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➢ Demand for UAV operations will rise by 25% in next 25 years.

➢ Failure in several operations - Due to less workforce, poor water management, 

poor quality management, cost of commodities, carelessness.

INTRODUCTION

Avoidance Mapping Inspection
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➢ Challenges
○ Mapping of dynamic environments and manpower requirement for surveillance.
○ Visual only sensors for visualization

■ Possible sensor options: Lidar, Stereo, Radar, Sonar
○ Hundreds of crashes each year by human error resulting in failure to detect small 

objects (wires, birds, branches).

INTRODUCTION

Avoidance Mapping Inspection
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LITERATURE SUMMARY

● High Sensor Payload
○ Realsense D435i and Realsense T265 [1]
○ Monocam and 2D Lidar [4]

● Trajectory-only planners [2, 3]

● Multiple Assumptions
○ Stop-and-go Maneuvers [5]
○ Indoor-only Navigation [6]
○ Prior Map Known [7]

● High Complexity
○ Computational Cost [8, 9]

● Not Affine to Transformation [10, 11]

● Optimizing feature relationship
○ Spatial-wise [12, 13, 14]
○ Channel-wise [15, 16, 17]
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RESEARCH GAP

➢ Excess manpower operations.

➢ Reliability of sensors.
○ Possible sensor options: GPS, Lidar, Camera, Radar, Sonar

➢ Hundreds of crashes each year by human error resulting in failure to detect 
objects (especially wires, birds, branches).
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Drone Frame

Simulator

Camera

Simulator Settings

Wind Speed: 3m/s
Image Noise: True [With fluctuation 
and pixel noise

Tested in Africa forest envs, High 
mountain areas and urban fields

550 mm wheel base distance, UAV 
frame called IRIS is selected for testing

The UAV is equipped with monocular 
vision sensor for simulation.



77

OBJECTIVE
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“Building a robust autonomous navigation UAV system that can do class-specific tasks.”
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Inspection
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Avoidance
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RESEARCH QUESTION

Image
IMU
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Cmd

Perception ControlPlanning
Traditional Approach: 

Learning-based Approach: 
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IMU
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Neural Network



OBSTACLE AVOIDANCE
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Localization - APPROACH
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Localization - DEMO

http://www.youtube.com/watch?v=209I-g24-DI
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Localization - EXPERIMENTATION

Testing in matlab for spherical trajectory
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Localization - EXPERIMENTATION

Testing in python with KITTI ground truth dataset
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Learning-free Avoidance - APPROACH

J = [ pi+prev_i* 4 + (1/ dcurr-des + 1/ddes-goal) * 2 ] / 6

(0,0) (a,0)

(a,b)

heading = atan2(b/a)
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Learning-free Avoidance - DEMO

http://www.youtube.com/watch?v=KMF9M_KPoIM
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Learning-free Avoidance - EXPERIMENTATION

� Kinodynamic Planning

� RRT Planner

� MPC Control System

Evaluated in MATLAB with 3 different environments.
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Learning-free Avoidance - EXPERIMENTATION

Evaluated in MATLAB with 2 different environments.

� Kinodynamic Planning

� A* Planner

� MPC Control System
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Learning-based Avoidance - APPROACH

B

Policy

Trained using image inputs, pose and yaw angles from learning-free technique

Policy
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Learning-based Avoidance - DEMO

http://www.youtube.com/watch?v=6eGLCexWC-Y
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Learning-based Avoidance - EXPERIMENTATION

� SENet for training
� Dataset collected from 

learning-free approach
� Tested in the same map, 10 times

� Confusion matrix analyzing the 
output results with the ground 
truth data to test the model

Left

Straight

Right

Left Right Straight
Predicted Label

Tr
ue

 L
ab

el

Evaluated in MATLAB with 4 different environments.
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22

Topic: A Comprehensive Study on Autonomous 
Navigation using Learning Techniques for Robotic 
Systems.

Submitted to: MDPI Sensors Journal

Highlights:

● Reviewed 130+ state-of-the-art research works.
● Compared learning techniques and evaluated 30+ 

architectures.
● Compared the predominantly used simulation tools 

and datasets for learning techniques
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Inspection

23

Avoidance
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RESEARCH QUESTION

Features

ChannelSpatial

CNN

Blackbox?
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Rotation

Rotation Invariant

Weak Spatial Relationship

Increase in computation 
time and required more 

data to train

Why Capsules?
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Mechanism

Frame
Object 

Detection
Image 

Classification

if target_class != obtained_class

if target_class == obtained_class

‘sense-switch-act’ mechanism

There is a class A

There is a class A at X 
and Y coordinates
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Image Classification - APPROACH
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ME-CapsNet
Pooling with Stochastic Spatial Sampling

GAP

GMP

Comparing various activation functions 
and showing its effect on the overall 
performance of the network

S3P

Image Classification - NOVELTY



INSPECTION

29Autonomous UAV system for precise agriculture 29

Image Classification - EXPERIMENTATION
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Object Detection - APPROACH

FCN FCN
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Object Detection - EXPERIMENTATION

Fire

Pole

Person

Crack
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Object Detection - EXPERIMENTATION
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Topic: ME-CAPSNet: A Multi-Enhanced Capsule Network 
with Expectation-Maximization Routing Mechanism

Submitted in: IEEE CONECCT 

Highlights:

● Proposed a novel architecture enhancing the 
features in each layer feature-wise and 
channel-wise simultaneously.

● Tested with predominantly used datasets (MNIST, 
FashionMNIST, CIFAR10, ImageNet) and proved our 
architecture’s efficiency.

● Experimentations with various parameter tuning 
has been done and logged.

● Compared with various architectures and proved to 
have the best accuracy.
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VIDEO DEMOS

http://www.youtube.com/watch?v=dEREaBp6o-g
http://www.youtube.com/watch?v=xQxt33pqoSg
http://www.youtube.com/watch?v=WhJ5JbXbA6w
http://www.youtube.com/watch?v=9YORBRRYKHM
http://www.youtube.com/watch?v=eGVrUrpGMpc
http://www.youtube.com/watch?v=3JyuIRXX_9E
http://www.youtube.com/watch?v=pVTG0oIB4hs
http://www.youtube.com/watch?v=KZcNCHoezC8
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CODE BASE
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Inspection
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Avoidance

Learning 
Technique 
leveraging 
Imitation 
Learning

A novel multi 
enhanced 
framework, with 
ME-CapsNet & 
YOLOv3
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SUMMARY
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APPLICATIONS

PLANT WEED 
DETECTION

AUTONOMOUS 
SURVEILLANCE

MONITORING PLANT 
CONDITIONS

FOREST FIRE 
DETECTION

SEARCH AND RESCUE 
OPERATIONS

and lots more…
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GANTT CHART

Week
Task

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Literature survey

Problem Definition                 

Objective of project                 

Obstacle Avoidance 
-Learning Free

                

Obstacle Avoidance 
-Learning based
Inspection                 

Report preparation                 
In progress Completed Initiated
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Open to Questions!
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Thank You!


