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Abstract—An intermittent transmission control in the MAC
layer protocol is very important for managing the energy con-
sumption of wireless sensor networks. This research focuses on an
intermittent receiver-driven data transmission (IRDT) protocol
in which communication starts when multiple receiver nodes
transmit their own IDs intermittently and a sender node receives
them. This method aims at prolonging network life time under
the conditions that data-generating frequency is comparatively
small. In this paper, we clarify the performance characteristics
of this method by comparing it with the low power listing (LPL)
method, which is a sender-driven protocol. By simulation, we
show that IRDT can result in a higher reduction of energy
consumption than LPL, especially at small loads. We also propose
an improved IRDT scheme. While all nodes have equal and
constant intermittent intervals in the original IRDT, the improved
IRDT changes each node’s intermittent intervals adaptively. This
achieves more than 98% packet collection ratio and 50% lower
power consumption than adaptive LPL, which also sets the
intermittent interval adaptively.

I. INTRODUCTION

Some important technical problems still need to be solved
in wireless sensor networks, one of which is saving energy
in sensor nodes with limited battery life. There are various
approaches for saving energy, for example, miniaturizing sen-
sor nodes, MAC with sleep control, multi-hop routing, etc.[1-
4]. In this paper, we use one of the MAC layer approach
i.e., intermittent operation. Because sleeping nodes consume
significantly less energy than idling nodes, sensor nodes should
enter the sleep state when they are not sending or receiving
data so as to reduce energy consumption. However, in such
case, nodes must control the time they wake up in order to
communicate with each other.

Control methods for intermittent operation are classified
into two types: synchronous [3] and asynchronous [5, 6]
type. A synchronous method uses a beacon to maintain
synchronization of intermittent operations. The advantage of
synchronization is there is less delay between a sensor node
waking up and sending data, and the disadvantage is that
sending a beacon regularly consumes power and causes in-
terference. An asynchronous method is either sender-driven

or receiver-driven, depending on which node initiates commu-
nication, the data sender or receiver. Regardless, nodes can
start communication at any given point in time, but packet
collisions must be controlled. Furthermore, in an asynchronous
intermittent operation, the sender node waits in an idle state
until the receiver node awakens. For these reasons, in terms
of reducing energy consumption, the synchronous method
is advantageous in a periodic data collecting system with
comparatively high data-generating frequency. Meanwhile, the
asynchronous type is superior in a system where packets are
less frequently generated according to arbitrary timings. We
target an application that needs high packet collection ratio
and operates for about several years without the necessity
of replacing the battery in a situation where data-generating
frequency is comparatively small. Hence, in a case where
sensor nodes with intermittent operation construct an ad-hoc
network, the asynchronous method suits our application best.

The low power listening (LPL) protocol is a sender-driven
asynchronous type of ad-hoc network system [6]. The inter-
mittent operation of LPL is shown in Fig. 1(a). Receivable
nodes 1 and 2 intermittently enter the ‘listen’ state and check
the channel condition. If the channel is idle, they return to
the ‘sleep’ state, and if busy, they change their own ‘listen’
state to the ‘receive wait’ state. After receiving data packets
intended for them, they return acknowledge packets. When
node 3 wants to send data to node 1, first, in order to make
the channel busy, node 3 continuously sends preamble packets
for a longer time than the intermittent interval (Fig. 1(a)). Next,
after sending preamble packets, node 3 sends a data packet.
There are many restrictions in LPL, i.e., each sender node
occupies the channel during the fixed time by transmitting
preamble packets, and each sender node has only a specific
node with which communication is possible.

To lift the restrictions of LPL, we proposed the intermittent
receiver-driven data transmission (IRDT) protocol in our pre-
vious work [7]. This protocol is for an actual product under
development. By implementing IRDT, we are developing a
meter reading system which can be operated with a battery for
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Fig. 1. Asynchronous intermittent transmission methods

a long period of time. In IRDT, a receiver-driven asynchronous
system, receivable nodes send their own IDs to inform other
nodes that they are ready to receive packets (Fig. 1(b)). A
sender node waits for receiver IDs and when it gets an ID from
an appropriate receiver, it establishes a link with the receiver
and sends a data packet. Unlike in LPL, there is no occupancy
of the channel in IRDT. Moreover, a sender node can select a
receiver from one or more communication candidates, which
improves reliability and reduces the active time sender side
waiting for an appropriate receiver to wake up.

The performance characteristics of IRDT have not been
clearly clarified yet. In this paper we compare the performance
of IRDT and LPL by computer simulation. In particular, the
long term operation of IRDT is examined by comparing power
consumption under conditions of low data incidence. We also
propose an improved IRDT and evaluate its performance.
Improved IRDT dynamically sets the intermittent intervals to
avoid performance degradation of the original IRDT.

II. OUTLINE OF IRDT

A. Intermittent Operation

Each node operating with IRDT sends its own ID inter-
mittently in the network (Fig. 1(b)). Soon after sending the
ID, its state becomes ‘receive wait’, and a little after that, it
makes a transition to ‘sleep’ state. The sender node waits for
the receiver node’s ID in the ‘receive wait’ state and when
the sender node gets an ID from an appropriate receiver, the
sender returns a send request (SREQ) packet. After getting
an acknowledge packet for the SREQ (RACK), the sender
transmits a data packet and finishes communication following
receipt of an acknowledge packet for the data (DACK).

Intermittent operation of node 1 and 2 is shown in Fig. 1(b).
Node 3 is the sender and checks the ID from node 2 and
ignores it because node 2 is an inappropriate receiver for
node 3: node 3 accepts node 1 as an appropriate receiver.
Then, the appropriate or inappropriate receiver is determined
by the routing protocol (Section II-B). The sender node
has one or more communication candidates, which improves
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Fig. 2. Classification of neighbor nodes at node 3

communication reliability and reduces the sender’s active time
waiting for receivers to wake up.

B. Routing Protocol

The routing algorithm of IRDT is based on multi-hop
routing, so each node conducts the relay processing of the
packet. For reasons of energy consumption, minimum hop
routing is preferable, but in some situations nodes cannot do
so due to bad radio wave conditions or failure in certain nodes.
Therefore, for higher flexibility, IRDT’s routing algorithm con-
siders alternative paths to the minimum hop route. All nodes
have a configuration table managing topology information.
They update their own tables by periodically interchanging
topology information packets and they use their own tables
to determine the number of hops from the sink node to
themselves. If the minimum number of hops from one node
to the sink node is denoted as H , the number of hops of its
neighbor nodes is H − 1, H , or H + 1 and we call them the
forward-node, sideward-node, or backward-node, respectively.
For example, in Fig 2, node 3’s neighbors are classified.

For minimum hop routing, the sender node prefers to select
forward-nodes as receivers. When the sender gets a forward-
node’s ID, it returns a SREQ packet. We define communication
failure as a situation in which the sender cannot get a RACK
and DACK from the receiver. Sideward-nodes are selected
when communication failures have occurred with all forward-
nodes, and backward-nodes are selected if the same situation
occurs for all sideward-nodes. All data packets have a time
to live (TTL) field to avoid heavy repetitions of data relay.
For each relay of a data packet, TTL is decremented by one
and when TTL is 0 then the data packet is discarded. Any
node will not select a sideward-node or a backward-node if
this results in data packet loss due to the TTL mechanism.

C. Problem and Resolution of IRDT

The problem with IRDT is the collision of a SREQ packet
with another SREQ packet. As described in Section II-B,
the sender node returns a SREQ packet when an ID from a
forward-node arrives. Thus, if the forward-node for more than
one sender node sends an ID, the sender nodes simultaneously
receive the IDs and return SREQs, so multi-SREQs collide
with each other. In this case, because the sink node is the
only forward-node for its neighbor nodes, the SREQ collision
repeats. Because all nodes have a timer that is scheduled for
discarding data, the repeated SREQ collisions will eventually
stop. That timer is set to Td, so the sender is in an idle
state during Td, which leads to large power consumption. We
resolve this problem by changing the intermittent interval and
randomly disregarding the forward-node.
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SREQ collisions are caused by two factors. One factor is the
disagreement between the transmission capacity and the load
of a node. The maximum number of packets that each node
can receive per unit time corresponds to the number of IDs
each node sends per unit time. Therefore, as the intermittent
interval of a node decreases, the amount of data that a node
can receive increases. When the load surpasses the node’s
processing performance, multi-SREQs are sent and collide.
Accordingly, each node dynamically and adaptively sets its ID
transmission interval. Nodes determine that their loads are high
when they wait for SREQ and collisions are detected. Then,
they set their own intermittent intervals to Tmin. If a SREQ
collision is not detected, the nodes gradually increase their
intervals to Tmax to reduce the duty cycle (Fig. 3). Tmax and
Tmin require careful configuration. A longer Tmax decreases
the node’s own duty cycle, but increases its neighbors’ idling
time waiting for an ID, and a shorter Tmin improves transfer
performance, but obstructs the communication of other nodes.

The other factor is the priority of forward-nodes for the
receiver. Therefore, if more than one node wants to send
data to the same receiver, whenever the receiver transmits
an ID, a SREQ collision occurs. At a node that is the only
forward-node for many sender nodes, such as the sink node,
the SREQ collision repeatedly occurs. To solve this problem,
it is necessary that nodes ignore the ID of their forward-nodes
randomly. Therefore, only when all transmissions to forward-
nodes have failed, IDs from the forward-node are ignored in
Preject because constant avoiding of the forward-node leads
to an increase of a receiver node’s own idling time and the
number of data relays. This additional process cannot prevent
the first collision, but once a collision occurs, each sender node
autonomously avoids continuous collisions.

III. SIMULATION RESULTS

In this section, we evaluate and compare the performance
of IRDT and LPL using computer simulation. In IRDT, the
number of communication candidates for each node would
influence their performance. Here we use the topology in
Fig. 4 where many nodes generally have several forward-nodes
distributed within the observation area and the communication
range of nodes is 100 m. In this topology, the sink node is in
the bottom-left corner (represented by square) and other the 49
nodes (represented by circles, triangles, and diamond shapes)
transmit the packets to the sink node randomly in accordance
with the provided frequency. In Fig. 4, the 49 nodes are 1 to 8
hops away from the sink node and the same shape and color
means the same number of hops. In detail, the average number
of forward-nodes of each node is 2.74. When modeling the
network, we used the following assumptions.

4
0

0
 
m

400 m

100 m

sink node

Fig. 4. Network model

TABLE I
PARAMETER SETTINGS

Parameter Value
Td Intermittent interval×5
Rlimit H + 3
Sending current 20 mA
Waiting current 25 mA
Sleeping current 0 mA
Packet size 128 byte
Transmission speed 100 kbps

• The network topology must not change during the sim-
ulation, i.e., each node does not exchange and update
topology information, as mentioned in the previous sec-
tion, and each node uses the configuration table that is
determined before the start of the simulation.

• Each node conducts CSMA/CA to avoid collisions with
other packets. Moreover, the strength of the radio signals
does not decay, and unless packet collisions occur, a
transmitted packet is assumed to be received by the nodes
within the provided communication range.

• When collisions with other packets occur while a packet
is being received, the packet is always discarded.

In our simulations, we investigated the packet collection
ratio and the power consumption of each node when the pa-
rameters are set as shown in Table I and the packet generation
rate (the number of data packet generated at each node per
1 s) is changed. Simulation time is 6 hours in all results. We
define the packet collection ratio as the value of the number of
packets received at the sink node divided by the number of all
generated packets. We use the word ‘performance’ to indicate
the packet collection ratio and the power consumption. The
routing algorithm of IRDT is described in Section II-B, and
the Rlimit is the TTL. We assume a low packet generation
rate and few collisions, meaning that relays to forward-nodes
are mainly selected; hence, TTL is set to H + 3 (H is the
number of hops from the sink node) because extra relays
increase power consumption. Td (explained in Section II-C)
is five times larger than an intermittent interval, so each node
can get at least five times an ID from a forward-node from the
start to end of the timer. LPL’s routing algorithm is the same
as that in Ref. [6], although because of the above-mentioned
modeling assumption, each node would select only one of the
forward-nodes that has the most remaining energy.

A. Basic Performance

The performance of both methods is examined for the
topology shown in Fig. 4. For investigating the basic per-
formance, the intermittent interval of all nodes is equally set
to a constant value. Shorter intermittent intervals are already
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known to be important for improving the performance in
IRDT from our previous research, but extremely shortened
intervals cause frequent transmission of IDs, which seems
to obstruct other communication. Therefore, we examine the
basic performances when an intermittent interval is set to 0.1
or 1 s and clarify the performance characteristics of IRDT by
comparing them with those of LPL.

1) Packet Collection Ratio: The collection ratio of both
methods is shown in Fig. 5. In case that the intermittent
interval is set to 1 s, IRDT can attain a comparatively high col-
lection ratio in the situation where a packet generation rate is
low, but cannot attain even 40% collection ratio at comparative
high packet generation rate. In contrast, when the intermittent
interval is 0.1 s, IRDT can always obtain about 80% collection
ratio. Note that the collection ratio in IRDT is suppressed
to only 82% even at a low packet generation ratio because
highly frequent ID transmissions obstruct the communication
of other nodes. In LPL, however, the collection ratio is lower
than that of IRDT at 1 s because a long intermittent interval
needs a long preamble, which obstructs other communication.
However, the collection ratio at 0.1 s is better than that of
IRDT. In LPL, each node intermittently enters the ‘listen’ state,
so a short interval does not obstruct communication like in
IRDT. Therefore, LPL can make intermittent intervals much
shorter and obtain a much higher collection ratio.

2) Energy Consumption: We examine the energy consump-
tion characteristics of the highest loaded nodes and the average
energy consumption between all nodes (Fig. 6). In a compar-
ison of IRDT with LPL at a low packet generation rate when
the intermittent interval is 1 s, IRDT’s power consumption is
about the quarter of that of LPL due to IRDT being able to
have more than one receiver.

In IRDT, more energy is consumed when sender nodes wait
for receiver IDs, so the sink node consumes less energy than
the other nodes do. In contrast, the neighbor nodes of the sink
node consume large power because SREQ collisions occur
more frequently at the sink node, which lengthen the time in
the ‘receive wait’ (Fig. 6(a)). Thus, the energy consumption
of the sink-neighbor nodes (IRDT (max)) grows rapidly in ac-
cordance with the increase of the packet generation rate when
the intermittent interval is 1 s. Similarly, power consumption
increases at the node whose receivers have frequent collisions
of SREQ. Therefore, to reduce energy consumption in IRDT,
preventing SREQ collisions is very important.

In LPL, the procedures for the collision avoidance apart
from CSMA/CA are not used. So, a short intermittent interval
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Fig. 6. Energy consumption

is necessary to improve the collection ratio, but this lengthens
the duty cycle. In IRDT, a longer interval is achieved at
a low packet generation rate since nodes can use multiple
paths. In contrast, when a packet generation rate is high, the
packet collection ratio and the energy consumption in LPL are
superior to those of IRDT due to SREQ collisions.

When intermittent interval is 0.1 s, the energy consumptions
of both methods increase linearly, and the energy consumption
of IRDT (max) doesn’t grow as 1 s because of less SREQ
collisions (Fig. 6(b)). LPL consumes more energy than IRDT
because nodes with LPL enter the ‘receive wait’ state even
when they receive packets unrelated to own communication,
which increases the duty cycle.

3) Basic Performance of IRDT: The advantages and dis-
advantages of setting an intermittent interval to improve the
collection ratio are clarified in the previous section. When
more packets are generated, the performance of IRDT is
worse than LPL, when a short interval is used. However,
when few packets are generated, IRDT can achieve a high
collection ratio with low energy consumption in comparison
with LPL. This deterioration in the performance of IRDT in
accordance with an increasing packet generation rate is caused
by SREQ collisions. Therefore, preventing SREQ collisions
should improve the performance.

B. Dynamic and Adaptive Settings of the Intermittent Interval

Now we introduce the method for SREQ collision avoid-
ance described in Section II-C to IRDT. We compare the
performance of this improved IRDT with that of LPL when
both methods dynamically set intermittent intervals which are
adaptive to the load.

The setting of the intermittent interval is shown in Fig. 3
and parameters are shown in Table II. These parameters are
experimentally-determined such that Tmax is set in considera-
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TABLE II
PARAMETER SETTINGS

Parameter Value
Tmax 1.5 s
Tmin 0.2 s
Tn 10 × n ms
Preject 50%

 0

 0.2

 0.4

 0.6

 0.8

 1

0.000 0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032

P
ac

ke
t c

ol
le

ct
io

n 
ra

tio

Packet generation rate [packets/s]

IRDT (adaptive)
LPL (adaptive)

Fig. 7. Packet collection ratio

tion of the operation for about several years and short Tmin is
set to extent in which other communications are not obstructed.
After the interval becomes Tmin, the interval increases by Tn

every transmission of an ID. The number n is the number of
hops from the sink node, so a larger n means a lower load.
Therefore, when n is large, Tn is also large in order to quickly
return to Tmax for duty cycle. In LPL, each node changes its
own interval in accordance with the number of the data packets
it sends during a time period. This adaptive LPL’s intermittent
interval is selected from 8 values (10, 20, 50, 100, 200, 400,
800, 1600 ms) because of its MAC layer protocol, BMAC [4].

In the improved IRDT, the collection ratio and energy
consumption improve due to the adaptive settings of the inter-
mittent interval. Especially, the collection ratio in improved
IRDT is 98.5% even when the packet generation rate is
0.030 (Fig. 7). This result indicates that IRDT can perform
effectively at a comparatively high packet generation rate by
using adaptive interval settings. Because the parameters in
adaptive LPL are aimed at managing power consumption, the
collection ratio is lower than that of the improved IRDT. As
for average energy consumption, when packets are generated
infrequently, the improved IRDT obtain a 50 % reduction from
adaptive LPL (Fig. 8), and the improved IRDT can obtain
both, a higher collection ratio and a lower average energy
consumption than those reported in Section III-A1. Although
at low packet generation rate, the energy consumption of the
highest loaded node, IRDT adaptive (max) in Fig. 8, is larger
than the original IRDT’s result with 1 s intermittent interval.
Furthermore, at any packet generation rate, IRDT adaptive
(max) is larger than LPL adaptive (max) which increases
in a stair case pattern because of the discrete setting of its
intermittent interval as mentioned above. This decreases the
packet collection ratio because the limited batteries of the sink-
neighbor nodes run out sooner. If SREQ collisions tend to
occur in the sink-neighbor nodes, for example there are much
more sink-neighbor nodes, improved IRDT is more effective
even at sink-neighbor nodes than does the original. And to
achieve a high enough collection ratio in adaptive LPL, a
shorter intermittent interval is necessary, and this increases
energy consumption because of the high duty cycle. In this
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regard, we need to investigate in our next research.

IV. CONCLUSION

In this paper, we studied the basic performance charac-
teristics of the receiver-driven asynchronous system IRDT.
Simulation results showed that under the conditions of a small
data-generating frequency, the packet collection ratio of IRDT
is as high as that of LPL and IRDT can cut the power
consumption of LPL by 75%. We also improved IRDT in
which each node dynamically sets its own intermittent interval
adaptively to the load. A comparison of the improved IRDT
and adaptive LPL showed that the packet collection ratio
of improved IRDT is higher than that of adaptive LPL and
the improved IRDT has 50% less power consumption than
adaptive LPL at a low packet generation ratio. The efficient
settings of Tmax and Tmin and a performance evaluation
considering network life, a real environment and applications
are intended as future work.
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