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ABSTRACT 
 

Rice is one of the most important staple foods for most Nigerians, Africans and indeed for about 50% of 
the world. An estimated 70% of Nigerian populace feed essentially on rice, with about 30% of their cereal-
based diets also derived from rice. The constraints faced by the rice farmers in Nigeria are: inaccessible 
road, high cost of transportation, inadequate credit, birds' invasion, inadequate extension support and 
inaccessibility to cheap farm inputs. Prominent among these is that of birds' invasion especially the quela 
bird. This has been one of the major constraints in Africa especially Nigeria, leading to 48–100% yield 
reduction and sometimes complete crop failure, thereby threatening food security. To tackle this 
challenge, women and children are sent to the fields to guard against birds. But this also has serious 
consequences because it adds to the women’s workload and keeps children away from school. Some 
farmers through the help of state and federal government use air plane to spray chemicals. However, this 
is costly and may not available at all time. Some farmers have adopted the use of other methods like 
cassette tape, the scarecrows method, the castanets method, and the use of nets. With all these methods, 
yet farmers complain of birds’ invasion. This is attributed to the fact that all these methods have not been 
able to mimic human being in totality. So, very rapidly, the birds adapt to the method and it becomes less 
efficient. This work proposes the use of use Arduino Nano Technology for the design of robotic system 
for rice farmers against birds' invasion in Nigeria. Demonstration was carried out in Igbemo Ekikti Farm, 
Ekiti State, Nigeria. The performance evaluation was based on production and Cost/Benefit Analysis. The 
results show a better performance over the use of human and cassette tape. 
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1. INTRODUCTION 
 
The survivor of man is a function of eating good food and drinking hygienic water. Agriculture is the only 
source of food production especially in Nigeria. One common food that is highly consumed in every home 
in Nigeria is Rice. This is because rice accounts for a substantial portion of dietary energy to the growing 
population in most African countries.  
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For example, rice accounts for 715/cal/caput/day, 27 percent of nutritional protein and 3 percent of 
nutritional fat [1][2][3]). As part of boosting rice production in Nigeria, the Federal and state government 
have introduced different policies. For example, the author in  [4] made a summary of some Federal 
government policies on rice production between 1970 to 1999. This is depicted in Table 1. 
 
Table 1: Summary of the Different Federal Government Policies on Rice Production 

 
 
While Nigeria Government through the Federal and state government are trying to boost rice production 
in the country, several challenges are being faced. Among these challenges are: inaccessible road, high cost 
of transportation, inadequate credit, birds' invasion, inadequate extension support and inaccessibility to 
cheap farm inputs. Prominent among these is that of birds' invasion especially, quela bird [5][6][7]. For 
example, some rice farmers at Gatafa village, in Auyo Local Government of Jigawa state in 2021 
acknowledged that the invasion of their farms by quelea birds has been a major challenge threatening rice 
production in the State.  
 
To add more, TangoAlpha in Daily Trust paper of 2018 reported how about 50 acres of Ofada rice planted 
were severely attacked by quela birds in Ibaragun town close to Ijoko under Ifo local government of Ogun 
state, Nigeria. They destroyed over 90% of the harvest[8]. Also Nigeria Tribune of 2023 reported how 
Rice farmers in Argungu have decried the invasion of their farms by quela birds which have 
destroyed  about 75,000 hectares of farm crops in the area. Literature reveals that within a week those 
birds can destroy hundreds of acres of rice fields[9]. 
 
To tackle this challenge, several methods have been adopted. For example, farmers are always in the habit 
of sending women and children  to the fields to guard against birds’ invasion [10][11][12]. But this also has 
serious consequences because it adds to the women’s workload and keeps children away from school.  
Some farmers usually get the support of state government and in some cases the Federal government 
especially in the north by deploying aerial spraying of chemicals to kill the birds using aero planes.  
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This system is costly and not readily available at all time. Some farmers have adopted the use of other 
methods like cassette tape, the scarecrows method, the castanets method, and the use of nets. With all 
these methods, yet farmers complain of birds’ invasion. In summary, these methods are energy consuming 
, expensive and sometimes not effective at all [12]. This reason is attributed to the fact that all these 
methods have not been able to mimic human being in totality by using  Artificial Intelligence (AI) like a 
robotic agent. So, very rapidly, the birds adapt to the methods and it becomes less efficient. This work 
proposes the use of Arduino Nano technology for the design of robotic system for rice farmers against 
birds' invasion in Nigeria.  
 
The organization of this paper is as follows: Chapter two discusses the literature review. In chapter three, 
the design of robotic system is discussed. Chapter four discusses the experimental setup and chapter five 
is on results and discussion. The paper ends with conclusion in chapter six. 
 
2. LITERATURE REVIEW 
 
Some of the major factors affecting rice production in Nigeria include low adoption and low usage rates 
of agricultural technologies such as inorganic fertilizers. Others are improved seeds, high yielding varieties 
like hybrid rice, pest control and improved crop management techniques. The reason attributed to this is 
the low literacy level of rice farmers in Nigeria [2][13]. In addition to this is that of bird invasion. Birds 
invasion on rice cultivated field have been very disastrous especially, in Africa. Most farmer have adopted 
some traditional methods of solving the problem. These include the use of their children running up the 
field shouting, throwing stones and sometimes beating drums to scare birds away[10][11][12]. 
 
The issue of keeping the children out of school and the addition burden on the women is great challenge 
of using this method. Other methods include the use of tape, castanets method and nets. These methods 
are energy consuming, expensive and sometimes not effective at all[12]. Based on the report of the Global 
Rice Science Partnership (GRiSP) where farmer surveys was conducted in 20 African countries [14]., birds 
have been identified as the second most important biotic constraint in African rice production after weeds. 
Prominent among these birds is the Red-billed Quelea. See  [12] [15] [6] on details about the bird. 
 
As a way of making contribution to the body of knowledge, scholars have provided solutions toward 
repelling birds in rice farm. For example, in [16], the authors propose the use chemicals. The authors 
discuss on smell or taste repellant which is well popular in Africa. However, literature reveals that 
chemicals are only effective and economical in a small areas [17]. In [12], the author uses a vision controlled 
quadcopter system to detect and chase  birds away from cultivated field. The idea of the author is into 
using a robotic vision to control the position of quadcopter. The objective of the work is to attempt of 
following the bird at the same time producing scaring sounds. The work of [18] designs and implements a 
system that is  used for detecting birds from a long range. The authors use Long-Range (LoRa) transceiver 
modules as a transmitter beacon and a receiver beacon which are separated by a long distance. The 
authors fixed the receiver beacon to the windmill at the same time attach the transmitter to the bird.  
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The goal is to detect any bird within 500m radius by signaling the transmitter and which in turn signal the 
receiver. The results of the authors is based on the distance covered which is determined by the Received 
Signal Strength Indicator (RSSI). The goal of the work in [18] is similar to that of [19]. However, [19] 
proposes the use of microcontroller-based bird repellent. The technology uses PIR motion sensor that 
senses the presence of birds and produces sudden and loud sound that scares them. The arduino Uno 
which is the microcontroller is programmed to activate industrial sirens located at different positions on 
the farm. The sirens in turn produce sound loud enough to scare the birds away. The developed bird 
repellent is also modified to produce loud sound for three seconds every half- hour neglecting the PIR 
sensors in order to keep birds away even if a sensor malfunctions.  
 
The result was based on the distance the sensor will be active. That is, the number(s) of 0.4 hectares by 
the system. The works of these authors are highly appreciated for contributing to the body of knowledge 
in the field of Agriculture. However, the shortcomings observed from some of these works have made 
the researcher to further add value to the body of knowledge.  For example, in [12], the cost of designing 
this equipment may be too high in which an average farmer may not be able to afford. In [18] and [19], 
their goal was to know the radius or distance these systems will be active.  
 
The issue of cost/benefit accrue from these designs to farmers is never mentioned. Therefore, how 
profitable the design will be to the farmers is never addressed. Generally speaking, all these works will 
definitely work. However, as times goes on, the birds will be adapted to the sound and it may not be as 
effective as was before [12][20]. This is attributed to the fact that all these methods have not been able 
to mimic human being in totality by using  Artificial Intelligence (AI) like a robotic agent.  
 
This work proposes the use of Arduino Nano Technology for the design of robotic system for Rice 
Farmers against birds' invasion in Nigeria. This work is similar to that of [18] and [19]. Three things make 
this work distinct from other works.  

i. The use Arduino Nano Technology as against Arduino Uno Technology. The justification for this 
choice is that, Arduino Nano Technology is users’ friendly and all the codes written for Arduino 
Uno will work with Nano due to the less number of analog pins in Uno. But the code written for 
Nano will not work in Uno because there are 8 analog pins in Nano but there are only 6 analog 
pins in Uno. 

ii. The result in [18] and [19] was based on the distance covered by the Arduino Technology while 
this work deals extensively with the performance of this Arduin nano technology based on the  
use of Cost/Benefit analysis to determine the profit or loss over the current existing system 

iii. Additional technology of introducing motor to control the hands of the robot to further drive 
away birds 

 
This to the best of the researcher’s knowledge is yet to appear in the literature. 
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3. ARCHITECTURE OF THE ROBOTIC SYSTEM 
 
The architecture consists of four layers as depicted in Figure 1. This consists of the sensory layer, the 
control section, the alarm section and the battery layer. The sensory layer uses sensors and the sensor 
proposed is PIR motion sensor.   For outdoor passive infrared, the detection distance ranges from 10 
meters to 150 meters.  The second layer is the control or the heart of the system. This layer uses the 
proposed Arduino Nano micro-controller. This is a microcontroller based device with 16 digital pins that 
can be used for various purposes. It can read input-light on a sensor, a finger on a button or twitter 
message and convert it to output.  
 
 The third is that of Alarm and other robotic design layer. This layer uses relay to control the voltage 
range that raise the alarm. Relays are electrically operated switches that open and close the circuits by 
receiving electrical (output) signals from outside sources like the microcontroller.  The last is the Battery 
section. The system uses a car battery of 12v but can only accommodate 5volts. Therefore, a voltage 
regulator is required. 
 
The operation of the system is such that the PIR motion sensor which is a detector itself does not emit 
any energy but passively receives it and detects infrared radiation from the any animal including birds. The 
basic idea of the PIR motion sensor is to measures infrared light from objects in its field of view. So, it can 
detect motion based on changes in infrared light in the environment: One pin will be ground, another will 
be signal and the final one will be power.  Once it has sense the bird, a signal is passed to the Arduino 
Nano Microcontroller using a "retriggering" (jumper in H position) mode and a voltage signal of about 5V 
is passed to the relay that was off before and immediately the relay is set to 1 indicating “ON”.  
 
This in turns triggers the battery from 0 volt to 12 volts, the voltage regulator immediately bring it back 
to 5volts,and immediately the alarm buzzer mounted on the head of the robotic system will start sounding 
and the robotic hands will start moving up and down based on the connected motor mounted at the back 
and connected to the hands that is activated based on the output of the microcontroller. This continues 
until the PIR could no longer sense anything in the environment then the signal will be 0 and the voltage 
signal is set to low. 
 
For this system to work, the Arduino Nano is connected to computer and C++ programming language is 
used to configure the Arduino Nano using the void setup and the void loop for repeated operation. Four 
basic steps are needed. These are: i. program definition, ii. Input and output declaration, iii. creation of 
right method(s) and iv. calling of methods in the void loop. Example of a sample code that prints out a 
message when motion has started and stopped is depicted on Table 1. Here the negative is    connected 
to ground and the positive volt is connected to the 5v under power layer of the Arduino Nano.  The input 
is connected to pin 13 as written in Table 1[21]. Most of the programming have samples that can be of 
great assistance with little modifications. 
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Figure 1:  Architecture of the Proposed System 
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Table 1: Sample Code of PIR Connection with Arduino Nano 
/* PIR sensor tester*/ 
 
int ledPin = 13; // choose the pin for the LED 
int inputPin = 2; // choose the input pin (for PIR sensor) 
int pirState = LOW; // we start, assuming no motion detected 
int val = 0; // variable for reading the pin status 
 
void setup() { 
pinMode(ledPin, OUTPUT); // declare LED as output 
pinMode(inputPin, INPUT); // declare sensor as input 
Serial.begin(9600); 
} 
void loop(){ 
val = digitalRead(inputPin); // read input value 
if (val == HIGH) { // check if the input is HIGH 
digitalWrite(ledPin, HIGH); // turn LED ON 
if (pirState == LOW) { 
// we have just turned on 
Serial.println("Motion detected!"); 
// We only want to print on the output change, not state 
pirState = HIGH; 
} 
 
} else { 
digitalWrite(ledPin, LOW); // turn LED OFF 
if (pirState == HIGH){ 
// we have just turned of Serial.println("Motion ended!"); 
// We only want to print on the output change, not state 
pirState = LOW; 
} 
} 
} 
 
 

 
4. EXPERIMENTAL SETUP 
 
The hardware requirements for this work are PIR motion sensor, Arduino Nano, Relay 5v low level 
trigger, Stepper motor 5V 28BYJ-48 & Driver Board ULN2003, Waterproof Enclosure 240 x 190 x 90mm 
with hinged lid, 12v power supply for Arduino Nano. The demonstration of this work was carried out in 
Igbemo-Ekiti, Ekiti State, Nigeria. This Town has the largest producer of rice in South West Nigeria. Three 
different farms were used.  
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One is located in the Northern part of the town, the second in the central and the third in the South. 
Each of these is 4 hectares.  Ten of these gargets were mounted on the one in the North immediately 
after plantation. The same ten were mounted in the central two months after plantation and there was 
no garget installed on that of the South. From Plantation to harvesting, the garget were working in North 
but in the central, human effort were used  for two months before the gargets were installed and in the 
South it is pure human effort with the use of net, wife and children. The harvest took place 8 consecutive 
times by harvesting 1/5 hectare at a time. The harvest is based on bags/acre 
 
5. RESULTS AND DISCUSSION 
 
The analysis of the results are in two folds. The first is production in terms of number of bags of rice 
harvested and the second is on cost/Benefit analysis. 
 
Production in terms of number of bags of rice harvested  
The results are shown in Table 2 and Figure 2 respectively. 
 
Table 2: No Of Bags Harvested Per Half Acre 
Location 1 2 3 4 5 6 7 8 
North 17 17.6 17 18 17 18 17 17.5 
Central 15 15 15.2 16 16.2 15 16.2 16 
South 13 12 14 10 12 10 8 8.4 

 
 

 
 

Figure 2: No of bags harvested per half acre 
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From Table 2 and Figure 2, one can observe that the number of bags harvested in the North is higher 
than the other two, the reason attributed to this is because the quelea bird that are destroying the farm 
were unable to enter the farm due to the robotic Arduino Nano Artificial intelligence mimicking the 
behavior of human being by driving away the birds. The highest occur at the point of 18bags. The story is 
a little bit different on that of the Central where the highest is16.2bags.  
 
The main reason for the drop is due to the two months delay, during this period the human effort could 
not totally drive away these birds, they have destroyed part of the farm therefore bringing the production 
of rice down. The worst scenario occurs in the South with low harvest, the main reason is due to the use 
of human and caste tape effort. 
Cost/Benefit Analysis on the Profitability or loss concept. 
 
To determine the cost/Benefit analysis of these three models (North, Central and South), detail study on 
prices of the following equipment are recorded as depicted in Table 3 and the summary based on individual 
location depicted in Table  4. 
 
Table 3: Cost of Equipment and Human Resources 
Item Cost(N) Location Total no used Total Cost (N) 
PIR Sensor 4750 North 10 40750 
Arduino Nano 9000 North 10 90000 
12 volt Battery 13500 North 10 135000 
Voltage Regulator 7200 North 10 72000 
PIR Sensor 4750 Central 10 40750 
Arduino Nano 9000 Central 10 90000 
12 volt Battery 13500 Central 10 135000 
Voltage Regulator 7200 Central 10 72000 
Labour and cassette 
Tape 

80000 per month South 7 months with 10 
people 

560000 

 
In summary, the total amount incurred by each location is given in Table 4 and Figure 3 respectively 
 
Table 4: Summary of Cost Per Location 
Location Cost (N) 
North 337,750 
Central 337,750 
South 560000 
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Figure 3: Summary of Cost Per Location 

 
From Table 4 and Figure 3, it is observed that North and Central locations incurred the same cost. 
However, they did not start operation at the same time. The South incurred the highest cost because of 
deploying human being as against Robot in the other locations. 
 
The benefit is the profit or gain after deducting cost. Is given as: 
 
Profit= Total Revenue-Total Cost 
 
To find our total revenue, the current price of a bag of rice is N42000. Therefore, based on Table 2 the 
Total Revenue which is the number of bag produced multiply by the current price is depicted in Table 5 
and Figure 4 respectively. For example, the total revenue generated by farm in Northern location is 
#5,842,200. 
 
Table 5: Total Revenue Generate from Each Location 

Location 1 2 3 4 5 6 7 8 Tot. Rev 
(N) 

North 714000 739200 714000 756000 714000 756000 714000 735000 5842200 

Central 630000 630000 638400 672000 680400 630000 680400 672000 5233200 

South 546000 504000 588000 42000 504000 420000 336000 352800 3292800 
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Figure 4: Total Revenue Generated From Each Location 
 
Table 6: Profit Generated From Each Location 
Location Tot. Rev Cost Profit 

North 5842200 337,750 5,504,450 
Central 5233200 337,750 4,895,450 
South 3292800 560000 2,732,800 

 

 
Figure5: Profit Generated From Each Location 

 
In Table 6 and Figure 5, the profit is calculated i.e Profit= Total Revenue -Total Cost. 
From the analysis in Table 5 and Figure 4, one can deduce that the three plantations from the three 
locations have a break even. However, the difference is clear based on the margin. For example the 
plantation in the North with Robotic system had a gain of N5,504.450.00 as against the one in the South 
where they use of Cassete tape and human being which recorded a gain of N2,732,800.  

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

North Central South



   
  
 
  
  
 
 

  

 
   
 

66 

 

Creative Research Publishers       
https://www.crossref.org/06members/50go-live.html 

     
Vol 9, No 2, 2023 Series  

 

This is a difference of N2,771,650 as depicted in Table 6 and Figure 5.The difference between the central 
and the South is N2,162,650.00 as recorded in the same Table 6 and Figure 5 respectively. The 
performance evaluation is depicted in Table 7 and Figure 6 respectively.  
From this Table 7 and Figure 6, , one can deduce that the use of robotic system performed better than 
the conventional method of human being and Cassete tape operation. For example if this plantation is to 
run for 5years, the gain of robotic system over net will be about 5* N2,771,650 = N13,858,250.00. Despite 
the fact that the robotic system was not install at the start of plantation in the Central, the Central still 
perform better than the South with a difference of N2,162,650.00. 
 
Table7: Performance of The Rice Farm in The Three Locations 
Location Performance(N) 

North 2,771,650 
Central 2,162,650 
South 0 

  
 

 
 

Figure 6: Performance of The Rice Farm In The Three Locations 
 
6. CONCLUSSION 
 
The problem of Rice been destroyed by birds especially quelea type has become a major social problem 
in current time. This has led to 48–100% rice reduction and sometimes led to complete crop failure, 
thereby threatening food security. To tackle this challenge, farmers have adopted various methods like 
using Cassete Tape and sometimes their children and wives. Even appealing to Government to a pray their 
farms. With all these methods and the adverse effect on their wives and children, the bird invasion 
especially quelea birds still persists. Scholars have also contributed in terms of design and the use of 
chemicals and vision-based bird tracking and chasing quadcopter system.  
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One major reason attributed to this  that all these methods have not been able to mimic human being in 
totality. So, very rapidly, the birds adapt to the method and it becomes less efficient. This work proposes 
the use of Arduino Nano Technology for the design of robotic system for Rice Farmers against birds' 
invasion in Nigeria. Demonstration of this work was carried out in Igbemo-Ekiti, Ekiti State, Nigeria.. One 
is located in the Northern part of the town, the second in the central and the third in the South. Each of 
them is 4 hectares.  Ten of these gargets were mounted on the one in the North immediately after 
plantation. The same ten were mounted in the central two months after plantation and there was no 
garget installed on that of the South. Results show that the robotic system performed better than the 
conventional method of human being and cassette Tape operation by N2,771,650. 
 
Three things make this work distinct from other works. These are: 

i. The use of Arduino Nano as against the conventional use of Arduino Uno in the contes of 
birds invasion in Nigeria. 

ii. Additional technology of introducing motor to control the hands of the robot to further drive 
away birds. 

iii. The cost/benefit analysis interms of profit and loss over the current existing system of using 
haman being and cassette tape. 

 
This to the best of the researcher’s knowlegde is yet to appear in the literature. In future, the issue of 
how this and other technologies can used used to address the challeges of other Agricultural products 
will be addressed. In addition, That of of how to incoporate the processing like removal of the husks, 
milling the shelled rice to remove the bran layer, and an additional whitening step to meet market 
expectations for appearance of the rice kernels is also left as future work. 
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