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Abstract - This article focuses on the improvement of Self-Selective Routing (SSR) protocol in wireless sensor network routing.
In SSR, when two points want to transmit data to each other, the source point does not need to select and record the path as the
transmission but only needs to record the hop count information on the transmitted packet. When the source point wants to send
a message to the destination, it uses the established hop count to send a broadcast message to the nearby node closest to the
target to be responsible for transmitting. This intermediary node is chosen arbitrarily and is responsible for transmitting the
message by the quickest responding sensing node. This process is repeated until the packet reaches its destination. This article
aims to improve the flooding method used during the initial search for the target point in the SSR protocol. We observed that
under the SSR protocol, if the sensing nodes are evenly deployed in the sensing area, the actual path used when transmitting a
message between two points is close to the straight line near these two points, and other remote area nodes are not used.
Therefore, we need to limit the scope of flooding in the initial stage. Our method is to create zones for all nodes in the network

and use the zones to limit the transmission range of flooding to exclude unnecessary nodes in the block from receiving and

transmitting messages to conserve energy.

Keywords - Self-Selective Routing, Flooding mechanism, Wireless Sensor Network, Routing protocol.

1. Introduction

The earliest appearance of Wireless Sensor Networks was
in a research project at the University of California, Berkeley.
The developers of the project used micro-electromechanical
systems (MEMS) technology to develop a small-sized (similar
in size to a regular coin) sensor called "Smart Dust" [1,2]. The
project was funded by the Defense Advanced Research
Projects Agency (DARPA) of the United States and was
originally aimed at military applications.

Wireless Sensor Network (WSN) is typically a network
formed by connecting small, low-cost, low-power, simple-
computing, and short-range transmitting sensor nodes [4,5].
Such sensor nodes can be placed in large quantities in the
environment to form a sensor network for detection tasks.
These sensors usually rely on batteries to maintain normal
operation, can work on their own without supervision, have a
lifespan of several weeks to months, and are usually used to
replace human labor in unfavorable environments.

Due to the random distribution of wireless sensors, each
sensor cannot know its relative position to other sensors.
Therefore, the sensor network must use self-configuration
protocols to automatically develop a communication network
between sensors so that the data sensed by all sensors in the
network region can be transmitted to the data-collecting base
station through the self-configured network.

In wireless sensor networks, data transmission is the part
that consumes the most network energy [6]. Sensors must
communicate through wireless transmission technology to
send and receive messages with other sensors or base stations.
Due to the limited transmission range of sensors and to
conserve energy, sensors typically use multi-hop methods to
transmit data. Currently, the design of most sensors sets the
energy consumption target to -20dbm [6].

There are three commonly used data transmission
methods in the physical layer of wireless sensor networks: (i)
Flooding Flooding transmits data by broadcasting the data to
be transmitted from the sensor to all neighboring nodes within
its transmission range, and all neighbors then broadcast the
data to their neighbors until the base station receives the data
or the number of broadcasts reaches the limit. This method of
transmitting data is not affected by changes in network
topology. However, it will result in a large amount of repeated
data being transmitted in the network, affecting the energy
consumption of the network. (ii) Unicast Sensors
communicate directly with the base station, possibly using
multi-hop routing protocols or communicating one-on-one
with the cluster head. This type of communication is called
unicast. (iii) Multicast In multicast mode, neighboring sensors
form groups as required by the application, and data
transmission can be directly sent to each member of their own

group.
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Studies have shown that broadcasting is a better data
transmission option for wireless sensor networks because
sensors do not need to establish and maintain routing paths to
the base station. The network architecture can be divided into
static and dynamic based on whether the sensor and base
station move or not. The sensor and base station are stationary
in a static sensor network. This type of network often
optimizes its network structure because the additional energy
consumed by optimization is usually much less than the
energy saved. The optimization algorithms are less complex
and consume less energy. The optimization algorithm for a
dynamic sensor network is relatively more complex and
consumes more additional energy. At the same time, when the
network architecture changes, the network often needs to be
optimized again, which not only temporarily suspends the
network's detection function but also consumes additional
energy, so the optimization of dynamic sensor networks and
the total additional energy consumption must be considered.

Regardless of whether it is a static or dynamic sensor
network, data aggregation is an inevitable function to save
energy consumption. In order to perform data aggregation, a
certain number of neighboring sensors will form a group to
perform data aggregation. Therefore, the sensor network can
be seen as composed of groups of sensors. Further, multiple
groups may form larger groups, and the entire network forms
a hierarchical structure.

2. Background

Due to the characteristics of wireless sensor networks,
such as decentralization, dynamic distribution, and multi-hop
transmission, broadcasting is often used in message
transmission. In a network topology with connectivity, this
method can guarantee that all nodes receive the packet without
the help of routing tables. Although the broadcast method is
simple and ensures that the target node can be found, it also
results in nodes having to check the packet multiple times,
which causes excessive energy loss for the sensors. Moreover,
not all broadcasts contribute to data transmission. Many
routing protocols use broadcasting in the path search, such as
FEB[7], DSR[8], AODV[9], ZRP[10], and LAR[11], which
are used in sensor searches like Directed Diffusion and service
search like NC-DD [12].

It is mentioned in [23] that using the broadcast method for
message transmission in a MANET (mobile ad hoc network)
environment will result in factors such as redundancy,
contention, and collision, leading to broadcast storm problems
and affecting network performance.

¢ Redundancy : When a node first receives a broadcast
message and rebroadcasts it, some of the nodes within its
transmission range may have already received this
message, causing unnecessarily repeated broadcasts.

e Contention : When a node transmits a broadcast message,
its neighboring nodes almost simultaneously receive it
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and decide to rebroadcast it. Due to the nature of wireless
network bandwidth sharing and the similarity of
rebroadcasting time will result in obvious transmission
competition, causing transmission delay.

e Collision Due to the almost simultaneous
rebroadcasting phenomenon, collisions will occur,
causing the receiving end not to be able to receive the
message normally, resulting in wasting transmission
bandwidth. At the same time, since the acknowledgement
mechanism cannot confirm broadcast packet transmission,
it will not be possible to confirm the success of
rebroadcasting, leading to a decrease in broadcast
coverage.

Traditional multi-hop routing, which uses routing tables
to specify that neighbors forward packets to reach the
destination, is known as multi-hop routing. Examples of this
include MintRoute [14], Directed Diffusion, and AODV.
These basic methods, which emulate traditional wired
network communication, require maintaining the status of
their neighbors to provide routing decisions. In addition,
technology for measuring wireless link conditions is also
required, and these routing protocols typically require
additional overhead to provide typical wireless sensor network
operations, particularly to support fault tolerance mechanisms.

2.1. Self-Selective Routing (SSR)

Most wireless networks use broadcast antennas for
communication, unlike typical wired networks that use point-
to-point communication. For multi-hop routing, SSR [15,16]
has the characteristic of using broadcast communication
without emulating point-to-point communication [22].
Therefore, in SSR, a sensing node transmitting a packet does
not need to use a forwarding table to specify a neighbor to send
the packet to the destination. Instead, the node closest to the
destination with the lowest cost (or the minimum number of
hops) among the neighbors receiving the broadcast packet will
choose to be responsible for forwarding the packet to the
destination. This concept is illustrated in Figure 1, which uses
a network plane gradient to represent the transmission of
packets to the destination at decreasing cost. The points
indicated by the arrows in the figure are the nodes that receive
the broadcast packet, and only one of the lowest-cost points
will continue to forward.

The prominent features of SSR include fault tolerance,
optimal path selection, and congestion avoidance, which are
attributed to the self-selection technology. The self-selection
technology relies on three broadcasts and one back-off delay,
as shown in Figure 2. The first broadcast is a temporal implicit
synchronization point at the beginning of the back-off delay,
and the use of the back-off delay is to find the node with the
highest expected characteristics when selecting. The second
broadcast is a notification from the node with the shortest
back-off delay to the previously broadcasted node to continue
transmitting to the target node. The third broadcast informs
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other nodes participating in the competition of the result of
this self-selection.
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The SSR protocol consists of two stages: a path search
program and a data transmission program.

2.1.1. Path Search Program

The data structure used by the SSR protocol is simple.
Each node maintains a target node cost table. The table
directory consists of: (i) the working node ID (source or
destination), (ii) the latest sequence number observed from the
target node and (iii) the hop distance from the target node to
the current node.

The path search process consists of two stages, described
as follows:

Destination Request Stage

When a source node wants to send a data packet to a target
node and has not yet established a cost table directory, the
source node uses a broadcast protocol to send a destination
request (DREQ) packet and increments its own sequence
number. Each DREQ packet has an actual hop count field to
record the number of hops from the source node to the current
receiving node, as shown in Figure 3 (a).
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@
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Fig. 3 (a) destination request packet of SSR (b) destination reply packet
of SSR

Suppose a relay node receives a DREQ packet from a
source node and has not established a directory for the DREQ
packet. In that case, the node will generate a new directory in
the destination node's cost table, including the source node ID,
the sequence number, and the actual number of hops. If the
directory already exists, the directory update may occur (i)
when the received DREQ packet sequence number is higher
than that contained in the cost table or (ii) when the actual
number of hops in the DREQ packet is lower than that
recorded in the cost table.

Target Reply Phase

The destination node will reply with a destination reply
(DREP) packet upon receipt of a new DREQ packet, as shown
in Figure 2.3(b). The header of this packet contains the same
fields as the DREQ packet and the expected hop count field,
which indicates the expected number of hops for the packet to
return to the source node (where the expected value is the
number of hops from the destination to itself minus 1). The
destination node simply broadcasts the DREP packet without
specifying the next hop node. Instead, it stores the value of the
expected number of hops minus 1 in the expected hop count
field of the DREQ packet, using the number of hops in the
destination node's cost table. Once the DREP packet is
detected, each node checks the expected hop count field of the
packet.

The main concept of the SSR protocol is to drive back-off
delay based on the number of hops measured from the relay
node to the destination node, with nodes closer to the
destination node given higher priority to transmit packets.
Through passive listening to all packets and observing their
actual hop count fields, a relay node only knows the distance
from the destination node to itself.

2.1.2. Data Transmission Program

When the source node receives a DREP packet, the source
node can begin to transmit data packets to the target node.
Data packets can be transmitted to the target node in the same
way that the target node transmits the DREP packet to the
source node, using the actual hop count field and self-selection.
However, upon receipt of any data or DREP packet, the
receiving node will update its own target node cost table to
match the directory of the target node for that packet.

A less obvious feature of SSR is that it can automatically
avoid congestion. In dense areas, nodes may have to wait for
too many packets in the MAC queue. Even if a node has a
large MAC queue assigned to a small back-off delay, it is
highly likely that it will not be able to select itself quickly in
self-selection, like other nodes in less congested areas.
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Fig. 4 (a) Normal communication between nodes A and B. (b) Due to
congestion between nodes C and D, packet transmission between nodes
A and B will automatically avoid congested paths.

Figure 2.4 illustrates the actual paths on that packets are
transmitted. Figure 2.4 (a) depicts communication from node
A to node B. Figure 2.4 (b) also depicts the same network,
with the addition of communication between node C and node
D. Figure 2.4 (b) shows that the SRR packet transmission
environment is in a congested area. Despite the increase in
path length from node A to node B, the end-to-end delay
between endpoints is likely to decrease, as the increase in each
hop delay in the new path is less than the original shorter path.

2.2. Path Initialization Problem

In the target request stage of the SSR protocol, the source
node needs to find the target node. Initially, the broadcast
protocol is used to transmit the target request packet to all
nodes in the network. Therefore, as long as different nodes
need to communicate with each other, the source node will
broadcast the packet to the entire network again. Every time
different nodes initialize the path, all nodes in the network
need to consume a lot of energy to receive and broadcast the
target request packet to find the target node.

We found that under the condition of uniform distribution
of sensing nodes in the sensing area, the communication path
between any two points is usually near the shortest distance
between the two points. As shown in Figure 4, we can see that
the actual communication path between points A and B is
almost near the straight line connecting points A and B and
the nodes at the bottom left. The upper right parts of the entire
sensing range are the least likely to need to perform relay work
between points A and B. During transmitting the target request
packet from node A, the nodes in these two parts must receive
and broadcast the packet. Therefore, we hope that during the
target request stage, the transmission range of the target
request packet is minimized to the required range, saving
unnecessary nodes to conserve energy.

Under the SSR protocol, to shorten the range of broadcast
target request packets without the need for sensor node
coordinate positioning, our proposed method is to divide the
entire network nodes into multiple blocks using hop count,
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each node will record its own block, and when sending a target
request packet, it is limited by the established block range. If
the received target request node is within the required range,
it will continue broadcasting the packet; otherwise, the packet
will be discarded, and the broadcast action will stop. The next
section will discuss the method of dividing the network nodes
into multiple blocks and limiting the transmission range.

3. Improvement of Flooding Mechanism

Before executing our improved flooding method, we need
some environment settings to ensure the accuracy of the
results after the flooding. First, we place a data collection node
(referred to as x sink and y sink) in each of the two adjacent
corners of a square sensing area. Then, we evenly deploy
sensing nodes in the sensing area. The sensing nodes need to
reach a certain density (in the simulation experiment in
Chapter 4, we set the sensing area to be 200 meters * 200
meters, with 500 nodes and a node transmission range of 25
meters). Otherwise, it will affect the integrity of the block
establishment and may not be able to achieve the shortest path
transmission during data transmission. After setting the
required environmental conditions, we can start to execute our
improved flooding method, which can be divided into the
following steps: (i) establish hop numbers, (ii) draw partition
blocks, and (iii) restrict the flooding transmission range [16].

3.1. Establish Hop Numbers

After all the nodes are deployed, the x and y converge
points will respectively broadcast jump numbers to create
packets, the packets containing converge point ID and jump
number fields, with the jump number field set to 1 before
broadcasting. Sensing nodes near the converge points to
receive the packet; they will check the contents of the packet
and record the converge point ID and jump number, then
increase the jump number by 1 and broadcast it again. Repeat
this process until all nodes in the network receive the jump
number packets from the x and y converge points. If a node
receives a packet with the same converge point ID and a
different jump number, it will compare and update the
recorded jump number with the smaller value received if the
packet received has a smaller jump number. The node will
then broadcast again to find the closest distance to the
converging point. Otherwise, the packet will be discarded, and
no action will be taken.

3.2. Draw Partition Blocks

After recording two hop numbers at each sensing node,
our block establishment is divided based on these two values.
Each node will store this information (x_hop, y_hop). Nodes
with the same x and y hop values will be classified as the same
block. After all the sensing nodes and the x and y collection
points are set up in Figure 5, Figures 6(a) and 6(b) establish
the x and y collection point jumps. Each node can then know
its own block and return its block information to the collection
point for later source node searching for the target node block.
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Fig. 6 (a) establishes the hops with the x collection point. (b) establishes
the hops with the y collection point. (c) The blocks divided by the two
hop numbers are combined and belong to the same block of the same

color. (d) Mark the range of the x block and y block.

3.3. Restrict the Flooding Transmission Range

After the block establishment is completed, when a source
node wants to find the target node to transmit data, it will first
obtain the target node's block position from the collection
point and then broadcast the DREQ packet with the block
range itself, according to the calculation rule of the range, as
in formula (1). xs and ys represent the source node's block, and
X4 and yq represent the target node's block.

Range jpung = X _band[min(x;, X ), max(x, X;)1M

y _band[min(y,, y,), max(y,, ¥4)] 1)

Suppose that the hops from collection points x and y to
the origin are Cxand Cy, and the band blocks formed by x

collection point are x_band[1], x_band[2], ..., x_band[CX],
and those formed by y collection point are y_band[1],
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y_band[2], ..., y_band[Cy ]. The successive bands from

x_band[nl] to x_band[nZ] are denoted as x_band [nl,nZ],

where 1= nl, N, <:CX. y_band[ml,mZ] are defined similarly

as x_band[nl , nz].

The DREQ packet transmission area can extend to the
outer edge of the required range at most. Because nodes at the
edge receive DREQ packets broadcast by nodes within the
broadcast range, after checking, they find that they are not part
of the broadcast range and discard the packets, stopping the
spread of the broadcast range.

This method can be used in general circumstances.
However, the following special circumstances must be
considered because the divided blocks are part of the sector
when the difference of the x (or y) block between two points
is relatively small (0 = Ax=3). The difference of the y (or x)
block is relatively large ( /\ y>b); the original limited
broadcast range will be difficult to include nodes near the line
between the two points. It will be difficult to achieve the
shortest transmission path, as shown in Figure 8(a). Therefore,
in this situation, we must modify the coverage range to obtain
the nodes with the shortest path. Our method is to expand n
blocks inward in the small difference block and modify
formula (1) as follows. The values of € and ¢ depend on the
sensing area's size and the sensing points' communication
range. In this simulation, €=3 and &=5.

Range flooding =
x _band[min(x,, x,) — n, max(x,, X4 )]
y_band[min(y, y4), max(y;, ¥,)]

if Ax<gand Ay
>0,thenn=¢— Ax

if Ay <gand Ax
>0,thenn=¢— Ay (2)

X _band[min(x,, X4 ), max(x,, Xy )]
y_band[min(y,, y4) —n, max(y,, Y, )]

In Figure 8(a), we assume that the source point and the
target point are located in blocks (10, 13) and (10, 1),
respectively. After using formula (1), the broadcast range is
limited to the intersection of x_band[10] and y_band[1,23], as
shown by the red dotted line in the figure. This would result
in a longer transmission path and waste energy. In this case,
formula (2) must be used to expand the transmission range to
cover the shortest path nodes, as shown in Figure 8(b). The
broadcast range is modified to x_band[7,10] and band[1,23].

4. Experiment Results and Analysis

In our experiment, we conducted both traditional flooding
and partitioned flooding methods on the SSR protocol,
comparing the number of hops established between source and
target points and the resulting data transmission. Finally, we
displayed the transmission path as a graph to observe the
results.
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(b)
Fig. 8 (a) restricts range from the original rule (b) restricts range from the
modified rule

Both methods were performed under the same
environment parameters and nodes, with two randomly
selected points as data transmission points. Additionally, to
test the feasibility of our proposed method, we divided the
distance between the two points into short, medium, and long
distances. Short distances were represented by 60-70 meters,
medium distances by 120-130 meters, and long distances by
180-200 meters. We used SENSE (Sensor Network Simulator
and Emulator) [20] as our simulation tool, and the next section
will introduce SENSE briefly.
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4.1. Introduction of SENSE

SENSE is a proven effective sensor network simulation
tool; compared to general sensor network simulation tools, it
has three main features:

4.1.1. Extensibility

The simulation developed using component-based
development has the ability to extend the network simulation
architecture. Component-based modules can make the
simulation modules extensible: in a compatible situation, a
new component can replace an old component and inheritance
is not required. The simulation component classes can extend
the simulation engine: advanced users can freely develop new
simulation engines to meet their needs.

4.1.2. Reusability

Removing dependencies between modules makes them
reusable. If the interface and semantics meet the requirements
of other users, a specific module development component can
be reused. On the other hand, reusability is achieved using
C++ templates. A component is typically declared a template
class, allowing it to handle different data types.

4.1.3. Scalability

Provides parallel processing. In SENSE, the parallel
processing simulation engine can only handle components
composed of compatible parts. If the default sequential
simulation engine meets the user's needs, then the components
in the module library will be reusable.

SENSE is built on COST, which is a library composed of
classes. COST is characterized by its use of CompC++, an
extension of C++ that is component-oriented, for developing
discrete event simulations. COST adopts component-oriented
technology, where a discrete event simulation can be seen as
a collection of components that interact with each other by
exchanging messages through communication ports.
Additionally, the simulation also includes a simulation engine
responsible for synchronizing the processing of components.
Components have one or more event handlers that perform
corresponding actions in response to each event's arrival.
Events can be divided into two categories: synchronous events,
which are transmitted to the component itself through the
input port by its neighboring component, and asynchronous
events, which are connected to a timer, a special type of port
between the component and the simulation engine.
Components receive and schedule asynchronous events
through the timer.

SENSE v3.03 has been tested and can run on the following
operating systems:

Linux (Ubuntu "Breezy Badger”, kernel 2.6.12) with GCC
version 4.0.2.

Mac OS X v10.4 "Tiger" with GCC version 4.0.1

Windows XP with cygwin (version unknown)

To create a simulation of a wireless sensor network using
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SENSE, the following steps are required:

(i) Set up components of a sensor node

(i) Construct a sensor network drive from CostSimEng
(iii) Build the entire system and run the simulation.

4.2. Analysis of Simulations

Table 1 represents the setting of our sensing environment,
source and target points, and the energy consumption of
sensing nodes using the MICA2 configuration, as shown in
Table 2 [21].

Figure 9 represents each block node's average energy
consumption change when returning block data to x sink.
After all, nodes have set their blocks and the last block
node will start to return its x and y blocks to the sink in a
decremental manner for the x block. The nodes that receive
the packets will also add their block information to the packets
for return. According to Figure 10, the total energy
consumption of all nodes (500 nodes) returning information to
X sink is 1272.632 Joules, and the energy consumption will
approximately double when returning to y sink.

Table 1. Simulation parameters

Parameters

Area of WSN 200m*200m

Sensor number 500 modes, 2 sinks
Transmission range | 25m

Simulation time 20 sec.

Data generation rate | 2 packets/second
Distance between | 60-70m, 120-130m,
two sensors 180-200m

Table 2. Energy Consumptions

Operation Current (mA) | MICA2
Processor, full operation | 12(7.37MHz)
Processor, sleep 0.010

Radio, receive 7

Radio, transmit 10

Radio, sleep 0.001

Average energy comsuption of each x block

~.

2.544 [ B— I IR N N R I
1 2 3 45 6 7 8 9 1011 12 13

x block

Fig. 9 Average of Energy Consumption
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Figure 12 shows the path of the two-point transmission,
with the same color representing the transmission process of
the same packet. The blocks covered by the broadcast range
include nodes near the two points in a straight line, so by
establishing the minimum number of hops, the path can
achieve the same effect as traditional broadcasting and reduce
some unnecessary node hops.

This

We randomly selected ten pairs of points from three
different distances as the source and target points for
simulation testing and made Figures 12 and 13 with the data.
Figure 12 shows the average number of hops of the
transmission under each distance and demonstrates the
difference in average hops between the two transmissions
under different distances. The comparison result shows a very
small difference. In Figure 4.7, it can be seen that with the
block restriction on the broadcast range, when the distance
between the two points is small, the broadcast block also
decreases accordingly, saving more nodes from receiving the
packet. When the distance is large, the reduction gradually
decreases. On the other hand, in the case of unrestricted
broadcast range, almost all nodes must receive the target
request packet from the source, and only a few nodes may fail
to receive the packet message due to collisions during packet
transmission.

Average hops
12
10
o 8
s 5 @SSR_Zone-
Flooding
4
; j]:
0
60-70 120-130 180-200
meters
Fig. 10 Average hop numbers
Average hops
12
10
g 8
2 5 DOSSR_Zone-
Flooding
4
il =
0
60-70 120-130 180-200
meters

Fig. 11 Average of nodes not receiving any packets
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4.3. Improved Simulation under Special Conditions that can receive the packets would follow a longer path. After

Next, we test if modifying the block range of broadcasting modifying this scenario with our formula (2), the resulting

is necessary under special circumstances, that is, if the block  transmission path can achieve the same result as the original

difference between two pointsis0< Ax=3inxory,andthe  SSR protocol for the shortest path. Even when the source and

difference between y or x is larger (/\y>5), then using formula target points are located at the farthest distance in the entire

(2) can achieve the shortest path. sensing area, as shown in Figure 13, the node that needs to

receive the target request packet does not have to receive from

Figure 13 shows the source and target points with blocks @Il the sensing nodes and establish the number of hops, thus

(10,13) and (10,1), respectively. If the source and target points ~ Saving the nodes in the furthest left-top and right-bottom part,
were to broadcast based on their original positions, the node ~ @nd improving the contribution of the broadcast range area.
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(b)
Fig. 12 (a) depicts the transmission path using traditional broadcast by SSR, from left to right, respectively representing short, medium, and long-
distance transmissions. (b) depicts the transmission path using block-constrained broadcast by SSR, from left to right, respectively representing

short, medium, and long-distance transmissions.
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Fig. 13 Shows the transmission using formula (2) in special circumstances, with the left side using the block flooding SSR protocol and the right side
using the original SSR protocol.

5. Conclusion

In wireless sensor network routing protocols, broadcast
protocols are often used to find and establish paths. However,
broadcasts can have negative impacts, such as message
collisions, competition, and excess transmission. Therefore,
we propose a partitioned broadcast method to reduce the
negative effects of broadcasts while maintaining the original
transmission path. In the experiment, when there is a certain
density of sensing nodes evenly deployed in the sensing area,
our method can still establish the shortest transmission path
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