
 

  
Abstract—Self-configuring Ad hoc wireless network is 

characterized by dynamic topology and limited energy supply. 
Energy efficiency of the network is an important issue. In Cluster 
algorithm, nodes are separated into groups, with one clusterhead 
in each group. Data are collected by the clusterhead in each cluster 
and energy is saved by reducing re-transmission data. However, 
there are still some drawbacks to existing cluster schemes. In this 
paper, we propose a new protocol called TDMA Dynamic Cluster 
(TDC), which improves the existing cluster algorithm. In our 
design, clusterheads are set at the center of each cluster at any time. 
By limiting the transmission range of the clusterhead, we solve the 
problem of overlap. TDMA is applied to elect clusterheads in 
designated time slots to average out the power consumption of 
each node. Directional route and free collision schemes are 
designed to avoid duplicated transmission of data through multiple 
routes. By these ways, the lifespan of the whole network can be 
prolonged.  
 

Index Terms—Ad Hoc, Energy efficiency, TDMA Dynamic 
Cluster, Wireless. 
 

I. INTRODUCTION 

A. Ad Hoc Wireless Network 
D-HOC Wireless Network is a self-organizing multihop 
system of nodes without pre-existing infrastructure, and is 

characterized by dynamic topology and limited energy supply. 
The nodes can communicate with each other: each can act as a 
router to relay packets to its neighbors.  

Because the energy sources of the nodes used in the ad hoc 
wireless networks are limited and are usually un-rechargeable, 
more and more attention today is being paid to energy efficiency, 
especially in sensor networks. An energy efficient design will 
prolong the lifespan of the network. 

In this paper, we propose an energy efficient scheme based on 
a dynamic clustering protocol. 
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B. Cluster Protocol 
With a cluster protocol, the nodes in the ad hoc network are 

separated into groups called clusters. In each cluster, one node 
is elected as the clusterhead to act as a local controller, while the 
rest are normal nodes. The size of the cluster is determined by 
the transmission power of the clusterhead.  

As shown in Figure 1, the normal nodes in each cluster send 
data to their clusterhead. The clusterheads act as routers to form 
the backbone of the network. The collected data are then routed 
by these clusterheads to the data sink (which is also called base 
station) for further analysis. 

 
The cluster protocol has many advantages, such as the 

following [1, 2]:  
1) Within a cluster, all the normal nodes send their data to the 

clusterhead. The resulting absence of flooding protocol, 
multiple routes, or routing loops result in energy saving. 

2) The backbone network consists of the clusterheads only. 
Because there are far fewer clusterheads than the total 
number of nodes in the entire network. Routing with the 
backbone network is therefore simpler, and requires less 
storage of routing information and less overhead of the ad 
hoc network. 

3) The changes of nodes within a cluster affect only that 
cluster but not the entire backbone network, which will 
therefore be robust to these changes.  

Many cluster protocols have been proposed (Section 2) but 
there are some common drawbacks (Section 3). To overcome 
these drawbacks, a new design called TDC is proposed (Section 
4). Further improvements over TDC are possible (Section 5).  

 

II. RELATED WORK 
A lot of research about cluster route and power consumption 
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Fig. 1.  Cluster  Protocol. 



 

have been conducted in the field of Ad Hoc wireless networks. 
We summarize 17 of them and classified 10 into the following 
three categories: Cluster size optimization schemes, averaging 
power consumption schemes, CDMA and TDMA schemes. The 
remaining are other protocol schemes. 

A. Cluster size optimization schemes 
The size of the cluster is an important paramter. If the cluster 

size is decreased, the power consumption within each cluster is 
smaller. Yet the number of clusterheads will then be increased, 
so that the resulting backbone network formed by these 
clusterheads will become more complicated. A smaller number 
of clusterheads will form a simpler backbone network. Yet that 
would require larger cluster size, so that the RF power in each 
cluster becomes higher. There is then a tradeoff between the 
cluster size and the number of clusterheads. Several schemes 
have been proposed to achieve power efficiency by optimizing 
the cluster size [1-4]: 

The distributed randomized algorithm proposed by Lakshmi 
et. al. [3] uses star-shaped clusters and finds the minimum 
number of such clusters which have the maximum size. The 
clusterheads are autonomously elected by the nodes. 

Kai Liu et. al. [2] uses a mobile cluster algorithm and strategy 
to optimize the cluster size by overlapping clusters which can 
increase the maximum capacity of every node and the 
end-to-end throughput of the whole network.  

Imrich et. al. [1] propose to determine the optimal assignment 
of nodes to clusterheads, which maximize the network lifetime.. 
C.F. Chiasserini et. al. [4] also determine the optimal cluster 
size and optimal assignment of nodes to clusterheads to 
maximize the lifetime of the network. However, knowledge of 
the number and the location of the clusterheads are assumed. In 
addition, the nodes needs to know the complete topology of the 
network.  

B. Averaging power consumption schemes 
Because the CHs are transfering data they gather from the 

normal nodes, they will run out of energy faster than normal 
nodes and the clusters will then break down. To prolong the 
lifespan of the network, different schemes to rotate the CHs and 
to average the power consumption in the cluster (not in the 
whole network) have been proposed [5-8]. 

One may use a power aware routing protocol by Toh [5], 
which combine the two constraints of evenly distruting the 
power consumption, and minimizing the overall transmission 
power of each connection. Another way is to use a centralized 
routing protocol is to distribute the energy dissipation evenly 
among all nodes, as in Base-Station Controlled Dynamic 
Clustering Protocol (BCDCP) by Muruganathan [6]. 

The clusterheads may be rotated randomly to average the 
power consumption of each node, as in the Lower-Energy 
Adaptive Clustering Hierarchy (LEACH) is proposed by W. R. 
Heinzelman et al [7].  

In the re-clustering redirection scheme by Liu et al [8]. traffic 
loads are evenly distributed by selecting, at different cycles of 
time, a node with the highest energy as the clusterhead, which is 

also called a redirector.  power consumption is saved since the 
residual power in the nodes is maximized.  

The above schemes do save some energy. Yet some energy 
will also be wasted when the clusterheads are not located at the 
centers of the clusters. Each clusterhead will then need to take 
more power to cover the range of the whole cluster.  

C. CDMA and TDMA schemes 
CDMA and TDMA [9-10] technologies are also applied to 

cluster protocol to prolong the lifetime of the network. 
A. Hasan et al [9] adapt CDMA to save the energy of the ad 

hoc network. Power aware clustered TDMA (PACT) proposed 
by G. Pei and C. Chien [10] also prolongs the lifespan of the 
network by adapting the duty cycle to the user traffic. In other 
words, the radio is powered off if the network is inactive. 
Passive clustering is also applied to take advantage of the 
redundant dense topology and prolong the lifetime of the entire 
network. At a given time, only a subset of network nodes 
participate in the communication. The role of clusterheads and 
gateways is rotated according to their energy levels. The 
clustering requires no explicit control messages and therefore 
incurs negligible energy overhead. 

D. Other cluster schemes 
In the “passive clustering” schemes by Gerla et al [11], no 

periodic, background protocol dependent control packets or 
signals are required; thus, the overheads are reduced. Energy 
can be saved by reducing the data re-transmssion. Chang and 
Hsu [12] uses a dynamic routing group to communicate with 
other routing groups via the boundary mobile hosts as 
forwarding nodes. Passive clustering scheme is designed by T. J. 
Kwon and M. Gerla in [13] to reduce the redundant rebroadcast 
effect in flooding. 

Distributed Dynamic Routing (DDR) [14] is an alternative 
simple loop-free bandwidth-efficient distributed routing 
algorithm for mobile ad hoc networks, based on forest 
construction of mobile nodes. It combines two main notions: 
zone and forest. Zones are used in order to reduce the delay due 
to routing process and to reach high scalability. Forest gives an 
appropriate structure to the mobile ad hoc network that allows a 
better radio resource utilization. The non-overlapped zones are 
dynamically constructed in relation with the forest.  

Mieso K. Denko [15] adapts mobile agents for clustering in 
his research. Energy-aware topology management approach 
based on dynamic node priorities is proposed by in [16]. K-tree 
core [17] is a distance minizing structure. In this design, Sauabh 
et al propose a two-tier hierarchical routing scheme based on 
this core, while at the same time restricting flooding of control 
packets and utilizing the low overhead of on-demand 
algorithms. 

 

III. DRAWBACKS OF EXISTING CLUSTER PROTOCOLS  
A cluster algorithm consists of two phases: the set up and the 

maintenance. Any node can become a clusterhead if it has the 
necessary functionality, such as processing and transmission 
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Fig. 5.  No overlap cluster scheme. 

 
Fig. 2.  Overlap in Cluster scheme (1). 

 
Fig. 3. Overlap in Cluster scheme (2). 

power.   
Overlap is a problem of cluster scheme in ad hoc networks. It 

involves two types, as illustrated in Figure 2 and Figure 3. 
 

 

As shown in Figure 2, some nodes are included into more 
than one cluster; energy is wasted in re-transmitting data to 
more than one clusterheds the overlap nodes belong.  

The clusters organized by the ID number of nodes are shown 
in Figure 3. This design seems to show no overlap between any 
clusters. Yet the cluster is in fact not a cycle. The clusterhead 
will need to have a longer transmission range to cover the whole 
cluster and this power range will therefore cover some nodes in 
other clusters, as shown in Figure 4. Energy is again wasted.  

 
Another issue is that the power consumption of clusterheads 

is more than normal nodes. If the clusterheads run out of energy 
earlier, the clusters will be broken. 

We therefore consider the following three issues in our TDC 

deign:  
1) In each cluster, the clusterhead should be set at the center of 

the cluster at any time.  
2) Because the power consumption of the clusterhead is 

higher than normal nodes, we should rotate the ordinary 
nodes as clusterheads while still keeping the advantage of 
the first issue.  

3) There is only one route available from the source to the 
destination. Energy can be saved by reducing data 
re-transmission. 

Thus the energy efficiency of the whole network is improved 
to extend the lifetime of the network. 

 

IV. ENERGY-EFFICIENCT TDMA DYNAMIC CLUSTER 
PROTOCOL  

The TDMA Dynamic Cluster protocol combines the 
following schemes: No-overlap cluster schemes, TDMA 
Dynamic Cluster scheme, TDC Scheduling scheme, TDC 
Directional Route and Free Collision scheme.  

A. No overlap cluster scheme 
This scheme aims to solve the problem of overlap. 
Assume the nodes are evenly distributed in the network, with 

distance d of separation between them. The network selects the 
nodes with two nodes separating them to be clusterheads. 
Therefore, there are two nodes between neighboring 
clusterheads. In each cluster, the power range of the clusterhead 
is limited to d2 , which covers the whole cluster (here we 
neglect the size of the node.). The distance of two neighbouring 
clusterheads is 3d and there are 9 nodes in each cluster, as 
shown in Figure 5. 

From this scheme, we not only place the clusterheads at the 
centers of clusters, but also solve the issue of overlap. 

B. TDMA Dynamic Cluster Scheme 
To extend the life of the network, we should let all the nodes 

in each cluster to take turn to be the clusterhead to average the 
power consumption. Otherwise, the clusterhead will be out of 
power more quickly than the ordinary nodes, resulting in the 
disappearance of the cluster. We use TDMA technology in our 

 

 
Fig. 4. Power Wasted in cluster scheme. 



 

design. 
Figure 6 shows the first cycle of TDC design described 

above. 
 

 
 
Figure 7 shows the beginning of the second cycle at which a 

different node in the cluster will be set as the new clusterhead 
for the new period. In this figure, the number 1 (blue) nodes and 
number 2 (red) nodes are the 1st the 2nd period clusterheads, 
respectively. The range is kept as the same value as the first 
period. 

 

 
  
New clusterheads will be selected at the beginning of the 3rd 

period, as shown in Figure 8. The number 3 (green) nodes 
represent the clusterheads of 3rd period. 

 

 
Succeeding, new clusterheads will continue to be selected at 

the beginning of each period. Figure 9 shows one way of setting 

the nodes in a cycle as the clusterhead in the cluster. 

 
 

C. TDC Scheduling Algorithm 
There are 9 nodes in each cluster; a node can only serve as 

clusterhead during the designated time slot. 
Our scheduling algorithm is described in Figure 10. Each 

frame contains the ID of the node (A), information of the 
residual energy (B), and the timeslots (1-9). 
 

 
D. TDC Directional Route and Free Collision Schemes 
These schemes aim at saving energy by avoiding multiple 

transmissions of the data.  
We set the ID number of the nodes according to their distance 

to the base station, as shown in Figure 11. The ID number of a 
node increases with its distance from the base station. A node 
farther further away from the base station will have a higher ID 
number than a nearer node. 
 

 
The clusterhead has two transmission ranges: one range is 
d2 , the other is 3d. The first range is to collect the data from 

 
Fig. 7. Second Period of TDMA Dynamic Cluster. 

 
 
Fig. 11.  ID Scheme in TDC.  

Fig. 8. Third period of TDMA Dynamic Cluster. 

 
Fig. 6. First Period of TDMA Dynamic Cluster. 
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Fig. 10. One Cycle of TDMA Cluster.  

 
 

Fig. 9. Cycles of the whole cluster. 



 

normal nodes within its cluster. The second range is to send or 
transfer to the next hop (clusterhead) data it has collected from 
normal nodes or received from other clusterheads.  

Collision will happen owing to multiple routes. From Figure 
12, we find that, clusterhead 1 has two routes to transfer the data: 
it can send data towards the base station either to clusterhead 2 
or to clusterhead 3. If both happen, some energy will be wasted 
by multiple transmissions of data. 

 

 
In order to avoid multiple routes in this scheme, only the 

clusterheads with lower ID can receive the data. In our free 
collision scheme, the clusterhead with higher residual energy 
has the privilege to receive the data from cluster 1. Thus there is 
only one route for clusterhead 1 and no data are multiply 
transmitted. Energy is saved. 
 

V. FUTURE IMPROVEMENT OF TDMA DYNAMIC CLUSTER 
In our design, we assume the distribution of nodes in the 

network is uniform. The problem arises when different 
clusterheads have different power consumptions according to 
their distance to the base station.  

The clusterheads form the backbone of the whole network. 
They have three important functions: generating data, collecting 
data from normal nodes, and transferring data to the next hop, as 
shown in Figure 13. 

 

 
From the figure we see that the nearer the clusterhead is to the 

base station, the more data it should send or transfer. Since 
power consumption is related to the amount of data it sends, 
more data means more energy consumption. Thus the power 
consumption of clusterheads varies according to their distance 
to the base station. If the clusterheads in some areas are out of 

power earlier than others, the whole network will still lose its 
connectivity because of the RF limitation of clusterheads. 

We should consider this question to improve our design. 
 

VI. CONCLUSION AND FUTURE WORK 
We have proposed a new cluster protocol of ad hoc wireless 

networks, named TMDA Dynamic Cluster (TDC). This 
protocol aims to save energy through a combination of cluster 
and TDMA technologies. 

This design improves the existing cluster protocol. In this 
scheme, nodes are distributed uniformly in the network. At any 
time, each clusterhead is set at the center of its cluster and there 
are no overlaps of clusters. Within a cluster, each node becomes 
the clusterhead by taking turns with a TDMA scheduling 
scheme to average the power consumption. Each clusterhead 
has a unique route to transfer data to the base station, thus 
avoiding re-transmitted of data through multiple routes. Energy 
is saved. 

We also analyze some existing problems in our design. 
Future work will try to solve these issues, complete simulation 
and implement this scheme to other classic protocols.  
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