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Abstract— We study the traffic overhead in TCP/IP 
network and propose the changes in IP address and MAC 
address for multi-hop mesh network. The proposed 
architecture describes routing protocol independent of subnet, 
hence omits the subnetting in the network architecture. The 
directional flooding (DF) is used in Wireless Mesh Networks 
with limited node mobility. The reduction in length of IP 
address and its reusability is discussed. The authors also focus 
on GPS mapped MAC address and its indexing. In the 
proposed approach, the IP address length is minimized by 6.25 
percent and 53.125 percent in comparison IPv4- and IPv6- 
address respectively. In contrast, the length of proposed MAC 
address is 10 bytes for identifying the unique node globally. 
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I. INTRODUCTION  

The Global Positioning System (GPS) furnish the global 
coordinates (latitude and longitude) for locating a location 
with unique address. The authors focus on employing the 
GPS coordinates as MAC address in Wireless Mesh Network 
(WMN). In the proposed WMN, each node (device) is 
located at fixed location geographically. Hence, this article 
focuses on reshaping the MAC address based on GPS 
coordinates (GPS-mapped MAC). The length of GPS-
mapped MAC address is 10 bytes. The routing protocol in 
network layer utilizes the GPS-mapped MAC address for 
routing the packets in the network. When MAC address is 
accessed in the network, it may refer to an outright GPS 
coordinate, or it can instead refer to physical address of the 
node. Thus, the GPS coordinates are used to access the node 
globally can also be used for communication among the 
nodes in the Mesh Network. Each Node examined the 
destination address. If the destination address of the received 
packet is analogous to the node address, the incoming packet 
will be further processed by the node. Otherwise, the packet 
will be forwarded on to the next node. 

To accommodate the nodes in the network, the 
coordinates provided by the GPS server must be reserved for 
the node and must not be available for other nodes across the 
geographical region. The reservation of address (GPS 
coordinates) may be permanent, or temporary (as achieved 
via MAC Indexing).  

MAC Indexing is a technique in proposed mesh network, 
used to increase the amount of usable MAC addresses 
beyond the amount directly addressable by the GPS server. It 
can be used to configure a node differently at different times. 

IP address reuse is the process of using the same IP 
address (logical address) on different mesh nodes within a 

network region that are separated by sufficient distance to 
cause minimal address conflict with each other. The IP 
address reuse allows for a dramatic increase in the number of 
mesh nodes that can communicate within a geographic area 
on a limited address length (limited number of addresses).  

In the proposed concept, logical address allocated to the 
mesh node is re-used in a regular pattern of network regions, 
called 'clusters'. It also ensures that the address conflict 
between mesh nodes does not exist. The neighbor node 
always uses different logical address. In fact, a set of C 
different logical address {A1, ..., AC} are used for each 
cluster of C neighbor nodes. 

The rest of the article is organized as follows: the section 
II discusses the application context of proposed architecture. 
Section III focuses on protocol stack, section IV describes 
the header structure at network layer and link layer involved 
in communication. The section V elaborates the address 
allocation and routing mechanism. Finally, section VI 
concludes the work. 

II. APPLICATION CONTEXT 

In electrical networks, the Distributed Generation system 
(DGs) or an on-site generation (OSG) is the electrical 
generation and its storage by distributed energy resources 
(DER). The effective utilization of electrical energy has 
motivated researchers to fuse the DER with mesh network 
for sharing the data among various grid-connected devices. 
Each grid-connected electrical device is equipped with 
Internet of Thing (IoT). The IoT has limited computational 
and communication capability. The IoT is considered as 
Mesh Node in the network that computes relevant 
information from OSG/DER and communicates over the 
network. The Mesh node does not have mobility during 
communication and can communicate over wired/wireless 
path. The structure of distribution grid [1] in electrical 
networks resembles mesh topology [1] in computer 
networks. This article focuses on the promiscuous 
deployment of OSG for the efficient and balanced flow 
electrical potential in the distributed grid of electrical 
networks. The authors [2] propose an addressing scheme 
that uses a 10 byte IP address and discuss the features 
routing protocol including functionality. The article [2] also 
focuses on the payload structure for effective sharing of 
electricity over Wireless Mesh Networks (WMN). The work 
is extended by author [3] to propose the routing algorithm 
(proactive and reactive) in WMN. 

The application context also includes the forecasting of 
power (electrical energy) availability and the power 
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requirement at respective Mesh Node. The forecasting 
module comprises of: 

A. Betz’s law: 

Betz's law indicates the maximum power that can be 
utilized from the wind, independent of a wind turbine design 
in open flow. According to Betz's law, turbine can capture 
maximum of 59.3% of the kinetic energy in wind. The 
Betz’s law is defined by: 

Pavailable=  
(Src: https://www.raeng.org.uk/publications/other/23-wind-turbine) 

 

B. The forecasting algorithm: 

The samples are collected with suitable time interval. The 
correlation between obtained samples is computed 
(New_value) and is used to forecast the power availability at 
each DGs. The formulas used in forecasting are as below. 

 
Algorithm: PREDICT NEW VALUE. 
Step 1: start 
Step 2: Let X, Y are the sample means average. 
Step 3: B=(∑(x-x`)(y-y`))/∑(x-x`)2 

        where x` is mean of x and y` is mean of y. 
Step4: A=y`-B.x` 
Step 5: New_Value= A+B.x 
Step 6: stop. 
 

III. PROTOCOL STACK 

The modules within a protocol suite are often planned for 
a unique function. This modularization makes design and 
evaluation simple and easy. Each protocol module usually 
communicates with two others and hence, imagined as 
protocol layers in a stack. The figure 1 depicts the protocol 
stack of proposed model. 

 

 
Fig 1. The Protocol stack. 

 
The application layer is responsible for 

receiving/delivering the data from/to the application. The 
authors focus on the application context discussed in former 
section and explicate the payload structure [2] of packet.  

The transport layer functionality in proposed stack is 
similar to that of transport layer in TCP/IP suite. However, 
in the context of this article, the UDP is best suited. 

The network layer protocol makes use of logical address 
for locating a node uniquely. In IPv4 network, the address 
length is 4 bytes, and in IPv6 the address length is 16 bytes 
respectively. The authors propose 1-byte logical address. 
The packet header of proposed model is discussed in section 
IV. 

The data link layer plays vital role in accessibility of 
medium for data exchange. Also, it adds the frame header 
and frame trailer (footer). The proposed frame structure 

differs from conventional frame structure in MAC address 
and its suitability for multi-hop network.  

In this article, the dual antenna wireless medium is 
proposed so as to suit for communication between nodes 
separated by short and long distance.  

The encapsulation of application data descending through 
the layers is depicted in figure 2.  

 

 
Fig 2. The data encapsulation by each protocol. 

 

IV. HEADER STRUCTURE 

In this section, the authors discuss the proposed header 
structures for network layer and data link layer. 

Layer-3 header structure 

The figure 3 depicts the packet header for proposed 
protocol. The fields in figure 3 are similar to the fields in 
IPv6 packet header. An additional field – Destination 
Difference (DD) is included in the header. The value of 
‘DD’ is updated at intermediate node at each hop. 

  

 
Fig 3. The proposed packet header. 

 
The authors [2] propose the payload structure for 

application context discussed in section II. The routing 
strategies (proactive and reactive) discussed in article [3] are 
suitable for proposed model. 

The figure 4 depicts the structure of proposed RTS frame. 
The fields: RA and TA indicate the 1-byte logical address of 
Receiver and Transmitter at each hop. 

 
Fig 4. The proposed RTS frame. 

 

 
Fig 5. The proposed CTS frame. 
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The figure 5 depicts the structure of proposed CTS frame. 
The field ‘RA’ indicates the 1-byte logical address of 
Receiver in each hop. 

 

Layer-2 header structure 

In the proposed model, the mesh nodes communicate 
through wireless medium. Hence, the features of IEEE 
802.11 frame format are necessary. However, authors 
propose exclusion of few fields so as to reduce size of 
frame overhead. The figure 6 depicts the proposed frame 
format. 

 

 
Fig 6. The proposed frame format. 

 

V. ADDRESS ALLOCATION AND ROUTING ALGORITHM 

This section discusses the address allocation namely, 
MAC address and IP address and respective significance in 
routing the packets. The routing algorithm is responsible for 
efficient and effective routing of packet from source to the 
destination. The proposed architecture omits the use of 
subnet. Each node in proposed network is assigned a MAC 
address of 10 bytes. The MAC address comprises of two 
components namely: GPS coordinates (4 bytes of latitude, 
4-bytes of latitude) and Index (2-bytes) and can be a 
physical address. However, the proposed IP address is of 1-
byte and is logical address. 

 

Node Initialization   

A Mesh Node when initialized, send an Address Request 
(ADRQ) to Global Positioning System (GPS) server and 
receives the GPS coordinates (4-byte latitude, 4-byte 
longitude). The Mesh Node sends the Index Request (IRQ) 
to the Application- or Management-server. The Application- 
or Management-server replies with the 2-byte value 
representing index. The Mesh Node now possesses the 10-
byte address and hive away as MAC address/physical 
address. The physical address of Source node and 
Destination node is involved in routing.  

 
Fig 7. Physical Address allocation in mesh node (Sequence diagram) 

 
 

 
Fig 8. Format of proposed Physical Address  

 

The figure 7 depicts the sequence diagram for obtaining 

physical address and figure 8 shows the fields of proposed 
physical address. 

The 8-bit IP address (logical) is assigned to each Mesh 
Node. The value ‘0’ (0x00) indicates that the node attempts 
to join network and the value ‘255’ (0xFF) indicates that the 
routing table entries are exhausted. 

Further, a node initially conforms ‘0’ as the IP address. 
The node sends network JOIN request by broadcasting its 
MAC address and IP address to the neighbor nodes. The 
time elapsed till the node joins network is stated as Joining 
Period. 

Throughout the Joining Period, the Mesh node receives 
the range of available IP address from each of its neighbors. 
It then identifies a unique value (say ‘N’) commonly 
available at most of the neighbor nodes. The unique value is 
then shared among the neighbors and gets connected to the 
network for updating the routing table. Hence, the routing 
table at the newly joined node is updated. The figure 9 
depicts the process of obtaining logical address by mesh 
node. 

 
Fig 9. Obtaining Logical Address by mesh node (Sequence diagram) 

 

Routing protocol 

The routing protocol makes use of routing table built 
during initialization phase. As shown in figure 10, the 
routing table consisting of three entries: (a) the 1-byte IP 
address-logical (b) 10-byte MAC address-physical and (c) 
the 2-byte difference. The difference in routing table plays 
important role in determining the next suitable node for 
packet routing. The difference is computed as the actual 
difference between the MAC address of current node and 
the MAC address of respective neighbor node. 

 

 
Fig 10. The fields in proposed routing table. 

 
At the source node, the destination MAC address is 

compared with self (source) MAC address and the 
destination difference (DD) is computed. The computed DD 
is placed in protocol header. When a packet is ready for 
transmission, the sender node reads the DD field in protocol 
header and a lookup is performed on its routing table. To 
perform Directional Flooding (DF), the next node is 
selected such that the absolute of deviation between 
respective difference and DD is nearly equal to Zero.  
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Fig 11. The fields in proposed routing table. 

 
Once the next node is selected, the sender node issues a 

RTS (Request To Send) message using IP address (logical). 
In turn, the receiving node issues CTS (Clear To Send) 
message indicating the willingness to receive. By obtaining 
the CTS, the sender sends the packet. At each hop, the 
Acknowledgement (ACK) is given on successful packet 
transmission. A node is said to be destination iff the value of 
DD is Zero. The figure 11 illustrates the RTS-CTS-DATA-
ACK scenario. 

Density of nodes:  

The nodes that actively transmit/receive data is said to be 
participating node. The density of nodes is defined as the 
total number of participating nodes accommodated in 1 
square meter (Sq.mt.) of area. The survey has been carried 
out at various locations in India. During the survey, the 4 
points (corners) namely A,B,C,D are chosen to form an area 
of 1 Sq.mt.. The readings obtained are tabulated in table 1. 

 
Location Points Latitude Longitude 

 
Banahatti 

 Rd 

A 16.49501 75.18144 
B 16.49504 75.18137 
C 16.49509 75.18137 
D 16.49505 75.18136 

 
 

Hanagandi 

A 16.48674 75.07703 
B 16.48674 75.07704 
C 16.48674 75.07704 
D 16.48672 75.07698 

 
Vijayapur  

City 

A 16.84639 75.71161 
B 16.84644 75.71170 
C 16.84637 75.71152 
D 16.84648 75.71159 

 
Vijayapur  

Rural 

A 16.84670 75.79521 
B 16.84673 75.79523 
C 16.84678 75.79525 
D 16.84683 75.79526 

 
TABLE I: GPS Coordinates sampled at various locations 

 
The values of GPS coordinate are in floating point. 

Hence, we convert it to unsigned integer by multiplying 
with 105. The steps involved in computing the maximum 
density of participating nodes is as below: 

i) At each given region in table 1, find the difference 
between maximum value and minimum value for 
latitude and longitude respectively (D_latmax, 
D_longmax). 

ii) Multiply  D_latmax and D_longmax of the given region.  
(P= D_latmax x D_longmax) 

iii)  The value for P indicates the maximum possible 
coordinates in the given region (1 Sq.mt.). 

iv)  Assign each GPS coordinate (latitude and longitude) 
to the node uniquely. 
 

 
 

 
 

Location 
 

D_latmax 
 

D_longmax 
Available unique 

coordinates 
Banahatti Rd 08 08 64 
Hanagandi 02 06 12 
Vijayapur City 11 18 198 
Vijayapur Rural 08 05 40 

 
TABLE II: Maximum Available GPS Coordinates within samples 

 
The table 2 depicts the minimum density of participating 

nodes in a sample region as 12 and the maximum density of 
nodes as 64. Further, the density of participating nodes can 
be increased by appending the GPS-mapped MAC address 
with Index. This process is called as MAC Indexing. The 
length of Index in proposed approach is 2-bytes. Thus, the 
maximum density of participating nodes at each GPS-
coordinate is 216. 

Overhead incurred: 

The overhead incurred at layer-3 address (IP address) and 
layer-2 (MAC address) in communication is discussed in 
this section. The advantage of proposed GPS-based MAC 
address and routing protocol architecture is also discussed.  

In IPv4 network, the total overhead due to IP address is 8 
bytes and the overhead due to MAC address is 24 bytes. 
Similarly, in IPv6 network, the overhead of 32 bytes is due 
to IP address and overhead of 32 bytes in WLAN frame 
header (MAC address).  

The proposed protocol incurs the communication 
overhead of 20 bytes due to MAC address with 10 byte 
additional information (DD). 

 

VI. CONCLUSION 

In this article, the globally reusable logical address is 
proposed. The proposed logical address is 1 byte long. Also, 
the MAC address of 10-bytes is discussed. The suitability of 
routing mechanism [3] for preferred application context is 
highlighted by authors. Since the logical address (IP 
address) 1 byte is proposed, the reuse factor of proposed IP 
address is 0.0039. The routing protocol independent of 
subnet is discussed. 

The traffic overhead due to IP address and MAC address 
in IPv4 network and IPv6 network is 32 bytes and 64 bytes 
respectively. However, the proposed protocol incurs 
overhead traffic of 30 bytes due to address. This ensures 
reduction of overhead by 6.25% and 53.125% in comparison 
with IPv4 and IPv6 network respectively. 

The proposed model ensures the address space of at-least 
65536 addresses per sq.mt. of area (assuming only one GPS 
coordinate per sq.mt.).  
 The proposed protocol can be simulated using the 
NS2/NS3, OMNET++ simulators. The traces from NS3 can 
be analyzed using wireshark. 
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