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Abstract

Green Mapper revolutionizes environmental conservation efforts with
its advanced software solution for efficient tree mapping and analysis.
Leveraging the YOLOv5 machine learning algorithm, the platform
enables precise identification and quantification of trees in aerial imagery,
facilitating strategic resource allocation. Collaborative features foster
partnerships with NGOs, promoting coordinated sustainable forest
management. YOLOv5's exceptional object detection capabilities
justify its selection, ensuring both speed and accuracy in tree detection.
Green Mapper's integration of advanced technology and collaboration
empowers stakeholders to make informed decisions for sustainable
forest management, contributing significantly to environmental
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conservation efforts.

Introduction

The alarming rate at which global tree cover
is diminishing has spurred a call to action for
reforestation and sustainable forest management
initiatives. These endeavors are crucial in mitigating
the adverse effects of deforestation and combating
climate change.' Among the pivotal steps in this effort
lies the accurate mapping and analysis of trees, a
task that demands technological innovation and
precision. Green Mapper, an innovative platform,
rises to this challenge by harnessing cutting-edge
machine learning techniques, with a particular focus

on the YOLOV5 algorithm, to automate the process
of tree identification in aerial images.?

At the heart of Green Mapper's capabilities lies
its adept utilization of the YOLOV5 algorithm. This
state-of-the-art machine learning model excels in
object detection, enabling the platform to swiftly
and accurately identify individual trees within aerial
imagery. By doing so, Green Mapper empowers
conservationists, researchers, and environmentalists
with a powerful tool for quantifying tree populations
with unprecedented precision. This new found ability
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not only facilitates a deeper understanding of existing
forest ecosystems but also sheds light on areas
where tree density is alarmingly low, thus highlighting
regions in dire need of reforestation efforts.

One of Green Mapper's standout features is
its capacity to provide recommendations.® This
functionality is invaluable in the strategic planning of
reforestation projects. By considering factors such as
soil type, climate conditions, and local biodiversity,
Green Mapper ensures that the chosen tree species
are optimally suited for the target environment. This
not only enhances the likelihood of successful tree
establishment but also fosters the creation of more
resilient and sustainable ecosystems in the long
run. This work presents an advanced web bot from
the ground up by utilizing the capabilities of Node.js
and the Puppeteer.js package. The data collecting
system is based on this creative bot, which allows
us to download high-quality satellite photos from the
internet. Every single 640 x 640 pixel photograph
painstakingly captures an area of 0.22 square
kilometers. Scraping these photographs from many
online sources is a complex operation. After being
gathered, the photos go through smooth adjustments
like cropping and scaling to fit the precise dimensions
needed for our project. Following processing, these
photos are safely moved to Firebase Storage,
guaranteeing data accessibility and integrity. In
addition, all of the data is carefully arranged and
updated in our MongoDB Atlas database, along
with all pertinent metadata. This thorough approach
to data collection serves as the cornerstone of our
extensive tree-mapping project and guarantees the
accuracy and applicability of our information.

Related Work

Employed image analytics and machine learning
to automate tree enumeration using satellite data,
ensuring precision and efficiency. Traditional manual
surveys were slow and error-prone, necessitating
automated solutions for accurate tree counting in
forest land diversion projects4. Results showed
YOLOVS5 with 32%, UNET with 81%, and SSD
with 24% accuracy. Future work aims to enhance
accuracy using high-resolution images and a larger
dataset.’ Semi-supervised transformer-based
framework, TreeFormer, for tree counting in aerial/
satellite images utilizing pyramid representation and
attention-based modules. TreeFormer outperforms
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existing methods, offering superior performance
with reduced need for labeled data.® This study
explores using drones and OpenCV for tree
counting in forests. Drones capture aerial images,
which are processed by OpenCV algorithms to
identify individual trees. While effective for non-
linear tree counting, further research is needed on
applicability to various forest types and accurate
tree species classification.” The researchers tackled
automated tree segmentation in forests using
multispectral imagery. Their experiments with deep
learning architectures and spectral inputs, including
vegetation indices, showed improved accuracy. This
suggests enhanced forest monitoring potential with
remote sensing. In this study, This paper discusses
the importance of counting trees for environmental
and urban planning purposes. It highlights the
limitations of traditional methods and proposes
a new method based on deep learning and very
high-resolution images. Researchers tackled forest
inventory at the single-tree level with deep neural
networks and remote sensing imagery. Four tree
counting networks derived from classical CNNs were
evaluated using a dedicated dataset with high-res
images and manually annotated tree locations.?
Researchers applied a two-level model (TLM) to
forecast above-ground biomass (AGB) in Sweden,
utilizing TanDEM-X SAR data from 420 scenes.
AGB estimates were derived from forest height
and canopy density via TLM inversion with a power
law model, with parameters estimated separately
for each satellite scene.® Researchers devised a
machine-learning method to detect individual trees,
evaluate their health, and spot dead or dying trees.
They utilized high-resolution aerial multispectral
imagery and photogrammetric point cloud data,
leveraging features from multiple registered data
sources. Evaluating in a Pinus radiata plantation
with a Sirex noctilio outbreak, they analyzed the
influence of data sources and spatial resolution on
performance. Utilizing digital aerial photogrammetric
techniques, they created point clouds. Three
individual tree crown delineation algorithms were
tested, with advanced multiresolution segmentation
(AMRS) exhibiting the highest accuracy.™

Research Methodology

Our project revolves around a seamlessly integrated
system catering to various stakeholders. The user
interface features a map-based visualization,
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providing clear insights into nearby red and green
zones. Users can actively engage by participating
in drives organized by Non-Governmental
Organizations (NGOs), enhancing their involvement
through a gamification approach (provide badge &
certification in profile) that verifies their contributions.
NGOs play a central role in receiving live updates
and alerts about local tree balance conditions.
Leveraging this real-time data, NGOs plan strategic
drives, ensuring efficient allocation of resources.
Collaboration among NGOs is encouraged, leading

User Interface
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to more successful initiatives. Moreover, NGOs
receive tailored suggestions, including suitable
types of trees according to regions' weather
conditions and water needs, optimizing their
drives for maximum impact. This holistic approach
ensures a dynamic and informed environmental
conservation effort, fostering active participation,
collaboration, and impactful tree-planting initiatives.
Fig. 1 shows a bridge between people and NGOs,
making it effortless for everyone to contribute to our
environment.
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Fig.1: GreenMapper Workflow

When users log in, they'll see a map showing
areas with lots of trees (green zones) and areas
that need more trees (red zones). The machine
learning-based object detection models is used to
count trees accurately, so users know their efforts
make a real difference. Users can also find nearby
tree-planting events posted by NGOs. When
users join these events and contribute, they earn
badges and certificates, showcasing their impact.
For NGOs, this system offers real-time updates

about local tree conditions, empowering them to
plan drives strategically. NGOs can even team up
for more impactful drives. NGOs can create posts
for upcoming tree plantation drives for driving
individuals. Our platform fosters collaboration,
making sure every tree planted counts. This
holistic approach ensures a dynamic environmental
conservation effort, collaboration, and impactful tree-
planting initiatives. Following are different modules
of GreenMapper:
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Live Satellite Data Collection

we developed a sophisticated web bot using Node.
js and the Puppeteer.js package to automate the
collection of live satellite data. This web bot acts as
the backbone of our data collection system, allowing
us to efficiently download high-quality satellite photos

MAP INTERFACE
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from various online sources. By leveraging the
capabilities of Node.js and Puppeteer.js, we were
able to create a robust and versatile tool capable
of handling complex web interactions and seamlessly
retrieving the necessary satellite imagery.
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The web bot operates by navigating through
designated websites and systematically identifying
and downloading satellite photos of specific
geographic regions. Each satellite photo obtained
by the web bot captures a standardized area of 0.22
square kilometers, with dimensions of 640 x 640
pixels. The collected satellite images serve as the
foundation of our extensive tree-mapping project,
providing crucial data for tree identification, counting,
and analysis. By employing a systematic and
thorough approach to data collection, we guarantee
the accuracy and applicability of the information used
in our project.

YOLOv5 Model Configuration and Operation
For tree detection and counting, an advanced
object detection algorithms and machine learning

Class Center Point

model i.e. YOLOVS, trained on the multispectral
satellite imagery.

Input Data Preparation

Resize and preprocess the satellite images to match
the model's input specifications ensure consistency
in image format, color channels, and normalization.
To label and annotate data, MakeSense Al tool is
used where each tree within the images is marked
manually. This typically involved drawing bounding
boxes around individual trees, with meticulous
attention to labeling accuracy.
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Fig. 3: Input data txt format

Data Split

Following data annotation, we divided our dataset
into two distinct segments: one for training and
the other for testing. An 80-20 split was employed,
designating the larger portion for training the model
and the smaller for assessing its performance.

YOLOvV5 Model Configuration

To accommodate our specific project requirements,
we set up the YOLOv5 model, its dependencies,
and hyperparameters. A key aspect of this step was
tailoring the model architecture, anchor box sizes,
and other parameters to our tree counting task. The
annotated datais organised in line with YOLOV5's
directory structure.

Training
The process involves customizing a YAML
configuration file to incorporate pretrained weights,

dataset paths, and the number of annotated classes.
With this configuration, model training begins,
offering flexibility to adjust training epochs and
batch size as needed. Post-training, the resulting
model weights are saved, and comprehensive
documentation is retained for future reference.

Model Evaluation

Following training, we rigorously assessed the
model's performance using the testing dataset.
Metrics such as precision, recall, and F1-score
were employed to gauge the model's accuracy and
generalization capabilities.

Red/Green Zone Visualization

We designed and developed a user-friendly BioMap
using Geographic Information System (GIS) tools
such as leaflet.js. The primary goal of the BioMap
is to provide an intuitive and interactive platform
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for visualizing environmental data, particularly
focusing on identifying areas with varying levels of
tree density.

By integrating the BioMap with our tree counting
capabilities, users can gain valuable insights into
the distribution of vegetation within a given area.
The visual representation provided by the BioMap
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allows users to identify areas with significant tree
cover, as well as areas that may require targeted
conservation efforts. This comprehensive approach
to environmental monitoring empowers stakeholders
to make informed decisions and take proactive
steps towards preserving and enhancing our natural
ecosystems.
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Fig. 4: Yolov V5 Tree Detection Model

Gamification Approach

To engage users effectively, a gamification part is
developed that enabled users to access the maps,
contribute to tree counting, and validate existing
data. Gamification elements, such as points, badges,
and leaderboards, were integrated into the platform
to incentivize user participation, making the process
both enjoyable and productive as shown in fig. 5.

By actively participating in the project and
completing different activities, users can earn

different badges that represent their contributions
and accomplishments. Users can proudly display
the badges they have earned on their profiles. This
credential is a great asset for any future ambitions,
schooling, or professional chances, in addition
to being a testimonial to their dedication. This
gamification approach amplifies the impact of joint
efforts for a healthier, greener world by rewarding
active involvement and transforming each user into
a respected advocate for change.
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Fig. 5: Gamification Approach

Collaboration with local NGOs was a vital aspect
of our research. The tree count data and green/red
zone maps are shared with these organizations,
facilitating data-driven suggestions for plantation
zones within identified red areas. A feedback
mechanism was established for users and NGOs to
communicate, allowing for ongoing refinement and
validation of suggested plantation zones. Community
engagement was achieved by organizing tree-
planting events in partnership with local NGOs,
fostering a sense of ownership and participation
among the local population. To track the progress
of tree planting initiatives, a monitoring system was
established to assess the growth of newly planted
trees, ensuring that the reforestation efforts were
making a meaningful impact on the environment.

Experimental Results

The YOLOV5 architecture-based tree detection
technique was used on satellite images, and trees
were successfully identified. CNN serves as the
backbone network for YOLOv5. A modified Darknet
neural network called CSPDarknet53 is part of the
design and is used to extract features from input
photos. In addition, YOLOvV5 has a detection head
that predicts bounding boxes, class probabilities,

and object confidence scores. To make these
predictions, it employs a collection of anchor boxes
and convolutional layers. YOLOV5 is capable of
effectively identifying trees of different sizes in
extensive satellite images. It is ideal for detection
due to its speed, effectiveness, and precision. SVM
classifiers, on the other hand, struggle with complex
background clutter, and RCNN-based methods,
with their multi-stage processing, require a lot of
processing power and are slower. Because of its
single-stage architecture, versatility, and real-time
processing, YOLOV5 is the recommended method
for tree detection in this specific application because
it offers both speed and accuracy. Figure 6 illustrates
the structure of the YOLOv5-based satellite image
tree detection algorithm.

Following a successful training session, the
recognized trees appear on the screen. Fig. 6
illustrates the tree detection using YOLOv5 mode.
The figure illustrates the presence of the recognized
trees and displays their distribution throughout the
image. Compared to RCNN and SVM Classifier, the
proposed approach was able to detect trees with a
high degree of accuracy.
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Fig. 6: Structure of YOLOvV5

Evaluation and Validation

A confusion matrix in tree detection using the
YOLOv5 model from satellite images provides a
quantitative assessment of the model's performance.
It helps evaluate the number of true positives (correct
tree detections), true negatives (correct non-tree

| Pogitive

Predicted Values ‘i\legative 2(FN)

classifications), false positives (non-tree objects
falsely detected as trees), and false negatives
(missed tree detections). This matrix is crucial for
assessing the model's accuracy, precision, recall, and
improvement of the tree detection algorithm. Fig 7
shows the confusion matrix of the proposed model.

Actual Values

Positive ' Negative
33(TP)  5(FP)
26UN)

Fig. 7: Confusion Matrix

To confirm the network's efficacy, we employ a
variety of metrics, such as mean average precision
(mAP), recall, and precision. When dealing with a
classification challenge, samples can be categorized
as true positives (TP), false positives (FP), true
negatives (TN), or false negatives (FN) based on
how the neural network predictions are combined.
The formulas for the precision and recall are shown
below respectively.

P —TP 100%
T TP+FP
R TP 100%

“TP+FN

The MAP is the average of the detection precision
for all categories and is calculated

1 )
mAP HZ" (P.R)
k=1

where j ( P, R) is the average precision function,
which is calculated using the current class number
k. The precision rate P with the recall rate R forms
the P-R area under the curve. n is the total number
of classes to detect, and k is the current class.
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Fig. 8: Capturing real time satellite data Fig. 9: Detection of trees using Yolo model

Table 1: Experimental Results

Confusion
maftrix: Precision: 0.8947
TP FP
51 6 Recall: 0.9272
FN TN
4 10 Accuracy: 0.8591
TP FP Precision: 1
40 0
FN TN Recall: 0.8333
8 20
Accuracy: 0.8823
TP FP Precision: 0.9982
55 3
FN TN Recall: 0.8461
10 11
Accuracy: 0.8354
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TP FP Precision: 0.9777
88 2
FN TN Recall: 0.8461
16 14

Accuracy: 0.85
TP FP Precision: 0.9982
55 3
FN TN Recall: 0.8461
10 11

Accuracy: 0.8354
TP FP Precision: 0.9666
58 2

Recall: 0.9354
FN TN
4 12 Accuracy: 0.9210
TP FP Precision: 0.9871
77 1
FN TN Recall: 0.875
11 10

Accuracy: 0.8787
TP FP Precision: 0.9782
135 3
FN TN Recall: 0.9183
12 7

Accuracy: 0.9044
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TP FP Precision: 0.9743
114 3
FN TN Recall: 0.9268
9 12

Accuracy: 0.9130
TP FP Precision: 0.9864
219 3
FN TN Recall: 1
0 13

Accuracy: 0.9872

° Avg Accuracy: 0.8865
° Avg Precision: 0.9761
° Avg Recall: 0.8954

The average accuracy, a metric calculated from the
test image outputs, serves as a pivotal indicator
of the model's overall predictive performance.
This measure, derived from the ratio of accurately
predicted instances, provides a quantitative
assessment of the model's efficacy on the test
dataset. It stands as a key benchmark, shedding
light on the model's performance and its ability to
make accurate predictions.

Table 2: YOLOv5 Evaluation Results

Model map@0.5 Precision Recall
YOLOv5 0.8865 0.9761 0.8954
Discussion

The results of our study demonstrate the significant
impact of GreenMapper in advancing tree mapping
and analysis for environmental conservation. By
leveraging the YOLOV5 algorithm, the platform
achieves precise tree identification and quantification
in aerial imagery, facilitating strategic resource

allocation and sustainable forest management. Our
approach stands out for its automation, efficiency,
and accuracy compared to traditional methods and
existing technologies.

Comparing with previous research, our project
introduces a novel and highly effective approach to
tree detection from satellite images. While existing
methods have strengths, such as deep learning
architectures for tree segmentation or tree counting
using remote sensing imagery, our approach offers
superior efficiency and adaptability. The YOLOv5-
based model eliminates the need for manual feature
engineering and preprocessing, streamlining the
process and enhancing overall performance.

Conclusion

GreenMapper represents a significant advancement
in tree mapping and analysis, offering accurate
identification and species recommendations for
effective environmental conservation efforts. Its
collaborative approach with NGOs enhances the
efficiency and impact of tree-planting initiatives,
contributing to sustainable forest management
worldwide. Moving forward, continued development
and integration of new technologies will further
enhance GreenMapper's capabilities, allowing for
even more precise and impactful environmental
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conservation efforts. However, it's important
to acknowledge the limitations of the platform,
such as potential biases in data collection and
analysis. Addressing these limitations through
ongoing research and refinement will be crucial
for maximizing the platform's effectiveness in
safeguarding our planet's natural resources.
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