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ABSTRACT

Wireless Underground Sensor Metworks (WUSNs) constitute one of the
promising application areas of the recently developed wireless sensor networking
techniques. WUSN is a specialized kind of WSN that mainly focuses on the use of
sensors at the subsurface region of the soil. For a long time, this region has been
used to bury sensors, usually targeting irrigation and environment monitoring
applications, although without wireless communication capability; WUSNs promise to
fill this gap and to provide the infrastructure for novel applications. The underground
wireless channel was only available recently. COMMUNICATION through the
underground medium has been a challenging research area. The applications require
the deployment of sensors below the ground surface. Hence, the sensor become part
of the sensed environment and might deliver more precise sensing. We send data
through the Soil communication Medium based on Magnetic Rod Flux. We using
Arduino RISC mechanism.
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CHAPTER-1
INTRODUTION

Agricultural information has several data representation forms, including text
(temperature, humidity), video (video surveillance of agricultural environment) , How to
rapidly acquire and wirelessly transmit multi-service agricultural information is an
essential prerequisite for sustainable development of precision agriculture. Currently
existing agricultural informationacquisition devices used in precision agriculture have
many varieties and various input/output interfaces; however, these data acquisition
devices usually have a single function and are lack of the scalability of device
interconnection, so they cannot collect the multi-service agricultural information at the
same time. Furthermore, because of diversity of hardware interface andcomplexity of
software structure, agricultural information acquisition devices are of low multi- function
and integration, which results in the devices subject to great restriction in cost and
application range. Text-form information acquisition devices can be used to collect low-

volume data, such as data from temperature, humidity and gas concentration.

The output data can be classified as analog and digital according to the formats of their
signal outputs. Analog signal sensors convert acquired analog signal such as voltage
or current using ADC (Analog Digital Converter) to digital signal, and then get the digital
output; however, these sensors usually need to be calibrated in each specific
applications to meet the requirement of accuracy. Digital signal sensors can directly
output digital parameters through serial interfaces such as SPI, UART and 12C. Audio
acquisition devices use microphone module to collect analog audio signal, and output
the digital signal after sampling signal and quantization]. The quality of audio depends
on types of microphone module. Image/video acquisition devices employ
microcontrollers or embedded systems with CCD or CMOS video sensor to collect
video data, and then get the digital output. Sensor networks are currently a very active

area of research.



The richness of existing and potential applications from commercial agriculture and
geology to security and navigation has stimulated significant attention to their
capabilities for monitoring various underground conditions. In particular, agriculture
uses underground sensors to monitor soil conditions such as water and mineral
content. Sensors are also successfully used to monitor the integrity of belowground
infrastructures such as plumbing [32], and landslide and earthquake monitoring are

accomplishedusing buried seismometers.

1.1 NEED OF THE PROJECT

In this project data is transferred through the soil without any hazards. Transferring
data through the soil using low frequency. Therefore, the most important goals in fire
surveillance are quick and reliable detection of fire. Itis so much easier to suppress fire
while it is in its early stages. The area of the forest is large, it is far away from urban
area network coverage. It is a challenge for the communication between sensors and
receivers to exchange data. RF transmission is not possible under the ground instead
of that | am using WUSN networks to send the Data to communicate through the
Receiver side.
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CHAPTER 2
LITERATURE SURVEY

In 2019, Hamad ache Zemmour and Genevieve Baudoin et al. [1] Wireless
Underground Sensor Networks (WUSN) consists of buried sensors nodeswhich are
expected to communicate through the soil. The significantly high attenuation caused by
the soil properties is the main challenge for their feasibility. This challenge is
accentuated with Impulse Radio Ultra-Wide Band (IR-UWB) WUSN because of the very
low transmitted power. This paper first studies the impact of the soil on performances of
a new small UWB buried antennaand then analyzes the effect of soil properties on the
communication link from underground to aboveground. This study includes the effect
of soil moisture, burial depth and frequency. Measurements are achieved in a sample
of soil composed of standard pebbles used in railway (railroad ballast). The simulations
and measurements results show that with short distances and low soil moisture
underground to aboveground UWB communication is possible.

In 2018, Dan Du and Heng Zhang et al. [2] Wireless Underground Sensor Network
(WUSN) is an emerging research area. They are used in many fields from intelligent
irrigation to safety and assisted navigation [1]. Wireless underground sensor networks
(WUSN) also enable a wide variety of novel applications [2], [3], including soil condition
monitoring, earthquake and landslide prediction, underground infrastructure
monitoring, sports-field turf management, landscape management, border patrol and
security, and etc.

In 2020, Hamadache Zemmour; Genevieve Baudoin; Antoine Diet et al. [3] Wireless
underground sensor networks (WUSNs) are an emerging area of research.They are
used in many applications from intelligent irrigation to security and assisted navigation.
WUSNs mainly use narrowband systems working in the frequency range below 1 GHz
and, therefore, suffer from a poor localization capability and large-sized antennas.



In 2021, Erich P. Stuntebeck; Dario Pompili; Tommaso Melodia et al. [4] The concept
of a wireless underground sensor network (WUSN) is introduced and applications are
discussed. The feasibility of utilizing commonly available terrestrial wireless sensor
network (WSN) hardware solutions in the underground environment is examined.
Experiments are run to examine the packet error rate and the received signal strength
of correctly received packets for a communication link between two underground

sensors and between an underground sensor and an aboveground sensar.



CHAPTER 3
AIM & SCOPE

3.1 AIM OF THE PROJECT

Forest fires are a great barrier to ecologically healthy grown forests. Back in the day,
everyone concentrated on farming and growing plants in their immediate surroundings.
However, due to their hectic schedules, no one has time to focus on these topics in our
current situation. As a result, a lack of nutrition will lead to an unhealthy plant.

To Anti-Poaching of Animals through the sense of the PIR. WUSN is a specialized kind
of WSN that mainly focuses on the use of sensors at the subsurface region of the sail.

For a long time, this region has been used to bury sensors, usually targeting irrigation
and environment monitoring applications, although without wireless communication
capability WUSNs promise to fill this gap and to provide the infrastructure for novel
applications. The underground wireless channel was only available recently.

Communication through the underground medium has been a challenging research
area. The applications require the deployment of sensors below the ground surface.
Hence, the sensor becomes part of the sensed environment and might deliver more
precise sensing.



3.2 FUTURE SCOPE

In recent times, with the advent of the new technical concepts such as sensor-cloud
technology, big-data analytics, internet of things (loT), new applications are envisioned.
We briefly describe such concepts, and enlist a few potential futuristic applications.
Sensor-cloud computing: Sensor-cloud computing refers to the on-field WSN

applications empowered with cloud computing.

This integrated framework benefits the WSNs with improved processing power and
storage capacity. Furthermore, sensor-cloud improves the data management and

access control while increasing the resource utilization.



CHAPTER 4
METHODOLOGY & ALGORITHM USED

4.1 BLOCK DIAGRAM

4.1.1. Transmitter section
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Fig:4.1 Transmitter Block Diagram

The proposed system consists of pic microcontroller, flame sensar, pir sensor
emergency button wusn transmitter module, uart communication protocol and a

magnetic rod which generates magnetic flux for data transmission.
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4.1.2 Receiver Section
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Fig:4.2 Receiver Block Diagram

The proposed system consists of pic microcontroller, signal processing section,
decoder section, uart communication protocol, and a graphical user interface
through which forest officials can collect data and incident happening over deep
area of forest.



4.2 EXISTING SYSTEM

Human effect
Air communications
Insecure communication

a p oW

Harmful radiation

o

High level rate consumption.

f. Crime, identity theft, hacking, viruses.

g. With access to billions of computers, computer hackers and malicious users can
hack accounts and steal personal information that could be used for identity theft.

h. The Intemet also connects all computers, so hackers can scan millions of
computers and quickly identify what computers are vulnerable to attack.

i. Hidden places also exist on the Internet and the deep web for criminals to

conduct business without as much fear of being caught. A global audience also

gives criminals more ways to solicit their goods. The Internet also enables students

to cheat on their studies or find others on the Internet to do their homework.

4.3 PROPOSED SYSTEM

In this project data is transferring through the soil without any hazards. Transferring data
through the soil using low frequency. RF transmission is not possible under the ground
instead of that | am using WUSN networks send the Data to communicate through the
Receiver side. In this project data is transferred through the soil without any hazards.
Transferring data through the soil using low frequency. Therefore, the most important
goals in fire surveillance are quick and reliable detection of fire. It is so much easier to
suppress fire while it is in its early stages. The area of the forest is large, it is far away
from urban area network coverage. It is a challenge for the communication between
sensors and receivers to exchange data. RF transmission is not possible under the
ground instead of that | am using WUSN networks to send the Data to communicate
through the Receiver side.



4.4 OVERVIEW OF EMBEDDED SYSTEMS

An embedded system is a special-purpose computer system designed to perform one
or a few dedicated functions, often with real-time computing constraints. It is usually
embedded as partof a complete device including hardware and mechanical parts. In
contrast, a general-purpose computer, such as a personal computer, can do many
different tasks depending on programming. Embedded systems have become very
important today as they control many of the common devices we use. Since the
embedded system is dedicated to specific tasks, design engineers can optimize it,
reducing the size and cost of the product, or increasing the reliability and performance.
Some embedded systems are mass-produced, benefiting from economies of scale.
Physically, embedded systems range from portable devices such as digital watches
and MP3 players, to large stationary installations like traffic lights, factory controllers,
or the systems controlling nuclear power plants. Complexity varies from low, with a
single microcontroller chip. In general, "embedded system” is not an exactly defined
term, as many systems have someelement of programmability. For example, Handheld
computers share some elements with embedded systems such as the operating
systems and microprocessors which power them but are not truly embedded systems,
because they allow different applications to be loaded and peripherals to be connected.
Embedded systems provide several functions

1) Monitor the environment: Embedded systems read data from input sensors. This
data isthen processed and the results displayed in some format to a user or
users. Control the environment, embedded systems generate and transmit
commands foractuators.

2) Transform the information: Embedded systems transform the data collected
in somemeaningful way, such as data compression/decompression. Although
interaction with the external world via sensors and actuators is an important
aspect of embedded systems, these systems also provide functionality
specific to their applications.

[



Embedded systems typically execute applications such as control laws, finite state
machines, andsignal processing algorithms. These systems must also detect and react
to faults in both the internal computing environment as well as the surrounding
electromechanical systems.

There are many categories of embedded systems, from communication devices to
home appliances to control systems. Examples include;

i) Communication devices
e.g.: modems, cellular phones

ii) Home Appliances
e.g.: CD player, VCR, microwave oven

iii) Control Systems
e.g.: Automobile anti-lock braking systems, robotics, satellite control

4.5 BLOCK DIAGRAM OF AN EMBEDDED SYSTEM

An embedded system usually contains an embedded processor. Many appliances that
have a digitalinterface -- microwaves, VCRs, cars -- utilize embedded systems. Some
embedded systems includean operating system. Others are very specialized resulting
in the entire logic being implemented as a single program. These systems are
embedded into some device for some specific purpose other than to provide general

purpose computing. A typical embedded system is shown in Fig 4.3.
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Fig:4.3 Block diagram of a typical embedded system

4.6 CHACTERSTICS OF EMBEEDDED SYSTEMS

Embedded systems are characterized by a unique set of characteristics. Each of these
characteristics imposed a specific set of design constraints on embedded systems
designers. The challenge to designing embedded systems is to conform to the specific
set of constraints for the application.

4.6.1 Application Specific Systems

Embedded systems are not general-purpose computers. Embedded system designs
are optimized for a specific application. Many of the job characteristics are known before
the hardwareis designed. This allows the designer to focus on the specific design
constraints of a well-defined application. As such, there is limited user reprogram ability.
Some embedded systems, however, require the flexibility of reprogram ability.
Programmable DSPs are common for such applications.



4.6.2 Reactive Systems

As mentioned earlier, a typical embedded systems model responds to the environment
via sensors and control the environment using actuators. This requires embedded
systems to run at thespeed of the environment. This characteristic of embedded system
is called "reactive”. Reactive computation means that the system (primarily the software
component) executes in response to external events. External events can be either
periodic or aperiodic. Periodic events make it easier to schedule processing to
guarantee performance. Most embedded systems have a significant reactive
component. One of the biggest challenges for embedded system designers is
performing an accurate worst case design analysis on systems with statistical
performance characteristics (e.g., cache memory on a DSP or another embedded
processor). Real time system operation means that the correctness of a computation
depends, in part, on the time at which it is delivered. Many real-time systems are also
reactive system. A common characteristic of an embedded system is one that consists
of communicating processes executing on several CPUs or ASICs which are connected
by communication links. The reason for this is economy. Economical 4 8-bit
microcontrollers may be cheaper than a 32-bit processor. Even after adding the cost of
the communication links, this approach may be preferable.In this approach, multiple
processors are usually required to handle multiple time-critical tasks, Devices under
control of embedded systems may also be physically distributed.

4.6.3 Heterogeneous Architectures

Embedded systems often are composed of heterogeneous architectures (Fig 4.4). They
maycontain different processars in the same system solution. They may also be mixed
signal systems.The combination of /O interfaces, local and remote memaries, and

sensors and actuators make embedded system design truly unique. Embedded



systems also have tight design constraints, andheterogeneity provides better design
flexibility.

Fig:4.4 Embedded Systems having Heterogeneous Architectures

4.6.4 Harsh environment

Many embedded systems do not operate in a controlled environment. Excessive heat
is often a problem, especially in applications involving combustion (e.g., many
transportation applications). Additional problems can be caused for embedded
computing by a need for protection from vibration, shock, lightning, power supply

fluctuations, water, corrosion, fire, and general physical abuse.

As embedded systemn complexity and computing power continue to grow, they are
startingto control more and more of the safety aspects of the overall system. These
safety measures may be in the form of software as well as hardware control.
Mechanical safety backups are normally activated when the computer system loses
control in order to safely shut down system operation. Software safety and reliability is
a bigger issue. Software doesn't normally "break” in the sense ofhardware. However,
software may be so complex that a set of unexpected circumstances can causesoftware
failures leading to unsafe situations. Discussion of this topic is outside the scope of this
book, but the challenges for embedded designers include designing reliable software
and buildingcheap, available systems using unreliable components.
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The main challenge for embedded systemdesigners is to obtain low-cost reliability with
minimal redundancy.

One of the main reasons for embedding a computer is to interact with the environment.
This is often done by monitoring and controlling external machinery. Embedded
computers transform the analog signals from sensors into digital form for processing.
Outputs must be transformed back to analog signal levels. When controlling physical
equipment, large current loadsmay need to be switched in order to operate motors and
other actuators. To meet these needs, embedded systems may need large computer
circuit boards with many non-digital components. Embedded system designers must
carefully balance system tradeoffs among analog components, paower, mechanical,

network, and digital hardware with corresponding software.

4.6.5 Small and low weight

Many embedded computers are physically located within some larger system. The form
factor for the embedded system may be dictated by aesthetics. For example, the form
factor for a missile may have to fit inside the nose of the missile. One of the challenges
for embedded systemsdesigners is to develop non-rectangular geometries for certain
solutions. Weight can also be a critical constraint. Embedded automobile control
systems, for example, must be light weight for fuel economy. Portable CD players must
be light weight for portability purposes.

Cost is an issue in most systems, butl the sensitivity to cost changes can vary
dramatically in embedded systems. This is mainly due to the effect of computer costs
have on profitability andis more a function of the proportion of cost changes compared
to the total system cost.

Embedded systems have strict constraints on power. Given the portability requirements
ofmany embedded systems, the need to conserve power is important to maintain
battery life as longas possible. Minimization of heat production is another obvious
concern for embedded system.



4.7 INTRODUCTION OF EMBEDDED SYSTEM

A system is something that maintains its existence and functions as a whole through
the interaction of its parts. E.g. Body, Mankind, Access Control, etc. A system is a part
of the world that a person or group of persons during some time interval and for some
purpose choose to regard as a whole, consisting of interrelated components, each
component characterized by properties that are selected as being relevant to the
purpose. Embedded Systemn is a combination of hardware and software used to
achieve a singlespecific task. Embedded systems are computer systems that monitor,
respond to, or control an external environment. Environment connected to systems
through sensors, actuators and other I/O interfaces. Embedded system must meet

timing & other constraints imposed on it by environment.

An embedded system is a microcontroller-based, software driven, reliable, real-time
control system, autonomous, or human or network interactive, operating on diverse
physical variables and in diverse environments and sold into a competitive and cost-
conscious market. An embedded system is not a computer system that is used primarily
for processing, not a software system on PC or UNIX, not a traditional business or
scientific application. High-end embedded & lower end embedded systems. High-end
embedded system - Generally 32, 64 Bit Controllers used with OS. Examples Personal
Digital Assistant and Mobile phones etc.Lower end .0embedded systems - Generally
8,16 Bit Controllers used with a minimal operating systems and hardware layout
designed for the specific purpose.
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4.7.1 Design of embedded system

Like every other system development design cycle embedded system too have a
design cycle. The flow of the system will be like as given below. For any design cycle
thesewill be the implementation steps.

Understand User
Requirem ents

¥
Chooze Optlmum
Electroniec Chip
5N Side HIW Sids
I L .
v '
RHRA PCE Layout Design
¥
&lgorithm
b
L J
- CodinglEditing Assam bling ‘
Compiling/Assembling Compenenla
h J
Debugging
T h i
Testing Tesating |
h i
Simulator
h J b J
ShN | HW
Download

' 1
‘ ICE (In-Clraul ‘

Em ulator)

¥

Embedded Product ‘

Fig:4.5 Embedded Product Development Life Cycle
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From the initial state of the project to the final fabrication the design considerations will
betaken like the software consideration and the hardware components, sensor, input
and output. Theelectronics usually uses either a microprocessor or a microcontroller.
Some large or old systems use general-purpose mainframe computers or

minicomputers.

4.7.2 Classification of Embedded Systems

1) Real Time Systems.
2) RTS is one which has to respond to events within a specified deadline.
3) A right answer after the dead line is a wrang answer,
4) RTS classification
i) Hard Real Time System
i} Soft Real Time System

i)Hard Real Time System
"Hard" real-time systems have very narrow response time. For Example, Nuclear

power system, Cardiac pacemaker.

ii) Soft Real Time System

"Soft" real-time systems have reduced constrains on "lateness” but still must operate
very quickly and repeatable. For Example, Railway reservation system takes a few
extra seconds the data remains valid.
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4.8 HARDWARE COMPONENTS

i) Pic micro-controller (PIC16F877A)

ii) Step down Transformer

i) Emergency Button

iv) Flame / Fire Sensor Module

v) PIR Sensor Module

vi) WUSN Module

vii) ESP8266 Node MCU Wi-Fi Module

4.8.1 PIC MICROCONTROLLER (PIC16F877A)

The term PIC, or Peripheral Interface Controller, is the name given by Microchip
Technologies to its single — chip microcontrollers. These devices have been
phenomenallysuccessful in the market for many reasons, the most significant ones are
mentioned below. PIC micros have grown in steadily in popularity over the last decade,
ever since their inception into themarket in the early 1990s. PIC micros have grown to
become the most widely used microcontrollers in the 8- bit microcontroller segment.
The PIC16F877A is 40 pin IC. There are sixports in this microcontroller. Namely PORT
A, PORT B, PORT C, PORT D and PORT E. Amongthese ports PORT B, PORT C and
PORT D contains 8-pins, where PORTA contains 6-pins and PORT E contains 3-pins.
Each pin in the ports can be used as either input or output pins. Before using the port
pins as input or output, directions should be given in TRIS register. For example setting
all the bits in TRIS D register indicates all the pins in PORT D are used input pins.
Clearing all the bits in TRIS D register indicates all the pins in PORT D are used as
output pins. Likewise, TRIS A, TRIS B, TRIS C, TRIS E registers available for PORT A,
PORT B, PORTC and PORT E.

The main factors that account for the popularity of PIC micros include the following:

19



i)Speed: When operated at its maximum clock rate, a PIC executes most instructions
in 0.2us, or five instructions in a microsecond.

ii) Instruction set simplicity: The instruction set consists of just 35 instructions.
iii)integration of operational features: PIC micros have features like Power on Reset
and Brown out protection which ensures that the chip operates only when the supply
voltage is within specification. A watchdog timer resets the PIC if the chip ever
malfunctions and deviates from its normal operations.

iv) Flexibility in clock sources: The PIC micros can be run with four different types of
clocksources which help in cost cutting and power saving.

v)High current capabilities of ports: The ports pins on PIC micros can source and
sink upto 25mA, which make them all the more versatile and economic.

vi) Serial programming via two pins: PIC micros can be programmed serially with two
pins,which bring down the complexity and the cost of PIC programmers, drastically.
vii) On chip EEPROM: The on chip EEPROM helps retain critical data even if the power
is down. There by reducing the cost of and external EEPROM from the overall system
cost.

viii) Harvard Architecture: Apart from these features are reasons of nontechnical
nature likethe availability of free development software, low cost device programmers,
and availability of free datasheets and application notes.

The architecture of PIC 16F877A contains 4-banks of register files such as Bank 0,
Bank 1,Bank 2 and Bank 3 from 00h-07h, BOh-FFh, 100h-17Fh and 180h-1FFh
respectively. And it is also having program FLASH memory, Data memory and Data
EEPROM of 8K, 368 and 256 Bytesrespectively.

20



Basic Circuit for the PIC16F877A is given below

] 0. luF
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Fig:4.6 Basic Circuit for the PIC16F877A

The Minimum basic circuit is the fundamental circuit that is required for the
microcontroller to run. The above shown circuit is one of the possible minimum basic
circuits for the PIC. Like most other microcontrollers, for the PIC to execute any
application the following are required

i) The Power Input

i} The Clock input

i) The Reset circuit

i)The Power Input: The microcontrollier works on 5V DC and it can be given either to
Pin 32 or Pin 11. Both thesepins are VDD inputs or power inputs. The YSS signal on
the microcontrolier must be connected to the ground these are Pins 10 or Pin 31.
Between the 5V and the ground a 0.1uF capacitor is connected. This capacitor is used
to eliminate any noise in the 5V input to the microcontroller. This capacitor is called a
Decoupling capacitor.

iiy The Clock Circuit: Any microcontroller or processor needs a clock source for it to
execute a program. There are various ways of giving the clock signal to a
microcontroller, the most reliable and the common method used is to use a crystal

oscillator. Between the Pin number 13 and 14 a crystal oscillator is connected. When



the power is given to the microcontroller, the crystal oscillator starts producing clock
signals at a frequency of 20MHz. A 20MHz crystal is used because it is the highest
frequency at which the PIC can work andhence it gives the fastest program execution
speed at this frequency. If required, lesser frequenciescan also be used. For changing
the frequency, a different crystal of a different resonant frequency must be used. To the
crystal two ceramic capacitors are connected each of 33pF value. These two capacitors
are called loading capacitors and are required for the crystal to produce a continuous
and uniform clock signal. The values of these capacitors are specified by the
manufacturer of the crystal and the microcontroller.

iii) The Reset Circuit: Pin 1 on the PIC is the RESET signal input. The RESET signal is
an active low signal. Whena low voltage (0V) is applied to the pin 1, the microcontroller
gets reset. For the normal executionof the project the pin 1 must be maintained at a
high voltage (5V). For providing the RESET signal a resistor and a switch are connected
to pin1. The resistoris connected to 5V and this will normally maintain the pin 1 at 5V
and the microcontroller will function normally. When the switch is pressed pin 1 is
connected to ground and the voltage at pin1 becomes 0V. Under this condition the
microcontroller gets reset. Thus, pressing the switch will reset the microcontroller.

4.8.1.1 Pin diagram of PIC16F877A

This powerful (200 nanosecond instruction execution) yet easy-to-program (only
35 single word instructions) CMOS FLASH-based 8-bit microcontroller packs
Microchip's powerful PIC® architecture into a 40 package and is upwards compatible
with the PIC16C5X, PIC12CXXX and PIC16C7X devices. The PIC16FB77A features
256 bytes of EEPROM data memory, self-programming, an ICD, 2 Comparators, 8
channels of 10-bit Analog-to-Digital (A/D) converter, 2 capture/compare/PWM
functions, the synchronous serial port can be configured as either 3-wire Serial
Peripheral Interface (SPI™) or the 2-wire Inter-Integrated Circuit (I*C™) bus and a
Universal Asynchronous Receiver Transmitter (USART).
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Fig:4.7 Pin diagram of PIC16F877A

Some pins for these |/O ports are multiplexed with an alternate function for the
peripheralfeatures on the device. In general, when a peripheral is enabled, that pin may

not be used as a general purpose /O pin.

i) Port A and the Tris A Register

PORTA is a 6-bit wide, bidirectional port. The corresponding data direction register is
TRISA. Setting a TRISA bit (= 1) will make the corresponding PORTA pin an input (i.e.,
put thecorresponding output driver in a High-Impedance mode). Reading the PORTA
register reads the status of the pins, whereas writing to it will write to the port latch. All
write operations are read-modify-write operations. Therefore, a write to a port implies
that the port pins are read, the value is modified and then written to the port data latch.
PinRA4 is multiplexed with the Timer0 module clock input to become the RA4/TOCKI
pin, The RA4/TOCKI pin is a Schmitt Trigger input and an open-drain output. All other
PORTA pins haveTTL input levels and full CMOS output drivers. Other PORTA pins
are multiplexed with analog inputs and the analog VREF input for both the A/D



converters and the comparators. The operation of each pin is selected by
clearing/setting the appropriate control bits in the ADCON1 and/or CMCON registers.
The TRISA register controls the direction of the port pins even when they are being
used as analog inputs. The user must ensure the bits in the TRISA register are

maintained set when using them as analog inputs.

ii) Port B and the Tris B Register

PORTR is an 8-bit wide, bidirectional port. The corresponding data direction register is
TRISB. Setting a TRISB bit (= 1) will make the corresponding PORTE pin aninput (i.e.,
put the corresponding output driver in a High-Impedance mode). Clearing a TRISE bit
(= 0) will make the corresponding PORTE pin an output (i.e., put the contents of the
output latch on the selected pin).

Three pins of PORTB are multiplexed with the In-Circuit Debugger and Low-Voltage
Programming function: RB3/PGM, RB6/PGC and RB7/PGD. The alternate functions of
these pinsare described in Section 14.0 “Special Features of the CPU". Each of the
PORTR pins has a weakinternal pull-up. A single control bit can turn on all the pull-ups.
This is performed by clearing bit RBPU (OPTION_REG<7=). The weak pull-up is
automatically turned off when the port pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

Four of the PORTB pins, RB7:RB4, have an interruption- change feature. Only pins
configured as inputs can cause this interrupt to occur the input pins (of RB7:RB4) are
compared with the old value laiched on the last read of PORTB. The “mismatch”
outputs of RB7:RB4 are OR 'ed together to generate the RB port change interrupt with
flag bit RBIF (INTCON<0=). This interrupt can wake the device from sleep. The user,
in the Interrupt Service Routine, can clear the interrupt in the following manner:

A) Any read or write of PORTE. This will end the mismatch condition.
B) Clear flag bit RBIF. A mismatch condition will continue to set flag bit RBIF. Reading
PORTE will end the mismatch condition and allow flag bit RBIF to be cleared. The



interrupt-on-change feature is recommended for wake-up on key depression operation
and operations where PORTE is only used for the interrupt-on-change feature. Polling
of PORTB is not recommended while using the interrupt-on-change feature.

iii} Port C and the Tris C Register

PORTC is an 8-bit wide, bidirectional port. The corresponding data direction register is
TRISC. Setting a TRISC bit (= 1) will make the corresponding PORTC pin an input (i.e.,
put the corresponding output driver in a High-Impedance mode). Clearing a TRISC bit
(= 0) will make the corresponding PORTC pin an output (i.e., put the contents of the
output latch on the selected pin). PORTC is multiplexed with several peripheral
functions (Table 4-5). PORTC pins have Schmitt Trigger input buffers.

When the I12C module is enabled, the PORTC<4:3> pins can be configured with normal
12C levels, or with SM Bus levels, by using the CKE bit (SSPSTAT<6>).When enabling
peripheral functions, care should be taken in defining TRIS bits for each PORTC pin.
Some peripherals override the TRIS bit to make a pin an output, while other peripherals
override the TRIS bit to make a pin an input. Since the TRIS bit override is in effect
while the peripheral is enabled, read-modify write instructions (BSF, BCF, and XORWF)
with TRISC as the destination, should be avoided. The user should refer to the

corresponding peripheral section for the correct TRIS bit settings.

iv)Port D and Tris D Registers

PORTD is an 8-bit port with Schmitt Trigger input buffers. Each pin is individually
configurable as an input or output. PORTD can be configured as an B-bit wide
microprocessor port(Parallel Slave Port) by setting control bit, PSPMODE (TRISE<4>).
In this mode, the input buffersare TTL.



v)Port E and Tris E Register

PORTE has three pins (REO/RD/ANS, RE1/WR/ANE and RE2/CS/AN7) which are
individually configurable as inputs or outputs. These pins have Schmitt Trigger input
buffers. ThePORTE pins become the /O control inputs for the microprocessar port
when bit PSPMODE (TRISE<4>) is set. In this mode, the user must make certain that
the TRISE<2:0> bits are set andthat the pins are configured as digital inputs. Also,
ensure that ADCON1 is configured for digital 1/O.

In this mode, the input buffers are TTL. Register 4-1 shows the TRISE register which
also controls the Parallel Slave Port operation. PORTE pins are multiplexed with analog
inputs. Whenselected for analog input, these pins will read as ‘0’s.

vi) Register File

The term register file in PIC terminology used to denote the locations than an instruction
can access via an address. The register file consists of two components, they are

i) General purpose register file

iy Special purpose register file

i)General Purpose Register File

The general-purpose register file is another name for the microcontrollers RAM. Data
canbe written to each 8-bit location, updated and retrieved any number of times. All
control registersare coming under the general-purpose register file.

ii) Special Purpose Register File

The special purpose register file contains input and output ports as well as the control
registers used to establish each bit of port as either an input or output. It contains
registers that provide the data input and data output to the variety of resources on the
chip, such as the timers, the serial ports and the analog—to—digital converter. It has
registers that contain control bits for selecting the mode of operation of a chip resource
as well as enabling or disabling its operation.



Table: 4.1 Register file maps used in PIC16F877A

NAME FUNCTION ADDRESS BIT ADDRESABLE
RAM ADDRESS |
STATUS Status register 03H,83H,103H,183H Yes
FSR File select register 04H,84H,104H,184H Yes
PORTA /0 latch 05H Yes
PORTB /O latch 06H Yes
PORTC /O latch 07H Yes
PORTD /0 latch 08H Yes
PORTE /O latch 09H Yes
INTCON Interruptcontrol register0BH,8BH,10BH,18BH Yes
PIR1 Peripheral 0CH Yes
Interrupt control
RCSTA Receive statusand  |18H Yes
control register
TXREG Transmit register  [19H Yes
RCREG Receive register 1AH :Yes
OPTION_REG _ [Optional register 81H Yes
TRISA I/O register 85H Yes
TRISB I/O register 86H Yes
TRISC I/O register 87H Yes




TRISD /0 register 88H Yes

TRISE I/O register 89H Yes

TXSTA Transmit status 98H Yes
and control register

SPBRG Baud rate generator  99H Yes

vii) Status Register

Flags are one-bit registers provided to store results of certain program instructions,
other instructions can test the condition of the flags and make decisions based on the
flag states. In orderto address the flags conveniently flags are grouped inside the
register named STATUS. The PIC16F877 has three flags such as Zero (Z), Digit Carry
(DC) and Carry(C), that responds automatically to the outcomes of the mathematical
operations. These flags are set to logic-0 or logic-1 according to the Arithmetic and
Logical operations.

JINTERRUPT: One of the methods to determine the condition that exists in intermnal
and external circuitsis to respond to the hardware signals, called interrupts which force
the program to call a subroutine.Interrupts are generated by internal chip operations
and provided by external sources known as Internal interrupts and External interrupts
respectively. Any interrupts can cause or transfer the PIC16f877 microcontroller control
to the address 0004h, By configuring the INTCON register we enable the interrupts.

i) SERIAL DATA COMMUNICATIONS: Computers must be able to communicate with
other computers in modern multi-processordistributed systems. One cost-effective way
to communicate is to send and receive data bytes serially. The P16F77 micro controller
has serial data communication circuits that transmits and receive the data. By
configuring the SPEN in RCSTA we can enable the serial communication inP16F877.
Similarly, by configuring the TXSTA (Transmit Status and Control Register) and RCSTA
(Receive Status and Control Register) we can transmit and receive the data serially the
any date in TXREG transmit the data and the data which is in RCREG is the receive
data. The following figure shows the TXSTA and RCSTA.



4.8.1.2 Instruction Sets in PIC16FB77A

The PIC16F877A microcontroller uses a reduced instruction set computing (RISC)
architecture, with a set of instructions tailored to perform specific tasks efficiently. Some
common instruction sets for the PIC16F877A includes these instructions, along with
their operands, enable the microcontroller to execute a wide range of tasks efficiently.
Each instruction performs a specific operation and can be used to program the

microcontroller to perform various tasks.

Table: 4.2 Instruction Sets in PIC16F877A

Mnemonic Operands Description Cycles Status
Affected

ADDWF f,d Add W and f 1 C.DCZ
ANDWF 1, d AND W with f 1 Zz
CLRF F Clear f 1 Z
CLRW - Clear W 1 Z
COMF f, d Complement f 1 Z
DECF f,d Decrement f 1 Z
DECFSZ f.d Decrement f, skip if 0 1(2)

INCF f,d Increment f 1 Zz
INCFSZ f,.d Increment f, skip if 0 1(2)

IORWF  f,d Inclusive OR W with f 1 Z




MOVF  f,d Move f 1 z
MOVWF F Move W to f 1
NOP . Mo Operation 1
RLF f,d Rotate Left f through Carry 1 C
RRF f, d Rotate Right f through Carry 1 Cc
SUBWF f,d Subtract W from f 1 C.DC,Z
SWAPF f,d Swap nibblesin f 1 Z
XORWF f,d Exclusive OR W with f 1 Z
BCF Bit clear f 1
BSF Bit set f 1
BTFSC Bit Test f, Skip if Clear 1(2)
BTFSS Bit Test f, Skip if set 1(2)
ADDLW Add literal and W 1 C,DC, Z
ANDLW AND with literal and W 1 Z
CALL Call subroutine 2
CLRWDT Clear watchdog timer 1
GOTO Go to Address 2 e

TO
IORLW Inclusive OR literal with W 1 z

MOVLW

Move literal to W
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RETFIE Return from Interrupt 2

RETLW Return with literal in W 2

RETURN Return from Sub routine 2

SLEEP Go into standby mode 1

SUBLW Subtract W from literal 1 Zz
XORLW Exclusive OR with literal 1 C.DC.Z

4.8.1.3 Block diagram of PIC

PIC stands for Peripheral Interface Controller. PIC microcontroller was developed
by microchip technology in 1993. It was developed for supporting PDP computers to
control its peripheral devices and that's why it was named Peripheral Interface
Controller. PIC microcontrollers are of low cost, very fast and easy for the programming
and execution of program. Their interfacing with other peripherals is also very easy.
PIC Microcontrollers from Microchip Company are divided into 4 large families. In this
PIC Microcontroller architecture article explain step by step about PIC Microcontroller
architecture and components used in pic microcontrollers. PIC Microcontroller
architecture is based on Harvard architecture and supports RISC architecture
(Reduced Instruction Set Computer). PIC microcontroller architecture consists of
memory organization (ram, rom, stack), CPU, timers, counter, ADC, DAC, serial
communication, CCP module and /O ports. PIC microcontroller also supports the
protocols like CAN, SPI, UART for interfacing with other peripherals.

3l
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Fig:4.8 Block diagram of PIC16F877A



4.8.2 Step down Transformer

The potential transformer will step down the power supply voltage (0-230V) to (0-6V)
level. Thenthe secondary of the potential transformer will be connected to the precision
rectifier, which is constructed with the help of op-amp. The advantages of using

precision rectifier are it will give peak voltage output as DC, rest of the circuits will give
only RMS output.

4.8.3 Emergency Button

Emergency buttons are typically installed in various settings such as buildings,
vehicles, or personal devices to quickly alert authorities or summon help in urgent
situations. They are designed to provide a rapid response to emergencies such as
medical crises, security threats, or accidents. This can lead to faster response times
from emergency services, potentially saving lives and preventing further harm.

Additionally, it can offer peace of mind to users knowing that help is just a button press
away.

a@

Fig:4.9 Emergency Button



4.8.4 Flame Sensor Module

A flame sensor module is an electronic device designed to detect the presence of a
flame or fire. It typically consists of an infrared sensor that detects the infrared radiation
emitted by flames. These modules are commonly used in applications such as fire
detection systems, gas appliances, and industrial safety equipment to trigger alarms or
shutdown mechanisms in the presence of a fire hazard. A key aspect of fire protection
is to identify a developing fire emergency in a timely manner,and to alert the building's
occupants and fire emergency organizations. This is the role of fire detection and alarm
systems. Depending on the anticipated fire scenario, building and use type, number
and type of occupants, and criticality of contents and mission, these systems can
provide several main functions. First they provide a means to identify a developing fire
through either manual or automatic methods and second, they alert building occupants
to a fire condition and the need to evacuate. Another common function is the
transmission of an alarm notification signal to the fire department or other emergency
response organization. They may also shut down electrical,air handling equipment or
special process operations, and they may be used to initiate automatic suppression
systems,

| '5ibs BS sswal

o 43

Fig:4.10 Flame Sensor Module
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Flame sensor is the most sensitive to ordinary light that is why its reaction is generally
usedas flame alarm purposes. This module can detect flame or wavelength in 760 nm
to 1100 nm rangeof light source. Small plate output interface can and single-chip can
be directly connected to the microcomputer 10 port. The sensor and flame should keep

a certain distance to avoid high temperature damage to the sensor.

The shortest test distance is 80 cm, if the flame is bigger, test it with farther distance.
Thedetection angle is 60 degrees so the flame spectrum is especially sensitive. The
detection angle is60 degrees so the flame spectrum is especially sensitive.

Specifications:
i)Operating Voltage: 3.3V to 5V DC
ii)Operating Current: 15ma
iii) Output Digital - OV to 5V, Adjustable trigger level from preset
i) Output Analog - OV to 5V based on infrared radiation from fire flame falling on
the sensor.
v)LEDs indicating output and power
vi) PCB Size: 3.2cm x 1.4cm
vii) LM393 based design



4.8.5 PIR Sensor Module

A PIR detector is a motion detector that senses the heat emitted by a living body. These
areoften fitted to security lights so that they will switch on automatically if approached.
They are veryeffective in enhancing home security systems. The sensor is passive
because, instead of emitting a beam of light or microwave energy that must be
interrupted by a passing person in order to "sense” that person, the PIR is simply
sensitive to the infrared energy emitted by every living thing. When an intruder walks
into the detector’s field of vision, the detector “sees” a sharp increase in infrared energy.
A PIR sensor light is designed to turn on when a person approaches, but will not react
to a personstanding still. The lights are designed this way. A moving person exhibits a
sudden change in infraredenergy, bul a slower change is emitted by a maotionless body.
Slower changes are also caused by gradual fluctuations in the temperature of the
environment. If the light were sensitive to these slower changes, it would react to the
sidewalk cooling off at night, instead of the motion of a burglar.

If you have a PIR light, you may notice that it is more sensitive on cold days than on
warm days. This is because the difference in temperature between the ambient air and
the human body is greater oncold days, making the rise in temperature easier for the
sensor to detect. This has drawbacks, though; ifthe sensor is too sensitive, it will pick
up things you don't want it to such as the movement of small animal. Passive infrared
sensor is an electronic device, which measures infrared light radiating from objects in
its field of view. PIRs are often used in the construction of PIR-based motion detectors.
Apparent motion is detected whenan infrared source with one temperature, such as a
human, passes in front of an infrared source with another temperature, such as a wall.
All objects emit what is known as black body radiation. This energy is invisible to the
human eye but can be detected by electronic devices designed for such a purpose.
The term 'Passive’ in this instance means the PIR does not emit energy of any type but

merely accepts incoming infrared radiation.
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Infrared radiation enters through the front of the sensor, known as the sensor face. At
the core ofa PIR is a solid state sensor or set of sensors, made from approximately 1/4
inches square of natural or artificial pyroelectric materials, usually in the form of a thin
film, out of gallium nitride (GaN), cesium nitrate (CsNQ3), polyvinyl fluorides,
derivatives of phenyl pyrazine and cobalt phthalocyanine. (See pyroelectric crystals.
Lithium tantalate (LiTaO3) is a crystal exhibiting both piezoelectric and pyroelectric
properties. The sensor is often manufactured as part of an integrated circuit and may
consist of one (1), two (2) or four (4) 'pixels' of equal areas of the pyroelectric material.
Pairs of the sensor pixels may be wiredas opposite inputs to a differential amplifier. In
such a configuration, the PIR measurements cancel eachother so that the average
temperature of the field of view is removed from the electrical signal; an increase of IR
energy across the entire sensor is self-cancelling and will not trigger the device. This
allows the device to resist false indications of change in the event of being exposed to
flashes of light orfield-wide illumination. (Continuous bright light could still saturate the
sensor materials and render the sensor unable to register further information.)

At the same time, this differential arrangement minimizes common-mode interference;
this allows the device to resist triggering due to nearby electric fields. However, a
differential pair of sensors cannot measure temperature in that configuration and
therefore this configuration is specialized for motion detectors, In a PIR-based motion
detector, the PIR sensor is typically mounted on a printed circuit board, which also
contains the necessary electronics required to interpret the signals from the chip. The
complete circuit is contained in a housing, which is then mounted in a location where
the sensor can view the area to be monitored. Infrared energy is able to reach the
sensor through the window because the plastic used is transparent to infrared radiation
(but only translucent to visible light). This plastic sheet prevents the introduction of dust
and insects, which could obscure the sensor's field of view.

PIR sensars allow you to sense motion, almost always used to detect whether a human
has moved in or out of the sensors range. They are small, inexpensive, low-power, easy
to use and don'twear out. For that they are commonly found in appliances and gadgets
used in homes or businesses.
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They are often referred to as PIR, "Passive Infrared", "Pyroelectric”, or "IR motion”
sensors. PIR sensors are more complicated than many of the other sensors explained
in these tutorials(like photocells, FSRs and tilt switches) because there are multiple
variables that affect the sensors input and output. To begin explaining how a basic
sensor works, we'll use this rather nice diagram (if anyone knows where it originates,
please let me know). The PIR sensor itself has two slots in it, each slot is made of a
special material that is sensitiveto IR. The lens used here is not really doing much and
so we see that the two slots can 'see' out past some distance (basically the sensitivity
of the sensor). When the sensor is idle, both slots detect the same amount of IR, the
ambient amount radiated from the room or walls or outdoors. When a warm body like
ahuman or animal passes by, it first intercepts one half of the PIR sensor, which causes
a positive differential change between the two halves. When the warm body leaves the
sensing area, the reverse happens, whereby the sensor generates a negative

differential change. These change pulses arewhat is detected.
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Fig:4.11 PIR Sensor Module Working Mechanism
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The IR sensor itself is housed in a hermetically sealed metal can to improve
noise/temperature/numidity immunity. There is a window made of IR-transmissive
material (typicallycoated silicon since that is very easy to come by) that protects the
sensing element. Behind the window are the two balanced sensors.

135410 (45202

Fig:4.13 Schematic diagram of PIR

You can see above the diagram showing the element window, the two pieces of sensing
material.
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Fig:4.14 Internal Schematic of PIR

This image shows the internal schematic. There is actually a JFET inside (a type of
transistor) which is very low-noise and buffers the extremely high impedance of the
sensors into something alow-cost chip (like the BIS0001) can sense.

4.8.6 WUSN module

WUSNs can be used to monitor a variety of conditions, such as soil properties for
agricultural applications and toxic substances for environmental monitoring. Unlike
existing methods of monitoring underground conditions, which rely on buried sensors
connected via wire to the surface, WUSN devices are deployed completely
belowground and do not require any wired connections. Each device contains all
necessary Sensors, memory, a processor, a radio, an antenna, and a power source.
This makes their deployment much simpler than existing underground sensing
solutions. Wireless communication within a dense substance such as soil or rock is,
however, significantly more challenging than through air.

Fig:4.15 WUSN module



4.8.7 ESP8266 Node MCU Wi-Fi Module

An ESP8266 Wi-Fi module is a SOC microchip mainly used for the development of
end-point 10T applications. It is referred to as a standalone wireless transceiver,
available at a very low price. It is used to enable the internet connection to various
applications of embedded systems. If the system designed the ESP8266 Wi-Fi module
to support both the TCP/IP capability and the microcontroller access to any Wi-Fi
network. It provides the solutions to meet the requirements of industries of 10T such as
cost, power, performance and design. It can work as either a slave or a standalone
application.

If the ESP8266 Wi-Fi runs as a slave to a microcontroller host, then it can be used as
a Wi-Fi adaptor to any type of microcontroller using UART or SPI. If the module is used
as a standalone application, then it provides the functions of the microcontroller and
Wi-Fi network.

Fig:4.16 Node MCU Wi-Fi module
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CHAPTER- 5
RESULTS & DISCUSSION

5.1 Fire detection process

The major component of a flame detector system is the detector itself. It comprises of
photoelectric detective circuits, signal conditioning circuits, microprocessor systems,
I/O circuits, and wind cooling systems. The sensors in the flame detector will detect the
radiation that is sent by the flame, the photoelectric converts the radiant intensity signal
of the flame to a relevant voltage signal and this signal would be processed in a single

chip microcomputer and converted into a desired output.

Fig:5.1 Fire Detection Process



5.2 PIR Sensor detection process

PIR sensor definition is; a sensor that is used to measure infrared light radiating from
objects like the human body or animals. In PIR sensor, the term PIR stands for “passive
infrared sensor”. PIR sensors can detect the movement of an animal or human within
a fixed range. Generally, all objects at above zero temperatures produce heat energy
in the IR radiation form. So, if the object is hotter then it emits more radiation. So, this
kind of radiation is not observable to the human eye as it is emitted at IR wavelengths.
So, PIR sensor is particularly designed for detecting such infrared radiation levels.
These sensors are most frequently utilized in motion detectors, security alarms &
autornatic lighting-based applications.

Fig:5.2 PIR Sensor detection process



5.3 Data’s are stored in the cloud

Storage of Data on cloud. The activities that are held in forest are monitored through
sensors and those data's are stored in cloud using ESP8266 Wi-Fi module where
forest department officials can access the data and prevailing situation happening in
forest anywhere and anytime.
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Fig:5.3 Data's are stored in the cloud



5.4 Final Overall model Transmitter and Receiver

In this project data is transferred through the soil without any hazards. Transferring data
through the soil using low frequency. Therefore, the most important goals in fire
surveillance are quick and reliable detection of fire. It is so much easier to suppress fire
while it is in its early stages. The area of the forest is large, it is far away from urban
area network coverage. It is a challenge for the communication between sensors and
receivers to exchange data. RF transmission is not possible under the ground instead
of that | am using WUSN networks to send the Data to communicate through the
Receiver side.

Fig:5.4 Overall model of Transmitter and Receiver



CHAPTER- 6
CONCLUSION

6.1 CONCLUSION

This project is about the design and implementation of a wireless sensor network for
monitoring agricultural environment the nodes in this system always work under
different environmental conditions and it is a real challenge in establishing a WSN.
Securing this network is also an uphill task as it is necessary to establish routing and
routed protocols concerned. The security framework discussed here is helpful in
designing the system architecture. There are various issues and challenges while
designing the architecture this model helps us to understand the basic work and
interfacing of the various components used in the project, giving us an idea about how
they work on a local network and to determine the flaws which must be overcome
before being implemented on larger scale. We have to Send the Data and Video based
on Wireless medium under on Deep Forest because sometime Signal will be Lost so
We decide to change the Wireless medium such as Soil based communication of the
transmitter and the receiver.

6.2 STANDARDS

Developing an interdisciplinary and systematic approach for establishing
communication routes through deep forests involves collaboration between experts in
geography, forestry, environmental science, civil engineering, and possibly even
anthropology or sociology to consider cultural aspects. It requires detailed mapping of
terrain, vegetation, and wildlife habitats, alongside environmental impact assessments
to minimize ecological disruption. Additionally, employing advanced technologies like
GIS (Geographic Information Systems) and remote sensing can aid in route planning
and monitoring. Regular consultations with local communities and indigenous peoples
are also crucial to ensure the routes respect their needs and traditions while minimizing

negative impacts on the environment.



6.3 CONSTRAINTS

An interdisciplinary and systematic approach for developing a deep forest route of
communications would involve various constraints:

i)Environmental Impact: Ensuring minimal disruption to the ecosystem, including
flora, fauna, and natural habitats, while constructing the routes.

if) Topography: Dealing with rugged terrain, steep slopes, and unpredictable natural
features.

iii) Wildlife Preservation: Minimizing disturbance to wildlife habitats and migration
routes.

iv) Cultural Heritage: Respecting indigenous peoples' rights and preserving cultural
sites within the forest,

v) Legal and Regulatory: Adhering to local, national, and international laws regarding
land use, conservation, and indigenous rights.

vi) Infrastructure: Building roads or pathways that can withstand weather conditions
and facilitate communication effectively.

vii) Cost: Balancing the need for connectivity with the financial resources available for
construction and maintenance.

viii) Safety: Ensuring the safety of workers during construction and the safety of
travelers once the routes are operational.

ix) Long-term Sustainability: Developing routes that are sustainable in the long term,
both environmentally and economically.

x) Accessibility: Ensuring that the routes are accessible to all users, including those
with disabilities.

By addressing these constraints systematically and with input from various disciplines
such as environmental science, engineering, sociology, and anthropology, it's possible
to create deep forest routes of communication that balance human needs with
environmental preservation.
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6.4 TRADE-OFFS

Taking an interdisciplinary and systematic approach for establishing geographical deep
forest routes for communication has its trade-offs:

i)Comprehensive Understanding: By integrating various disciplines such as
geography, ecology, engineering, and sociology, you gain a more comprehensive
understanding of the terrain, its ecological impact, and the societal needs. However,
this approach requires significant time, resources, and expertise.

iijEffective Planning: A systematic approach allows for thorough planning,
considering factors like topography, wildlife habitats, and cultural sensitivities. This can
lead to more effective route designs that minimize environmental disruption and
community resistance. Yet, this meticulous planning can prolong the project timeline.
iii)Mitigating Risks: Interdisciplinary collaboration helps identify potential risks and
develop mitigation strategies. For instance, ecologists can advise on preserving
biodiversity, while engineers can ensure infrastructure stability. However, balancing
various priorities may lead to compromises that not everyone agrees with.
iv)Long-term Sustainability: Integrating multiple perspectives enhances the
likelihood of creating sustainable communication routes that endure over time. This
includes factors like minimizing habitat fragmentation, ensuring minimal environmental
impact, and promoting social inclusivity. Nevertheless, achieving consensus among
stakeholders with differing priorities can be challenging.

v)Cost and Time: While an interdisciplinary and systematic approach may lead to
more robust outcomes, it often requires more upfront investment in terms of time and
resources. Detailed surveys, consultations, and analyses can extend project timelines
and increase costs. However, these investments can potentially vield long-term

benefits by avoiding costly mistakes and conflicts down the line.
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