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Abstract. As a new technique, one characteristic of wireless sensor networks
(WSNs) is their limited system lifetime. Therefore, it is more important to save
energy and proportion energy consumption. This paper presents a weight-
directed based multi-hop routing algorithm for WSNs. This algorithm can trans-
fer data quickly to goal sensor node using the directional information and
RWVs (route weight value) of sensor nodes as well as balance energy con-
sumption of all sensor nodes. Detailed simulations of sensor network environ-
ments indicate that this algorithm improves energy efficiency and proportions
energy consumption of all sensor nodes to extend network system lifetime, and
routes data quickly in comparison to the flooding algorithm.

1 Introduction

Recent advances in micro-electro-mechanical systems (MEMS) technology, wireless
communications, and digital electronics have enabled the development of wireless
sensor networks (WSNs) consisting of a large number of low-cost, low-power, multi-
functional sensor nodes which are small in size and communicate untethered in short
distances. As a new technique of implementing ubiquitous computing [1][2], WSNs
can be used in many aspects in the coming future, such as military battlefield surveil-
lance, patient health monitoring [3], bio-environment monitoring [4] and industrial
process control. Since the sensor nodes are often inaccessible in most applications and
supported by battery, the lifetime of a wireless sensor network depends on the lifetime
of the power resources of the sensor nodes. Hence, WSNs have one characteristic
different from traditional Ad Hoc networks, i.e. their system lifetime is limited.

The characteristic of limited lifetime indicates that energy is a very scarce resource
for the sensor systems and requires a new sensor network with low energy consump-
tion in order to extend the lifetime of the sensors for the duration of a particular mis-
sion. Since the main goal in designing conventional Ad hoc networks is providing high
quality of service, conventional wireless network protocols for Ad Hoc networks are
not well suitable for WSNs. Furthermore, requirements of designing routing algorithm
for WSNs is different from those for traditional Ad Hoc networks, i.e. it needs more
energy savings. Therefore, it is significant to study new routing algorithms for WSNs.
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As multi-hop routing shortens communication distance, short transmission range
will reduce packet collisions, enable channel reuse in different regions of a wireless
sensor network, lower energy consumption of sensor nodes, and prolong the lifetime
of sensor nodes. Hence, multi-hop routing idea is suitable for WSNs. Existing multi-
hop routing algorithms, such as flooding, gossiping [7] and directed diffusion [5][6],
have several advantages and disadvantages. Flooding can perform simply, route data
quickly, and it does not require costly topology maintenance and complex route dis-
covery algorithms. However, when it broadcasts packets to its neighbors, implosion
problem will be generated, and a large number of data flow and subsequently channel
congestion, and communication overheads may happen. Therefore, its energy-
efficiency is wondrously low. A derivation of flooding is gossiping [7] in which
nodes do not broadcast but send the incoming packets to a randomly selected
neighbor. Although the implosion phenomenon can be avoided by the copy of a mes-
sage at any sensor node, it takes long time to propagate the message to goal sensor
node (sink node) because it does not use the directional information to route data
quickly to objective node. Directed diffusion [5][6] is a data-centric and application-
aware routing protocol. All sensor nodes in the directed diffusion-based network are
application-aware, which enables diffusion to achieve energy savings by selecting
empirically good paths and by caching and processing data in the network. The direc-
tional information is utilized in this paradigm, and this protocol is mainly used in the
observer-initiated application model [8]. However, it is necessary to design a routing
algorithm in the continuous application model [8]. Therefore, this paper proposes a
new multi-hop routing algorithm (WDM algorithm, Weight-Directed based Multi-hop
routing algorithm) to meet the requirements of the continuous application model [8].
This approach can transfer data quickly to goal sensor node, i.e. sink node (See Fig.
1), using the directional information and RWVs of sensor nodes (RWV definition
shown in Equation (2)), and balance energy consumption of all sensor nodes.

The remainder of this paper is organized as follows: The details of WDM algo-
rithm are given in section 2. The simulation results of analyses are illustrated in sec-
tion 3. Finally, conclusions are made and some suggestions for future work are pro-
posed.

2 WDM Algorithm

WSN is presented as undirected graph G = (V, E), where V is the set of all sensor
nodes, i.e. V={V,V,,...V,}, N={1,2,..,n}, and E is the set of edges in the network
defined as follows:

. L 1
E:{(Vi,Vj)Id(Vi,Vj)SRO,Vl.,VjeV,t,]eN,zij} (D

Where d (V;, V)) is the distance between the neighbor nodes V; and Vj, Ry is de-
scribed as one-hop transmission range.
A number of definitions related to Equation (1) are given as follows:

(1) Vi.hopy, is the minimal hops from sensor node V; to sink node, V;€ V.
(2) V;.UP_Node is the neighbor node of V; whose hop,,;, value is equal to V;.hop,,—
1. A set composed of these nodes is named as V;.UpNodeSet.
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(3) V;.Par_Node is the neighbor node of V; whose hop,, value is equal to V;.hop,.
A set made up of these nodes is marked as V;.ParNodeSet.

(4) Vi.Down_Node is the neighbor node of V; whose hop,;, value is equal to
Vi.hopmint1. A set composed of these nodes is named as V;.DownNodeSet.

(5) V;.NBNodeSet is the union set of the above three sets.

(6) After system initialization, sink node first broadcasts route query packet to all
sensor nodes. Then, each sensor node can gain route information, compute its
hopin value, and save its each neighbor node’s hop,,;, and residual energy value
E, in its cache.

In the case of invariable topology, once a source senor node V; senses a data
packet of a particular mission, if a sensor node V; have gained the message and
V.hopni, value from node Vj, it will first compute route weight value (RWV) of
its each neighbor nodes when choosing next hop node, which is defined as
follows:

2

V.RWV (V,)= (Vs 10Dy, j V..E,

Vihop, ) Vi.E,

Where « is the effect factor of route direction, V;€ V, V€ V;.NBNodeSet, V\.E,
is the initial energy value of Vy. If each sensor node’s initial energy is assumed as
same value, V.E is abbreviated as E,.

Then, V; selects the neighbor node V, whose RWV is maximal, and also send the
message and V.hop,,, value to node V. Subsequently, Vy chooses the next hop node
and transfers the packet to it until the message is sent to sink node.

When V; node has sent data packet to the node Vi, V; updates the remainder energy
of its neighbor Vy. Specific computational approach is defined as follows:

V.E =V_.E -V_E, -V, E, 3)

Where Vk.E; is the new residual energy value of node Vy; V| .E is the old resid-
ual energy value of node Vi; V,.E, is the energy consumption value when node Vi

receiving one data packet; V.E, is the energy consumption value when node Vi

transferring one data packet.
At the same time, Vy also modifies the residual energy value of its neighbor V.
The estimate method is described as follows:

V.E,=V.E,~V,E,~V.E,~V,.E, @

Where V..E_ is the energy consumption value of node V; computing and selecting

next hop node; the meanings of V,Er ,V.E ,V.E, ,and V.E _ are the same as

roe i ex?

above.
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3 Performance Evaluation

3.1 Simulation Environment and Testing Criterion

A square region of 100X 100m” has been generated and 160 sensor nodes are placed
in the network randomly (See Fig. 1). All nodes start with an initial energy of 10J.
The details of the sensor node’s energy consumption model are shown in [9][10][11].
Data packet size is 525bytes, « is equal to 1, the maximum distance of one hop is
15m. It is assumed that a random node can sense one data packet of a particular mis-
sion at intervals of 1ms, and each message is finally routed to sink node.
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Fig. 1. Sensor nodes scattered in a wireless sensor network (sink node (100,50))

In order to analyze WDM algorithm performance, flooding algorithm is utilized to
compare with WDM algorithm, and the following performance metrics are used:

(A) Average hops per data packet routed from source node to sink node (AHPD): this
metric shows time delay of routing data and reflects whether it takes long time of
algorithm to transfer data to sink node. A method of computing the metric is shown as
follows:

' )
.[o Data _hops(x)dx

AHPD = =
J-o Data _num (x)dx

Where Data_hops(t) is a linear function of hops with respect to time variable t;
Data_num(t) is a linear function of data packet number about time variable t.
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Fig. 2. Comparison of time delay of routing data between WDM and Flooding
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Fig. 3. Comparison of evenness of energy dissipated between WDM and Flooding

(B) Network energy quadratic mean deviation (EQMD): this metric indicates even-
ness of network energy dissipated of sensor nodes. A method of calculating this met-
ric is listed as follows:

EOMD = \/z(zvi.Er/Aﬂ_mdes_Nmn—vj E, ) ©

joi
Where All_nodes_Num is the total number of sensor nodes in the network; V;.E, is
defined as residual energy value of one sensor node at the time.

(C) Average energy dissipated per data packet routed from source node to sink node
(AEPD): this metric reflects energy costs of transferring data packets to sink node and
shows energy-efficiency of algorithm. Combined with metric (B), it indicates the
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ability of algorithm extending system lifetime. A means of computing this metric is
shown as follows:

> Vi.Eg= D Vi.E, (1) )

t
IOData _num(x)dx

AEPD =

Where V,.E\(t) is the remainder energy value of node V; at one time t; the defini-
tions of Vi.Ey and Data_num(t) are listed as above.
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Fig. 4. Comparison of energy-efficiency between WDM and Flooding

3.2 Result Discussion

Firstly, in order to test time delay of routing data packets, simulation is performed
with metric (A) and the results are shown in Fig. 2. It is found that the WDM algo-
rithm can also transfer data quickly to sink node though it is slightly slower than the
flooding algorithm because the latter is the quickest among all multi-hop routing
algorithms for sensor networks.

Then, the evenness of dissipated network energy is also conducted with metric (B),
as listed in Fig. 3. It is shown that two algorithms have the ability to balance energy
consumption of all sensor nodes and the WDM algorithm is the better one.

Finally, comparison is made between WDM algorithm and flooding algorithm with
metric (C) to test energy efficiency, and the results are shown in Fig. 4. It is found
that the flooding algorithm does pay much more energy costs to route one data packet
and the WDM algorithm can gain better energy efficiency at all time. The average
energy costs transferring one packet of the flooding algorithm is about 28.2 times of
the WDM algorithm.

Hence, the results of the analyses above indicate that the WDM algorithm can gain
quick data transmission, better evenness of dissipated network energy and energy
efficiency to effectively extend network lifetime.
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4 Conclusions

In this paper, advantages and deficiencies of existing multi-hop routing algorithms are
first analyzed. The WDM algorithm, an energy-efficient weight-directed based multi-
hop algorithm, is proposed and described. The results of a series of simulations of
sensor network environments indicate that the WDM algorithm can have the ability to
transfer data quickly, balance network energy consumption of all sensor nodes, im-
prove energy efficiency, and accordingly extend system lifetime. This algorithm is
well suitable for the continuous model of static distributed WSNs. In the future topo-
logical transformation for several nodes death will be conducted so as to improve the
algorithm to suit for dynamic distributed WSNs.
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