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A Study Paper on Forest Fire Detection Using
Wireless Sensor Network

E. Kanniga and Purushottam S. Jadhav

Abstract--- This article presents the design of a system for monitoring temperature and humidity for the
prevention of forest fires using wireless sensor networks. An initial study of the causes of Forest Fires, like how to
prevent them is necessary have a clear idea of how to implement a valid network design that is capable of detecting
possible changes in the environment, in that way we can prevent a disaster (Forest fire) that could lead to loss of a

significant number of natural resources.
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I. INTRODUCTIONS
Research in wireless sensor networks has attracted a lot of attention in recent years. Real applications, such as

habitat monitoring, environment and structure monitoring, start to work in practical. In this paper, we argue that
wireless sensor network is very promising for fire rescue applications. First, we abstract four requirements of this
specific application, including accountability of firefighters, real-time monitoring, intelligent scheduling and
resource allocation, and web-enabled service and integration. To meet these requirements, the work propose Fire-
Net, a wireless sensor network architecture for this specific type of application. Based on these requirements and the
characteristics of wireless sensor networks, several research challenges in terms of new protocols as well as

hardware and software support are examined.

I1. WIRELESS SENSOR NETWORK
Sensors integrated into structures, machinery, and the environment, coupled with the efficient delivery of sensed

information, could provide tremendous benefits to society. Potential benefits include: fewer catastrophic failures,
conservation of natural resources, improved manufacturing productivity, improved emergency response, and
enhanced homeland security. However, barriers to the widespread use of sensors in structures and machines remain.
Bundles of lead wires and fiber optic “tails” are subject to breakage and connector failures. Long wire bundles
represent a significant installation and long term maintenance cost, limiting the number of sensors that may be
deployed, and therefore reducing the overall quality of the data reported. Wireless sensing networks can eliminate
these costs, easing installation and eliminating connectors. The ideal wireless sensor is networked and scalable,
consumes very little power, is smart and software programmable, capable of fast data acquisition, reliable and

accurate over the long term, costs little to purchase and install, and requires no real maintenance.
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Fig. 1: Wireless Sensor Network Protocol Stack

IV.MAC PrROTOCOLS DESIGN
The design goals of P-CSMA, PHS-CSMA and S-TDMA protocols for forest fire detection application are the

following:

1. Energy efficiency

2. Data transport reliability

3. Simplicity

The energy efficiency is achieved by putting the sensor node in the sleep mode while it is not engaged in the
transmission process. However, long sleep time results in longer delay time. Regarding the data transport reliability,
alternative paths routing is one of the methods that support better reliability for data delivery [6]. Moreover,
alternative paths routing helps the system to survive with some of its nodes being down. To apply the alternative
paths method, the intermediate nodes between the source node and the cluster head should have the authority to
change the routing path. Using such technique needs every single node to have information about different routes to
the sink.

A. Persistent -CSMA

P-CSMA is the simplest MAC protocol among the proposed protocols. Fig. 1 shows the timeline for sensor
nodes in P-CSMA. The timeline is composed of wake-up intervals (Twi). As shown in the figure, each Twi contains
active time period (Tac) and sleep time period (Tsl). During Tac, a node turns its transceiver on to receive possible
transmissions from other nodes. On the other hand, the node turns its transceivers off during Tsl to save power.
Basically, no synchronization or coordination does exist between nodes. When a node wants to send a packet, it
sends a Request to Send (RTS) message without addressing the receiver node. If there is an awake parent node (i.e.
next hop intermediate\ node to the sink), a Clear To Send (CTS) is sent back to the source node after a random back
off (BO) time. This BO is necessary to avoid the collisions that could happen in case of more than one parent nodes
are awake at that time.
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Once the CTS is received, the packet transmission will be initiated and all neighbor nodes go to sleep mode. A
positive Acknowledgment ACK is used to report a successful transmission. In case of a collision because of a
hidden terminal, which was in the sleep mode when the CTS had sent, the whole process will be repeated after a
random BO time. If no CTS message was received by the source node (i.e. all parent nodes had been in sleep mode
when the RTS was sent), a RTS will be sent again after a fixed BO period time. This fixed BO period should be
shorter than Twi to make sure that at least one of the parent nodes is able to receive a RTS from the source node.
Obviously, in case of one of the source’s parent nodes is down, the other parent nodes still can replay to RTS

message. This supports alternative routing and data transport reliability as well.
B. Per-Hop Synchronization -CSMA

The second proposed protocol is PHS-CSMA. Fig. 1 shows the timeline for sensor nodes in this protocol.
Clearly, the timeline for this protocol is the same as for P-CSMA except that nodes send beacon signals to announce
their active mode at the beginning of each Twi. Each node should sense the channel before sending its beacon to
avoid collisions. The operation of this protocol is as follows: once a node has a packet to send it turns its transceiver
on and start listening to the beacons from its neighbor nodes. Based on the routing information, if the received
beacon is related to one of parent nodes, it sends a RTS message after a random BO time smaller than Tac. This
back off is needed to avoid collisions that could happen in case of more than one node are waiting to send for the
same node. Now, a CTS message will send back to the source node, and the transmission operation will be initiated.
The source’s neighbors and those that heard the CTS message from the receiver should go to sleep mode during the
transmission. Even if some of these nodes are already waiting for beacons to send their traffic and heard a CTS
message, they should go to sleep mode and postpone their waiting process after the current transmission is finished.
At the end of the transmission, a positive ACK is required to confirm a successful transmission. Otherwise, the
process will be repeated again after a random back off time. A collision between beacons is a very serious problem
because such collisions are happen frequently every Twi. To solve this problem, a simple algorithm is applied at the
earliest phase of this protocol. In this phase, nodes choose their schedule as follows: each node has its own address
or ID. Simply, if we have 100 nodes for example, the nodes’ IDs will be 1, 2, 3... 100. For each one hope neighbors
group, the sensor node which has the smallest ID number chooses its schedule (i.e., when to transmit its beacon
during Twi) randomly. Other nodes with larger ID wait until hearing all beacons of other nodes that have smaller
IDs. For each one of these nodes, the maximum delay time between the received beacons is calculated, and the
beacon transmission time is randomly chosen around the middle of that maximum delay time. By doing so, almost

uniform distribution of beacons is achieved over Twi. As a result, a free beacons collision is achieved.
C. Sensor -TDMA

The third proposed MAC protocol is S-TDMA. This one is the most complex MAC protocol among the
proposed protocols because it requires time synchronization between sensor nodes in the same cluster. Many
protocols have been proposed for time synchronization. Based on the IEEE 802.15.4 standard, time synchronization
can be implemented using a coordinator sensor node. This coordinator broadcasts a beacon signal periodically to

allow the other nodes in the cluster to synchronize themselves with the network. In case of multi-hop topology,
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which is the case in our scenario, more than one coordinator can be used. Timing-sync Protocol for Sensor Networks
(TPSN) protocol does not consider such coordinator, and time synchronization is achieved by exchanging
synchronization packets between neighbors. A synchronization packet contains timestamps for its source sensor
node. Using these time stamps, neighbors calculate the time drift between their clocks. However, time
synchronization algorithm is out of the scope of this paper, and sensor nodes are assumed to be time synchronized.
According to this protocol, each node in the cluster has its own time slot (outgoing time slot). Using its outgoing
time slot, the node sends its messages to its parents. However, a node is not allowed to receive traffic during its
outgoing time slot. Therefore, the node goes to the sleep mode in that time slot if it doesn’t have traffic to send. On
the other hand, each node should be awake in the outgoing time slots that is related to its child nodes (neighbors
which it can relay their traffic) to serve their possible traffic. For a certain node, its incoming time slots are outgoing

timeslots of its child nodes.

Fig. 3 shows the timeline of sensor nodes in this protocol. Ts are the time slot while Twi is the wake-up interval.
During Twi, the sensor node will be awake just in its outgoing timeslot and several incoming time slots; otherwise,
the sensor node will be in sleep mode to save power. Once a sensor node has traffic, it chooses one of its parents

randomly and sends its traffic to the chosen parent during its outgoing timeslot.

V. THEORETICAL ANALYSIS
It is proposed to implement a WSN system based on using ZigBee, which consist of microcontroller and WSN

comprising of different sensors which sense the fire. The system block diagram consists of:

a) Wireless sensor node.

b) Base station.

V1. WIRELESS SENSOR NODE
A wireless sensor network (WSN) is an infrastructure comprised of sensing, computing and communication

elements that allows the administrator to monitor & control of the specified parameters in the network. Typical

application of WSN includes data collection, monitoring, surveillance.
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Fig.2: Components of a Sensor node
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Fig 3: Sensor Node

VIl. FIRE CHARACTERISTICS
There are three phases for fire formation

Phase I: Gas sensor for sensing Invisible Gases

Carbon monoxide (CO), Carbon Dioxide CO,), Molecular Oxygen (O,), Methane (CH,), Molecular Hydrogen
(H,), Ammonia (NH;), Isobutene (C,H1o), Ethanol (CH;CH,0OH),

Toluene (C¢HsCH3), Hydrogen Sulphide (H,S)

Nitrogen Dioxide (NO,)
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Fig.4: Fire Characteristics diagram

Phase I1: Optical sensor for sensing smoke and large particals.

Phase IlI: Fire and Temperature sensor

VIIl. TEMPERATURE AND HUMIDITY SENSOR
Sensirion’s family of relative humidity and temperature sensors have become established as the industry

standard - mainly due to their high performance and integration (CMOSens Technology) in a miniature format.
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The capacitive humidity and temperature sensors provide digital and fully calibrated output which allows for

easy integration without the need for additional calibration.

The excellent long term stability has been very well perceived and the cutting edge low energy consumption is

unachieved and makes them the right choice for any remote application.

Table 1: Humidity and Temperature sensors

Humidity and Temperature Sensor | Packaging | Max. RH tolerance | Max. T tolerance
SHT10 ! SMD +4.5%RH +0.5°C
SHT11 SMD +3%RH +0.4°C
SHT15 SMD +2%RH +0.3°C
SHT21 ﬁ. DFN +3%RH +0.4°C
SHT25 DFN +2%RH +0.3°C
SHT71 % Pins +3%RH +0.4°C
SHT75 Pins +1.8%RH +0.3°C
STS21 ¢ DFN - +0.3°C

The humidity sensors are provided in different packaging types: SMD type (SHT1x series), pin type (SHT7x
series) and the new DFN type (SHT2x series). The SHT1x and SHT2x are reflow solderable while pin type
humidity sensors are used for devices where flexible integration is crucial or easy exchange is necessary.(SHT10,
SHT11 ,SHT15, SHT21, SHT25, SHT71, SHT75, STS21)

IX. RF TRANSCEIVERS
In the proposed system the RF transceivers like CC 2420 can be used together with a microcontroller and a few

external passive components. This transmits & receives data from Sink Node or base station to wireless node & vice

versa.

Zig-Bee is a Technological Standard Created for Control and Sensor Networks based on the IEEE 802.15.4
specification for wireless personal area network .It is a new wireless technology that has application in various
fields.

Zig-Bee benefits are low cost and Range and obstruction issues avoidance. The main features of this standard are
network flexibility, low cost, very low power consumption, and low data rate in an ad-hoc self-organizing network

among inexpensive fixed, portable and moving devices.
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Table 2: Comparison of different Zig-bee Models

Model Protocol Frequency | TX power | Range
XBee-802.15.4 802.15.4 2.4 GHz 1 mw 500 m
XBee-802.15.4-Pro | 802.15.4 2.4 GHz 63 mW 7000 m
XBee-ZigBee Zigbee-Pro | 2.4 GHz 2mw 500 m
XBee-ZigBee-Pro | Zigbee-Pro | 2.4 GHz 50 mW 7000 m
XBee-868 RF 868 MHz 315 mW 40 km
XBee-900 RF 900 MHz 50 mW 10 km
XBee-XSC RF 900 MHz 100 mW 24 km

X. ROUTING PROTOCOL
Almost all of the routing protocols can be classified according to the network structure as: Flat Routing,

Hierarchical Routing and Location - based Routing.

Furthermore, these protocols can be classified into different class depending on the protocol operation as:
Multipath-based, Query-based, Negotiation-based, Quality of service (QoS) - based and Coherent-based. In flat
networks all nodes play the same role, while hierarchical protocols aim to cluster the nodes so that cluster heads can
do some aggregation and reduction of data in order to save energy. Location-based protocols utilize position
information to relay the data to the desired regions rather than the whole network. The last category includes routing
approaches based on protocol operation, which vary according to the approach used in the protocol. In addition to
the above, routing protocols can be classified into three categories, proactive, reactive, and hybrid, depending on
how the source finds a route to the destination. In proactive protocols, all routes are computed before they are really

needed, while in reactive protocols, routes are computed on demand.
Different Protocols

In addition to the above, routing protocols can be classified into three categories, proactive, reactive, and hybrid,
depending on how the source finds a route to the destination. In proactive protocols, all routes are computed before
they are really needed, while in reactive protocols, routes are computed on demand. Hybrid protocols use a
combination of these two ideas. When sensor nodes are static, it is preferable to have table-driven routing protocols
rather than reactive protocols. A significant amount of energy is used in route discovery and setup of reactive
protocols. Another class of routing protocols is called cooperative. In cooperative routing, nodes send data to a
central node where data can be aggregated and may be subject to further processing, hence reducing route cost in

terms of energy use. Many other protocols rely on timing and position information.
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In the forest-fires sensor network, the routing protocol uses similar to other flat routing protocol using Minimum
Cost path Forwarding (MCF) [2]. MCF finds shortest paths from all the sensor nodes to the base station and requires
no explicit routing tables to maintain each node. Routing all the data along a shortest path might potentially drain all
the energy from upstream nodes. Thus, there might be lost-coverage regions of the network. MCF design has been

driven by the following three goals: Optimality, Simplicity and Scalability.

Sensor node starts when its power on. It has random timer and processes periodically. FFSS network consists of

five step such as shown in Figure below.

@\D Base Station node
@ Base Station node

—— Beacon message

» Data message
(I:‘.N) New sensor node
Cost calculate
2 — Broadcast

Data transmit

1. Broadecast beacon message BN to SN

2. Broadcast beacon message SN to BN

3. Data transmit

4, New SN Add & Broadcast beacon message SN to SN
H, Data transmit

Fig 5: Configuration Step of the FFSS Network Protocol

X1. CONCLUSIONS
Forest fires have multidimensional negative effects in social, economic and ecological matters. Unfortunately,

Turkey is one of the countries subjected to wildfires every year.

It is difficult to say that fire fighting can be successful without enough data about fire such as spread direction
and speed etc. The more data about wildfire means the more effective fire management. Economically, fire fighting

is well known to be a costly task.
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