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Abstract
An Energy efficiency reduction and Reliability is an Important issue 
of wireless group. We propose a protocol for joint communication 
for the low energy dissipation and reliability in the network. We 
model a joint path and then establishing joint protocol for the 
establishment of nodes as Clusters and for joint transmission of 
data. We analyze the End-to-end robustness of the protocol to data-
packet loss, along with the tradeoff between energy consumption 
and error rate. The analysis Results are used to compare the energy 
savings and the end-to-end Robustness of our protocol with two 
non-joint schemes, as well as to another joint protocol. It shows 
that the nodes placed in the grid saves up to 80% of energy, when 
the nodes are random, it saves up to 40% of energy, which increases 
the lifetime and reduces the error rate of the wireless network. 
The comparison results show that, when nodes are positioned on 
a grid, there is a reduction in the probability of packet delivery 
failure by two orders of magnitude for the values of  joint sensor 
networks.
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I. Introduction
Wireless networks operation of minute, efficient, low-power, 
distributed devices has been made a reality owing to the modern 
technical development that is competent of local processing 
and wireless communication. Energy in These nodes are very 
limited and, the protocols designing for Wireless networks should 
be energy-efficient. Our protocol allows energy saving in joint 
transmission. In joint transmission, multiple nodes available in the 
network will help to a single node to receive, decode, and retransmit 
data packets. In this paper, we use a joint communication model 
with multiple nodes on both ends of a hop and with each data 
packet being transmitted only once per hop.
In my protocol for joint transmission, the nodes between the 
source node and the destination node becomes a cluster head.It 
performs the task of recruiting to other nodes in its neighborhood 
and transmits the data packets from current cluster to next cluster 
only once, and it transmits from each hop to all hops in the next 
cluster. Simultaneously, the single path from a source node to a 
sink node is replaced with a multi hop joint path, and the classical 
point-to-point communication is replaced with many-to-many 
connection. Each hop on this path represents communication 
and recruits the close nodes, called a sending cluster, to another 
cluster of nodes, called a receiving cluster. The each node in the 
sending cluster sends data packets to all hops in the receiving 
cluster. Sending nodes are synchronized, and the power level of 
the received signal at a receiving node is the sum of all the signal 
powers coming from all the sender nodes.
This technique reduces the packet being received with error. If
any node that does not receive a packet correctly will not transmit 
to the next hop in the path.
In our protocol, we divided the whole protocol in to two phases. One 
is routing phase and another one is recruiting - transmitting phase. 
In the routing phase, the initial path between the source and the 
sink nodes is discovered as an underlying “one-node-thick” path, 

and the information about the energy required for transmission to 
neighboring nodes is computed. This information is then used for 
cluster establishment in the “recruiting-and-transmitting” phase 
by selecting nodes with lowest energy cost. The “one-node-thick” 
is undergone into “thickening” process in this phase.

Fig. 1(a) Our Joint Transmission Protocol

Fig. 1(b): Our Joint Transmission and Reception Model

In our model of joint transmission, every node on the path from 
the source node to the destination node becomes a cluster head, 
with the task of recruiting other nodes in its neighborhood and 
coordinating their transmissions. Consequently, the classical route 
from a source node to a sink node is replaced with a multichip 
joint path, and the classical point-to-point communication is 
replaced with many-to-many In the disjoint-paths scheme, nodes 
form a number of disjoint paths from source to sink. The same 
information is routed independently along the different paths 
with no coordination between the nodes on the different paths. 
In the one-path scheme, the “one-node-thick” path is discovered 
first. Then, each node on the path transmits with power equal 
to the sum of transmission powers of all the cooperating nodes 
in a cluster. The analytical and simulation results of our joint 
transmission protocol are compared throughout the paper to the 
results of the CAN protocol, the disjoint-paths scheme, and the 
one-path scheme.

II. Existing System
In the existing system we model a joint transmission link in 
wireless networks as a transmitter cluster and a receiver cluster. 
But we  don’t have any communication protocol for establishment 
of clusters and for joint transmission of data.
In the existing system joint transmission, multiple nodes 
simultaneously receive, decode, and retransmit data packets. 
Analyzation is not available for end-to-end robustness of the 
protocol to data packet loss along with the trade off energy 
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consumption and error rate.
In the existing system WIRELESS sensor networks, nodes have 
limited energy resources and, consequently, protocols designed 
for sensor networks should be energy-efficient.

III. Proposed System
In the proposed system we evaluated the performance of 1. 
joint transmission, where nodes in a sending cluster are 
synchronized to communicate a packet to nodes in a receiving 
cluster.
The increased power of the received signal, vis-à-vis the 2. 
traditional single-node-to-single-node communication, 
leads to overall saving in network energy and to end-to-end 
robustness to data loss.
We proposed an energy-efficient joint protocol, and we 3. 
analysed the robustness of the protocol to data packet loss.
Our study also analysed the capacity upper bound of our 4. 
protocol, showing improvement over the corresponding 
values of the other three protocols.
In the proposed system simulation results show that our joint 5. 
transmission protocol saves up to 20% of energy compared 
to the CAN protocol and up to 40% of energy compared with 
the  other schemes.
Our protocol also supports larger capacity and lower delay 6. 
under high-load conditions, as compared to the CAN 
protocol.

IV. Related Work

A. CAN Protocol

Fig. 2(a):

In CAN protocol, instead of sending once per hop, the sender 
node transmit data packets to all the nodes along the path. In the 
Fig.2 (a)., the number of nodes between source
and destination is m=3 and the non-joint path is source–1–2–3–
sink. The source node transmits to node 1; then the source and 
node 1 transmit to node 2; then the source, node 1, and node 2 
transmit to node 3. Finally, nodes 1, 2, and 3 transmit to the sink. 
Likewise, the source node  send packets to all hops in the path, 
then all hops sends to the receiver node.

Fig. 2: (b): CAN Reception Model

Each hop in this protocol consists of joint transmission with the 
last m nodes on the path in order to send the packet to the next 
node, as shown in fig. 2(b).

B. Disjoint Path Scheme
In the disjoint-paths scheme, nodes form a number of disjoint paths 
from source to sink. The same information is routed independently 
along the different paths with no coordination between the nodes 
on the different paths.

Fig. 3:

C. One-Path Scheme
In the one-path scheme, the “one-node-thick” path is finding and 
established first. Then, each node on the path transmits with power 
equal to the sum of transmission powers of all the cooperating 
nodes in a cluster. The analytical and simulation results of our 
joint transmission protocol are compared throughout the paper to 
the results of the CAN protocol, the disjoint-path and One- Path 
schemes. In summary, in this paper we introduce a new protocol to 
facilitate joint transmission that minimizes the energy consumption 
and increases the transmission reliability in comparison to the 
other two schemes.

Fig. 4:

The operation of our protocol is fully distributed in all its phases.
We derive an analytical model to evaluate the performance of our 
protocol in terms of the end-to-end robustness to data loss, and 
the energy consumption.

V. Our Joint Protocol
The two algorithms for finding one joint route are designed such 
that each hop consists of multiple sender nodes to one receiver 
node. One of the algorithms (CAN) is used  throughout this paper 
for performance comparison.
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The main novelty of our paper—the “recruiting-and-transmitting” 
phase—is done dynamically per hop, starting from the source node 
and progressing, hop by hop, as the packet moves along the path 
to the sink node. Once a data packet is received at a receiving 
cluster of the previous hop along the path, the receiving cluster 
now becomes the sending cluster, and the new receiving cluster 
will start forming. The next node on the “one-node-thick-path” 
becomes the cluster head of the receiving cluster. The receiving 
cluster is formed by the cluster head recruiting neighbor nodes 
through exchange of short control packets. Then, the sending 
cluster head synchronizes its nodes, at which time the nodes 
transmit the data packet to the nodes of the receiving cluster.

A. Operation of the “Recruit-and-Transmit” Phase
The example in fig. 3(a)–(f) demonstrates the operation of the 
“recruiting-and-transmitting” phase. In the current hop, node 2 
is the sending cluster head and has a packet to be sent to node 
5. Node 2 sends a request-to-recruit (RR) packet to node 5 [Fig. 
3(a)], causing node 5 to start the formation of the receiving cluster, 
with node 5 as the cluster head. From the routing phase, node 5 
knows that the next-hop node is node 8. Node 5 broadcasts to its 
neighbors a recruit (REC) packet [Fig. 3(b)]. The REC packet 
contains: the id of the previous node (2), the id of the next node 
(8), and the maximum time

Fig. 5: 

B. Calculation of the Cost of Links
The cost of a link from node to node, is calculated by node as: 
where is the energy cost of the link, is the  residual battery energy 
of node , and is the average residual battery energy of the neighbors 
of node . Energy cost of a link is the transmission power required 
for reception at a particular bit error rate. Nodes determine the 
energy costs of links by listening (or overhearing) transmissions 
during the routing phase. (See Section III-D for how nodes can 
calculate the energy costs.) 
The protocol-selectable parameter controls the weight of each 
factor in the total cost. With this definition of the cost, nodes with 
small residual battery capacity are less likely to be recruited in 
this phase.

Fig. 6:

C. Details of the Control Packets
The format of an RRpacket includes: the id of the sender node 
(node 2 in our example), the id of the receiver node (node 5 in 
our example), the sink node id, and the NAV field that contains 
the estimated transmission time of the data packet. The NAV field 
serves to indicate when the channel will become available again 
for other transmissions. The REC packet contains the sender node 
id, the receiver node id, the id of the next node on the path (node 
8 in our example), and the maximum time-to-respond. The GR 
packet sent from node contains the id of the originator of the 
REC packet and the sum of the link costs of the receiving link 
and the sending link. A node can be involved in a single recruiting 
process at any time; i.e., a node can have only one outstanding 
GR packet. A node chosen to cooperate cannot be involved in 
another recruiting process until the transmission of the current 
data packet is fully completed, i.e., received and sent to the next 
cluster by the cooperating node. A CL packet contains the id of 
the cooperating nodes and an updated value of NAV. Nodes that 
see their ids in the CL packet form the receiving cluster for this 
hop and the sending cluster for next hop. Other neighbor nodes 
that sent GR packets but do not see their ids in the CL packet will 
not participate in the cluster. 
To avoid interference, any node that receives an REC packet, 
whether cooperating or not, has to wait for the transmission of 
the data packet to be fully completed before it can get involved 
in another recruiting process. Similarly, to avoid interference, 
any node that overhears any of the control packets sent by 
any other node will not get involved in any recruiting or any 
transmission operation until the transmission of the data packet is 
fully completed. If a data packet was not received at the receiving 
cluster head node, or was received in error, the packet is deemed 
lost, and the whole “recruit-and-transmit” phase will restart again. 
A timer is associated with every exchange of control packets, so 
that if a critical control packet is lost, the “recruit-and-transmit” 
phase will restart again.

Fig. 7:
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Each node that receives the REC packet, which we call potential 
recruits (nodes 4 and 6 in our example), computes the sum of 
the link costs of the following two links: a link from the sending 
cluster head to itself (the receiving link) and a link from itself to 
the next node, such as the receiving cluster head or the sink node 
(the sending link). In our example, node 4 computes the sums of 
the energy costs of the links (2,4) and (4,8), i.e., , while node 6 
computes the sum of the energy costs of the links (2,6) and (6,8), 
i.e., . A potential recruit replies to the REC packet with a grant 
(GR) packet that contains the computed sum [Fig. 3(c)] after a 
random bake off time drawn uniformly from (0, ). The GR packets 
inform the cluster head that the nodes are available to cooperate in 
receiving on the current hop and in sending on the next hop. After 
waiting time and collecting a number of grants1, the cluster head 
(node 5) selects cooperating nodes with the smallest reported cost 
to form the receiving cluster of nodes. (The value of is protocol-
selectable.) If the cluster head node received less than grants, it 
forms a smaller receiving cluster with all the nodes that sent the 
grants. Node 5 then sends a clear (CL) packet [Fig. 3(d)] that 
contains the ids of the selected cooperating nodes (4 and 6 in our 
example). The CL packet serves two purposes: 

It informs the sending cluster head (node  that      the cluster 1. 
has been formed; and 
It informs the potential recruits whether they have or have 2. 
not been chosen to cooperate.

Upon receiving the CL packet from node 5, node 2 sends a confirm 
(CF) packet to the nodes in its sending cluster (nodes 1 and 3) to 
synchronize their transmission of the data packet The CF packet 
contains the waiting-time-to-send and the transmission power 
level . The transmission power level is the total transmission power 
(a protocol-selectable parameter) divided by the number of the 
nodes in the sending cluster. In the case of our example, the value 
of is divided by 3 (nodes 1–3 are cooperating in sending). After the 
waiting-time-to-send expires, sending cluster nodes 1–3 send

VI. Protocol Robustness
We compute the failure probability that a packet does not reach 
the sink due to reception error(s) along the path. We then compare 
the failure probability of our joint transmission protocol to the 
failure probability using the CAN protocol, the disjoint-paths 
scheme, and the one-path scheme.

A. Joint Transmission Protocol
Let the nodes in the cluster be indexed from 0 to m-1. We denote 
the transmission pattern of nodes in a sending cluster by a binary 
representation bm-1…b1b0according to which node j transmits 
if bj=1 and does not transmit if bj=0. A node does not transmit 
when it receives a packet in error from the previous hop. We 
denote the reception pattern of nodes in a receiving cluster by 
a binary representation bm- 1…b1b0according to which node j 
correctly receives the packet if bj=1 and receives the packet in 
error if bj=0. For example, for m=4, the binary representation of 
1010 of the sending cluster and the binary representation of 0101 
of the receiving cluster means that nodes 1 and 3 in the sending 
cluster transmit the packet, while in the receiving cluster nodes 0 
and 2 correctly receive the packet and nodes 1 and 3 incorrectly 
receive the packet. Let gI I be the probability that nodes with binary 
representation I=Um-1…U1U0 transmit a packet of length L bits 
to nodes with binary representation J = bm-1…b1b0across a single 
hop, and let SNRj be the SNR of the received signal at node j.

B. Dis-Joint Path

C. One-Path Scheme

D. CAN
Let Xi=0 represent the event that a packet is not received at the 
hop along the non-joint path, while Xi=1 is the complementary 
event. Let Bh CAN be the probability of failure of a packet of 
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length L bits to reach the node at the hop

Where n=min (m, h). The first term in (5), the probability that a 
packet is not received at the hop given that the last nodes transmit 
with binary representation I = un-1…u1u0, can be computed by

Fig. 8:

Next we plot (2)–(5) for different values of the following 
parameters: path loss exponent, γ, the number of hops in a route, 
h, the transmission power measured at nominal distance, Pt , the 
number of joint nodes, m; and β. We assume that Pπ = 10-7mW, 
which corresponds to thermal noise across a 10-kΩ resistance 
in room temperature and a 1-MHz bandwidth. We also assume 
that d=20. The failure probability of our joint protocol (“CwR”) 
is plotted in solid lines, the CAN (“CAN”) failure probability 
is plotted in dotted lines, the disjoint-paths (“noC”) failure 
probability is plotted in dashed-dotted line. In Fig. 5, we plot the 
failure probability versus the transmission power Pt, for h = 3 and, 
h = 10 and for m = 3, γ= 3.0 and β = 3. The failure probability of 
our joint transmission protocol is lower compared to the two other 
protocols for both values of h. Note that the difference in the failure 
probability for the two cases h = 3 and, h = 10 is smaller for the 
two joint transmission protocols compared to the two non-joint 
schemes. The reason is that in the disjoint-paths and the one-path 
schemes, when a packet is lost on a path, the whole path becomes 
useless, and the number of copies of the packet gets smaller as
the number of hops increase. With joint transmission, when a 
packet is received in error at one receiver node, this decreases 
the receiving transmission power in the next hop and hence 
the success probability in the next hop. However, this does not 
necessarily decrease the number of propagating copies of the 
packet in the following hops. Once the number of copies increases 
in the current hop, the success probability increases in the next 
hop. This suggests that the performance of joint transmission is 
more scalable with the number of hops.

VII. Conclusion
In this paper, We proposed an energy-efficient joint protocol, and 
we analyzed the robustness of the protocol to data packet loss. 
When the nodes are placed on a grid and as compared to the 
disjoint-paths scheme, we showed that our joint protocol reduces 
the probability of failure to deliver a packet to destination by 
a factor of up to 100, depending on the values of considered 
parameters. Similarly, compared to the CAN protocol and to the 
one-path scheme, this reduction amounts to a factor of up to 10 000. 
Our study also analyzed the capacity upper bound of our protocol, 
showing improvement over the corresponding values of the other 
three protocols. The total energy consumption was analytically 
computed, illustrating substantial energy savings. For example, 
when nodes are positioned on a grid, the energy savings of our 
joint protocol over the CAN protocol is up to 80%. The size of 
the clusters, m should be relatively small, when the inter-cluster 
distance β is small, with the optimal value of m increasing with 
β. For scenarios that are not covered by our theoretical analysis, 
we used simulation to evaluate and compare the protocols. For 
random placement of nodes, the simulation results show that our 
joint transmission protocol saves up to 20% of energy compared 
to the CAN protocol and up to 40% of energy compared with 
the disjoint pat hs and the one-path scheme. Overall, the study 
demonstrates that the energy savings of our protocol, relative 
to the other schemes, do not substantially decrease even when 
the data packet loss approaches 50%. Our protocol also supports 
larger capacity and lower delay under high-load conditions, as 
compared to the CAN protocol, the one-path scheme, and the 
disjoint-paths scheme.
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