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ABSTRACT 
We present the design and estimate of a wireless sensor network for early detection of forest fires. Recent years have 

seen a considerable increase in the frequency of forest fires due to various factors that include climate changes, human 

happenings which are essential for economic development. In this paper, we existing a wireless sensor network for 

detection of forest fires. We first describe the design of the forest fire detection system. We describe the design of 

wireless sensor network and a scheme for data collection in real-time forest fire detection. Time synchronization is a 

critical piece of infrastructure for any distributed system. We then present our implementation on Genetlab Sensenode 

platform using TinyOS 2.1. 
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INTRODUCTION 
Forests area unit a part of the necessary and indispensable resources for human survival and social development that 

shield the balance of the world ecology. Forest fires typically occur in wild areas owing to human carelessness and 

alter in air conditions. They cause threats to the system and will lead to human and animal deaths. There are a unit 

several considerations in automatic fireplace detection, of that the foremost necessary ones area unit concerning totally 

different detector combos and applicable techniques for fast and noise-tolerant fireplace detection.  Researchers have 

been studying fires happening in numerous places like territory (Milke and McAvoy 1995), forest (Yu, Wang et al. 

2005; Bagheri 2007) and mines (Tan, Wang et al. 2007) to search out some solutions for fireplace observance.An 

important issue in automatic fireplace detection is separation of fireplace sources from noise sources. 

 

 
Figure. 1 Basic structure for Forest Fire Detection System 

 

For the residential fires, being flaming or non-flaming  the final trend is to focus either on the detector and detector 

mixtures or detection techniques. In another word, researchers have targeted either on distinctive easiest the most 

effective} set of sensors that collaboratively will notice fireplace victimisation simple techniques (Milke and McAvoy 

1995; Milke 1999; Cestari, Worrell et al. 2005) or on planning complicated detection techniques that use single or at 

the best terribly little set of easy sensors (Okayama 1991; Thuillard 2000).Several decades of biology analysis have 

resulted in several advances in field of fire watching. The fireplace Weather Index (FWI) system being developed by 

the Canadian Forest Service (CFS; Bagheri 2007) and also the National fireplace Danger classification system 

(NFDRS) introduced by the National Oceanic and atmospherical Administration (NOAA; Yu, Wang et al. 2005) area 

unit 2 samples of such advances. finding out the progressive techniques reveals 2 main trends in fireplace detection, 
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i.e., existing techniques have either thought-about fireplace detection as associate application of an exact field (e.g., 

event detection for wireless detector networks) or the most concern that techniques are specifically designed (e.g., fire 

detection victimization remote sensing techniques). 

 

WIRELESS SENSOR NETWORK  
A wireless device network, which mixes laptop and Communication technology with the technology of a device 

network, is taken into account to be one amongst the 10 rising technologies that may have an effect on the long run of 

human civilization. This network consists of diverse and present small device nodes that have the flexibility to speak 

and calculate. 

 

 
Figure. 2 Architecture for Wireless Sensor Network 

 

This network consists of diverse and omnipresent small sensing element nodes that have the flexibility to speak and 

calculate. Wireless sensing element networks (WSN) contains little, low cost and low-power sensing element devices 

that have ability to sense the surroundings. Spatially separated sensing element nodes collaboratively collect, method 

and air environmental information through wireless medium by exchanging messages. Immediate notification of the 

hearth is that the most crucial issue during a fire detection system. These nodes will monitor sense and collect data of 

{various} environments and various observation objects hand in glove thus; it's nice development potential and a 

promising market application within the field of commercial management. By applying a wireless sensing element 

network supported the fire observation system, data like temperature, humidness and presence of flamable gases at 

any a part of the forest lined by the network might simply be collected, restrained and analyzed at any time. 

Additionally, the system is extended considerably, the price of kit maintenance may be reduced and also the whole 

system may be optimized. 

 

TIME SYNCHRONIZATION PROTOCOL 
The time synchronization protocol downside to synchronize the native clocks of sensing element nodes within the 

wireless network are extensively planned in literatures over the last twenty years and nevertheless there's no specific 

time synchronization theme out there to realize higher order of accuracy with bigger quantifiability freelance of 

topology and application. 

 

A.Characterizing Time Synchronization 

Many different strategies of distributed time synchronization are in common use nowadays. Systems like the U.S. 

international Positioning System (GPS) [6] and therefore the WWV/WWVB radio stations operated by the National 

Institute of Standards and Technology offer references to the U.S. time and frequency standards. Network time 

protocols, most notably Mills’ NTP [7], distribute time received from these primary sources to network-connected 

computers. In learning their application to sensing element networks, we've found it helpful to characterize the various 

styles of time synchronization on varied axes. We consider certain metrics to be especially important:  

 

 Precision—either the dispersion among a group of peers, or extreme error with respect to an external 

standard. 
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 Lifetime—which can range from persistent synchronization that lasts as long as the network operates, to 

nearly immediate (useful, for example, if nodes want to compare the detection time of a single event). 

 Scope and Availability—the geographic span of lumps that are synchronized, and completeness of coverage 

within that region. 

 Efficiency—the time and energy expenditures needed to succeed synchronization. 

 Cost and Form Factor—which can become particularly important in wireless sensor networks that involve 

thousands of tiny, one-use sensor nodes. The services provided by existing time synchronization methods 

fall into many different points in this parameter space. All of them make tradeoffs—no single method is 

optimal along all axes. For example, consumer GPS receivers can synchronize nodes to a persistent-lifetime 

time average that is Earth wide in scope to a precision of 200ns  

 

State machine shown in Figure. 3 that defines 5 states. The transition from one state to a different is generated once a 

relevant modification within the values of temperature, lightweight or ratio is detected; indicating the probable 

existence of a hearth. The initial state is that the State0 and represents the conventional (i.e. no fire) environmental 

conditions. 

 
Figure. 3 State machines to detect forest fires 

 

The states State1 and State2 area unit transmutation states, since they indicate the probable prevalence of an evening 

fireplace or on a daily basis fireplace, severally. The State3 could represent the sunrise, whereas the State4 could 

indicate that the atom was exposed to direct sunshine. Finally, the State4 represents the presence of a hearth. In normal 

conditions, the state machine is in State0. When the temperature is registered, the magnitude relation between the 

typical of the prices of a window of size WT and therefore the new temperature value is calculated.The window 

contains the foremost recent WT temperature values recorded.  

If this magnitude relation is bigger tr_threshold, it means that an outsized amendment within the temperature price 

and a probably a fireplace has been detected. to work out if it's night fireplace, the speed of amendment of the sunshine 

is evaluated, in an exceedingly similar method as we tend to did with the temperature. Therefore, if the magnitude 
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relation between the typical of the prices of the window of size WL and therefore the most up-to-date lightweight 

value is bigger than tl_threshold, the machine changes to the state1.Otherwise, it changes to the State2. 

 It’s vital to notice that whereas in State0, in temp_s0 we tend to store the last stable temperature value; that's, the 

worth before the machine rapt from State0. If the machine is in State1, we tend to calculate the quantitative relation 

of the typical of the worth’s of the window of size WH and therefore the most up-to-date value of the ratio.  

If this quantitative relation is a smaller amount than th_threshold, the machine moves to State3; otherwise, it goes 

back to State0. Whereas the machine is in State3, the ratios area unit still computed, and if they're bigger (or smaller, 

within the case of humidity) than their individual thresholds (i.e., the temperature continues to be increasing whereas 

the ratio is decreasing), the machine moves to State5 And an alarm is triggered, indicating the probable prevalence of 

an evening fireplace. 

 

RELATED   WORK 
The early time set protocol employed in the net domain is that the Network Time Protocol (NTP) devised by Mills 

[4].The NTP purchasers synchronize their clocks to the NTP time servers with accuracy within the order of 

milliseconds by applied mathematics analysis of the round-trip time. Several of the time synchronization protocols 

use a sender to receiver synchronization technique wherever the sender can transmit the timestamp info and also the 

receiver can synchronize.  

 

RBS is totally different as a result of it uses receiver to receiver synchronization. The thought is that a 3rd party can 

broadcast a beacon to all or any the receivers (A and B). The beacon doesn't contain any temporal order information; 

instead the receivers can compare their clocks (ta and tb) to 1 another to calculate their relative part offsets. The 

temporal order relies on once the node receives the reference beacon. 

 
Figure. 4 RBS Scheme 

 

The basic concept of the synchronization stage is two-way communications between two nodes. As mentioned before 

this is a sender to receiver communication. Similar to the level location phase, the synchronization phase begins at the 

root node and propagates through the network. 

 
Figure. 5 Two –way messaging 
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IMPLEMENTATION 
Implementation the fire detection system is Genetlab Sensenode v.1.3 [8] detector nodes shown in Figure.6 The 

Sensenode platform includes 16- bit low-power MSP430 micro-controller having 10kB RAM, 48kB program flash 

and 1024kB external nonvolatile storage. The Chipcon CC2420 radio chip provides a pair of50kbps rate at 

2.4 gigahertz frequency. SHT11 temperature detector is employed to collect temperature values from the surroundings. 

 
Figure. 6 Genetlab Sensenode 

 

SIMULATION AND RESULTS 
In synchronization part, take into account a message exchange between 2 nodes A and B. T1 and T4 represent the 

time measured by A’s native clock, and T2 and T3 represent the time measured by B’s native clock. We have a 

tendency to assume that A’s level is bigger than B’s by one. At time T1, A sends a synchronization-pulse message to 

B. The message contains the extent range of A and therefore the price of T1. B receives this packet at T2, wherever 

T2= T1+ δ +d and δ represents the clock offset between the 2 nodes and represents the propagation delay. At time 

Td3, B sends associate acknowledgement packet to A. This packet contains the extent range of B and therefore the 

price of T1, T2 and T3. With this info, A calculates the clock offset and therefore the delay as follows: 

 

 
 

Figure. 7 Time synchronization error between two specks. The time synchronization was stopped after 30 

minutes. 

 

CONCLUSIONS AND FUTURE ENHANCEMENTS 
In this paper, we offered the design and implementation of a wireless sensor network system for detecting forest fires. 

Time synchronization could be an important piece of infrastructure for any distributed system. Distributed, wireless 

device networks build serious use of synchronic time, however usually have distinctive needs within the scope, 

lifetime, and preciseness of the synchronization achieved, in addition because the time and energy needed to realize 

it. Existing time synchronization ways ought to be extended to satisfy these new desires. We’ve got conferred associate 

implementation of our own device network time synchronization theme, post-facto synchronization. This technique 

combines the generator frequency discipline provided by NTP with an immediate section correction provided by an 

easy synchronization signal. We plan to improve our system by adding an advance method in the future. 
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