No-load consumer 

and Peak-load consumer early. Proper implementation of Demand Response 

promises the system improvement in numerous ways significantly. 

 

 Early detection – enables utilities to act towards increase in load by 

calling a DR event 

 Improved Communication – Assured increase in the efficiency of 

DR by streamlining the notification process and energy usage 

information is passed to customer 

 

These two objectives of the Demand response are well established in our 

proposed system. The arrival rate(λ) and service rate(μ )  decreases in the 

queue, and  the process of data transfer from HAN to NAN is also completed 

within the stipulated polling time. The server utilization (ρ) is better utilized 

and improves communication link of the Grid where 

 

 
                               ( ) 

 

 

S is the service time given by 1/ µ 

 

The equation (2) becomes 
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                                                                           (3) 

 

 

For the Proposed system the arrival and service rate for the queue at BGW 

becomes 

                                                            
   

 
    

    
            ( ) 

 

 

 

The Real load curve data is levelled before the DCU in shorter duration, 

enery consumption variability in the electrical network is optimised well by 

avoiding outage unbalanced load distribution. 

      The equation (4) is well reduced if part of the b customers have not 

consumed the load, The service rate alone decreases by 

 

 

 
   

 
    
     

                                              ( ) 

 
     = decreased service rate due to no load variation  in customer premises 

 

 

4 Results & Discussions 
 
 The queuing parameters are computed for the apartment scenario and 

comparison of the existing homogeneous and heterogeneous SMs are shown 

in Table.2 

                                    
                     Table.2 Queuing Parameters 

L     Average customers in the system 

Lq     Average customers in the queue 

W     Average time a customer spends in the queuing system 

                   Wq    Average amount of time spent in the queue 

    Ƿ     Server utilization 

 

 

The waiting time in systems and queue is reduced and the results shown 

are shown for 15 minutes interval. The graphs are plotted for the considered 

scenario of 60 consumers, assuming PLCC data always present in BGW by 

virtual queue and Wireless mater data forwarded through BGW. The analysis 

and comparison are made at BGW by considering its process time, sorting 

time, and forwarding time are tabulated in Table 3. 
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Table.3.Comparison 

       

 

 

 

  
 
 

                       
                        Figure.2 Homogenous SM Environment –DCU Communication 

 

 

 

The Existing system refers to a homogenous smart meter environment to 

DCU communication. The proposed system refers to a heterogeneous smart 

meter environment to DCU communication following the gateway's 

scheduling algorithm. In addition to the communication aspects, configuring 

and managing the devices has to be characterized by the qualitative 

properties.  

 

 

 
 

Parameters Existing System Proposed system Reduction in (%) 

  0.32 0.27 16 

   0.08 0.06 25 

  5.26sec 4.88 sec 7 

   1.26sec 900msec 22 

  24 21 13 



 
 

 

 

 

Evaluation of Heterogeneous Smart Meter to DCU Communication using 

 Gateway 2339 

 

 

 
 

Figure.3 Proposed Gateway Modeled Heterogeneous SM Environment –DCU 

Communication 

 

 

Reading the graphs along the vertical axis, the time spent in the queue for the 

proposed system remains the same, even the service rate ‗µ‖differs if the 

queue has unchanged "n"consumers reading. Considering that three users 

don't have the reading change the system performance increases better. The 

discrete probability and system waiting time have a reasonable variation in 

the proposed system is given in Table.4 

 

 
              Table.4 Comparison table for varied queue model 

 

 

 

The scheme 1 refers to the proposed system with all elements (b) 

serviced, and scheme 2 refers to the proposed system with reduced elements 

(b-n) serviced. The above analysis for the one time function of SM to DCU  

Parameters           Scheme1          Scheme2 Reduction in (%) 

  0.27 0.22 19 

   0.06 0.04 33 

  4.6 Sec 3.74 Sec 18 

   970mSec 670 mSec 31 

  21 18 
14 
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communication may be extended to an hour and day and will crop better 

results in terms of HAN-NAN communication. The Entire processing time of 

the grid to compute demand response is given by 

 
                    (                                     ), where  

                        TDR is Total time for computing demand response. 

                        THAN-NAN    is Time for HAN-NAN communication 

                        TNAN- WAN  is Time for NAN-WAN communication 

                                   T UTILITY COMPUTE is Time for utility to compute 

 

    

As the proposed system reduces the THAN-NAN time to predict demand 

response, designers, policymakers, and customers can anticipate demand 

response impacts and benefits well in prior. This scheme is used to reliably 

measure demand response options benefits to ensure sufficient demand 

reductions.The probability for the variation in queue of customers in 

computed in Table.5 

 

 
                        Table.5. Probablity of the customers in the various scenarios 

 

 
                                                                        Probability  

  

   

                No.of customers         Existing system        Scheme1             Scheme2  

 

   1   0.765  0.823  0.792 

   2   0.940  0.972  0.951 

   3   0.973  0.994  0.998 

   4   0.991  0.999    1 

   5   0.991  0.999    1 

   6   0.993  0.999    1 

   7   0.993  0.999    1 

   8   0.993  0.999    1 

   9   0.993  0.999                 1 

  10   0.994  0.999    1 
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                         Figure.4 Probablity of the customers in the various scenarios 

 

 

 

 

4.1 Cost Assumption 
 

In the optimized Energy distribution to the consumer, the price 

information from the meter data management system (MDMS) server is 

needed for load scheduling. Assume that the Home Area Network (HAN) 

and Neighborhood Area Network (NAN) gateways from deferrable load are 

inaccessible to the MDMS server. In that case, the scheduling policy will be 

suboptimal and leads to higher power consumption cost. Similarly, the 

utility's cost requirement necessitates precise demand and supply information 

in order to purchase power from generators. Assume the connection between 

the HAN and NAN gateways is down. In that case, the public utility must 

rely solely on statistical data to optimise power purchasing, resulting in a 

higher cos for powert. Automated demand response (ADR) can be 

accomplished by communicating to advanced building energymanagement 

systems using an Internet-communicated signal or some other form of a 

direct link. Legacy systems deployed today lack this capability. Automated 

demand response (ADR) is a M2M communication standard that provides 

electronic, Internet-based price and reliability information that is directly 

linked to end-use control systems or related building and automated control 

systems. 

 

 



 
 

 

 

 

 
2342 Senthil Perumal et al 

 
                 Table.6 Communication Requirements 

 

Premises Communication technology 

HAN,BAN WiFi, ZigBee,Ethernet 

NAN Fiber optic, ZigBee mesh, Wi-Fi mesh, WiMAX,cellular 

WAN Fiber optic,WiMAX, cellular 

 
 

 

The HAN- NAN communication cost is very high and uses multiple 

technologies. AMI reliability requirements specified by the IEEE Guide for smart 

grid interoperability (IEEE Std 2030) are   

  

  •  No data drop   

   •  Latency <4ms to 15 seconds 

 

The customer's communication with the utility company is not time-

sensitive. Measuring grid status necessitates real-time data and, as a result, 

low latency. The customer's communication with the utility company is not 

time-sensitive.. The proposed heterogeneous gateway achieves the latency 

specified by the interoperability standard of IEEE. Considering the cost 

factor, incorporating a new device always leads to an increase in cost. The 

cost increased by incorporating gateway is much less than the cost needed to 

spend on increasing the addition of DCU. 

The utility provider may reduce the number of DCUs needed in the 

single-serving transformer area. Similarly,the communication cost is also 

reduced in terms of data forwarding by the gateway, which in turn 

reduces the total communication cost, and subsequently the channel usage . 

The gateway designed here will reduce the number of time the SMs to 

communicate with  

DCU based on the variation of the load consumed by the user. The smart 

meters in the customer environment are supposed to communicate with 

WAN through DCU every 15 minutes. Hence each day, it should 

communicate with WAN for maximum of 96 time instants. The gateway-

based approach here reduced the 96 times to 90 at least. It is an assumption 

that minimum six users have  not consumed load in a day. From the 

simulation environment of 55 meters in the scenario; the data bytes will be 

516 KB for the existing system, assuming 100bytes/smart meter 

approximately 440 KB of data will be exchanged in the SG communication 

in the proposed system. From the graph it is evident that the data cost spent 

by the utility gets reduced by the scheduler, hence by increasing the capacity 

of the gateway,SG utility can achieve better cost efficiency . 
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                                              All Users data                                   Reduced Users data 

              

            Figure.5 .Data exchanged in the communication channel of the Grid  

 

It is apparent from the graphs that the proposed heterogenous SM  

priority based scheduler reduces the service time,   data transfer fom the SMs 

to DCU and utilizes only 85% of the available channel usage. As the total 

data transferred is reduced to 15% of the minimum requirement , full channel 

usage may still be increased without interference and hence provides the best 

data exchange without any data drop. The gateway based SG   reduces the 

customers traffic by 16% and hence the waiting time of the customers 

reduces by 25%, ensuring efficiency in the narrowband and wireless 

bidirectional data exchange. The average spending time of the customer in 

the queuing system and the average amount of time spent in the queue by a 

customer is reduced by 7% and 23%, respectively. It satisfies the delay 

requirement of SG while adding a new device for communication. 

Comparing with conventional Homogenous SG communication gateway 

based Heterogeneous SM-DCU communication under varied queue models 

possess performs better.  

  This paper focused on Heterogeneous access to find suitable coexistence 

solutions for NAN to HAN communication in SG. The obtained results show 

that the modeled scheduler gateway communication could improve network 

performance significantly. This method also eliminated the problem of  

gateway placement in case of exponential growth of Homogenous type SMs 

using Spanning tree and k-TDMA method. The delay parameters guide lined 

by NIST is maintained well with above proposed scheme. 

 
5 Conclusion 
 

As the Utility has a reduction in the communication link and cost under 

heterogeneous environment at the customer side, the overall cost is SG is 

reduced significantly. As a future work , in the network environments, the 

formation of the Markov chain model including false detection and false 
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alarms on channel detection should be considered to validate the analysis in 

accurate manner. As the assumed SM data traffic is a finite-state Markov 

chain with parameters λk, µk, (1 ≤ k ≤ n) are all positive, it is an ergodic and 

possess steady-state distribution. The usage of reserve channels in the 

Markov chain model may improves accuracy of network performance. 
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