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Abstract 

Energy efficiency in wireless sensor networks (WSNs) is one significant factor that needs to be considered 
when making any designs or doing any enhancements on the communication protocol stack. In WSNs using 
traditional geographic routing, when a sensor node receives a data packet that needs to be transmitted to the sink, it 
will forward the packet to the neighbor node which is closest to the sink. The traditional geographic routing 
assumes that the link quality is always 100%. This may cause a bad result as per which we waste too many energy 
for retransmissions between the two nodes. Thus, the problem here is how to select such node as forwarder at most 
efficiently in the aspect of both energy consumption and the distance toward the destination. The better node we 
choose, the more energy we can conserve for the whole network. In this paper, we propose a next-hop forwarding 
selection metric, called Energy Consumption for Transmission (ECT), which can resolve the above problem in the 
best way. 

 

1. Introduction 

Wireless sensor network is formed by a large number of 
sensor nodes and this is often deployed in inaccessible or 
hostile environments, for instance, dense jungles, battlefields, 
and inside phenomenon. Sensor nodes in such networks often 
operate under low-power and even non-rechargeable 
batteries. Due to these issues, the energy efficiency is a very 
important factor in WSNs. However, in geographic routing, 
when forwarding a data packet to the sink, the transmitter 
choose  the next-hop forwarder only based on the distance 
between the forwarder and the sink regardless the link 
quality between it and the forwarder. This may lead to 
wasting too much energy in case the link quality is really low. 

To improve this data forwarding scheme, in this paper, we 
propose a novel energy-efficient data forwarding scheme to 
minimize the energy consumption in data transmission.  
This is in fact a local metric used for next-hop forwarder 
selection, called Energy Consumption for Transmission 
(ECT). This metric is based on a unit distance called 
expected progress and reflects how much energy consumed 
to transmit the data packet towards the destination node and 
how successfully the data packet can be delivered by 
forwarding it to a selected neighbor. 

 
 

2. Related work 

Zamalloa et al. studied the distance-hop trade-off for 
geometric routing in wireless sensor networks [1]. They 
showed that the product of the packet reception rate (PRR) 
and the distance to the destination (PRRxDistance) is an 
optimal metric to select a next hop forwarder.  

In [2], the authors introduced the concept of expected 
transmission count metric (ETX) that finds high-throughput 
paths on multi-hop wireless networks. However, this is just a 
concept model; thus, it is only used for reference and 
evaluating our proposed scheme. 

 
3. Assumptions 

In this paper, mathematical analysis is carried out based 
on some below assumptions 
• Wireless links between nodes are bidirectional and the 

link qualities of the two directions are completely 
different 

• Nodes know their location, one-hop neighbor location, 
and the position of the final destination and the link 
qualities between them to each of their neighbors. The 
link quality is characterized by the packet reception 
rate (PRR) 
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4. Energy Consumption for Transmission Metric 

In [1], the authors improved the geographic routing 
mechanism by considering the link quality (PRR) between 
two nodes joining in the data transmission. However, they 
did not pay much attention on the fact that in real, the quality 
of outgoing link and incoming link are different in most 
cases. 

As per the IEEE 802.15.4 standard, we have a two-way 
communication when one node wants to send a data frame to 
another one. The transmitter sends a data frame to the 
receiver and the receiver replies with an ACK message. Thus, 
we assume that the outgoing link is the link for sending out a 
data frame, and the incoming link is the link for receiving an 
ACK message. 

To improve the scheme in [1], we suggest a new metric, 
based on which a sensor node can find the next-hop 
forwarder that simultaneously satisfies two conditions (i) it is 
closest to the destination and (ii) the link quality between the 
current node and it is good enough for data transmission. By 
using the PRR values, for both data packet and ACK message 
transmissions, one node calculates this metric for all their 
neighboring nodes. Then, it will choose the node with the 
smallest value of ECT as the next-hop forwarder. 
4.1. Notations 
• dcur-dst: Distance between the current node and the 

destination node 
• dnbr-dst: Distance between the neighboring node and the 

destination node 
• PRRout: PRR of outgoing link for sending out a data 

packet 
• PRRin: PRR of incoming link for receiving an ACK 

message 
• ARQ: Maximum number of data retransmissions 
• Kout: Number of data packet retransmissions up to the 

first success 
• Kin: Number of ACK message retransmissions up to 

the first success 
• PARQ: Probability of successfully sending a data packet 

after ARQ attempts 
• edata: Amount of energy consumed for transmitting a 

data packet 
• eACK: Amount of energy consumed for transmitting an 

ACK message 
• etotal: Total amount of energy consumed during one-

hop data transmission session 
4.2. Probabilistic Analyses 

We assume that Kout is a geometric random variable with 
parameter PRRout. It means Kout depends on the link quality 
between two sensor nodes, and it follows Geometric random 
distribution as well. Therefore, with a given PRRout, the 
probability for Kout having value k is measured by 

1  
As per definition above, we have the maximum number of 

data retransmission is ARQ, i.e., the maximum value of Kout 
is ARQ. Thus, the probability, PARQ, is derived as follows: 

1 1  
For the random variable Kout, based on the theory of 

probability, we have the expected value of Kout is given by: 
1

 

Similarly, we have the expected value of Kin is given by: 
1

 

4.3. ECT Metric 
The novel local metric, Energy Consumption for 

Transmission (ECT), used for the next-hop forwarder 
selection considers two factors; one is the probability that the 
transmitter sends a data packet successfully after the 
maximum number of retransmissions and another is the 
average energy consumption per a unit expected progress. 
The target we want to achieve here is the highest value of the 
probability and the lowest value of the total energy used for 
transmitting a data packet from the current node to the 
forwarder. 

 
The average energy consumption, AEC, is defined by: 

 

where the total energy consumption, etotal, is calculated by: 
 

Then, the ECT metric is derived as follows: 
1

1 1  

 
5. Conclusion 

In this paper, we introduced a novel local metric, Energy 
Consumption for Transmission (ECT), which reflects how 
much energy consumed to transmit a data packet towards the 
destination and how successfully the data packet can be 
delivered by forwarding it to a selected neighbor. Through 
theory of probabilistic mathematic, we proved that our 
proposed metric can be applied to reduce the retransmission 
energy. Thus, it can have energy efficiency increased in the 
whole network, i.e., the network lifetime is increased. 
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