
 

 e-ISSN: 2289-8131   Vol. 10 No. 2-5 131 

 

Design and Implementation of Fibre Optic Sensor 

for Soil Moisture Detection  
 

 

Hazura Haroon, Siti Khadijah Idris, M.Yusri Yusoff, Anis Suhaila Mohd Zain, Hanim Abdul Razak, Fauziyah 

Salehuddin, and M.Z. Nor Syaimaa 

Centre for Telecommunications Research Innovations (CETRI), 

Faculty of Electronic & Computer Engineering, Universiti Teknikal Malaysia Melaka, 

76100 Durian Tunggal, Melaka. 

hazura@utem.edu.my 

 
 

Abstract—In this paper, the design and implementation of a 

fibre optic sensor system for moisture detection are reported. 

The basic concept of a fibre optic sensor is to detect any changes 

in the intensity of light that travels inside the fibre. The paper 

describes the sensor design, the experimental setup and four 

examples of sensor prototypes. A phototransistor is used to 

detect light in the fibre optic, while Arduino nano is utilised to 

read the output data.  Four different sensors with different 

length and width are employed to detect the level of soil 

moisture. The effects of sensor dimensions on the soil moisture 

detection are studied. The most stable response provided by two 

sensors, one with 1-inch width and 0.63 inches length and the 

other design is with the dimension of 1- inch and 0.87 inches 

length. 

 

Index Terms—Fiber Optics; Optical Sensor; Soil Moisture 

Monitoring; Humidity Monitoring. 

 

I. INTRODUCTION 

 

The measurement of moisture condition or environmental 

humidity is crucial in a large number of applications, ranging 

from health monitoring, climate and environment monitoring, 

oil and gas industries, agriculture and various others [1-5].  

Soil moisture sensor is a very beneficial device in the 

government agencies and private companies where 

monitoring, quality improvement, and failure detection are 

the primary concerns, including flood control, soil erosion, 

slope failure, reservoir management, and water quality. For 

instance, by employing the soil moisture sensor through 

evaporation and plant transpiration, the exchange of water 

and heat energy between the land surface and the atmosphere 

can be controlled. Soil moisture can be used for reservoir 

management, early warning of droughts, irrigation 

scheduling and crop yield forecasting as well [6-8].  

 Soil moisture is the volume of water contains in the soil. 

The water is held within the soil pores. Soil water is the major 

component that contributes to the plant growth. Too much 

water remains in the soil as a thin film and prevents the plant 

from breathing.  Soil water dissolves salts, which is vital as a 

medium for supplying nutrients to the growing plants.  

To date, there are various types of technologies of soil 

moisture sensor available in the market, including resistive, 

capacitive and hygrometric sensors [9-11]. These 

conventional electric sensors experience several drawbacks, 

such as relatively high cost, the urgency for maintenance and 

unsuitable to be used in hazardous environments [12-14]. 

Optical fibre sensors have found to overcome these 

disadvantages with extra excellent features, such as compact, 

lightweight and reducing the multiple cabling used in the 

traditional electronic sensing [15-17].  

This paper involves the development of soil moisture 

sensor based on the fibre optic. Plastic or polymer optical 

fibre (POF) was chosen due to their low cost and flexibility 

[20]. POF is often called as consumer optical fibre because of 

the affordable price.  POF has been considered as a viable 

alternative to other technologies owing to rapid development 

in polymer technology and applications [21]. Basically, the 

basic concept of a fibre optic sensor is to detect any changes 

in the intensity of light that travels inside the fibre. The 

variations of light intensity can be exploited for many 

different applications by merely changing the nature of the 

sensitive coating [22]. The light is typically confined inside 

the core of the fibre by the cladding coating. When the 

cladding coating is removed, the light can leak out from the 

fibre core. It happens when some compound substance or 

material used to wrap the fibre is removed.  

This paper proposes a simple and inexpensive plastic optic 

fibre based sensors to monitor the condition of soil moisture. 

Four types of sensors with different widths and lengths are 

designed to study the responsivity to water moisture. The 

output of the sensors is connected to the control and display 

unit in order to investigate how an entire sensor system can 

be designed to satisfy the demands of users. 
 

II. EXPERIMENTAL SETUP 

 

The measurement set up is comprised of a transmitter 

circuit, a fibre optic sensor, a receiver circuit and controller, 

and a display unit to capture and process the information, as 

depicted in Figure 1. Simple LED is used to transmit the light 

and IF E96 phototransistor is used for operating at 

wavelength 530nm, respectively, to read the value from the 

sensor. The photodiode functions as a light detector, which 

involves the conversion of light into voltage or current, based 

on the device’s mode of operation. It consists of built-in 

lenses, optical filters and has either small or large surface 

areas. For the controller and display output, Arduino Nano is 

used to display the value of humidity/moisture sensor.   
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Figure 1: Block Diagram of the Soil Moisture Sensor System 

 

Figure 2 shows a simple circuit connecting the receiver 

circuit to the Arduino Nano. The central part of the system 
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consists of Atmega 328 microcontroller, which is powered by 

a 5V power supply. ISIS from the Proteus software was used 

to analyse the circuit, while ARES from Proteus was utilised 

to transform the circuit layout to the printed circuit board 

(PCB) layout.   

 

 
 

Figure 2: Schematic diagram of circuit connection to Arduino Uno 

 

Figure 3 portrays the proposed design of the fibre optic 

sensor for moisture monitoring. The core material used for 

the optical fibre is polymethylmethacrylate (PMMA) that 

allows the speed of data transfer of 1 GB/s, which is much 

better or faster than the traditional copper wire. In order to 

deploy a fibre optic-based sensor, whose transmittance is 

affected by the materials surrounding the fibre itself, the fibre 

core is exposed so that the evanescent field is in contact with 

the surroundings. Once the buffer coating and cladding is 

removed, the exposed fibre optic is covered with plaster of 

Paris and protected by the plastic cover at the outer layer. 

Plaster of Paris will absorb moisture from the soil around it. 

In the presence of water, the uncoated polymer optical fibre 

will experience a refractive index change, where the light 

penetrating the fibre can be scattered out. The reflected light 

signal will indicate the decrease of the effective light 

intensity, thus induces a change in the transmitted power to 

the receiver.   

Sensor Length
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Figure 3: Soil moisture sensor design 

 

The measurement setup of the fibre optic sensor is shown 

as in Figure 4. It consists of fibre moisture sensor, along with 

POF, which was inserted into a bowl where the water will be 

poured in. One end of the POF was connected to the 

transmitter circuit, which includes an LED as a light source 

and the other end was connected to the receiver circuit. The 

light signal received at the receiver will be converted to the 

electrical signal by the controller unit and will be sent to the 

display unit where the response can be monitored through a 

personal computer. 
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Figure 4: Setup used for sensor characterisation 
 

There are four different fibre optic sensors probes 

developed with the width and length of 0.5 inches and 0.63 

inches, 0.75-inch width and 0.63-inch length, 1-inch width 

and 0.63-inch length, and 1-inch width and 0.89- inch length, 

respectively. The exposed core is about 0.08 inches each. The 

measurements of the sensor condition were observed based 

on three states as listed in Table 1. 
 

Table 1 

Condition for Sensor Measurement 

 

State Condition 

1 the sensor is completely dry 

2 
the sensor is soaked into the bowl 

where the soil is wet 

3 

several minutes after the sensor is 

removed from the bowl and dry 

completely 

 

III. RESULTS AND DISCUSSION 

 
In this section, the change in light transmission 

characteristics as a function of the moisture conditions was 

experimentally studied. The measurements were taken 

considering the room temperature around 30°C. Different 

sensor dimensions were designed, and the effects of the 

sensor’s width and length to the overall performance were 

studied. 

Three different sensors were designed with three different 

sensor widths, while the length of the sensor was kept to 0.63 

inches. The graph in Figure 5 represents the sensor with 0.5-

inch width and 0.63-inch length, where the points labelled by 

number 1 to 3 indicate the points where the data for the three 

conditions were taken. 

Estimation of the moisture under dry, wet conditions and 

after leaving to dry for several minutes, considering a linear 

response for the sensor’s output to moisture, are listed in 

Table 2. From the output sensor in Figure 5, the result is 

converted to the voltage form and was evaluated. 
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Figure 5: Graph of sensor output vs time of the data taken 

 
Table 2 

Sensor Voltage for Different Sensor Widths 

 

Sensor Sensor 

Width 

(inch) 

Condition Sensor 

Output 

Voltage (V) 

A 0.50 1 530 2.50 
  2 488 2.39 

  3 488 2.39 

B 0.75 1 534 2.61 
  2 599 2.93 

  3 659 3.22 

C 1.0 1 726 3.33 

  2 733 3.59 
  3 715 3.28 

 

Based on Table 2, sensor A shows that when the sensor was 

completely dry, the voltage observed was 2.5V. The sensor 

was then soaked in the bowl for 1-2 minutes. After it was 

thoroughly wet, the observed voltage was 2.39V. After that, 

the sensor was removed from the bowl and allowed to dry. 

After several minutes, it can be seen that the voltage remains 

the same.  

For sensor B, it shows that the voltage for a completely dry 

sensor is 2.61V. When it is saturated, the voltage is 2.93V. 

After leaving to dry for several minutes, the voltage is 3.22V. 

As for sensor C, the reading of voltage was increased when 

the probe was immersed in a bowl with wet soil and reduced 

when the sensor was removed. It is in agreement with the 

theory that the sensor value will increase when wet and 

decrease when dry. It can be concluded that, as the width of 

the sensor is set larger, the output reading will also increase. 

However, regarding stability, sensor C will be selected due to 

reliable reading. 

To analyse the effect of the sensor’s length to the sensor’s 

performance, two different sensor lengths were tested, both 

with 1-inch width.  
 

Table 3 

Sensor Voltage for Different Sensor Lengths 
 

Sensor Sensor 

Length 
(inch) 

Condition Sensor 

value 

Voltage (V) 

C 0.63 1 726 3.33 

  2 733 3.59 
  3 715 3.28 

D 0.87 1 859 4.20 

  2 867 4.24 

  3 855 4.18 

     

Based on Table 3, it can be noted that the voltage was 

increased as the sensor length became longer. However, both 

showed the same trend where the voltage was higher when it 

was wet. It can be observed that from condition 1 to condition 

2, both sensors values were increased and from condition 2 to 

condition 3, the sensor values were decreased. Based on the 

theory, wet sensor increases the voltage value, while dry 

sensor decreases the voltage value. Since the experimental 

observations are consistent with the theory, both sensor C and 

D are suggested due to the reliable reading. 

 

IV. CONCLUSION 

 
Plastic optical fibres are proven to be the critical element 

for developing very low-cost sensors for various applications. 

By adopting a simple technique, such as removing the fibre 

cladding, POF can react with the surrounding substance and 

successfully work as a sensor. This paper examines the 

feasibility of constructing a soil moisture sensor system to 

detect moisture using affordable plastic optical fibres. It is 

shown that sensor C with the dimension of 1-inch width, and 

0.63-inch length and sensor D with the dimension of 1 inch 

and 0.87-inch length have the potential to be exploited as the 

soil moisture sensor due to its reliability. However, there is 

still room for improvement, where plenty of potential 

research can be explored. Further work includes improving 

the sensor performance in terms of accuracy and sensitivity. 

Temperature measurements can be involved, and 

optimisation of the sensor design can be statistically studied 

to develop a high-performance POF based sensor. 
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