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Abstract— In Sea Ports, the use of Tugboats and Workboats for 

technological inspections has an extremely limited or no scope. In 

order to conduct Deep Sea explorations and observations, we use 

an Autonomous Underwater Vehicle (AUV) / Rover which is 

capable of Autonomous Navigation and Realtime Data Collection, 

thereby obviating the need for Human intervention. The Rover 

can be of various sizes and is completely dependent on the 

underwater application. In order to make our Rover real-time 

and autonomous, we can model the Rover using Artificial 

Intelligence (AI) algorithms. The Rover can then learn 

autonomously using previous training data which is necessary for 

AI algorithms. To make our Rover mobile underwater, we use six 

Thrusters, two for forward / backward movement and four to 

maintain Stability. Also, the Rover houses the electronic 

components inside a Hull which is waterproof and withstands 

strong currents. The Rover has a Camera which is used to 

process the images and simultaneously update data for both 

Movement and Image Processing. The Depth Control and 

Measurement is achieved by using single - beam Echo Sounders. 

The Ultimate aims of the Bathymetric inspections are Depth 

Measurement and to Determine the minimum time interval to 

perform Dredging (clearing sand from the ocean bed). The Rover 

can also be used to measure other trivial parameters such as Flow 

Velocity and Water Pressure. 
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I. INTRODUCTION 

 
The existing systems available in Ports perform 

Bathymetric surveys and inspections, to a high degree of 

accuracy, but such systems are very bulky and require a lot of 

power to operate. Moreover, the current systems are operated 

by man and is prone to human errors. The main objective of 

our project is to design a Rover that navigates autonomously 

and takes depth measurements of the ocean floor and also 

constantly monitor for inconsistencies on the ocean floor. This 

data will be useful to take decisions pertaining to Dredging of 

the ocean floor in Ports. The current system has a direct 

dependence on human intervention, and also is quite enormous 

and bulky. Thus, it is difficult to handle and causes problems 

in case of failures. Also, the system is prone to human errors. 

 
 
 
This can be resolved by designing a Rover which completely 

autonomous, and reducing the physical size of the overall system 

makes it easier to reach places that a normal Tugboat or 

Workboat cannot access. For example, the Rover can be made to 

navigate to every nook and corner of the Port Channel. 

 
II. ROVER DESIGN 

 
Mechanical design module includes designing, 

prototyping and manufacturing of the various components of the 

Rover. The major components include pressure hulls, actuation 

for the various payloads and structural frame of the Rover. Each 

of the submodules is explained in detail in subsequent sections. 

The Rover is designed to be positively buoyant to a certain extent. 

Hulls provide a waterproof enclosure at atmospheric pressure for 

electronic payloads. Generally, several factors influence the 

design of the hull,  
• Static and dynamic stability of the vehicle.  
• Modularity to allow upgradability in the design.  
• Reduction of drag against velocity while in motion.  
• Availability of sufficient space for batteries, electronics and other 

components. 

• Ease of manufacturing.  
Laying emphasis on the above stated points, a cylindrical shaped hull 

has been incepted in the design because:  
• It is a good structure to resist hydrostatic pressure.  
• It has a good hydrodynamic form which helps in reducing the 

drag on the vehicle. 
• It provides sufficient space for placement of electronics.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Solidworks design of Rover 
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III. ELECTRONIC SUBSYSTEM 

 

A power supply of 12V and 28Ah is given to the 

Main Processor Unit and the TIVA Microprocessor that 

controls the Sensors and the Inertial Measurement Unit. The 

Motor Controller then drives the six motors via an Electronic 

Speed Controller. The two cameras, one External to the 

Processor and another, an Internal Camera attached to the 

Processor are used for Surveillance and AI inputs. The AI 

algorithms are written onto the Main Processor Unit. A Depth 

Measurement unit, consisting of the Control Unit, Echo 

Sounders and Internal Memory is connected to the Processor 

Unit. The Depth readings are taken and stored locally on the 

Depth Measurement Unit. To obtain the Bathymetric Map, the 

data from the Memory of the Depth Measurement Unit is 

collected and processed on a Computer for a three dimensional 

plot.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Electronic Subsystem of the Rover 

 

The Seafloor Depth Measurement Unit consists of the 

HydroLite single – beam Echo sounders, the EchoTrac Mobile 

Hydrographic System and a Local Storage for files. Seafloor’s 

Depth Measurement Unit is the most responsive, accurate, 

reliable and safe Depth Measurement Unit yet. Seafloor 

continues to innovate in the survey grade Echo sounder and 

unmanned surface vehicle sectors. The HydroLite-TM™ 

should be included in every survey and engineering company’s 

standard equipment kit for hydrographic surveying. Developed 

to meet requirements for the U.S. Army Tactical Dive Teams, 

the rugged, wireless HydroLite-TM™ looks and feels like 

your traditional survey instrument. It quickly measures and 

logs depths more accurately than standard systems, making 

fast work of ponds, rivers, lakes and more. The rugged and 

weatherproof ECHOTRAC CVM outperforms other echo 

sounders in its class, offering the utmost in portability without 

sacrificing Teledyne Odom performance standards. With a 

choice of dual or single frequency operation, optional built-in 

DGPS and notebook PC bundled with your choice of data 

acquisition software, the CVM has everything you need in an 

echo sounder – even when portability isn’t an issue. The Kill 

Switch is similar to the Emergency Stop button found in 

Industries. When the Kill Switch is pressed, it renders the 

 
Rover immobile, similar to the external reset signal found 

commonly in processors and controllers. The Rover then goes 

through the initial state when turned on and resumes normal 

operation. 

 
IV. PROCESS FLOW 

 
The Process flow of the Autonomous Underwater Rover 

starts with the collection of data from the Camera and the 

Sensor and IMU units. The Camera feed is stored on the Depth 

Measurement Unit’s Local storage and used for manipulation by 

the Main processor. The Sensor data is also relayed onto the 

Main processor. The next step in the flow is to split the frames 

in the Camera feed. This is done by writing programs in 

OpenCV or Python, which stores the feed in image files for easy 

manipulation. Then, the frames are ordered in in a numpy array 

for processing. Then, the images are divided into blocks to 

perform image processing functions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 Process Flow in the Autonomous Underwater Rover 

 
The Convolutional Neural Network is used to find the 

object or debris of interest and classify it as an interruption. The 

Neural Network consists of 4 layers. The next step is used to 

find the Centroid, the weighted average in the group of pixels in 

the neighbourhood. The image is converted to Grayscale and 

then Binarized. The centroid is then found out after calculating 

the moments. The Course Correction is used to enhance the 

contrast, gamma, and brightness of the image. Finally, the 

equivalent commands pertaining to the Motor Control is sent to 

the Motor Controller. 

 

V. SOFTWARE 

 

YOLO (You Only Look Once), is a network for object 

detection. The object detection task consists in determining the 

location on the image where certain objects are present, as well 

as classifying those objects. Previous methods for this, like R-

CNN and its variations, used a pipeline to perform this task in 

multiple steps. The first step to understanding YOLO is how it 

encodes its output. The input image is divided into an S x S grid 

of cells. For each object that is present on the image, one grid 

cell is said to be “responsible” for predicting it. That is the cell 

where the centre of the object falls into. Each grid cell predicts 

B bounding boxes as well as C class probabilities. The bounding 

box prediction has 5 components: (x, y, w, h, confidence). The 

(x, y)coordinates represent the centre of the box, relative to the 

grid cell location (remember that, if the centre of the box does 
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not fall inside the grid cell, than this cell is not responsible for it). These coordinates are normalized to fall between 0 and 1. The 

(w, h) box dimensions are also normalized to [0, 1], relative to the image size. The concept of breaking down the images to grid 

cells is unique in YOLO, as compared to other object localization solutions. For example, in reality, one image can be cut to 19 x 

19 grid cells. Anchor box makes it possible for the YOLO algorithm to detect multiple objects centred in one grid cell. The idea 

of anchor box adds one more “dimension” to the output labels by pre-defining a number of anchor boxes. So we’ll be able to 

assign one object to each anchor box. Given an image, the YOLO model will generate an output matrix of shape (3, 3, 2, 8). 

Which means each of the grid cells will have two predictions, even for those grid cells that don’t have any object inside.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 The YOLO Model 

 

VI. WORKING AND RESULTS 

 

To test the accuracy of the proposed system, the 

Rover was tested in the Port to survey a small geographical 

area. Our Rover was immersed at an optimal depth of 1.5 

metres below the Ocean Surface. The Rover navigated 

autonomously and subsequently measured the depth values 

at a particular location within the particular area. The Depth 

values and the Camera feed were stored in the Depth 

Measurement Unit and was retrieved later for processing. 

The Depth and location values were appended to obtain the 

final Bathymetric plot. Also, the Rover can be deployed in 

various aquatic environments, depending on the type of 

application.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5 Depth values measured, in centimetres 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6 Depth Contours – Final Bathymetric Map  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7 Pressure, Temperature and Salinity values measured 

 

VII. CHALLENGES AND FUTURE SCOPE 

 

The current challenges in the deployment of the Rover 

involve the destructive effects of strong water currents. The 

other challenge includes the unprecedented intrusion of debris 

and aquatic life. Also, disturbance of the cables due to the 

extreme environment causes a loss of data. The Rover can be 

extended for future use in Deep Sea Mining, wherein the 

Rover can examine and survey for mineral deposits in great 

depths of the ocean. The Rover can also examine Shipwrecks 

and Airplane wreckages, which tend to be a great source of 

information pertinent to government and private investigations. 
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The system also has a scope of use in the Naval forces, making it easier to make battle plans and also infiltrate enemy 

bases. 

 

VIII. CONCLUSION 
 
The proposed system has the potential to become an absolutely essential boon for Ports, replacing the current system in 

the near future. Though the initial cost may be high, the overall operating cost will be low in the long run. Ports will be 

pushed to increase productivity and reduce human effort, so the proposed system will more likely be implemented. 

Also, we are aware of the increasing cases of Airplanes disappearing above oceans. With no currently available 

measures to tackle the situation, the Rover can be used to survey for wreckage and for search – and – rescue operations 

underwater, making it easier for the authorities to draw conclusions. 
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