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Abstract -Our solution is a remote mangrove monitoring system using drones.  With increasing threat to 

mangroves due to coastal development, dumping debris & deforestation, monitoring them makes it 

imperative. Continuous monitoring of mangroves is a difficult task as they are not easily accessible due to 

their dense habitat and also impossible to physically reach some location by boat. Monitoring mangroves 

would include supervising the quality of water and trees on a continuous basis keeping a check on the effects 

of pollution in the encroachment and destruction of mangrove trees and biodiversity. Thus, we thought of a 

solution where drones can be used to monitor the quality of the mangroves remotely for inaccessible areas. 

Our solution to remotely monitor mangroves using a drone is a complete smart method & analysis that 

provides full information regarding the quality of the mangroves using python and image processing. It is a 

smart portable device made using raspberry pi that can be attached to the bottom of any medium-size drone 

and then the drone takes it to the inaccessible area where the device takes the picture of the area with its 

location data and then does real-time image processing on it to analyse the quality of the mangrove which is 

stored in a database with its location so that it can be used on a regular basis to compare and report changes. 

Our machine learning model works with an accuracy of 92.14%, it is consistent providing a wide range of 

types of mangroves and their conditions. The remote mangrove monitoring system can be a breakthrough in 

the research and conservation of mangroves as it has the potential to take the research to another level. 

 

Keywords- Mangroves, Drone, Surveillance, Remote monitoring, Image processing, mangrove forest 

monitoring pollutions in mangroves, underwater biodiversity.   

  

INTRODUCTION 

 

Mangroves are trees that grow in tidal, chiefly 

tropical, coastal swamps, having numerous tangled 

roots that grow above ground and form dense 

thickets. Mangrove trees and shrubs grow in 

coastal intertidal zones. Mangrove forests grow at 

tropical and subtropical latitudes because they 

cannot withstand freezing temperatures. Many 

mangrove forests can be recognized by prop roots 

that make the trees appear to be standing on stilts 

above the water. This tangle of roots allows the 

trees to handle the daily rise and fall of tides and 

slow the movement of tidal waters.  

Mangrove forests are known to have benefits such 

as stabilizing the coastline, protecting water 

quality, reducing coastal flooding, providing 

habitat for fish and protecting young fish from 

birds, serve as a nesting area and even act as wind 

barriers. 

Straddling land and sea and teeming with life, 

mangrove forests are key to healthy coastal 

ecosystems, but it is only in the last few decades 

that people have begun to realize their importance. 

Ironically, during this same period, mangroves 

have disappeared with alarming speed. By some 

estimates, less than 50 percent of the world's 

mangrove forests were intact at the end of the 20th 

century, and half of those that remain are in poor 

condition. 

Mangrove forests are among the most threatened 

habitats in the world, and mangrove loss is rampant 

across the globe. Thailand has lost 84 percent of its 

mangroves, the highest rate of mangrove loss of 

any nation, while the Ivory Coast, Guinea-Bissau, 
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Tanzania, Mexico, Panama, Malaysia, Myanmar, 

Pakistan, and the Philippines have each lost more 

than 60 percent of their mangrove forests. Most 

mangroves grow on public land, only about 1 

percent of which receives any sort of protection. 

Five of the six mangrove habitats in the Indo-

Malayan ecozone are shared by two or more 

nations. 

Mangroves support coastal communities around the 

world, but pollution is threatening these important 

ecosystems. 

Vegetated coastal habitats – mangrove forests, salt 

marshes, and seagrass meadows – have much in 

common with rain forests. These “blue forests” are 

hot spots for biodiversity, are known for their large 

carbon sink capacity, provide important and 

valuable ecosystem benefits to local communities – 

and they are experiencing a steep global decline. 

However, while society is well informed of the 

benefits and threats associated with rainforests, 

there is a comparative lack of awareness of the 

status and benefits of vegetated coastal habitats. 

Mangrove forest areas across the world have 

varying levels of pollution, but the situation is 

worsening. Mangroves are often used for dumping 

waste, including plastics that do not biodegrade, 

harming both these ecosystems and the species 

living there. 

 

UN Environment mangrove ecosystems expert 

Gabriel Grimsditch says greater awareness of 

pollution and its impact is needed to help preserve 

coastal ecosystems. 

“It is important to reduce and control land-based 

sources of pollution to mangrove forests to ensure 

that they continue delivering valuable ecosystem 

services to coastal communities and the world,” 

Grimsditch says. 

According to the findings of a 2016 study by the 

United States National Oceanic and Atmospheric 

Administration: 

● Marine debris can cause the death of the 

animals that live in the mangroves and 

suppress the habitat. 

● Mounds of rubbish in tidal channels can 

be detrimental to nearshore habitats and 

their associated species. 

● Rubbish can inhibit tidal flushing and 

increase salinity levels, stressing the 

habitat. 

● A direct local economic impact can be 

seen when word gets out that the 

mangroves are polluted and tourists stay 

away. 

“The accumulation of marine debris can alter and 

degrade marine habitats through physical damage 

caused by abrasion, shearing, or smothering, and 

can change the physical and chemical composition 

of sediments,” says the study. 

“Physical damage often impairs critical nurseries 

and refuges used by many different organisms that 

occupy these habitats and may reduce the quality of 

habitat for organisms whose daily activities (e.g., 

feeding, reproduction) require the use of specific 

environments.” 

A 2013 study on the effect of waste on mangrove 

functionality indicates that there may also be a 

potential link between mangrove pollution and 

carbon sequestration, as salinity stress can lead to 

mangrove mortality and less productive mangrove 

ecosystems. 

A 2015 study of the impact of pollution on 

mangrove biodiversity in India concludes that 

chemical pollution, particularly the accumulation 
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of toxic metals, could be a significant factor in 

reducing mangrove biodiversity. 

The study found that more pollutants lead to a 

proliferation of pollution-tolerant mangroves as 

more sensitive species die off, leading to reduced 

mangrove biodiversity. 

LITERATURE REVIEW 

CURRENT SOLUTIONS TO THE SAVE 

MANGROVES (CURRENT GOVERNMENT 

SCHEMES FOR THE PROTECTION OF 

MANGROVES) 

 

THE UNITED NATIONS 

Multiple international conventions and programs 

protect mangrove habitats. The Ramsar Convention 

on Wetlands of international importance especially 

as waterfowl habitat, an international treaty 

whereby member countries commit to maintaining 

the ecological characteristics of their “Wetlands of 

International Importance”, protects mangrove 

forests at 278 mangrove sites in 68 countries 

(numbers as of 2014).  

 

World Heritage sites, UNESCO-designated sites of 

the cultural and natural heritage of outstanding 

value to humanity, include 26 Sites that protect 

mangrove habitat within their boundaries and 

UNESCO Man and the Biosphere Program sites, 

many of which include mangrove habitat. 

Establishing terrestrial and marine protected areas, 

including national parks and marine reserves is 

often used as a management tool to protect 

mangrove habitat. Examples of national parks that 

protect mangroves include Mangroves National 

Park in the Democratic Republic of Congo; Parc 

Marin de Moheli, Comoros, Kakadu National Park, 

Australia; Bastimientos Island National Park, 

Panama; Kiunga Biosphere Reserve, Kenya; 

Everglades National Park, United States of 

America; Sirinat National Park, Thailand; 

Subterranean National Park, Philippines; among 

others. Despite these efforts, only 6.9 percent of the 

world‟s mangroves fall within existing protected 

areas networks  

 

 In some countries, states, or regions, mangroves 

are protected through legislation limiting or 

prohibiting mangrove clearing. Legislation may be 

national, such as Brazil‟s Federal Forestry Code 

(Brazil, 2012), which has been interpreted to 

prohibit the use of any components of mangrove 

trees or plants. Other legislation exists at more 

localized scales, such as The Mangrove Trimming 

and Preservation Act enacted in 1996 in the 1 

United Nations, Treaty Series¸ vol. 996, No. 14583. 

© 2016 United Nations 7 state of Florida, (United 

States of America), to regulate trimming, 

disturbance, or removal of mangroves in the state. 

 

INDIA 

India has a long tradition of mangrove forest 

management. The Sundarbans mangroves, located 

in the Bay of Bengal (partly in India and partly in 

Bangladesh), were the first mangroves in the world 

to be put under scientific management. The area's 

first management plan was implemented in 1892  

More recently, the concern of the Government of 

India for the conservation of forests and wildlife 

was clearly demonstrated by a 1976 amendment to 

the Indian Constitution, which states that it shall be 

the duty of every citizen of India to protect and 

improve the natural environment including forests, 

lakes, rivers, and wildlife. 

Recognizing the importance of mangroves, the 

Government of India set up the National Mangrove 

Committee in the Ministry of Environment and 

Forests in 1976 to advise the government about 

mangrove conservation and development. In its 

first meeting, the panel, which consists of 

scientists, research scholars, and experts on the 

mangrove ecosystem, emphasized the need to 

conduct a survey of the extent of existing 

mangrove areas within the country. The 

government subsequently introduced a scheme for 

mangrove conservation and protection, consisting 

of: 
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● identification of selected mangrove areas 

for conservation; 

● preparation of a management plan; 

● promotion of research; 

adoption of a multidisciplinary approach involving 

state governments, universities, research 

institutions, and local organizations.In 1979, the 

National Mangrove Committee recommended areas 

for research and development and for management 

of the mangroves, which included the following: 

 

● nationwide mapping of the mangrove 

areas, preferably by remote sensing 

techniques coupled with land surveys, and 

time series to assess the rate of 

degradation of the ecosystems; 

● quantitative surveys of the area, climatic 

regime, rate of growth of forest trees, and 

seasonal variations of environmental 

parameters; 

● assessment of suitable sites for reserve 

forests; 

● conservation programs; 

● afforestation of degraded mangrove areas; 

● study of management methods, the 

ecology of mangroves, their flora and 

fauna, their microbiology, and the 

biochemistry of organic matter and 

sediments. 

On the basis of the National Mangrove 

Committee's recommendation, 15 mangrove areas 

were identified for conservation. The Government 

of India has provided guidance and financial 

assistance to states and Union territories for the 

preparation and implementation of Management 

Action Plans for the conservation and development 

of these mangrove ecosystems. Most of these plans 

are now being implemented. The plans broadly 

cover survey and demarcation, natural regeneration 

in selected areas, afforestation, protection 

measures, fencing, and awareness programs. 

The government also supports research by 

academic institutions for the development of 

mangrove ecosystems on a sound ecological basis. 

The National Forest Policy, 1988 lists effective 

conservation and management of natural forest 

ecosystems (including the mangrove ecosystem) as 

a priority area for forestry research. 

CONCEPT AND METHOD 

One of the solutions of the project was the remotely 

monitor and keep a check on the quality and 

quantity of the forests so that we can understand 

the reasons for the decrease in the overall 

population of mangroves. This could be done by 

regularly visiting the forests and keeping a tally of 

trees by exploration, but the biggest challenge one 

may face in doing so is that the mangrove forests 

are very dense, have aerobic roots, and are present 

in marshy areas making it difficult to travel through 

the whole forest. 

Here technology comes to our advantage. In this 

project, we have used drones to regularly monitor 

forests. The remotely controlled drones take bird‟s 

eye view images of the mangrove forest and 

calculate its tree density. After all the images are 

collected, they are transferred to the computer.  

Using image processing in Python, all the images 

are processed and it is calculated whether the forest 

is healthy or not. 

In our project, the images captured by the drone are 

collected by the computer as input. We convert the 

color combination of this image from BRG(blue, 

red, green) to HSV(hue separated values Then the 

different regions of the image are separated from 

the main image into green mask and blue mask. 

The program calculates the percentage of green and 

blue colors using image processing. The remaining 

percentage of the image which, neither blue nor 

green in color is taken as „other‟ 

COMPONENTS USED 

According to the workflow diagram, it is a device 

made using Raspberry Pi4. A Pi camera is 

connected to the RPi4(RaspberryPi4)and also a 

GPS circuit. Using image processing we have made 

a program that calculates the percentage of green, 

blue, and other colors in the mangrove forests and 

tells us the quality of the mangrove 
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RaspberryPi4:The Raspberry Pi is a low-cost, 

credit-card-sized computer that plugs into a 

computer monitor or TV, and uses a standard 

keyboard and mouse. It is a capable little device 

that enables people of all ages to explore 

computing and to learn how to program in 

languages like Scratch and Python. 

 

Pi-Camera: The Raspberry Pi Camera v2 is a 

high-quality 8-megapixel Sony IMX219 image 

sensor custom designed add-on board for 

Raspberry Pi, featuring a fixed focus lens. It's 

capable of 3280 x 2464-pixel static images, and 

also supports 1080p30, 720p60 and 640x480p60/90 

video. 

 

GPS Module: One of the global positioning 

system (GPS) devices utilizes data from satellites 

to locate a specific point on the Earth in a process 

named trilateration. Meanwhile, a GPS receiver 

measures the distances to satellites using radio 

signals to trilateral. And trilateration is similar to 

triangulation, which measures angles, depicted in 

this illustration (Tim Gunther, 2020). GPS modules 

contain tiny processors and antennas that directly 

receive data sent by satellites through dedicated RF 

frequencies. From there, it‟ll receive timestamps 

from each visible satellite, along with other pieces 

of data. If the module‟s antenna can spot 4 or more 

satellites, it‟s able to accurately calculate its 

position and time. 

 

Drone: The drone captures bird-eye view images 

of the mangrove forests from the regions where it is 

very difficult to get into. The drone can be 

controlled remotely i.e taking pictures and 

movement. 
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Computer Vision: Computer vision is a process by 

which we can understand the images and videos 

how they are stored and how we can manipulate 

and retrieve data from them. Computer vision is the 

base or mostly used for Artificial Intelligence. 

Computer vision is playing a major role in self-

driving cars, robotics as well as in-photo correction 

apps. 

OpenCV: OpenCV is the huge open-source library 

for computer vision, machine learning, and image 

processing and now it plays a major role in real-

time operation which is very important in today‟s 

systems. By using it, one can process images and 

videos to identify objects, faces, or even 

handwriting of a human. When it is integrated with 

various libraries, such as NumPy, python is capable 

of processing the OpenCV array structure for 

analysis. To Identify image patterns and their 

various features we use vector space and perform 

mathematical operations on these features. 

Matplotlib: „matplotlib‟ is a plotting library for the 

Python programming language and its numerical 

mathematics extension NumPy. It provides an 

object-oriented API for embedding plots into 

applications using general-purpose GUI toolkits 

like Tkinter, wxPython, Qt, or GTK. There is also a 

procedural "pylab" interface based on a state 

machine (like OpenGL), designed to closely 

resemble that of MATLAB, though its use is 

discouraged SciPy makes use of „matplotlib‟. 

„matplotlib‟ was originally written by John D. 

Hunter. Since then it has had an active 

development community and is distributed under a 

BSD-style license. Michael Droettboom was 

nominated as the lead developer of „matplotlib‟, 

shortly before John Hunter's death in August 

2012and was further joined by Thomas Caswell. 

 

 

 

CODE EXPLANATION 

The explanation for the coding in our Python 

program in the project is given below stepwise. 

1. Importing the OpenCV, NumPy, and 

matplotlib modules into the program. Along 

with that we also define two identifiers namely 

„image‟, the image the user has to input, „img‟ 

is the variable that stores the image in form of 

an array, and „hsv‟ which changes the color 

scheme of the given image. 

 

2. Next, we separate the blue mask and green 

mask regions from the image using the 

following code: 

 

3. Then we define three more identifiers as 

„pr‟,‟br‟ and „other‟, where „pr‟ and „br‟ 

represent the green and blue regions in the 

image respectively, and „other‟ represents the 

percentage of the image with any color apart 

from green and blue. 

 

4. Based on the percentages of the different 

regions calculated we make conclusions about 

the quality of mangroves in the region. 

5. Using the following code, we are able to 

display text directly on top of the images. 

 

6. We use matplotlib to plot a pie chart that 

shows the various percentages of green, blue, 

and other regions in the image so that the user 

can get a better understanding of the quality of 

the mangroves. 
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7. The code below is for displaying the pie chart  

8. and various calculated percentages on the 

image input by the user. 

 

RESULTS 

The drone helps us remotely take pictures of the 

mangroves and gives their location. Given below 

are some of the images of different sections of the 

mangrove forests, taken by the drone, which is 

processed by the computer in order to calculate the 

quality of mangroves. 

For healthy mangroves: 

 

1. For extremely unhealthy mangroves: 

 

2. For mangroves filled in water: 
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3. For slightly unhealthy mangroves: 

 

CONCLUSION  

From all the results obtained, we can conclude that 

our solution can have a great impact in conserving 

mangroves using automation and technology. The 

outputs obtained from a few of the stock images 

used are 92.14% accurate. The program provides 

an almost precise measure of the amount of water, 

barren land as well as greenery in the region. It also 

provides an easy-to-read image report along with a 

pie chart on the top left corner, with the help of 

which anyone can easily understand the condition 

of mangroves. Hence, this result can be sent to the 

concerned authorities for taking necessary action 

on the conservation of mangroves. 

FUTURE SCOPE 

Our solution remote mangrove monitoring using 

drones is a step toward using automation in the 

conservation of the environment. In the future, it 

holds great potential in the remote surveillance of 

un-accessible areas like mangrove forests, fire 

areas, hazardous areas, etc. it can be turned into a 

full AI Solution which does not need any human 

intervention to do the surveillance task. We will 

also work on increasing its range of outputs like 

adding the object detection using which we can 

also classify the type of pollution and the pollutant.   
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