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Abstract— This paper gives a overview of application of 

automation in Marine Engineering, Ballast water carried by 

ships for balancing is becoming a fourth major 

environmental threat, including marine organism causes bio 

invasion. It is necessary to control bio-invasion problem, for 

this we proposed a methodology to monitor and control the 

flow of ballast water from natural filtered water to the 

storage tank in offshore through web server, in this paper we 

have tried to make website which can be used universally to 

automate a ballast water management systems. There are 

many system to do the same but this is about to monitor and 

control flow of ballast water using Internet with the help of 

Raspberry pi. The flow rate of ballast water is measured 

from Hall Effect based flow meter; a pressure gauge sensor 

is used to give a constant reading of individual tanks, a 

microcomputer to control the pumps operation which is 

connected through relay board. Server was set up by means 

of Raspberry pi. 

Key words:  Raspberry pi, Flow sensor, Mini water pump, 

Relay, Web Server, Hall Effect sensors 

I. INTRODUCTION 

A. Back Ground of Study: 

The World would be very different and much poorer place if 

there were no ships to carry huge amount of cargo. 

Unfortunately, that is not all they carry, they also carry what 

is called Ballast water in addition to it. Ballast water is mass 

of solid or liquid which is used to balance ships while on 

voyage. It is necessary not only for the safe operation of 

ships, but also used for their stability, trim, and list control 

Ships takes on Ballast water while on a voyage and in most 

cases, they discharge it somewhere else. Along with that 

vast quantity of water, go thousands of species of marine 

plants and animals, together with pathogens such as bacteria 

and viruses, which may carry diseases like typhoid and 

cholera. Ballast water is carried in unlade ships to provide 

stability. It is taken on board at the port before the voyage 

begins. Tiny stomas in the form of marine organisms are 

also taken on board with it. At the ships destination the 

cargo is loaded and ballast water, with it stowaways 

organisms, is pumped out. Some of these organisms then 

establish population in the surrounding waters. Hundreds of 

such species of marine organisms are known to have been 

introduced by ballast water. While some appears begins 

others have pests threatening the local marine ecological. 

It is very important to overcome the above 

mentioned problem the ballast water from ships can be 

exchanged at sea, replacing it with ‘clean’ open ocean water. 

Any marine species taken on ate the source port are less 

likely to survive in the open ocean, where environmental 

conditions are different from coastal and port waters. Non-

release or minimal release of ballast water. Discharge to 

onshore reception and treatment facilities. 

B. Problem Statement: 

Every port is linked to local storage of huge amount of 

seawater. 

Automation system at every port helps, at any point 

of given time 

 calculating current reserve at a port 

 calculating required quantity of pure ballast water 

for any ship 

 Calculating required storage space for incoming 

ballast water from ships 

 controlling pump or required number of series of 

pumps to balance demand and Supply 

 Leakage detection and bye-passing defect sectors 

 Automatic flow control 

 Automatic periodic sampling for quality check and 

control 

The supply of fresh water from well to tank on the 

requirement from the ship is done by the application of 

Mechatronics, in the proposed systems when any of the ship 

come to the dock for the disposal of ballast water it should 

be intimated to the destination harbor before arrival by 

giving its requirement and disposal of Ballast water, our 

system will See for two conditions one Reception and 

second supply, for Supply conditions our systems will 

calculate the number of pumps to operate for a particular 

time constraint given by a client ship, at the same it must 

monitored the level of underwater tanks so to decide 

whether there is a requirement of water to take from well or 

not otherwise under water tank water will be enough for 

their requirement of ballast. 

For the reception of Ballast water our system must 

find the level of the underwater tank as well at the same it 

must also checks the purity of ballast water from ships, this 

information regarding impure water will be provided by the 

client, that the certain amount of water is contaminated, for 

this contaminated water our system will provide a separate 

underwater tank storage systems, it must also indicates the 

level of all tanks regularly in a operators screen. 

C. Significance of Study: 

It is very important to make a automated systems which can 

be used to make a system automatically judge of reception 

and supply of ballast water as per the requirement at port. 

For this a systems needs to measuring the flow of ballast 

water in a critical need in many ships. In some operations, 

the ability to conduct a accurate flow measurement is so 

important that it can make the difference in profit or taking a 

loss. With most ballast water flow measurement 

instruments, the flow rate is determined inferentially by 

measuring the water velocity or the change in kinetics 

energy. Velocity depends on pressure differential that is 

forcing the water through the pipe. Because the pipe’s cross 

sectional area is know and remains constant. The average 

velocity is an indication of flow rate. 
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It is very important to know what a flow meter can 

do. Each type has advantages and disadvantage. Technical 

improvements can be considered, it is always considered 

about the need of flow meter. Mistakes while installing 

device is common.  Every design needs an initial calibration. 

The biggest problem associated with this is the value may 

not be clearly understood that is they may be in different 

parameters. The recalibration depends on how well the 

meter fits the application. There are numbers of factors 

influence maintenance requirements and the life expectancy 

there are many flow meter used in many place using wired 

with computer systems. The individual can notice the flow 

only when he/she is present in the computer systems and 

using the particular application to monitor flow rate. The 

proposed system helps to monitor and control the flow of 

ballast water through internet by computer. 

II. PROPOSED METHODOLOGY 

The proposed system to monitor flow of ballast water and 

pumping of ballast water from well to tank basically consists 

of pump, flow meter, pressure gauge, microcomputer and 

web server. The block diagram of the system is shown in fig 

1. To measure the flow rate we are using Hall Effect based 

flow sensor. 

Raspberry pi will act as a microcomputer. Pump is 

physically connected to pipelines in which flow is to be 

given; pressure gauge is connected to each tank so to get the 

level reading. Flow sensor measures the flow rate and 

generates a analog pulse. The flow meter is connected to 

analog to digital converter. The analog to digital converter, 

reads the analog value from flow meter sensor and converts 

it to digital value and send it to the raspberry pi which is the 

main components to control the pumps. The pumps are 

electrically attached to the raspberry pi, by which is used to 

on and off a pump. The raspberry pi is programmed to read 

the analog to digital convertor reading and to control switch 

relay attached to the raspberry pi which in turns make 

switch On and Off to th pumps. The raspberry pi is also 

programmed to act as a web server by which a pump is 

controlled using LAN (Local Area Network), or internet 

connection, flow meter is directly interfaced with convertor. 

 
Fig. 1: 

The flow meter works on the Hall Effect principle. 

The Hall Effect sensor works as a transducer whose output 

voltage varies in response to a magnetic field. As a result of 

ballast water flows through the flow meter, Hall Effect 

sensor senses the liquid flow and sends the corresponding 

voltage to ADC through interface. The next part involves 

the uploading of data from ADC to Raspberry pi. Raspberry 

pi is a microcomputer which is a light weight that runs on 

Linux operating systems. The C program is used as a 

primary coding language by the raspberry pi to receive the 

data from a serial bus port that is available in raspberry pi 

and uploading the same reading to server and also running 

the server. 

Raspberry pi is capable of controlling hardware 

using the GPIO pins (General Purpose Input/output pins). 

The pumps are connected to raspberry pi via Relay board to 

the GPIO pins and are accessed through internet. The GPIO 

pins in raspberry pi is are capable of supplying power, the 

power supply to the pump is given from mains supply of 

220V via Relay switch board 

A. Proposed Algorithm: 

For our system of ballast water management we have 

proposed a methodology which contains a simple program 

sequence, the first task is to make our systems a internet 

connectivity, by which a client gives its details requirement 

and reception of ballast water, for this we have made a html 

page in which there is a text box which will provide us a 

details of requirement of water from the underwater tank 

systems, and the time of halt of ship in destination port, in 

html page have given a column of under Water Tank which 

gives us the current value of stored water. 

 
Fig. 2: 

In systems we will be using Flow meter sensors 

and pressure gauge sensor for the preliminary, all the flow 

meter sensor work in a group as well in a individual manner,  

of a ballast automation systems we are using the flow meter 

sensors to measure the value from well to the summation 

point. The function of measuring the value of flow rate from 

each individual well is to see how much amount of water is 

taken from an individual well, the summed up value from 

each flow meter will give us the net amount of water we 

pumped from well to under water tank. 

Firstly as i mentioned, it must read all the values 

from html page, then it must read the value from the level of 

tanks to make calculation to give summed up present level 

of stored tank level 

Secondly our program will run to make Pump On 

state. 

 If under water tank level is more than the required 

amount of volume is our system will be in silent 

mode. 

 If under water tank level is equal to the required 

amount of volume it should pump On. 

 If under water tank level is less than a required 

amount of volume it should make pump On. 
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Now to calculate the number of pumps to operate 

for the above condition will depend on the values given by 

the client like time of halt , required amount of ballast water, 

by the all values provided from the html page the following 

calculation will operate:- 

 A = required amount of water – Under water 

storage tank level 

 B = Single pump capacity (this is predefined by 

operator) 

T = Time of Halt of ship in port 

C = Number of pumps to operate 

C =     [(A/T)/B] 

Where,  A will be the difference of water level this 

give the actual water to be pumped from well to tank. 

 B is the capacity of installed pump 

 T is the time given by client ship for Halt. 

 C is the calculated number of pump from the 

mathematical algorithm to be operate to pump water from 

well to under water tanks. 

III. HARDWARE 

The major components used in the proposed have been 

discussed briefly 

A. Hall Effect Flow Sensor: 

The flow rate of the liquid is measured with the help of Hall 

Effect sensor type flow meter. Hall Effect type flow sensor 

is shown in the fig.2.A Hall Effect sensor is a transducer that 

varies its output voltage in response to a magnetic field. The 

Hall Effect is the production of a voltage difference across 

an electrical conductor, transverse to an electric current in 

the conductor and a magnetic field perpendicular to the 

current Hall Effect sensors are used for proximity switching, 

positioning, speed detection, and current sensing 

applications. The flow meter is capable of measuring 1-30 

Liters per minute. It can withstand the pressure of water less 

than or equal to 2.0 Mpa. The flow sensor is connected to a 

½ inch pipe. It senses the flow of liquid in the pipe and 

sends the corresponding PWM signal to Raspberry Pi. 

 
Fig. 3: 

B. Raspberry Pi: 

Raspberry pi is a credit card sized single board computer 

which is capable of doing the entire job that an average 

desktop computer does Like spread sheets, word processing, 

Internet, Programming, Games etc .It consist of 512mb 

RAM, ARM v6 Processor,2 USB and an ethernet port, 

HDMI & RCA ports for display,3.5mm Audio jack,SD card 

slot (bootable), General purpose I/O pins, runs on 5v. The 

Raspberry Pi model is shown in fig.5. 

 
Fig. 4: Raspberry Pi model 

Raspberry pi runs on Linux kernel based operating 

systems. It boots and runs from the SD card. It does not 

have any internal memory other than the ROM. It has an SD 

card slot which is capable of reading up to 32 GB. The 

GPIO pins of the raspberry pi are programmed using Python 

programming language. The Electro-valve is connected to 

GPIO pins with the help of transistor and relay so that we 

can switch on switch off it whenever needed. 

C. Relay: 

A relay is an electrically operated switch. Many relays use 

an electromagnet to mechanically operate a switch, but other 

operating principles are also used, such as solid-state relays. 

Relays are used where it is necessary to control a circuit by 

a low-power signal (with complete electrical isolation 

between control and controlled circuits), or where several 

circuits must be controlled by one signal. The first relays 

were used in long distance telegraph circuits as amplifiers: 

they repeated the signal coming in from one circuit and re-

transmitted it on another circuit. Relays were used 

extensively in telephone exchanges and early computers to 

perform logical operations 

We are using here 4 channel relay board which is 

used to switch from normally open to normally closed, in 

our project this is used to switch pumps which were 

connected to MAIN Supply 230V Relay switch is used to 

connects or supply from MAINS supply to pumps. 

Fig. 5.4: channel Relay Board 

IV. RESULT AND PERFORMANCE ANALYSIS 

The prototype model to automate the flow of liquid through 

server is shown in fig . Water is used as the liquid to test the 

setup.Snapshot of the ballast water flow setup is shown fig . 

6.(a). According to flow meter’s data sheet 450 pulses =1 

liters. The program is written to send the data every second. 

First of all, a small tank with low pressure was used. The 

data was like this 1.00381Liters/minutes, 

0.910768Liters/minutes, and 0.9071038 Liters/Minutes etc. 

the water flow was very slow. But even when pump is off 

there was some reading like 0.833 liters/minutes, 0.77 

http://en.wikipedia.org/wiki/Electric
http://en.wikipedia.org/wiki/Switch
http://en.wikipedia.org/wiki/Electromagnet
http://en.wikipedia.org/wiki/Solid-state_relay
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liters/minutes etc indicating error, all the components were 

checked twice carefully, found there is head problem with 

tanks, both tanks were placed at the same head height and 

then pump is switched ON. Now there is No error and the 

data it show is perfect when the water is switched OFF it 

correctly shows 0 Liters /Minutes. 

 
Reding 1 

 
Reading 2 

Fig. 6(a): 

The fig 7 shows the monitoring of the liquid flow 

through th Putty windows. submersible pump needs 220V to 

work. Initaily, the submersible pump was connected to small 

tank ( low pressure), when triggered it does not work 

properly. Small tank we used for flow meter is not sufficient 

. So overhead tank has been used. After doing the plumbing 

connections, the pump was given mains supply and it work 

fine. 

 
Fig. 7: Hardware set up 

In order to open the server in any browser the IP 

(internet Protocol) address of the server need to be known. 

The HTML page designed uses Java script so whenever the 

browser is used, it must be installed with java plug-in or else 

the data will not be displayed properly, as shown in Fig 8, 

when we open the browser there we will see three option of 

giving data the ballast water required, the tank volume, time 

of halt of ship in dock platform. After giving the data it will 

switch ON number of Pumps depending on the given data 

by operator. The flow rate from the flow sensor can be seen 

in Putty window. The calibration of flow sensor is done with 

different multiplication factor with error in reading as shown 

in table fig. 9, graph fig. 10 show the calibration of flow 

sensor to give actual reding of given water flow, as shown I 

fig. 10, there is some deviation in reading found from actual 

flow given and reading obtained from flow sensor this 

comparison of data is shown in graph fig. 11. 

 

 
Fig. 8: Web browser to automate ballast water 

Multiplication 

Factor 

Observed 

Reading 

Flow 

sensor(Liter 

per minutes) 

Actual 

Reading 

(Liter per 

minutes) 

Error in 

Reading(Liter 

per minute) 

4.5 1.213 1 -0.213 

5.0 1.0467 1 0.0467 

5.5 0.9925 1 0.0075 

6.0 0.8138 1 0.1862 

6.5 0.8575 1 0.1425 

6.8 0.8010 1 0.1990 

7.0 0.7812 1 0.2188 

7.5 0.7521 1 0.2479 

Table: Table of Calibration of flow sensor with error 

detected 

 
Fig. 10: Calibration of water flow rate with sensor 

 
Fig. 11: Comparison of water flow with and without flow 

sensor 
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V. CONCLUSION 

The liquid flow can be monitored and controlled from 

anywhere in the world using internet through personal 

computer. The system has been tested for water as a flowing 

liquid successfully. 
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