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Abstract— Quail farming ranks 3rd at the national level for 

poultry production and has growth projections of 3.9% in the 

coming years. In Peru, due to the decreases in temperature 

and cold in the southern part of the country, it presents a 

significant problem to the development of quail farms, of 

which its primary derivative is the egg that provides food 

contributions to the population and only with the 18.1% 

cholesterol compared to the eggs of other birds. This study 

aims to develop an automatic farm system to increase the 

production in the laying stage of quails in the homes of 

Arequipa. The control system was developed with the 

Arduino Nano platform, DHT11, LM35 sensors, actuators 

such as a 25W bulb, a fan, and a humidifier, which allow 

continuous temperature and humidity control. In addition, all 

the variables can be visualized through an LCD screen. A 

simple 3D model was developed with a capacity of between 10 

and 25 quails. In charge of the control processes, the Arduino 

module reached an error rate of 0.9% in the temperature 

variable, and the humidity variable does not present an error 

rate. The total power of the prototype was measured and 

converted into a monetary value. Average power of 0.02667 

kW / hour was obtained, which is reflected in a saving of 

82.22% compared to using a 100W bulb.  

Keywords— Poultry production, farm quail, quail egg, 

automation, Arduino. 

I. INTRODUCTION  

Among the primary economic income of Peru are 

agricultural exports, which registered a historical record of 

US $ 6,817 million in 2020 and a growth of 3.9% is 

projected for 2024 [1] and which ranks 3rd in poultry 

production [2] within which is the quail farming, which 

does not have a significant investment. On the other hand, 

in the southern region of Peru, there are climatic 

phenomena characterized by the abrupt decrease in 

temperature [3] [4], and the city of Arequipa does not 

escape this phenomenon [5] [6]. That is why quail farming 

is reduced in this region of the country. 

 

 

 

In addition, according to many investigations [7] - [10], 

quail derivatives present an important nutritional 

contribution to health, especially quail eggs, which contain 

only 18.1% of the cholesterol that chicken eggs would 

contain [11]. What is more, consuming one quail egg a day 

is not detrimental to cardiovascular health [9]. 

Systems applied to quail have been developed 

intermittently. According to the study in [12], an incubator 

for quail eggs was designed. Its main objective is to 

achieve the highest amount of hatching in the eggs. For this 

purpose, the Arduino platform and humidity and 

temperature sensors were used. The incubator managed to 

incubate 490 eggs in 17 days with a success of 87.55%. 

On the other hand, in [13], it was indicated the vital role 

in the automation of poultry farms. In this research, a 

monitoring system with IoT for poultry farms was 

developed; an electricity supply from manure was also 

implemented. The results obtained were the control of the 

farm through a web page and an efficiency of 

approximately 86%. 

However, the design of an autonomous farm has a 

significant disadvantage: the cost of manufacture. In [14], 

the development of a quail hatchery prototype is detailed to 

improve egg production through sensors and metal 

structures, using Arduino Mega 2560. It also indicates that 

the design of its autonomous quail farm is economically 

solvent after two years of constant production. 

The problem lies in the inadequate training of quail 

rearing, and most of the studies consulted work with 

similar technologies. However, these studies are focused on 

chicken egg incubators or control designs applied to 

greenhouses. 

As previously observed, it is important to develop tools 

that can contribute to the increase of quail farming in the 

country and seek to reduce animal mortality due to the cold 

wave in southern Peru and strengthen the nutritional value 

of low-income families in the country.  
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In this sense, the present research aims to develop a low-

cost automated quail farm to increase the production of 

quail eggs in the laying stage in a region vulnerable to cold 

such as Arequipa. 

The present study will develop an automatic system for a 

domestic farm using the Arduino platform, mainly 

controlling the temperature and humidity parameters 

through the DHT11 humidity sensor and the LM35 

temperature sensor. The user will control all variables 

through an LCD screen to modify the farm's operating 

time, according to the bird's needs, whether for continuous 

use or only at night. In addition, the sensors used are low-

cost with a working voltage compatible with the Arduino 

platform. 

The present work is structured as follows; in section II, 

the methodology for developing the prototype is described 

in greater detail. In section III, the results obtained are 

evidenced, and finally, in section IV, the results, 

conclusions and future work of the project are discussed. 

II. METHODS AND MATERIALS 

The prototype implemented in homes to promote quail 

breeding collects and monitors variables essential for the 

health and correct development of the bird..  

A. Description of the bird 

The quail (Coturnix Coturnix Japonica) is a bird from 

Asia, Europe and Africa. This bird adapts to a sedentary 

life which allows its exploitation in short spaces. Its 

dimensions range between 16 and 22 cm with an average 

weight of 120 grams [15]. The bird's plumage is oval with 

reddish-brown and yellow colors [16]. The predominant 

sexual difference is sexual dimorphism that occurs after 15 

days of life [17], where the female is also more prominent 

than the male. The sense of vision has a significant 

development; however, hearing sensitivity is lower than 

other birds and mammals. 

The growth stages in the quail start from the egg 

position, which after 17 days of incubation, the quail chick 

is born [18]. At 21 days, the bird begins to show its sexual 

characteristics, and on average, at 43 days, they reach 

sexual maturity [19], [20]. The average life span is more 

than two years. However, its egg production period only 

maintains stability during the first year of laying. To 

develop this prototype, we will focus from the maturity of 

the bird until its last incubation period. 

B. Study area 

The study area is located at 2335 m.a.s.l. in the province 

of Arequipa, Peru. This area belongs to the low 

mountainous zone, with a temperate climate in the summer 

to intense cold in winter [21], with an annual mean 

temperature between 7.0 ° C and 23.2 ° C [22]. The region 

is not very mountainous and is constantly affected by frosts 

[3]. In addition, the high population density index favours 

the application of the prototype due to the number of 

households that exist in this region [23]. 

C. General diagram of the system  

The operation of the prototype responds to a closed 

control system, where the sensors inside the quail cage give 

feedback. The block diagram of the prototype can be seen 

in sequence in Fig 1: 

 
Fig. 1. Block diagram of the system 

When the system is turned on, the temperature and 

humidity levels that the bird needs are established. The 

sensed values will be displayed on the LCD screen, and as 

determined by the system, the actuators will start operating. 

The quail farm, when controlled, will offer the user the 

final product, which is the quail egg. The parameters 

estimated by the setpoint will be the ideal ones to prevent 

the bird from becoming stressed or entering the plumage 

period. 

D. Components and equipments 

Once the study area and the prototype design had been 

established, it was intended to define variables with the 

respective electronic components to be used. However, it 

was necessary to define the typology of the components. In 

this case, the Arduino platform was used, with the Arduino 

Nano v3.0 model, which has the Atmega 328p 

microcontroller [24].  
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This Arduino has adequate processing capacity to 

maintain the system. The definition of the electronic 

components of the prototype is shown in Table 1. The 

objective of this operation is to recognize the capacity of 

the microcontroller with the various inputs and outputs, in 

addition to the respective plug and play modules, which 

economize on the prototype design [25], [26] and makes 

the design of the proposed solution more compact. 

TABLE 1.  

DESCRIPTION OF THE ELECTRONICS COMPONENTS 

Component 
Name 

Description 

1 

Arduino Nano 
v3.0 

Recommended operating 
voltage 7 -12v, 14-pin 
digital input / output, 7 
analog pin and 
comunication I2C. 

2 

Temperature 
sensorLm35 

Recommended voltage 3 -
5.5v. Analog output 10mv 
/ c °. 

3 

Humidity 
sensor DHT11 

Recommended voltage 3 -
5.5v. Digital output 
humidity ± 0.5%, 
temperature 0-50 ° C. 

4 
Relay module Working voltage 5v, 

output 250v 10A. 

5 
Fan Working voltage 5v, 

60x60x10 mm. 

6  

LCD 14x2 Voltaje de trabajo 5v, 
resolución de 28 caracteres 
alfanuméricos y 
comunicación I2C. 

7 

Humidifier Nano mist sprayer, wáter 
tank capacitu 30ml and 
working voltaje 5v. 

As can be seen in Table 1, in total, there are two sensors 

and three actuators. To this is added the I2C module for 

communication with the LCD. In other words, a digital 

input, an analogue input for the sensors and three outputs in 

on/off mode will be required. All of them are compatible 

with the Arduino platform. 

As actuators, a 220v ceramic light bulb was taken into 

account, which is a commercial product, easily accessible 

and which will induce heat to the farm. On the other hand, 

a fan of 5v at 200mA avoids using an additional power 

supply, which regulates the airflow or decrease in 

temperature and finally, a 5v humidifier module for 

humidity control.  
  

E. 3D structure design 

After choosing appropriate components for the 

prototype, a 3D design was made to obtain a general 

visualization of the location of the sensors and actuators. 

Furthermore, Fig. 2 shows the design made with the free 

software Autodesk TinkerCad, which, as indicated in [27], 

is considered one of the most versatile options. 

This base frame design approximates a small cage with a 

minimum capacity of 10 quails up to 25 quails. Besides, an 

upper block is added that isolates the electronic 

components. At the same time, the actuators are integrated 

at a higher height than the bird. Also, sensors are 

established in the cage middle part to obtain precise values 

in the environment close to the quail.  

 

Fig. 2. 3D Design of the Prototype in TinkerCad 3D. 

Moreover, the structural design of the mechanical 

components such as the fan supports, sockets and structures 

that will contain the hardware are referential because there 

is no library of the devices used, such as the Arduino nano 

v3 platform 0. It is essential to mention that the 

corresponding dimensions in the image are adapted to the 

maximum height that a quail can reach with an 

approximate free space of 5 cm. In addition to that, the 

designed area will be able to house around 20 to 25 quails 

in optimal conditions to generate ideal temperature 

conservation. 

Finally, it is important to mention that the construction 

of the structure for the quail cage must consider the use of 

thermal materials, which is why wood is considered an 

economic, thermal element and not harmful to the health of 

the quail.  
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F. Electronic programming and design 

The Arduino platform is characterized by its versatility 

of programming language and IDE [28]. However, beyond 

a simple control program, it is necessary to know these 

control actions towards the prototype reliably. The most 

common system to understand the robustness of control 

tasks is to rely on tools such as Grafcet representations or a 

flow chart [29]. The present work is supported by a flow 

diagram Fig. 3. The diagram begins by defining the default 

variables: the temperature at a setpoint of 28 °C and the 

humidity between 50% and 70%. Afterwards, the variables 

are shown to the user on the LCD.  Besides, the variables 

are registered through the sensors to be later compared with 

the setpoint values. Depending on the case, one or the other 

actuator will be activated. If the system is within the correct 

parameters, the system will go into a waiting period in 

order not to bother the bird with the constant activations of 

the actuators. 

 

Fig. 3. Diagram flow of the algorithm 

Once the instructions were modelled, the respective 

programming was developed using the Arduino IDE [28], 

whose programming environment allows the integration of 

libraries and direct instructions to the Atmega 328p 

microcontroller [30]. This programming is applied to quail 

farming throughout the laying stage of the bird. This 

algorithm controls the temperature and humidity 

parameters aimed at maintaining the bird's posture. The 

objective of controlling these variables is to avoid stress by 

temperature, which can severely damage the bird's                 

posture [31]. 
 

III. RESULTS 

The implemented prototype of the quail farm can be 

seen in Fig. 4. The left part shows the electronic parts in 

charge of keeping the farm in optimal conditions for the 

quail's laying. The structure of the Medium Density 

Fibreboard (MDF) is shown on the right side. A glass panel 

was fitted to view the quail, at the same time, which serves 

as a door to extract the bird's eggs and provide them with 

food and water.  

 

 

Fig. 4. 3D Design of the Prototype in TinkerCad 3D. 

For the validation of the prototype, temperature 

measurements were made in an elapsed time of 8 hours. 

Table 2 shows all the temperature values obtained. In cold 

conditions for the first 3 hours, indicated with the letter C. 

Subsequently, a temperature increase is observed in the 

following 6 hours, indicated with the letter M for temperate 

environmental conditions, and finally, a temperature drop is 

observed in the last 3 hours. 

TABLE 2.  

MEASURED TEMPERATURE CONDITIONS 

Sensor 
Environmental 

condition 
Tim

e Exterior 
(ºC) 

Interio
r (ºC) 

Lm35 

C 8:30 17 27.0 

M 11:30 22 28.5 

M 14:30 24 28.0 

C 17:30 21 27.5 
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After obtaining the temperature data, it was observed 

that the bulb turned on and off for short periods, which 

impaired the bulb's life. However, the wait time when the 

parameters are correct reduces these inconveniences. 

Table 3 shows the humidity values obtained under the 

same conditions as in Table 2: 

TABLE 3.  

MEASURED HUMIDITY CONDITIONS 

Sensor Condition Time Exterior 
(%) 

Interior 
(%) 

DHT11 

C 8:30 18 60.0 

T 11:30 27 68.0 

T 14:30 25 52.0 

C 17:30 17 57.0 

The percentage correction error in the temperature 

variable was calculated from formula (1), obtaining an 

error of 0.90%, and it was observed that the humidity 

variable never exceeded the calibrated setpoint. 

                                      (1) 

A= Average of the measured variable 

B= Real value 

In addition, to determine the total power of the 

prototype, the independent consumption and the total 

consumption in watts were measured. First, the current 

measurement (  ) in milliamps (mA) of each 5v consumer 

device was performed. Afterwards, the sum of those values 

will be multiplied by the working voltage. The result (   ) 

understanding it as the power in direct current. 

     ∑   
 
         (2) 

PDC= Direct current power (W) 

In= Current in the nth device 

Then the consumption of the 220v bulb was measured. 

Since it works in alternating current, it is necessary to 

calculate the active power by measuring the bulb's current, 

and it must be considered a fi coefficient, with an 

approximate value of 0.95. 

               

                    

                                 (3) 

 

PAC= Power in alternating current (W) 

V= Voltage (V) 

I= Current (A) 

Afterwards, the total power of the prototype was 

obtained, the sum of     and     in kW units must be 

made to facilitate the monetary calculation since this 

corresponds to the units used by the electrical service 

concessionaires in Peru. 

M= I*219.969*B  (4) 

M= Total amount (S/.) 

I= Current (A) 

B= Rate per kW/h in the region (kW/h x S/.) 

According to the study area, the price amount would be 

taken from the BT5B RESIDENTIAL rate option 

represented in equation (4) with variable B, which admits 

consumption less than 100kW / h, corresponding to the 

majority of average households in the study area. 

After obtaining the values and checking the correct 

control in the quail farm prototype, the system's total power 

consumption was obtained considering the continuous DC 

voltages at 5V and alternating AC at 220V. 

TABLE 4.  

POWER MEASUREMENTS 

Component 
Type of 
element 

Current 
(mA) 

Power 
(W) 

Arduino 
Nano v3.0 

DC 
16.50 0.0825 

Temperature 
sensor Lm35 

DC 
0.32 0.0016 

Humidity 
sensor 
DHT11 

DC 
2.90 0.0145 

Relay module DC 29.10 0.1455 

LCD 14x2 
with module 

I2C 

DC 
23.40 0.1170 

Lamp AC 112.95* 24.8455* 

Fan DC 170.50 0.8525 

Humidifier DC 122.20 0.6110 

Total  477.87 26.67 
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As shown in Table 4, the power consumed by Arduino 

and the other modules was measured without any 

connection. However, to compare the power consumed by 

the operating system, the measurement was developed with 

the sensor, relay and LCD modules connected and 

operating. This current was 71.82 mA, corresponding to the 

total current of the Arduino, sensors, relay and LCD 

modules without the actuators, which is a value very close 

to the sum of the individual powers (72.22 mA), thus 

checking that there is no consumption leakage in the 

system. 

Likewise, as shown in Table 4, the total power used by 

the prototype corresponds to 0.02667 kW/h, which is lower 

than the consumption of another house appliance. 

In addition, according to the price per kilowatt hour in 

the Arequipa region, it is S/. 0.6283. Therefore, the total 

cost to pay for the consumption of the quail farm system 

considering an average use of 8 hours a day would be S/. 

4.02 per month, approximately one US dollar. If we 

compare that cost with the traditional use of a 100Watt 

bulb for an average of 12 hours, we would be paying S/. 

22.61. This comparison is reflected in a saving of 82.22%, 

from using a bulb of 100W for 12 hours and the use of the 

proposed prototype, which optimizes the energy use. 

IV. DISCUSSION AND CONCLUSIONS 

The prototype is reliable since it allows to house up to 

25 quails in a suitable space and maintains the standards for 

the correct breeding of quails [18]. Besides, regarding the 

temperature variable, with the tests developed, it is 

appreciated that the temperature is in the appropriate range 

for the correct development of the quail; as mentioned in 

[32], the prototype would not harm the production of eggs 

caused by heat stress. Furthermore, the prototype reached 

similar result to other investigation [14]. 

A prototype farm capable of maintaining optimal 

temperature and humidity conditions for quail in the 

growth and egg-laying stage was completed and 

constructed unlike [12] which focuses on incubating quail 

eggs for 17 days. After carrying out the tests in 

environmental conditions of the Arequipa region for 8 

hours, the total consumed power of 0.0267 kW/h was 

calculated and saving 82.22% in energy consumption 

compared to using a 100W bulb. The approach of this 

prototype is adapted to the needs of small families due to 

the number of quails. 

 

 

Additionally, the correct construction of the farm is 

reflected in better autonomy. Also, this system is cost- 

effective, which means that it is an accessible prototype for 

Arequipa families. Besides. this prototype had a correct 

performance since it presented a percentage error of 0.90% 

in the temperature control and did not exceed the critical 

humidity values indicated as the setpoint. The prototype 

also can be scalable and replicated in other regions of Peru 

to contribute and optimize quail breeding. It also has an 

industrial production projection since it includes the 

Arduino platform as a current and commercial 

microcontroller in automation systems. 

As future work, the prototype with quail will be 

validated, and the system will be modified to add more bird 

growth stages so that the prototype can be used from when 

the bird is a quail chick until the last days of laying. In 

addition, it will seek to further reduce manufacturing costs 

with modular stages that are easy to install in farms already 

on the market. 
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