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Abstract 

 
Fluid level in a storage tank is a very significant process which has required to be 

measured and control in any process industry. The traditional techniques of liquid 

level computation may be two type direct type and indirect type. The Main aim of 

the project is to monitor and control the water level at each and every point of the 

tank using Arduino Uno and FDC1004 capacitance sensor breakout board. The 

main advantage of this project is that it is non-contact with the liquid and it is 

accurate in liquid level measurement. This finds its applications in food industry 

and even fuel tank levelling in auto industry. In this project we have formed the 

sensor from two conductive copper foils. Both copper foils have the ability to store 

some electrical charges. These copper foils are adhered to the water bottle. One foil 

is given a positive potential and the other is given a negative potential or ground. 

These foils are given potential through the FDC1004 breakout board. This is the 

capacitance to digital converter (CDC) board, which converts the capacitance value 

the analog value to digital value. This board consists of two 4:1 multiplexer, a 

capacitance to digital converter, configuration registers& data registers, and for 

communication with the micro controller it has a I2C interface. The channel 1 and 

ground of the board are connected to the two conductive copper foils. The data from 

the breakout board is send to the arduino through the TWI interface through the 

SDA and SCL lines of I2C. This arduino micro controller is programmed by arduino 

IDE and it is programmed in a way such that it monitors and controls the level of 

the liquid in the tank through the motor which is connected to the arduino through 

the relay module. The relay module provides the switching action which is 
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necessary to turn on and turn off the motor which controls the liquid level in the 

tank.  

 

Keywords:  Liquid level detection, Capacitance to digital conversion (CDC),   

                    Arduino UNO, Noncontact capacitive level sensor, etc. 

 

1. Introduction 

 

        Capacitive sensors are widely accepted in the industry for many applications 

such as flow measurement, level measurement, proximity detection, measurement 

of humidity, detection of ice layer, angular position sensing, etc. An interdigitated 

capacitive sensor has been developed for detecting some of the chemicals related to 

food poisoning and presented in [1]. Various techniques have been reported, and in 

use, for the measurement of capacitance. It includes bridge based measurement 

schemes, synchronous demodulator followed by an analog to digital converter 

(ADC), etc. In the recent years, the capacitance to digital converter (CDC) schemes 

have gained lot of attention of the instrumentation engineers as the CDC can 

provide a digital output, which is directly proportional to the change in capacitance 

or  measured , without the need of a dedicated ADC after the measuring/signal 

conditional circuit[1].  

Principle 

The principle behind the use of capacitance for proximity sensing and liquid level 

sensing is the same .when two parallel plates are placed at fixed distance from each 

other, electric fields are produced. At the edges of these plates, a fringing effect is 

produced.  
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Fig 1- Electric field and fringing effect 

2. Literature Review 

 

In this review you will have an insight that how we have related our project with 

the previous research works done by many people. You will also be able to 

understand the various methods to implement the liquid level monitoring and 

distinguish the difference between our work and the previous works. 

 

Capacitance Liquid Level Sensing 

 

There are many types of liquid level measurement instrumentations in modern 

technology, including the multiple-liquid level measurement. However, there are 

some practical considerations that make them unfit to use in car washer tanks. 

Only a few of them are suitable enough for the technology to widely benefit their 

use in cars. 

 

Capacitance to Digital Converters 

 
Procedures such as infusions and transfusions require exact amounts of liquid to be 

monitored, so they need an accurate, easy to implement method for sensing liquid 

level. This article describes the 24 bit capacitive to digital converters and level 

sensing techniques that enable high performance capacitive sensing of liquid levels. 

 

Capacitance Measurement Basics 

 

Capacitance is the ability of a body to store electrical charge. 

The capacitance, C, is given by 

C =Q/V 

where Q is the charge on the capacitor and V is the voltage across the capacitor. 

In the capacitor shown in Figure 1, two parallel metal plates with area A are 

separated by distance d. The capacitance, C, is 

C=εr*εo A/d 
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where 

• C is the capacitance in Farads 

• A is the area of overlap of the two plates = a × b 

• d is the distance between the two plates 

• εr is the relative static permittivity 

• εo is the permittivity of free space (εo ≈ 8.854 × 10−12 F m–1)   

 

3. Research Objectives 

 

The objective of the project is to measure the water level by using capacitive 

sensor FDC1004 , it can be sensed and tells the person to switch off the water tank. 

This method helps us to avoid over flowing of water, so that water can be saved and 

utilized for future purpose. 

4. Methodology 

 
 

 

 

 

 

 

 

Fig 2 - Block Diagram for Monitoring Water Level Using FDC1004 

 Hardware Description 

Liquid level sensing can be done in several different ways and we have tried 

several ways too. Sometimes what is required is accurate liquid level measurement 

without putting anything inside the liquid itself. This is especially preferred in 

applications such as in the food industry (for level sensing in tanks) and even fuel 

tank level sensing in automobiles. 

 

Monitoring Water Level Using FDC1004 

 

The actual application was much larger setup, but for the sake of this article, 

we demonstrated the same on small water bottle .we pasted two thin strips of 

adhesive copper tape (5mm wide). We then connected one of the electrodes to 

system ground and the other one to CIN1 channel of FDC1004 breakout board .It is 

best to solder these directly to the electrode. 

  

 

 

PC ARDUINO 

UNO 

BATTERY MOTOR RELAY 
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Fig 3 - Connecting the FDC1004 Board to the Arduino Uno 

The Protocentral FDC1004 Breakout board connects to an Arduino Uno using I2C standard 

interface. This chip is connected to the SCL and SCA pins of the controller or platform, but 

the libraries provided are for Arduino only. If you are using a version of Arduino 

different from Arduino Uno, please check which pins correspond to I2C/TWI SDA 

and SCL lines. The data is sent through Arduino's UART over USB to the computer 

.This data is continuously sent at a rate of 100 SPS and then averaged in a code, 

this helps in filtering out the noise. 

Table 1 - Components And Specification 

Arduino ATmega328 

Operating Voltage 5V 

Input Voltage (recommended) 7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 14 (of which 6 provide PWM output) 

Analog Input Pins 6 

DC Current per I/O Pin 40mA 

DC Current for 3.3V Pin 50mA 

Flash Memory 32 KB of which 0.5 KB used by 

bootloader 

SRAM 2KB 

EEPROM 1KB 
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Clock Speed 16MHz 

 

 

FDC1004EVM    

 

The FDC1004EVM is a plug and play system to test and evaluate the 

FDC1004, 4-channel capacitive to digital converter. The EVM is a breakable PCB 

which consists of 3 sections: 

            1. MSP430F5528 microcontroller which acts as the USB to I2C bridge 

between a PC and the FDC1004. 

2.  The FDC1004  

3. Touchless sensor to demonstrate the sensitivity of the FDC1004  

  
Fig 4 - Internal Block Diagram Of FDC1004 

 

5. Results and Discussion 

The level measuring system described above is for nonconducting liquids. The setup 

proposed above can be used for conducting fluids with some modifications. The 

modifications are based on the use of a nonconducting liquid in the measurement 

setup.  
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Fig 5- Reference environmental 

 

Fig 6 - Level 

 

Fig 7 - Reference liquid 

 

Fig 8 - Capacitance measurements for Level, RE, RL Electrodes 

6. Conclusion 

 

The main advantage of this project is that it is non-contact with the liquid and 

because of this it eliminates the corrosion of the capacitance sensor. When the water 

level in the lower tank is low, as per the above condition the pump 1 gets switched 

ON because the water level is low and it requires to be filled. When the water level 
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in the lower tank is high or medium, as per the above condition the pump 2 gets 

switched ON because the water level is high and it requires to be emptied. This can 

be implemented practically in any field to reduce the wastage of water, power 

consumption and control the water level automatically. The other major advantage 

of this project is that it is continuous liquid level sensing which indicates that you 

can monitor the liquid level as it changes for every millimeter and preserve the 

liquid accurately without wasting. 

 

7. Limitations and Future Research 

This accurate monitoring of the liquid level can be further automated by using the 

concept of IOT. The continuous readings can be send to our mobile phones or home 

PC’s over the internet or wifi routers and we will be able to monitor the liquid level 

from just a touch of our hands. In this concept we will also be able to control the 

operation of the motors and hence in turn control the liquid level from the comfort 

of our own place. The advancement of this project idea is the non-contact liquid level 

sensing technique using computer vision in the fuel measurement of aircrafts to 

avoid the aircraft accidents caused by the contact sensor-triggered fuel tank 

explosions. The limitations are as follows; Dielectric sensing is prone to outer stray 

capacitance and sometimes it saturates. Fixed proper shielding is very important. 

External factors have a effect on the dielectric and they have to be shielded or 

corrected appropriately. 
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