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Abstract: - This research presents the architecture of a low-cost environmental technology platform for in situ 

monitoring fire risk characteristics of the Maiandeua Island at Amazonian, during the year 2013. This isle is a 

case study of the anthropized forest area, whose goal is to characterize the climatic behavior with environmental 

variables of temperature and humidity, all to identify environmental impacts on human health and biodiversity of 

the forest. The BRASSEN (Brasil System Sensor) platform contains an embedded expert system to detect the 

risk or without risk (safety) of fire at inhabited forest environments. The results of empirical experiments with 

this platform are provided. The period of highest understorey fire risk occurs between the months of June and 

November. Therefore, this work considers a novel study in IN-SITU (local) technologies in inhabited forest 

areas. 
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I. INTRODUCTION 
The Amazonian region, with predominantly tropical climate, the forest areas tend to be more humid 

than inhabited areas, even if the dew point is approximately equal [1]. The term anthropized forest used to refer 

generally to any transformation that produces the man on the forest environment, such as urbanization, 

agriculture, forestry, however, always predominating the forest area. Recent drought events underscore the 

vulnerability of Amazon forests to understorey fires [2], i.e., when there is a sudden drop in humidity, followed 

by several days without rain, the dryness of the air between the ground and the tree canopy makes the forest 

environment easily susceptible to fire occurrence. When this drought event occurs, increases the risk to the 

integrity of biodiversity, thereby making extreme environment. 

Understorey forest fires burned more than 85.500 km2 between 1999 and 2010 (2.8% of all forests). 

Forests that burned more than once accounted for 16 per cent of all understorey fires [2]. The understorey fires 

are not easily detected by satellite with remote sensing [3]. Soon the use of IN-SITU monitoring based on 

environmental technology platform becomes a much-needed resource for the detection of forest fire risk [4].  

The risk of fire behavior, for example, is to detect high temperatures and low humidity in the forest 

area; this indicates a high risk of fire. The integration of information these environmental variables in a rule-

knowledge is a vital challenge to achieve integrated information of sensors for use with math an empirical 

model of their relationships. The advantage of detecting these forest fire risks early is so that we can prevent and 

avoid possible environmental accidents, so that such situations do not spread to the inhabited area. 

The issue of global climate change is increasingly relevant in the context of a population of over seven 

billion people whose activities have been altering the surface characteristics such as vegetation cover, and the 

concentration of gases that interact strongly with radiation in the atmosphere [6]. According to the IPCC 

(Intergovernmental Panel on Climate Change) report, the people who will suffer most certainly will be the cities 

in the development of countries, especially tropical countries [7]. In these cases, the systems that can 
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characterize environmental behaviors if they do very important, because these places do not have historical data 

of environmental variables to use as sources for prediction models and pattern recognition. 

The environmental technology platform developed in this paper differs from an environmental 

monitoring system, because it has the resources to acquire simultaneously to multiple environmental variables 

and expert analysis of the information acquired by an embedded expert system, whose goal is to identify 

environmental conditions that offer risk or security forest fire in Maiandeua Island. The temperature and 

humidity sensors used in data acquisition of environmental variables. The temperature and relative humidity of 

the air determine the primal environmental factors, which influence human comfort, biodiversity and 

agricultural activities [5]. 

The distinctive feature of the proposed work is to develop an architecture of a sensing platform that 

integrates the knowledge of sensors, embedded computing, expert systems of forest fire risk and the 

environmental systems in a single study; to present an integrated solution. We present our findings by providing 

an overview of environmental technologies to promote sustainable management of resources in the Amazonian 

region. We hope that our work encourages others to develop similar highly-integrated systems for other types of 

ecosystems and forest fire risk applications. 

 

II. LITERATURE REVIEW 
Monitoring consists of repeated observations of environmental variables, whose purpose is defined 

according to a prior planning over time and space, using comparable methods, standardized and quantitative and 

qualitative. For example, the monitoring and study of the influence of temperature and humidity on thermal 

comfort and agricultural production [8]. The projects of environmental monitoring systems are focused 

primarily on electric power consumption, embedded computing, connectivity and low cost [19] [20]. Since the 

second half of the 2000 there has been the growth of environmental monitoring systems based on embedded 

systems and wireless communication networks in applications to: environmental [21], health [22], dangerous 

natural environments [23], renewable energy production [24], connectivity in the industry [25] and military 

defense technologies [26]. 

Previous research related to environmental monitoring of rural areas includes humidity sensor networks 

for forests [27], the use of wireless sensor networks (WSN) for evaluation of animal health in closed shelters 

[28], or conduct studies on how to develop WSN for outdoor environments [19]. Others use Wireless 

Multimedia Sensors Networks (WMSN) for Rural and Forest Fire Detection, through analysis of captured 

images to detect the frequency of pixels related to the fire [29].  

Environmental Technology (ET) is the application of one or more of environmental science, green 

chemistry, environmental monitoring and electronic devices to monitor, model and conserve the natural 

environment and resources, and to curb the negative impacts of human involvement. The term is also used to 

describe sustainable energy generation technologies such as photovoltaics, wind turbines, hydrogen, bioreactors, 

etc. Sustainable development is the core of environmental technologies [30]. This literature review has revealed 

that there is no existing knowledge on the effect of weather conditions on in situ forest fire risk. The Maiandeua 

island has been chosen as the locality for this small scale study, because having the highest annual solar 

radiation in the Amazonian region and the major averages of temperature and humidity of Brazil [8]. 

 

III. BRASSEN ENVIRONMENTAL TECHNOLOGY ARCHITECTURE 
The Figure 1 shows the BRASSEN fixed at their point in “Lagoa da Princesa” for the data acquisition 

of temperature, relative humidity and dew point. The results are distributed to a communication network with a 

supervisory system. The overall functionality of the BRASSEN is provided through a combination of hardware 

and software. The architecture is based on a data-flow model (Figure 3) and included hardware components 

(Figure 4). Their plastic case is rated at IP66 and provides dust, water and thermal protection and mechanical 

shock absorption. The BRASSEN has the robustness to operate in extreme environmental conditions, performs 

all the functions of a wireless sensor system, and has the task of analyzing fire risk in the forest by an expert 

system, which contains knowledge of the standards related to environmental variables of temperature, relative 

humidity and your relations with inhabited forests in the Amazon. The sensory platform works through 

communication between the sensing module and supervisory system. 



Environmental Technology Platform Architecture for In 

International organization of Scientific Research                                                               10 | P a g e  

 
Figure 1.  BRASSEN fixed to a tree with a high canopy (3.0m), in a height of 1.50m from the floor. 

This condition featuring a forest of understorey type. 

 

The sensory module hardware (Figure 2) has the following devices – SHT75 a 14 bits digital high 

precision sensor of temperature and humidity; an embedded computer is a PIC18F252 8 bits microcontroller; 

The IEEE 802.15.4 wireless communication module [10]. 

 

 
Figure 2.  The Hardware Integration of Sensory Module, the board has dimensions of approximately 

4.5cm × 4.5cm. 

 The SHT75 is a 14 bits digital high precision sensor of temperature and humidity, with digital data 

output (2-wire interface), which covers the dynamic range of -40ºC to 125ºC for the temperature, and 0 to 100% 

for the relative humidity [11].  

The Zigbee (IEEE 802.15.4) module, whose the signals with the data captured by the sensors are 

transmitted by wireless communication. This micro transceiver operates at 2.4 GHz in bidirectional mode and 

on half-duplex encrypted channel of data flow. The communication device used here can reach up to 100 

meters, in indoor environments and 1 Kilometer in open environments. Thus, we chose to use this 

communication system, mainly due to its characteristics of reliability, self-healing, support for large numbers of 

nodes, easy interfacing with microcontrollers, low power consumption, encryption for the data channel and low 

cost.The Li-Ion (Lithium-Ion) battery, whose configuration is 5 Volts, and current load with 8.400 milliamperes 

per hour (mAh). The sensor captures information 3 minutes per day, the first minute at 9:00 am, the second 

minute at 15:00 pm, and the third minute to 21 hours. The sensor captures information 3 minutes per day, the 
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first minute at 9:00 am, the second minute at 15:00 pm, and the third minute to 21 hours. With this, the platform 

is an autonomous power for about four months, and then only need three recharges during the year. The battery 

takes six hours to recharge 

The embedded computer that manages all devices on the sensing platform is a PIC18F252 8 bits 

microcontroller [12], with clock of 40MHz and 2-wire interface port for communicating with the SHT75 Sensor, 

the transmitter (TX) and emitter (RX) serial ports for communicating with the Zigbee module. The 

microcontroller scheduled in the state of low power consumption and is activated by the supervisory system 

through receives Wake-Up signal of the Zigbee communication module daily at 9:00 am, 15:00 pm and 21:00 

pm. The Wake-Up signal transmitted by the supervisory system. The architecture is based on a data-flow model 

(Figure 3) and has the three expert system functions: 

 Function 1: the embedded computer receives the data from sensor SHT75 and performs the treatment of this 

information (Function 1);  

 Function 2: computes the Angstron Index (B) from the collected data by rules of the type IF - THEN with 

basis on table 1 (Function 2);  

 Function 3: sends messages to the supervisory system (Function 3), whose goal is to inform if there forest 

fire risk. 

 

 

Figure 3.  The Data Flow Architecture of BRASSEN 

To detect behaviors related to fire risk [4] is using Angstron index (B): 

)27(1,005,0  TRHB  (1) 

This index (B) developed in Switzerland in the 1950s is based on data mainly air temperature (Ta) and 

relative humidity (RH), both measured daily at 15:00 hours. It is a non-cumulative and dimensionless index, 

when the index value is less than 2.5, then there is a risk of fire, that is, the day will be an opportune time for 

occurrence of forest fires (see table 1). 

Table 1. Levels of Forest Fire, Risk and alert 

B Risk Level Alert 

B ≥ 3 Low Risk 

2.5 < B < 3 Medium Risk 

B ≤ 2.5 High Risk 

 

The supervisory system (Figure 4) receives data via the communication interface IEEE 802.15.4 

Zigbee standard (hardware installed on the notebook). The software developed in C++ language. In this system, 

there are processing two threads, one for data acquisition and sampling of the sensing module, and the other to 
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record this information in a file. The data and graphs of the evolution versus time for temperature and humidity 

are displayed on the screen. The system generates a file of recorded data, which contains the array of data 

acquisition for temperature, humidity, Angstron Index, date and time. 

 

 
(a) 

 
(b) 

Figure 4. Supervisor System (a) and Notebook as with ZigBee Wireless Communication Module (b). 

In other studies, with research related to monitoring in-situ there is concern with the simulation and 

sensor networks for forests or rural areas [14], while others are concerned with new mathematical or 

computational models of thermal comfort in rural or anthropogenic areas [15]. While the study in this paper 

proposes an architecture of a BRASSEN that supports environmental extreme cases, such as understorey fires. 

 

IV. TEST SITE AT MAIANDEUA ISLAND 
The investigations took place in an inhabited area of the Maiandeua Island at Amazonian Region (State 

of Pará of North of Brazil, 0°37’02.57’’S, 47°32’07.85’’W). The Figure 4 presents the Maiandeua Island. 

 

Figure 5.  Localization and area of Maiandeua Island of Amazonian. 

Since the 1980s there has been an increase in Maiandeua population, which led to the advancement of 

urbanization of the island. Also prohibited the use of motor vehicles, but there is strong pressure from residents 

for the initial release for motor vehicles and construction of paved trails. Since the early 2000s, deforestation 

and urbanization of some areas of the island has been noticed that these places there was a rise in temperature 

and diseases related to thermal discomfort, such as viral infections, colds and respiratory problems [16]. The 

experimental characterization was organized as follows: 1 (one) place from 6 (six) in the island was selected to 

be made the data acquisition of temperature and humidity. The places chosen are the red dots seen in fig. 4, this 

is the area, which suffered most deforestation and urbanization, all this by being near the sea (Atlantic Ocean) 

and facilitate transport, trade and tourism.  
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In this work the emphasis is on data acquired in the “Lagoa da Princesa” (Pond of the Princess), as 

shown in fig. 5. This area is an example of an understorey fires in the forest. The Figure 1 shows the BRASSEN 

fixed at their point in “Lagoa da Princesa” for the data acquisition of temperature, relative humidity and 

Angstron Index (B). 

 

V. RESULTS 
In 2013 the average of temperature and relative humidity was 27.93ºC and 81.78% respectively. The 

Figure 6 shows the evolution of temperature and humidity during the year 2013. 
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Figure 6.  Evolution of temperature and humidity for the year 2013 at 15:00 pm. 

 

The Figure 7 shows the evolution of an Angstron Index for estimate the forest fire risk. The 

temperature and relative humidity measured in the forest area proved slightly greater between the months of 

June and October (mean of temperature: 28.32°C and average relative humidity: 79.19 %). 
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Figure 7.  Evolution of Angstron Index (B) for the year 2012 at 15:00 pm. 

 

In the other months of the year the temperature and relative humidity (mean of temperature: 27.7°C and 

relative humidity average: 83.30 %) are more mild (rarely the temperature is lower than 22ºC), on average, 

being the period from December to May (between years 2013/2012) the months with the lowest average. The 

period of highest understorey fire risk occurs between the months of June and November. 

 



Environmental Technology Platform Architecture for In 

International organization of Scientific Research                                                               14 | P a g e  

VI. CONCLUSION 
Spatially dense real-time environmental monitoring is critical for protecting people and livestock from 

the extremes of environmental variability, such as the thermal discomfort we consider here. Furthermore, 

monitoring builds up an archive of past conditions, which can be both to improve real-time assessment methods 

and to influence societal decision-making. 

The analysis of forest ecosystems by BRASSEN sensory platform obtained reliable results. The 

objective is to explain the relationships at the level of traditional communities in the Amazon between the social 

sciences, natural sciences, and man's relationship with nature, including how decisions involve the use of 

technology to exploit natural resources [17]. Studies of this kind are increasingly important and necessary to 

understand how, in recent years, there has been the relationship of nature and society and its productive means 

[18]. Advances for IN SITU monitoring in regions of the Amazonian, especially the understorey forests, 

provides a significant development in the understanding of climate effects on inhabited areas in the forest, which 

directly influences the biodiversity and human health. A better understanding of the interactions between the 

environment and living beings, reflected in their behavior and welfare, it becomes a source of strategies to 

minimize the effect of climate on them. 

The BRASSEN will improve with more sensors, especially air pollution sensor, and the sensor soil 

moisture, whose purpose is to know the characteristics of other meteorological variables and their influences in 

the island's environment. The use of this information on environmental risks, particularly the risk of forest 

caught fire, resulting in the formation of an academic basis for the creation of other technological solutions to 

improve the triad environment, economy and society. 
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