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1.1 SIGNIFICANCES OF THE PROBLEM 

1.1.1 Introduction 

 

This project pretends to automate a manual oven so that the operators' choices 

are limited to only choosing the specific product and the time to bake. After choosing the 

product, the automatic system then manages the required variables in order to produce 

an efficiently baked product. 

 

This project overall design intends to include various means of safety precautions to 

protect the operators and personnel. One of the general idea and aim of this project's 

strategy includes the storage of the oven's usage records on an application utilizing the 

Wi-Fi/LAN via a local server. The expectation of this local design and implementation of 

this project is to reduce cost in comparison with the procurement of a similar solution of 

brand new automated oven. 

 

 

1.1.2 Business Description 

 

The micro business Delights of the Caribbean Food S.A. (known as Caribbean Delights) 

is dedicated to the production, distribution, and sale of Caribbean style food and pastries 

to supermarkets, restaurants and the public. A group of professional entrepreneurs, all 

originally from the Limon province, Costa Rica, formally registered the business in March 

2009. 
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The company currently has two places both located in the San Juan district of Tibas, San 

Jose. One is a small restaurant that is opened to the public and the other is the production 

area. The production area is where the products’ different processes transpire such as 

the preparation, baking, freezing and storage. The restaurant is located within the “Centro 

Comercial Plaza del Valle”, the address is at the corner of “Calle central y Calle 55”. The 

production area is located on the “Transversal 3”, 100 meters east, and 300 meters south 

of the restaurant. Both of them are in the San Juan district, Tibas. The transportation of 

products is from the production area to the clients, supermarkets, snacks shops, and 

restaurants.  

 

According to the company website: http://www.carideli.comthe company mission is 

expressed as “Deleitar a nuestros clientes con lo mejor de los sabores exóticos del 

Caribe” (Caribbean Delight, 2017), which translates to: “Delight our customers with the 

best of the exotic flavors of the Caribbean.” The company vision according to the website 

is “Ser reconocidos por los distribuidores y consumidores de productos alimenticios 

caribeños, como LOS MEJORES en sabor, calidad y servicio, por medio del compromiso, 

entusiasmo y motivación de los colaboradores” (Caribbean Delight, 2017). Which 

translate to: “To be recognized by distributors and consumers of the Caribbean style food 

products, as THE BEST in taste, quality and service, through our commitment, 

enthusiasm and motivation of our coworkers”. 

 

http://www.carideli.com/quienessomos.php
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The business has eleven employees; the administration section consists of a general 

manager, an administrator, and a sales representative. The restaurant comprises of two 

employees who attend the public. The production sections have six employees who work 

in the various processes of preparing the different products. Caribbean-style pastries and 

food such as patty, tart, “panbon” and “galleta” are the products that are baked by the 

crew in the production section. 

 

 

1.1.3 Problem Justification 

 

At Caribbean Delights, there are various productions’ processes, all which are important 

for the productions of the final product. However, within all these processes is the baking 

process, which is specifically affected by the implementation of this project. Currently, the 

baking process includes the usage of a manual oven. The entire operation of the manual 

oven is dependent on human interventions and this creates losses, due to inconsistencies 

of the various variables. This may cause that the final products may be, over or under 

cooked, or too dry due to lack of moisture. Apart from products lost, other inefficiencies 

may be created such as excess usage of electricity and gas. All these operational 

inefficiencies may eventually cause an economic decline for the company.  
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1.2 PROBLEM DEFINITION 

 

In the production area, the baking processes are manual procedures that depend on 

human functionality. For the process of preheating the oven, someone has to open the 

gas valve, light a pilot fire to ignite the burners of the ovens. The oven is preheated for 

approximately ten minutes and since there is no thermometer, there is no verification of 

the temperature. Then the products are placed inside for baking. The timer is set to the 

desire time and starts once the product is placed inside the oven. Periodic monitoring by 

viewing is used to verify if the product is baking properly. Since all this procedure is 

manual, there are many possibilities for human error. Currently, these errors are not 

affecting the production, since the baking is mostly scheduled to once or twice a day for 

two or three times per week. 

 

The main reason for the need for automatic oven is that one of the medium-term goals of 

the business is to export their products to foreign markets. The plan is to export finished 

baked product, shipping them frozen. Therefore, the automatic system should manage 

the specific product preset variables. Once the baking process is automatic, losses are 

reduced since the control system manages the consumption of gas and electricity, which 

creates an increase of efficiency. 
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1.2.1 Question of the Problem 

 

How to develop an oven automated control system utilizing the Arduino microcontroller in 

order to mitigate losses and increase efficiencies for the microbusiness Caribbean Delight 

by November 2017?  

 

 

1.3 OBJECTIVES 

1.3.1 General Objective 

 

To develop an automated control system for a manual oven utilizing Arduino 

microcontroller in order to reduce losses and increase efficiencies of the micro business 

Caribbean Delight by November 2017. 

 

 

11.3.2 Specific Objectives 

 

 To define the minimum processes require utilizing the touchscreen located on the 

oven given that the Arduino is programed. 

 

 To determine the hysteresis variables by measuring the time and temperature for 

the different products to guarantee properly baked products.   
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 To implement a log register to track the oven history using a database engine via 

a computer assuming that it communicates with the Arduino.  

 

 To analyze the feasibility of designing and implementing a customized solution in 

comparison to an existing factory-made automated oven solutions.  
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1.4 OPPORTUNITIES AND LIMITATIONS 

1.4.1 Opportunities 

 

 The operators choose the product and this enables the control system to utilize the 

necessary variables to preheat the oven within a specific time frame (approx. 15 

to 20 minutes) to the required temperature. 

 To minimize human interface in order to allow the control system to manage the 

oven for properly baked products. 

 Reduce the safety risk of leaking gas by installing a gas actuator valve and 

electrical igniter within the control system and removing the existing pilot system. 

 Providing the Arduino is on the network, an authorized user is able to access a log 

register by utilizing a database to obtain a report of the oven’s history. 

 

 

1.4.2 Limitations 

 

 A limitation on the efficiency of the system is that the oven has completed the 

preheat cycle, but the operator does not initiate the baking cycle immediately. This 

affects the efficiency of the usage of gas. 

 Another limitation is the heat convection within the oven due to its design and 

airflow limitations. 

 Also, a limitation is the possibility of implementation delay due to various causes 

such as shipment delay due to natural disasters and contractor’s inefficiencies.   



22 
 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER II: THEORETICAL FRAMEWORK 

 

  



23 
 

 

2.1. AUTOMATIC CONTROL SYSTEM 

 

For a few decades, automatic control systems have continued to play an increasingly 

important role in the development and advancement of modern civilization and 

technology. The science of engineering is the composition of knowledge and control over 

resources and systems for the benefit of humanity, as mentioned in the book Modern 

Control Systems: “Engineering is concerned with understanding and controlling the 

materials and forces of nature for the benefit of humankind. Control system engineers are 

concerned with understanding and controlling segments of their environment, often called 

systems, to provide useful economic products for society” (Dorf & Bishop, 2011, p. 2). We 

used automated system solutions to control our surrounding systems to generate 

valuable products for the economic benefits of our society.  

 

There are many benefits to implement and utilize an automatic control system. One of the 

principal functions of an automatic control system is to reduce human action in 

engineering processes and procedures. There are various motives to reduce human 

action especially if the equipment or the area where the equipment is located is in a 

dangerous zone. Other reasons are to mitigate the human error factors since automated 

control systems are consistent, efficient, durable, precise, accurate, and diligent. 

Presently, with the advantage of computers, modern automated control systems are 

developing further into self-learning, optimum, and adaptive systems. 
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An automatic control system interfaces with its environment using devices such as 

sensors and actuators to produce the desired system response. “A automatic control 

system is an interconnection of components forming a system configuration that will 

provide a desired system response” (Dorf & Bishop, 2011, p. 2). To obtain the output 

response, an automatic control system is utilized to regulate the actions of its devices. 

Generally, there are two main classifications of control systems, the open-loop system, 

and the closed-loop (feedback) system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Block diagram of an Automatic Control System 

Source: (Dorf & Bishop, 2011) 
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2.1.1 Open-Loop Control System 

 

An open-loop system is not necessarily  for an automatic system since it lacks the 

capacity to adapt to a variety of operating conditions or to respond satisfactorily. This is 

principally  since it does not have a feature of feeding the output signal to be compared 

with the command signal. The characteristic of an open-loop control system is that it 

utilizes an actuator to directly control the process of obtaining the desired system 

response without the use of feedback information. The authors Dorf & Bishop (2011) 

defined an Open-Loop System as “A system without feedback that directly generates the 

output in response to an input signal” (p. 303). In an open-loop system, the operation of 

the processes obtains the result independently of the desired result since it does not use 

feedback information to correct its actions. It is worthy to note that most open-loop 

automatic control systems are usually controlled by time. Examples of equipment that 

utilize the open-loop system functions are microwaves and washing machines, where the 

results are not necessarily the desired results.  

 

 Source: (Dorf & Bishop, 2011) 

Figure 2: Open-Loop Control System with Actuator 
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2.1.2 Closed-Loop Control System 

 

Distinctly, a closed-loop automated control system is different from an open-loop system, 

in that the closed-loop systems use a signal from its output response as a feedback and 

compare this with the reference or desired result. The definition of a “Closed-loop system: 

A system with a measurement of the output signal and a comparison with the desired 

output to generate an error signal that is applied to the actuator” (Dorf & Bishop, 2011, p. 

303). A known factor is the desired result and since we know that there is a difference 

between the desired and the output response, it is possible to generate an error signal. 

The controller adjusts or corrects the actuator by using the amplification of this relative 

amplified error signal, in attempting to reduce the error signal to achieve the desired 

system response. 

  

 

The method of introducing the output response signal back into the system and then 

utilizing its error signal, after comparing it to the desired response, to control or correct 

the process in order to reduce the error signal is the feedback system. A closed-loop 

control system may be of a single feedback system or of multi-loop feedback systems. 

Figure 3: Closed-Loop Control System 

Source: (Dorf & Bishop, 2011) 
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Normally, sensors or transducers are utilized along the processes to detect the 

measurements of the outputs response and to send this signal to the controller.  

 

 

 

 

 

 

 

 

The major advantage of a closed-loop control system over an open-loop system is the 

capacity to offer stability, gain, and sensitivity over controls of the output system response 

even if there are external noise and disturbance signals, yet it achieves the desired 

system response even for a complex system. Open-loop system is mainly utilized in the 

design of a simple control system because of its deficient in accuracy and versatility. 

 

 

2.2 ON / OFF TEMPERATURE CONTROLLER 

 

The temperature controller is a system that has the ability to control temperature without 

much human intervention with the use of a controller and temperature sensors to compare 

the desired system response with the actual output temperature. There exist various 

types of controllers such as the ON/OFF, Proportional, Integral, Derivative, and the 

Source: (Dorf & Bishop, 2011) 

 

Figure 4: Closed-Loop concept 
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combinations between them; however, for the purpose of this project, only the ON/OFF 

temperature controller is described. 

 

The ON/OFF temperature controller is one of the most basic temperature regulators, once 

the controller senses if it has exceeded a reference point it does one action. This controller 

has two states, ON or OFF; it does not have an intermediate state. Once the temperature 

is above the reference point, the controller turns off the heat and when it is below the 

reference point, it turns on the heat. This produces a change of state every time the 

reference point is crossed and therefore causes that the temperature oscillates 

continually between the peak-to-peak states, this variation of the peak-to-peak cycle 

depends on the desired system responses. Sometimes this peak-to-peak cycle is 

oscillating quickly and may damage relays and contactors, to reduce the possibility of 

damage the peak-to-peak cycle may be increased. Hysteresis is another name for the 

peak-to-peak cycle; the overshoot goes over the reference point and the undershoot goes 

below the reference point. The ON/OFF temperature controller is generally used when 

the precision control of temperature is not necessary and when the mass of the system 

is substantial sot the temperature change is slow. 

 

 

 

 

 

 

Figure 5: ON / OFF Heating Temperature Controller 

Source: (Electrical4u, 2017) 
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2.3 TRANSDUCERS AND SENSORS 

 

In designing a project, it is of utmost importance to choose adequate transducers and 

sensors. Since the transducer is the principal means of communicating with the 

controller's environment. A transducer is a device that converts a physical variable to an 

electrical current or voltage signal. The types of variables are force, pressure, 

temperature, velocity or various others. There are some factors to consider when 

investigating the type of transducer or sensor is necessary, such as analog or digital. An 

analog sensor produces a continuous range of value as the output signals. A digital 

sensor produces discrete values as the output signal. Digital sensors are more compatible 

with computers or digital based controllers. Another factor to consider is the current or 

voltage output signal requirements. Other factors to investigate also are sensitivity, 

precision, range, speed, connector’s types and calibration requirements.  

 

 

2.3.1 Temperature Sensor 

 

In the atomization industry, the various types of temperature measuring sensors are 

known as thermoelectric transducers. One of them is the Resistance Temperature 

Detector (RTD) sensor, these are normally made of a specific type of wire mounted in an 

insulation, and a temperature change affects a variation of the resistance. The resistance 

is the metal in the sensor is calculated with the following formula:  

    R = (l ρe) / Ac 
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Where: Resistivity = ρe; length = l; cross sectional area = Ac; 

    R = Ro [1 + k (T – To)] 

Reference resistance = Ro; temperature coefficient = k; reference temperature = To 

 

 

 

 

 

 

 

 

 

 

 

In the construction of RTD various materials are utilized however, “Platinum is the most 

common material chosen for the construction of RTDs. The principle of operation is quite 

simple: platinum exhibits a predictable and reproducible change in electrical resistance 

with temperature, which can be calibrated and interpolated to a high degree of accuracy” 

(Figliola & Beasley, 2011, p. 318). Two other pure metals are copper and nickel, which 

also produce predictable and reproducible resistances; they produce a positive 

temperature coefficient (PTC). As seen in figure 10 the relative resistance of three pure 

metals (RO at zero ºC) resistance increases with the rise of the temperature. RTD sensors 

Figure 6: Relative Resistance of three pure metals 

Source: (Figliola & Beasley, 2011, p. 318) 
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are mostly utilized in industrial applications since they are accurate and stable, the range 

of operation is between -150 to 650 ºC. 

 

 

2.3.2 Photo diode Sensor 

 

A photo diode sensor is a solid-state device that detects light. It is made of P-N 

semiconductor; its photoelectric effect has the ability to generate a current when photons 

are absorbed into the diode. A small leakage current Id, known as dark current is produced 

even if there is no light. In photovoltaic mode, the diode’s photocurrent or photovoltage 

can be measured (Webster, 1999). Normally this photodiode is operated in reverse bias 

and has the same characteristics as a regular diode. 

 

 

 

 

 

 

 

The Arduino flame sensor module has the following features, it detects wave lengths 

between 760 nm to 1100 nm infrared, and it has a 60-degree angle of detection. It has 

two outputs mode, the first is analog output (AO), real-time output voltage signal on the 

thermal resistance; the second is digital output (DO), when the temperature reaches a 

Figure 7: Arduino Flame sensor 

Source: (Arduino AG, 2017) 
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certain threshold, the output high and low signal threshold adjustable via potentiometer; 

the working voltage is DC 3.0 to 5.5 V. 

 

 

2.4 ACTUATOR VALVE AND RELAY 

2.4.1 Actuator Valve 

 

An actuator is primarily a mechanical device with the ability to generate a mechanical 

movement in an external device by activation of hydraulic, pneumatic or electrical signals. 

Actuator generates two main types of movements, linear or rotary. The linear actuator 

generates linear movement and the rotary actuator generates revolving movement such 

as a motor, pump or valve. The actuator normally receives instructions from controllers 

and regulators, example such as the Arduino. A regular valve is a mechanical gadget, 

which controls the flow of a fluid, gas or liquid within a pipe. Regular valves are operated 

manually and they have three basic modes of operations: open, closed or regulate a 

control flow of the fluid, gas or liquid. An electrical actuator valve has an electrical 

solenoid, which is managed by an electrical signal. Once the solenoid is activated by the 

electrical control signal, it opens the valve therefore allowing the flow of the fluid, gas or 

liquid. 
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2.4.2 Solid State Relays 

 

Relays are key components in the design and development of an automatic control 

system. A relay is normally an electromagnetic device that functions as a switch. Its main 

functions of a relay are to control or protect an electrical circuit. Primarily, it can be 

controlled from a lower voltage to manage a higher output voltage. Relays are utilized in 

electrical automation, control of industrial motors, in electronics circuits and as an 

interface for computers, alarms and amplifiers. 

 

Due to the current limitations of the Arduino, a relay module is utilized as a solution 

between high current circuits and the Arduino. This relay module has eight relays to 

control external loads. It has a normally open interface (normally open) and normally 

closed NC. The control circuit operates between 4.75 ~ 5.25 VDC and between 8~250 

mA. The switching circuit operates between 5 A / 7 A and 250 VAC / 30 VDC with total 

power of 70 W and up to a frequency of 1 Hz. A feature is an opto-coupler isolation that 

can be utilize as a protection, to isolate the input voltage from the coil control voltage, 

therefore it protects the Arduino in case of a spike or short. The general characteristics 

are that it has an active LED indicator, independent contacts and small. 

 

 

 

  

Figure 8: Relay module 
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2.5 LCD DISPLAY 

 

LCD (Liquid Crystal Display) is a display manufacture utilizing a liquid type substance, 

which is trap between two plates of crystal. When electric current passed within a certain 

area or zone the molecule within the liquid re-adjust, resulting in a change of the refraction 

indices, which then affects the opaqueness of the liquid. A backlight is normally used, and 

this sectional blocking of the backlight is how we see pixels, words, etc. The color LCD 

displays is designed so that each pixel is divided into three sub-pixel of red, green and 

blue (RGB), the mixture of these three colors produce a variety of palettes. 

 

 

 

 

 

 

 

 

 

 

Depending on the manufacture of the display, communication between the LCD display 

and the microprocessor may utilize any of the various protocols such as Parallel, Serial 

I2C and Serial UART. 

Source: (Boylestad & Nashelsky, 2013, p. 830) 

Figure 9: LCD Display 
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2.5.1 Nextion Touch LCD Display 

 

Nextion NX3224K024 Touch 2.4” LCD Display is a smart type of display that is comprised 

of two components; a hardware section that includes a TFT (thin-film-transistor) boards 

and a software part (the Nextion editor). This LCD TFT board uses only one serial UART 

port to communicate. “Nextion is a seamless Human Machine Interface (HMI) solution 

that provides a control and visualization interface between a human and a process, 

machine, application or appliance. Nextion is mainly applied to Internet of thing (IoT) or 

consumer electronics field” (ITEAD Intelligent Systems Co.Ltd, 2017). The Nextion editor 

has features such as buttons, text, progress bar, slider, instrument panel, which assist in 

the interface designs. Other features include 320 x 240 resolution, true to life colors RGB 

65K, 4M flash memory, on board micro-SD card for firmware upgrade, adjustable 

brightness. 

 

 

 

 

 

 

 

 

 

 

Figure 10: Nextion Touch 2.4” LCD display 

Source: (ITEAD Intelligent Systems Co.Ltd, 2017) 
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2.6 ARDUINO 

 

The Arduino is an open-source microcontroller unit design with two integrated elements, 

the hardware and the software. The Arduino is a microcontroller with brain, it has the 

hardware element such as the I/O access pins, and these pins are configured and 

programed in the software, an open-source Integrated Development Environment (IDE) 

platform. Program codes are developed to manage the I/O pins to control devices such 

as sensors and actuators. “The process of interaction works: If you do something, you 

feel a change, and from that you can know something about the world” (Nussey, 2013, p. 

8). This control of sensors and actuators allows the Arduino the facility to interface and 

interact with its environment. Sketch is the program files, which are the codes written and 

developed in the Arduino IDE to perform different functions. Sketch program files are 

normally saved with (.no) extensions or an anterior one (.pde). 

 

As mentioned, the software component of the Arduino’s configuration is developed and 

coded in the open-source license IDE platform, which is available in two different 

packages. The first is the cloud-based design IDE known as Arduino Web Editor. Access 

is only available via internet, on any web browser (Chrome, Firefox, Safari or Edge). One 

of its functions includes the ability to save and retrieve Sketch files from the Cloud using 

any computer with access to internet. The other IDE is an application known as Arduino 

Software, its design with the function to install on a computer with any OS such as 

Windows, Mac or GNU/Linux. By utilizing the Arduino Software, its programming 

application and the Sketch files can be accessed and utilized without an internet access.  
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In the Arduino platform, there are files of collection of programming codes and instructions 

known as libraries. These libraries are programming files with specific information and 

functions with the capacity to manage different sensors, actuators and displays, etc. The 

IDE has various standard incorporated libraries to activate and use functions and devices 

such as LAN, Wi-fi, GSM, SD memory, Serial port, SPI, mouse, keyboards, etc. In 

addition, many libraries are available for download. However, personal unique library files 

may be designed and developed with specialize functions. An assemble programming 

language known as AVR is a handy and fast way to design, program and develop new 

library files for Arduino. However, attention has to be considered when manipulating and 

organizing the memory structure of the Arduino. To minimize complications, it is best not 

to use AVR unless you have the expertise, it is better to choose a higher-level programing 

language such as C, Basic or Java. 

 

The Arduino has I/O pins that provide different functions, such as analog input, 

communication pins like Rx/T x, UART, SPI and I2C; and digital I/O pins. The digital pins 

may be configured as an input or output, in two states: high (five V) or low (zero V). As 

mentioned, the Arduino has analog input pins which function is to measure or accept an 

electrical range between zero V to five V. This range includes any value such as 0.1, 0.2, 

0.5, 3.4, 4.5, up to 5 V. The Arduino does not have any analog outputs, if required, certain 

digital pins may be configured as Pulse Width Modulation (PWM) output.  

 

Depending on the model of the Arduino, there exist various sizes of memory and they 

operate between 3.3 V or 5.0 V DC. As power source, the Arduino utilizes its USB 
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connection or utilizes an external power supply. Advances and projects are constantly 

being developed for Arduino, many of such projects and programming codes are available 

at https://github.com/arduino/Arduino/. Depending on the operation and the necessity of 

the project, there are various Arduino models to choose from, see the next figure. 

 

 

 

 

 

 

 

 

 

 

 

 

Within the ranges of Arduino’s products, there exist the Shield modules. These Shield 

modules are utilized to give additional functions and capacities to the different Arduinos. 

There is a wide variety of Shield modules with variety of functions such as Wi-Fi, proto, 

motor controllers, Bluetooth, GSM, relays, and some more.   

 

  

Source: (Arduino AG, 2017) 

Figure 11: Arduino Models 

https://github.com/arduino/Arduino/
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2.6.1 Arduino Mega 

 

The Arduino Mega 2560 is a microcontroller unit, which is easily utilized in projects. The 

Arduino webpage states, The Arduino Mega 2560 is a microcontroller board based on the 

AT mega 2560. It has 54 digital input/output pins (of which 15 can be used as PWM 

outputs), 16 analog inputs, four UARTs (Universal Asynchronous Receiver / Transmitter), 

a 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset 

button.  (Arduino AG, 2017). 

 

As mentioned, one of its features is the UART communication hardware serial port; it has 

four built-in ports label as Tx0/Rx0 to Tx3/Rx3 and they are located on pins 

0/1/18/19/16/17/14/15. Note: the USB is hardwire to and shares the same port as the 

Tx0/Rx0 pins 0/1. The USB port is protected with an automatic poly-fuse against short 

circuits. Communications also include an I2C data bus (SDA/SCL) pins 20/21. Serial 

Peripheral Interface (SPI) is located on the ICSP header pins or digital pins 50/51/52/53 

may be configured as SPI. 

 

 

 

 

 

 

 

Figure 12: Arduino Mega 2560 

Source: (Arduino AG, 2017) 
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The Mega has six external interrupts located on the digital pins 2/3/18/19/20/21, these 

are utilized to trigger an external interrupt on low level, rising or falling edges or a change 

in state. Each I/O pin normally operates at 20 mA (max 40 mA). The analog input pins 

data at 10-bit resolution (1024 different values). The digital pins 2-13/44-46, in PWM 

mode operates at an 8-bit resolution. The Mega may get its power source from the USB 

connection, but for more current, it is better to use an external power supply within the 

range 7 - 12 V DC. The Arduino Mega is configured and programed utilizing Sketch files 

developed in the IDE software Arduino Web Editor (Cloud) or Arduino Software (OS) 

platforms.  

 

 

2.6.2 UART 

 

Universal Asynchronous Receiver Transmitter (UART) is not a communication protocol, 

but a small efficient communication IC that principally uses the transmitting (TX) port and 

the receiving (RX) port. The UART IC is responsible for the interfacing between the 

microprocessor parallel data buses, and converting the parallel data to the serial 

communications link port and vice-versa. 

 

 

 

 

 

 Source: (Park & Mackay, 2003) 

Figure 13: Serial UART communication 



41 
 

 

 

The UART generates the start, stop, and parity bits used for checking data integrity in 

asynchronous transmission between the serial ports. During transmissions, the UART 

chip performs various functions, such as: 

i. setting the correct baud rate; 

ii. interfacing to the microprocessor data bus; 

iii. accepts/sends characters one at a time; 

iv. generates a start bit for each character; 

v. adds/receives the data bits in a serial stream; 

vi. calculates and adds the parity bit to the data stream;  

vii. adds/reads the required stop bit(s).  

Benefits of utilizing the UART are:  

i. It uses two wires,  

ii. It has no clock signal,  

iii. It has a parity bit, (error checking) the flexible data packet structure once 

configured. 

Drawbacks are: 

i. The data frame size is limited to a max of 9 bits,  

ii. The baud rates on both ends must be within +/-10% of each other. 
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2.6. Wi-Fi Shield Module 

 

The ESP8266 module is a Wi-Fi network solution that permits the Arduino to join and 

communicate on a network. This Wi-Fi module connects to the Arduino via UART (RX/TX) 

serial interface. This module is able to establish communication to any access point 

devices using the 802.11 b/g/n and Wi-Fi Direct (P2P) protocols. As power source, it uses 

a 3.3 VDC voltage supply.  

 

 

 

 

 

 

 

  

Figure 14: Wi-Fi ESP8266 module 

Source: (ITEAD CC) 
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CHAPTER III: METHODOLOGY FRAMEWORK 
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3.1 TYPE OF INVESTIGATIONS 

3.1.1 Purpose: Applied 

 

The purpose of this investigation is defined as applied, since it involves the development 

and implementation of a project. The project is to design, develop, test and implement an 

automatic system with Arduino microcontrollers in order to manage and control variables 

such as duration time and temperature of an existing manual oven in Caribbean Delight 

micro business.  

 

 

3.1.2 Term Dimension: Transversal 

 

This project term dimension is a transverse type, since it is a non-experimental project, 

and which the design, development, collection of data, verification and the implementation 

of the automatic control system is to be completed by a definite time. The completion time 

for the implementation of this project is by the end of October 2017.  

 

 

3.1.3 Framework: Micro 

 

The framework of this project is defined as a micro type, since the problem and solution 

is very specific for the implementation of a control system baking solution on an specific 

equipment for a micro business with 2 locations and less than 20 employees. 
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3.1.4 Nature: Quantitative 

 

The nature of this project is a quantitative one, since it engages a microprocessor to 

control and calculate the necessary variables of the measurements of some sensors in 

order to achieve the objective of the project. Furthermore, the expenses of the project are 

tracked in order to analyze and evaluate in reference to procuring a new automatic oven. 

This is used to verify if a self-design automatic system is economically feasible.  

 

 

3.1.5 Character: Project 

 

The character of the investigation is defined as a Project since it has clearly stated a 

general objective and specific ones, to solve and implement how to mitigate losses and 

increase efficiency of the oven by using a microcontroller. The objectives are 

implemented within a specific planned period which is by the end of October 2017. This 

project is to satisfy an economical and technological requirement for future business 

opportunities for Caribbean Delight microenterprise located in San Juan the Tibás, San 

Jose, Costa Rica.  
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3.2 PROJECT MANAGEMENT FRAMEWORK 

 

The project is defined as a unique group of tasks that is performed to create a distinctive 

product, service or improvement to meet the requirements of a necessity or to take 

advantage of an opportunity. The project has clearly defined objectives and it is planned 

for a period. According to the PMBOK® guide (2013) . 

 

A project is a temporary endeavor undertaken to create a unique product, service, or 

result. The temporary nature of projects indicates that a project has a definite beginning 

and end. The end is reached when the project’s objectives have been achieved (p. 3). A 

project reaches its end when the project’s objectives cannot be met for various reasons 

or if there is no longer a need.  

 

This project uses the Project Management Body of Management (PMBOK®) guide as the 

base to develop and guide the different processes which are categorized in  five Process 

Groups which are Initiating, Planning, Executing, Monitoring  Controlling, and Closing. 

The following is a brief description of each Process Group. 

 

 Initiating Process Group. Those processes performed to define a new project 

or a new phase of an existing project by obtaining authorization to start the 

project or phase. 
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 Planning Process Group. Those processes required to establish the scope of 

the project, refine the objectives, and define the course of action required to 

attain the objectives that the project was undertaken to achieve. 

 Executing Process Group. Those processes performed to complete the work 

defined in the project management plan to satisfy the project specifications. 

 Monitoring and Controlling Process Group. Those processes required to track, 

review, and regulate the progress and performance of the project; identify any 

areas in which changes to the plan are required; and initiate the corresponding 

changes. 

 Closing Process Group. Those processes performed to finalize all activities 

across all Process Groups to formally close the project or phase. 

(PMBOK® Guide—5th Ed. Content Committee, 2013, p. 49) 
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3.3 PROJECT IMPACT FRAMEWORK 

3.3.1 Short Term Impact 

 

The short-term impact is seen within the first week after the project is implemented. This 

impact has two benefits, one in terms of qualitative and quantitative terms. Almost 

immediately, the workers and employees of the company have positive benefits in terms 

of qualitative since it is not necessary to preheat the oven manually, or monitoring of the 

product during baking. The automatic system controls the temperature, humidity, 

ventilation and the duration variables during baking process. Also in the short term, the 

company is going to have benefits in term of quantitative because they are not investing 

a larger capital to buy new automatic oven since they are investing in a local design and 

solution with implementation of this project. 

 

 

3.3.2 Medium Term Impact 

 

In reference to the qualitative terms, the first three months medium-term impact is the 

continuance of positive benefits for the operators and for the business. An operator’s 

benefit is the reduction of monitoring the baking process of their products. This helps to 

achieve an improvement in their production efficiency and a reduction of products losses. 

In terms of quantitative, the medium-term impact of the efficiency of the oven’s control 

system has positive financial benefits for the business in the reduction of the usage loss 

of the butane gas and of product’s losses. 
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3.3.3 Long Term Impact 

  

The one-year long-term impact of this project in reference to qualitative terms continues 

with positive benefits for ovens’ operators. This is to be experienced especially when the 

company's output is increased if exporting its products abroad. Although production has 

increased, the extra baking process has not affect the operators because the automatic 

system continues to manage and control the variables, even if the baking cycle has 

increased. This long-term impact is going to produce benefits in the company in 

quantitative terms since it has the ability to increase its production. The company is more 

profitable since it is more competent in the baking processes. The reduction of gas 

wastage and product losses is kept at a minimum even though production has increased. 
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CHAPTER IV: DIAGNOSTIC 
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4.1 ACTUAL SITUATION DESCRIPTION 

 

The project requirements of the business are determined by meeting with the owner. The 

outcome of the meeting produces the following requirements. The production department 

has a baking procedure, which includes the usage of a manual oven. The operation of 

the oven is manual and it is fully dependent on human intervention to function. This 

dependency on human intervention may create losses due to inconsistency of the baking 

process, and as a result, some of the final baked products may not be within standards.  

 

After various visits to the production location, noting some observations and conversing 

with the main operator, the following is determined in the oven’s preheating process and 

the baking process. Initially, the operator opens the main gas valve and then stoops under 

the oven to light the pilot fire. The oven’s regulated gas valve is turned on and set to an 

approximately temperature setting, the burner ignites. The oven’s regulated gas valve 

has an integrated thermostat, which turns off the gas supply if the oven heats up over 

400º F as marked on the regulated valve. The operator normally allows approximately ten 

minutes for the preheating of the oven. However, since the oven is not equipped with a 

thermometer or a temperature-measuring device, there is no verification of the actual 

baking temperature. The products allocated for baking are pre-placed on trays. Once the 

oven is considered preheated, the trays are placed into the oven and at that time the 

baking process starts. The oven has a timer, which is set to the desire baking time in 

minutes. Both, the sounding of an alarm by the timer and the periodic monitoring by the 

operator are utilized to check if the product is properly baked. 
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Each product has a different baking procedure. The procedures include different variables 

within the process such as, specific baking time with the fan on or off, baking with humidly 

(water), baking at a specific temperature range. The following table 1 shows the required 

modes and variables required for each product during baking.   

  

Table 1: Individual Products modes and variable requirement for baking 

Products 
Temperature 

F/C 
Baking time 

fan-On (mins) 
Baking time, 

fan-Off (mins) 
Humidity  
moisture 

Panbon 300/149 45 75 Yes 

Patty 320/160 35 0 no 

Tart 320/160 35 0 no 

Galleta 320/160 25 0 no 

Source: Caribbean Delight information 

 

There were various design flaws and imperfections noted. The first is that once the main 

gas valve is turned on, most of the time the pilot remains unlit. The design of the pilot’s 

supply is such that it is located before the oven regulated valve and therefore once the 

main gas valve is turned on, gas continually leaks into the general area since it is unlit. 

There is no indication or a written procedure to alert of the danger of the leaking gas from 

the unlit pilot. Another imperfection is that the oven has no installed sensor or temperature 

gauge to indicate or show if the temperature is below the baking level. Likewise, there is 

no sensor or alarm to indicate if the door is not properly closed. An additional imperfection 

noted is the lighting system within the oven, there were no bulbs in the light sockets since 

the bulbs always vibrate out, fall and break, and this is a health risk. The light sockets 

currently installed are not industrial type sockets. The next defect is airflow, since the fan 
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blade is not adequately designed, it is a homemade design made of pieces of 90-degree 

angle iron. Additionally, the fan motor seems oversize, hence inefficiency of electrical 

consumption. The manual oven built imperfections may expose the business’ personnel 

and clients to health risks and personal safety danger.  

 

Since all the processes are manually implemented, there are many possibilities for human 

error. The baking is scheduled to mostly once or twice a day, and only two or three times 

per week. The effect of the operational inefficiencies is not immediate, but eventually it 

may cause an economic decline for the company as production increases.  
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4.2 DATA COLLECTION, PROTOTYPE AND CHARACTERISTICS 

4.2.1 Interview 

 

The first interview of this study is to discuss the baking process and to obtain a better 

understanding of the operations of the oven. The purpose is to comprehend how the 

baking procedure fits into the overall operation process of the production section. Equally 

discussed is the likelihood of limitations of the existing manual oven. The operator 

mentioned the extra observation time needed since they have to check the products 

regularly. In his observation, he noted that the baking time depended on the amount of 

trays in the oven. This may be caused by an inadequate design flaw of the fan blades; 

therefore, airflow might not be consistent. Moreover, the oven overall design has one heat 

source (below). Part of the baking procedure is that the product, Panbon needs more 

moisture during baking than the other products. Note the normal operating baking 

temperature range is 149º to 160º C. 

       

A second site visit at the production section is performed as part of the actual situation 

process. The purpose is to check the oven design, to have a better understanding of the 

component requirements for the automatic control and to draw the existing circuits and 

take pictures. The following circuits and components were checked: the pilot system and 

gas flow system, the fan system including its electrical circuit, the existing timer and 

buzzer, the lighting system and the existing safety system. This interview with the main 

operator mostly entailed discussions about the preheating procedure and the baking 

processes.       
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4.2.2 Observation 

 

During the visits, the following items and issues are documented; the implementation of 

this project does not guarantee that all of them are to be addressed: 

 

 No water line is installed to the oven  

 No gas shutoff valve is installed on the oven 

 Once the pilot is unlit, butane gas is released into the working area 

 It does not have a gauge or sensor to measure temperature 

 Unable to check the air flow and the motor of the fan system 

Regular breakage of light bulbs due to vibration, the socket is inadequate 
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CHAPTER V: PROJECT DESIGN AND DEVELOPMENT 
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5.1 DESIGN 

 

As part of the initial design stage, two principal types of automatic control solutions 

are considered. One of them is the PLC type solution and the other is the microprocessor 

type solution. Overall, two different brands and three types of PLC solutions are 

researched and the material costs are compiled and listed in Table 2. Additionally, two 

microprocessor solutions are considered and researched; their material costs are listed 

in Table 3. The range between the lowest and highest material cost is $220.33 to 

$1158.90 US dollars which is approximately an 80.9% difference .The inexpensive PLC 

is mostly modular and additional modules are necessary to meet the project necessities, 

therefore raising the cost of materials. However, the microprocessors meet most of the 

necessary requirements.  

 

Table 2: PLC Solutions, material cost 

Parts Description Unit Amount Subtotal Parts Description Unit Amount Subtotal Parts DescriptionUnit Amount Subtotal

CPU(K504EX-14AR) 1 161.50$ 161.50$ PLCF1/F122D1608T 1 415.00$ 415.00$ EC4P222-MTXD1 1 908.50$ 908.50$     

PM531/K531-04RD 1 156.00$ 156.00$ (RP2A-0402C1) 1 215.15$ 215.15$ Relay 8 port 1 8.98$     8.98$          

SM541 / K541 1 122.24$ 122.24$ USR232A 1 8.57$     8.57$     Igniter 1 12.50$   12.50$       

USR232A 1 8.57$     8.57$     Igniter 1 12.50$   12.50$   IR Flame sensor 1 2.49$     2.49$          

capacitors 100nF 5 0.20$     1.00$     capacitors 100nF 5 0.20$     1.00$     Gas valve 1 38.00$   38.00$       

Igniter 1 12.50$   12.50$   Relay 8 port 1 8.98$     8.98$     RTD sensor 1 9.99$     9.99$          

IR Flame sensor 1 2.49$     2.49$     IR Flame sensor 1 2.49$     2.49$     Fan contactor 1 8.49$     8.49$          

Touch 2.4" display 1 24.99$   24.99$   Touch 2.4" display 1 24.99$   24.99$   LEDs 2 1.00$     2.00$          

Gas valve actuator 1 38.00$   38.00$   Gas valve 1 38.00$   38.00$   Resistors 3 0.50$     1.50$          

RTD sensor 1 9.99$     9.99$     RTD sensor 1 9.99$     9.99$     micro-switch 1 1.76$     1.76$          

Fan contactor 1 8.49$     8.49$     Fan contactor 1 8.49$     8.49$     Water valve 1 4.69$     4.69$          

LEDs / Resistors 5 0.50$     2.50$     LEDs/resistor 5 0.50$     2.50$     Shipping 1 60.00$   60.00$       

micro-switch 1 1.76$     1.76$     micro-switch 1 1.76$     1.76$     Unforeseen 10% 1 100.00$ 100.00$     

Water valve 1 4.69$     4.69$     Water valve 1 4.69$     4.69$     1,158.90$ 

Shipping 1 60.00$   60.00$   Shipping 1 60.00$   60.00$   

Unforeseen 10% 1 65.00$   65.00$   Unforeseen 10% 1 84.00$   84.00$   

Price US Dollars 679.72$ 898.11$ Parts total

Parts total

Kinco K5 low cost PLC Solution Kinco High performance PLC Solution EATON Compact PLC Solution

Parts total
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The microprocessors parts are lower in cost, which is the main factor in determining the 

chosen solution. Apart from the price, the Arduino microprocessor solution was decided 

on mainly because of its embedded system. This operates such that once it boots up the 

setup executes once, and immediately after, its starts to execute the loaded Sketch. In 

addition, it prioritizes all process loaded in its loop, hence monitoring of all input sensors 

and controlling all the outputs. As opposed to the Arduino, the Raspberry Pi does monitor 

its inputs, but it is not responsive fast enough since apart from its I/O, it also manages its 

operating system. Secondly, the Arduino has built-in analog inputs as opposed to the 

Raspberry Pi, which need an ADC for temperature analog sensor. The following Figure 

15 is the block diagram of the oven automated control system utilizing the Arduino 

microprocessor. 

Table 3: Microprocessor Solutions, material cost 

Parts Description Unit Amount Subtotal Parts Description Unit Amount Subtotal

Arduino Mega 1 33.00$   33.00$   Raspberry Pi3 1 34.99$   34.99$   

Wi-Fi Shield 1 7.95$     7.95$     Igniter 1 12.50$   12.50$   

Igniter 1 12.50$   12.50$   Raspberry case 1 7.99$     7.99$     

Arduino case 1 5.99$     5.99$     Relay 8 port 1 8.98$     8.98$     

Relay 8 port 1 8.98$     8.98$     IR Flame sensor 1 2.49$     2.49$     

IR Flame sensor 1 2.49$     2.49$     Touch 2.4" display 1 24.99$   24.99$   

Touch 2.4" display 1 24.99$   24.99$   Gas valve 1 38.00$   38.00$   

Gas valve 1 38.00$   38.00$   RTD sensor 1 9.99$     9.99$     

RTD sensor 1 9.99$     9.99$     A/D converter Servo board1 29.95$   29.95$   

Fan contactor 1 8.49$     8.49$     Fan contactor 1 8.49$     8.49$     

LEDs/resistor 5 0.50$     2.50$     LEDs/resistor 5 0.50$     2.50$     

micro-switch 1 1.76$     1.76$     micro-switch 1 1.76$     1.76$     

Water valve 1 4.69$     4.69$     Water valve 1 4.69$     4.69$     

Shipping 1 35.00$   35.00$   Shipping 1 35.00$   35.00$   

Unforeseen 10% 1 24.00$   24.00$   Unforeseen 10% 1 25.00$   25.00$   

Price US Dollars 220.33$ 247.32$ 

Arduino Microprocessor Solution

Parts total Parts total

Raspberry Pi Microprocessor Solution
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In the development of the overall design, one factor that is considered is the possibility to 

expand the system to control two or three ovens utilizing one microprocessor. Initially, the 

Arduino Uno was researched. However, the Arduino Mega has more features especially 

in considering future expansion and the price difference is $5.00 US dollars. The principal 

advantage for this project is that the Mega has its four UART ports in comparison with the 

Uno, which shares a single UART port with its USB port. For debugging and connecting 

additional displays, the four UART ports are useful. Another key advantage of the MEGA 

is the 54 digital ports in comparison to the Uno 14 digital ports. 

Figure 15: Automatic Oven Controller Block Diagram 
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Reference to the Figure 16, the PT-100 temperature sensor signal is conditioned with an 

LM358IC, which consists of dual operational amplifiers (OpAmp). In this design, one of 

the Op Amp is configured as a unity gain differential amplifier and the other Op Amp is 

Figure 16: Automatic Oven ControllerSchematic Diagram 
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configured as a variable gain amplifier circuit. This circuit measures variation of voltages 

of the sensor, which is triggered by temperature change, and delivers an output between 

zero V to five V. The output of the OpAmp supplies the analog input pin (A0) of the 

Arduino; the built-in 10-bit ADC then converts the temperature signal into digital values 

between 0 and 1024. Within the Sketch, these digital values are mapped to 8-bits values 

providing a temperature reading between 0 to 250 ºC. 

 

A door switch (NO) is connected to ground and the pin (22) on Arduino. It is configured 

as an INPUT_PULLUP; hence, it utilizes a pull-up resistor within the Arduino. Pin (22) is 

HIGH when the door is open and vice-versa when the door is closed. A door indicator 

LED is connected via a resistor to pin (23). This pin is configured as an OUTPUT and the 

LED turns ON when the door is opened and turns OFF when the door is closed. 

 

The igniter, audio alarm, fan, gas solenoid and water solenoid are all connected to 

the solid-state relay by means of the built-in opto-couplers feature of the relay. This is to 

protect and to isolate the Arduino’s pins signal voltages from the relay’s coil voltages. In 

the case of the fan relay, it connects via a double-pole 220 V contactor to the fan motor. 

The pins are configured as OUTPUT and are utilized as igniter- pin (25), audio alarm - 

pin (27), fan- pin (29), gas solenoid -pin (30) and water solenoid- pin (31). 

 

The IR-sensor is connected to the Arduino digital Pin 26 as an INPUT. A flame indicator 

LED is connected via a resistor to Pin-24; this pin is configured as an OUTPUT. It is 
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programmed in the Sketch such that the LED turns ON when flame is detected by the IR-

sensor and turns OFF if no flame is detected. 

 

The Nextion display communicates via UART of the Arduino, it is setup as Serial2 on the 

Tx2/Rx2 Pins (16/17). The Arduino is programmed to transmit to the Nextion display any 

signal changes it detects from the temperature sensor, the door micro switch and the 

flame sensor. In return, the Nextion touch screen displays, transmits a signal to the 

Arduino once a button is pressed within it for a specific process. This activates an interrupt 

routine within the Arduino Sketch, which then activates the necessary process such as 

preheating or baking utilizing the sensors and actuators and therefore controlling the 

oven.  
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5.2 PROTOTYPE 

5.2.1 Hardware 

 

The hardware includes the following list of items, three input sensors, two actuator valves 

outputs, the Wi-fi module, a small 7 cm by 5 cm PCB board with the LM358 operational 

amplifier, the Arduino and the Nextion display, see the Figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 17: Various hardware circuit boards 

Arduino 
 Mega 

Nextion 
display 

Op Amp 
board 
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5.2.2 Software 

 

 

 

 

 

 

 

 

 

 

  

 

Begin 

Include libraries 
Initiate variables, buttons, Led, 

&Nex_listen_list 

Setup 
Serial2.begin (9600) 

PinMode (Input/Output) 
Button Pop call back 

Nex Listen List 
 

Panbon heat process 

Panbon Bake process 

Preheat process 

Bake 35 process 

Galleta Bake process 

Stop process 

Temperature sensor 

Door switch sensor 

Nextion Touch Display 
 

Press button: send 
input to NexListenList 

Temperature 
value different 

Door Switch 
value different 

No 

No 

Yes 

Yes 

PanBon Preheatbutton 

PanBonBakebutton 

Buttons: Patty Preheat, 
Tart Preheat, Galleta 
Preheat, Deshechar 

PattyBakebutton 
Tart Bake button 

GalletaBakebutton 

All Stop (Pare)buttons 

This is the software flow chart 
overview of the project; the Arduino 
sketch is drawn in blue and the 
Nextion display is drawn in green. 

Figure 18: Project software flow chart 
overview 
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Figure 19: Preheat flow process 

 

 

IR Flame Sensor 

Gas Relay (HIGH) 

Panbon heat process 
pbHeat ==1; 

Gas Relay (LOW) 

Temperature sensor 

Temperature 
if <=149 C 

Yes 

No 

LED Flame (LOW) 

Exit 

IR sensor 
State 

LOW 

 (HIGH) 

Igniter Relay (LOW) 

LED Flame (LOW) 

gasStatus !=0 
Yes 

No 

Igniter Relay (HIGH) 

LED Flame (HIGH) 

gasStatus !=1 Yes 

No 

Note: The relays are activated ON (LOW) 
and turnsOFF on (HIGH). 
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Temperature <=160 C] 
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Figure 20: Section of the Arduino Sketch 

Source: Arduino Sketch final project 
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Figure 21: Bake flow process 
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Nextion Display is developed in the Nextion IDE environment. The navigation, buttons, 

pictures, and texts and certain data flow are managed by the display. 

Figure 22:Nextion Display Data Flow Chart 
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The following briefly layout the programming codes of the Nextion display. In Figure 23, 

the code that is associated with the push button CALENTAR is marked with a black arrow. 

This button attributes are id#: 1, objname: “panbonheat” and has two pictures #6 

displayed normal and #16 displayed when pressed. The user codes shown in the white 

area is executed when the button is released as a Touch Release Event. The release of 

the button, also triggers a Send Component ID to the Arduino, as seen with the box that 

is checked (orange arrow). The Hex code of the page #1, the button id #1 and the button 

release # 1 are transmitted to the Arduino. The brown arrow shows the timer tm0, and its 

two variables, va0 and va1, which are described in the following paragraph. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23: Nextion Display Page1-Panbon 

Source: Nextion IDE editor 
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In  Figure 24, the codes in white area are for the timer tm0; the first three lines assigns 

the display time such as the hour, minutes and seconds to the number boxes n0, n1, and 

n2. The next line then checks the door Status value, and if the door is open (1), it then 

disables (0) the button “panbon heat”, but if the door is closed (0), it enables (1) the button. 

 

 

 

 

 

 

 

 

 

 

 

In reference to Figure 23, the codes in the white area show what is executed when the 

button CALENTAR is released (Touch Release Event). The first line of the code assigns 

the minute Remain value as (14) minutes to the Panbon Status (page 2). The second line 

updates the second Value to 59 seconds. The following step is to verify the temperature 

to see if the preheat process should start. If the temperature is less than 149º C, then it 

enables the remaining time counter (minutes and seconds) and displays the message in 

the scrolling text “Precalentamiento”. However, if the temperature is more than 149º C, 

then it disable the remaining time counter and send the message “Temperatura Optima 

para Hornear”. Afterwards, the display switches page to the pan bon Status page.  

 

Figure 24: Nextion display page 1 timer tm0 

Source: Nextion IDE editor 
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Figure 25 shows on page 2, “PanbonStatus”, the various timers that create the remaining 

timer countdown. There are three timers, one for counting the seconds, one for counting 

the minutes, and one for when the countdown is complete. This timer is “preheatStop”, 

and the codes are seen in the white area. Initially, it verifies if the values in the seconds 

and the minute timers are equal to (0). If they are equal to (0), then it disables both timers 

(0), sends the message to the scrolling text “Pre-calentar COMPLETO”, resets the second 

and minute variables to (0), and finally, assigns the value (4) to the variable phfinish. 

Source: Nextion IDE editor 

Figure 25: Nextion display page 2: PanbonStatus 
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5.3 IMPLEMENTATION 

 

The implementation consists of installing the display, microprocessor controller, relay, 

contactor, igniter, Wi-Fi module, three sensors and two actuator valves on various 

locations of the manual oven. The pictures in Figures 26 are taken before the 

implementation of the hardware. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26: The Oven controls cabinet before the upgrade to the automatic system 
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Figure 27: Installation of the controller, relay module and actuators 
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Op Amp 
circuit board 
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Arduino Mega 

220 V Contactor 

Audio alarm 

Thermostat 
valve 

Water actuator 
valve 

Gas actuator 
valve 
 

Figure 28: Installation of the IR sensor and the electric igniter 

IR sensor view direction 

Figure 29: Installation of the controller, relay module and actuators 
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Figure 30: The oven’s controls cabinet after the upgrade ofthe automatic system 

Wi-fi module 

Touch Screen 
Display 

Door micro 
switch 

New Control 
cabinet 
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Figure 31: Processeswith the time and date saved in the MYSQL database 

Figure 32: Report application login page 
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The following are unforeseen issues that occurred during the installation and testing: 

 At the owner’ requests, the manual thermostat valve was re-installed. An issue 

then occurred during testing. However, after servicing the thermostat valve it was 

discovered that the thermostat valve was partially blocked and hence restricting 

the flow of gas. The thermostat is now serviced and working. 

 

 The existing control panel is not adequately sized for the new control system and 

the existing width is too narrow for fitting the Nextion display. The installation of the 

new control cabinet was delayed because the company contractor is busy on other 

projects. Therefore, another contractor is found to complete the installation of the 

new control cabinet. 

Figure 33: Sample of the Report generated from the MYSQL database 
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 The system has two power supplies; one of 5 volts and the other 12 volts, each 

have a positive and negative ground. Initially, on booting up the system on the 

testing, the Wi-fi did not work. When checking the serial monitor, only errors were 

noted. It was noted that a similar issue occurred during prototype testing and 

therefore, the negative grounds of both power supplies were connected to form a 

common ground with each other. After, the Wi-fi worked well and it connected to 

the network allowing for saving of the process data from Arduino to database. 

 

 During testing, it is observed that the preheating process is not working as the 

original design scope. It is noted that at the end of preheating, the system turns off 

the gas and waited for the bake process to initiate. However, after a while, the 

oven starts losing heat due to the lack of heat caused by turning off the gas. Upon 

checking the software, it was noted that two command lines were added to turn off 

gas and igniter. In the design specifications, these commands were only to be at 

end of baking processes, but due to an oversight, it was also placed at the end of 

the preheating processes. After they were removed, the system works as 

designed. 
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5.4 COST ANALYSIS 

 

For the cost analysis, the engineer salary rate used is in accordance to the Costa Rican 

law decree No 40022-MTSS, published in gazette 230, dated 30/11/2016. Any 

calculations between Colones and US dollars are done as to the exchange rates dated 

12/09/17. Both are shown in Table 4, also, all prices and costs are in US dollars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Salary Rate and Exchange Rate Colones to US Dollars 
 

Table 5: Project total cost - material and labor 

monthly hour

524477.85 3025.83

buy 578.5
sell 566.5

 Colones to $1.00 US dollars exchange rate (12/10/17)

 Colegio Federado de Ingenieros y de Arquitectos de Costa Rica (minimum monthly salary)

Colones

*Bachelor Degree 

Decreto N° 40022-MTSS, publicado en la gaceta 230, 

Parts Description Unit Amount Subtotal

Arduino Mega 1 33.00$           33.00$          

Wi-Fi Shield module 1 7.95$             7.95$            

Igniter 1 12.50$           12.50$          

Arduino Mega case 1 5.99$             5.99$            

Relay 8 port 1 8.98$             8.98$            

IR Flame sensor 1 2.49$             2.49$            

Touch 2.4" display 1 24.99$           24.99$          

Gas valve actuator 1 38.00$           38.00$          

RTD temperature sensor 1 9.99$             9.99$            

Fan contactor 2 pole/220V 1 8.49$             8.49$            

Components LEDs/Resistors 5 0.50$             2.50$            

Door micro-switch 1 1.76$             1.76$            

water valve actuator 1 4.69$             4.69$            

Shipping 1 35.00$           35.00$          

cables/connectors 5% 1 9.80$             9.80$            

Parts total 206.13$        

Labor hours Rate/hour Subtotal

Engineering services per hour* 120 5.23$             627.66$        

Transportation (12 bus trips) 9.98$            

design 16 hr, prototype 64hr Labor total 637.64$        

implement 16hr, testing 24 hr Grand Total 843.77$        

Arduino microprocessor solution
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The Project Cost Analysis, Table 6, compares the total cost of this upgrade project with 

the totals of procuring similar new automated ovens from different suppliers. As shown, 

the cost of this upgrade is clearly a better investment since it costs 96% less than 

acquiring a new automated oven. Similarly, the power consumption of the upgrade 

system is 614 watts, which consumes 44.18% less power than the newer oven. Also, the 

detail including labor and material parts of this automatic control project implementation 

total investment cost is shown below in the Table 5. 

 

 

 

 

  

Table 6: Project cost analysis 

Company Caribbean Delights Electro Maz Ltda. Diseños Metalmecánicos S.A UNOX Inc.

Product Aspect Upgrade, own design MZPG-HC10B Touchline 10GN 1/1 ChefTop XAVC-10FSGPR

Oven type Gas Automatic Gas Automatic Gas Automatic Gas Automatic

Features Controller only Controller + new oven Controller + new oven Controller + new oven 

Touch screen Yes No Yes Yes

Temperature (max) 250 C 400 C 300 C 260 C

Humidity Yes Yes Yes Yes

Fan / Speed control Yes (single) / No Yes (double) / Yes Yes (double) / Yes Yes (triple) / Yes

Alarm Yes Yes Yes Yes

Programmable Yes No Yes (USB) Yes (digital pen)

Steam generator No No Yes Yes

Generate report Yes No No No

Power (Watts) 614 1100 300 1000

Costs ($USD) w/ Tax $843.77 $5,974.68 $18,617.34 $23,389.59
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5.5 OPERATING CONDITIONS 

 

NOTE: Since most of the users are Spanish speakers, the operating manual is written in 

the Spanish language. 

 

Manual de usuario 

El horno va a tener una pantalla de 2.3” que se usa para  manejar el control del horno. 

Hay una pantalla principal que tiene opciones para escoger el producto que quiere 

hornear, ver la página siguiente.  

 

 

 

 

 

 

 

 

Se puede ver en la página principal que hay 5 botones para escoger: PANBON, PATTY, 

TART,  GALLETA y Deshelar. Otra informacion que se puede ver en esta página es la 

temperatura del horno y la hora. Para escoger una de las 4 opciones, presiona el botón 

de PANBON, PATTY, TART, o GALLETA,y se cambia a la página de precalentamiento 

del horno. En la siguiente figura se muestra el ejemplo de la página de precalentamiento 

Página principal 



82 
 

 

de PANBON.Las páginas de PATTY, TART, y GALLETA son semejantes. La opción de 

Deshelar es diferente y es explicada más adelante. 

 

 

 

 

 

 

 

 

En la página de precalentamiento, presione el botón CALENTAR para iniciar el proceso 

de calentar el horno. Si escoge Panbon el horno se calentarahasta  145 ºC, las otras 

opciónesllegan hasta  160 ºC. Nota: si la puerta está abierta, el indicador “Puerta” va a 

mostrar Abierto .DE este modo, (como se ve en la figura de abajo) el botón CALENTAR 

no se activara hasta que la puerta esté cerrada. 

 

 

 

 

 

 

 

 
Página Panbon precalentamiento (puerta: cerrado) 

Página Panbonprecalentamiento (puerta: Abierto) 
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Cuando el presiona CALENTAR, inicia el proceso de calentar el horno y se pasa a la 

página de hornear, como se ve en las siguientes dos figuras.  

 

 

 

 

 

 

 

 

 

 

En la parte superior de está página se ve el proceso de Precalentamiento y en el área de 

texto moviendo (flecha azul) se ve el mensaje “PRECALENTAMIENTO” y su tiempo 

restante (flecha verde). En está página también está el indicador de Fuego (flecha negra) 

que indica que el fuego esta encendido. Cuando el Precalentamiento está completo, el 

tiempo que falta llega a 0:00 y el mensaje en el área de texto (flecha azul) se cambia a  

“PRECALENTAMIENTO COMPLETO”.. En está página también hay dos botones, PARE 

y HORNEAR. El botón PARE es para parar cualquier proceso. Si están en el proceso de 

Precalentamiento o en el proceso de Hornear y por cualquier razón necesita terminar y 

parar el proceso – presionar el botón PARE. El controlador cierra de inmediato la válvula 

de gas y regresa la pantalla a su página principal.  

 

Página Status (Panbon): Precalentamiento en proceso 
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En está misma página tambien esta el botón de HORNEAR. Cuando presiona el botón 

HORNEAR, como cuando está en Panbon, empieza el proceso de hornear. En este 

proceso, el controlador mantiene el horno a 145 ºC por 45 minutos con el ventilador 

encendido y 75 minutos sin ventilador.  

Nota: el botón de HORNEAR no se activa cuando lo presiona si el indicador puerta esta 

en Abierto.  

 

En el proceso de hornear de Patty y Tart el controlador mantiene el horno a 160 ºC por 

35 minutos con ventilador. En el proceso de hornear de Galleta el controlador mantiene 

el horno a 160 ºC por 25 minutos con ventilador.     

 

  

Página Status (Panbon): Precalentamiento completo 
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Cuando  presiona el botón de Deshelar en la página principal se llega a la  página 

Deshelar. El proceso de Deshelar es para descongelar productos. Este calienta el horno 

de temperatura ambiente hasta 145 ºC y lo mantiene allí por 5 minutos, después se 

apaga el horno y regresa a la página principal. Nota: El botón de Deshelar (flecha negra) 

no se activa si el indicador “Puerta” está en modo Abierto. 

 

 

 

 

 

 

 

 

 

En esta página también hay el botón PARE, si por cualquier razón necesita terminar este 

proceso – presionar el botón PARE. 

 

 

 

 

 

 

 

Página Deshelar: Inicio 
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CHAPTER VI: RECOMMENDATIONS AND CONCLUSIONS 
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6.1 RECOMMENDATIONS 

 

 Install an individual shut-off gas valve for the oven. It shares a valve with the other 

oven; this affected the testing and usage of both ovens. 

 Perform extensive research to verify that the parts and components procured have 

the required specifications, connections and dimensions necessary for the 

implementation of the project.   

 Install industrial type light fixtures in the oven since the current one is inadequate. 

Its light bulb always falls due to the fan vibration and breaks within the oven. The 

broken glass may contaminate the baking products and hinders the production 

efficiency.  

 Replace the fan blade with a more efficient one since the current one is made of 

angle iron bolted together; they do not effectively circulate the heated air. 

 Install an electrical main control switch for the oven. 

 Implement a design that allows variable speed control of the fan. 

 Completely remove or replace the existing defected manual solenoid valve 

currently installed on the oven. 

 After viewing the feature of a graphic input program concept for new bake process, 

this can be implemented on this oven also using a digital pen. 
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6.2 CONCLUSIONS 

 

 Initially, the oven was operated manually and to function was fully dependent on 

human intervention. After the project is implemented, with a touch of the display 

screen, the operator chooses a product by pressing a virtual button on the display. 

The display communicates with the Arduino microcontroller and it initiates an 

interrupt routine, which starts the process of preheating and baking of the chosen 

product. The Arduino microcontroller manages all the necessary variables to 

complete the baking process without any more inputs from the operator. 

 

 At first, during the design scope and prototype testing, the hysteresis was set at 1 

ºC. However, during testing at various times, the oven control cycles the relays 

less than 20 seconds. To reduce the chance of damaging the relays and actuators, 

the hysteresis was adjusted to 3 ºC. Note: when the oven used the manual 

thermostat, the hysteresis was recorded at 5.0 ºC. The oven controller operates 

stable at a hysteresis of 3 ºC. The components such as the relays, igniter and 

actuator valve now oscillates, turning off and on, between a 1.0 to 2.0 minutes 

cycle. This adjustment of the hysteresis to 3 ºC to did not affect the quality of the 

baking.  

 

 The owners of the business requested the ability to track the product baked by the 

oven. A MySQL database stores the following information: the process names, 

start time, finish time, or cancelation time along with the date. The Arduino sends 
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the relevant data information of baking process to the database via its Wi-Fi that 

is connected to the LAN. An application designed in Visual Studio generates the 

report by accessing the information from the MySQL database. The information on 

the report assists the owner to track the oven baking of the products and its 

efficiency. Furthermore, this system has much potential for growth in the IoT 

(Internet of Things) spectrum due to features such as Wi-Fi and database 

capabilities. One example is mobility by implementing a remote access app to 

control the oven’s operations from a cell phone, tablet, or PC. 

 

 The following is the comparison of existing factory-made automated oven solutions 

to designing and implementing a customized solution, as with this project. In the 

analysis performed it was shown that the customized solution cost less than 96% 

in comparison to similar type factory-made solutions. Hence, a customized solution 

is definitely financially feasible. Added benefit of the customized solution is that 

any future upgrades, for added features such as variable fan speed or adding 

another manual oven, would require minimal monetary investments and minor 

programming modifications.  
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ANNEX 1: ARDUINO LANGUAGE REFERENCE 
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ANNEX 2: NEXTION DISPLAY INSTRUCTIONS 
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ANNEX 3: SITE VISITS 

 

 

 

Student Giovanni Heredia

Visit #1

Date 7 April, 2017 Start 9:10 Stop 11:00

Description:

Note:

Universidad Hispanoamericana

Final Project

Electronic Engineering

Project Site Visits Registry

Topic: To better understand the baking procedures and to see the oven.

Talk to the operator

Interview with the principal operator about the general baking processes 

and the limitation or difficulties experience with the manual oven.

Advance: Existed the loss of time due to regularly checking of the products,

baking time depended on the amount of trays in the oven since the fan is inadequate,

the air flow is not consistent. I noted that the oven design has one heat source (below).  

The product, Panbon needs humidity, moisture during baking.

Limitation: There is no water line source install to the oven, a water bowl is used.

It does not have a individual gas shutoff valve.

it does not have a gauge or sensor to measure temperature.

The baking temperature is between 145 to 160 C,
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Student Giovanni Heredia

Visit #2

Date 1 August, 2017 Start 11:00 Stop 14:30

Description:

Note:

circuits and take pictures.

Unable to check the air flow of the fan system and the fan motor 

Check the following circuits and components: overall design;

specifications and also the lighting system since it did not have bulbs in place.

Advance:

Limitation:

 the pilot system and gas flow system; the fan system including its electrical circuit 

the existing timer and buzzer; the lighting system; the existing safety system; had an 

inteview with the main operator about the preheating process and the baking processes.

To check the oven design and the existing layout so as to have a better 

understanding of the components required for the automatic control. Draw the existing

Universidad Hispanoamericana

Final Project

Electronic Engineering

Project Site Visits Registry

Site visit to perform a diagnostic of the actual situation of the projectTopic:
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Student Giovanni Heredia

Visit #3

Date 11 October, 2017 Start 14:45 Stop 16:00

Description:

Note:

Advance: View possible locations to install the sensors and solenoids.

Limitation: Need to obtain brackets, screws and electric drill for installation.

Will meet with a contractor who specialize in gas oven to assist with the installation

 gas solenoid and igniter.

Universidad Hispanoamericana

Final Project

Electronic Engineering

Project Site Visits Registry

Topic: Site visit to prepare for installation of the sensors and actuators

Review cabinet for installation of display monitor and LED indicators.

Review bracket type needed for installation of the IR sensor, igniter and gas solenoid. 
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Student Giovanni Heredia

Visit 4

Date 13 October, 2017 Start 7:30 Stop 10:30

Description

Note:

 installed.

Universidad Hispanoamericana

Final Project

Electronic Engineering

Project Site Visits Registry

Topic: Review oven: Temperature vs time

1 -Time to heat up to 150 C.  2 - time to cool down to 135 C

3 - Controller cabinet maximum temperature 

Note the temperature reading of the oven in reference to time heating up

and note the change temperature in reference to time once there is no flame.

Note the maximum temperature of the controller cabinet - where the Arduino will be

Advance: The oven was heated to 250 C and the controller cabinet maximum 

temperature recorded is at 52.5 C 

Over 180 temperature readings were recorded of the heating up and cooling down.

Limitation Reading were  taken at 1 mins, 30 sec, 20 sec and 15 sec intervals,

 however  the time intervals were not exact +/- 1 sec, also a digital thermometer was

 utilize and the reading were not exact (stable).

The Arduino processor operating temperature is -55 to +125 C.

The current  baking process does not use exact temperature, +/- 5 C.
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Student Giovanni Heredia

Visit 5th 

Date 14-Oct Start 14:00 Stop 20:00

Description

Note:

fittings and the lack of the welding equipment to weld the copper pipes.

Advance: Completion of the water line along with the water solenoid was  

successful. The gas line was not fully install due to missing of copper fittings and the 

welding  tools.

Limitation unable to complete the gas installation because to the lack of copper 

the modification of the gas line.

Install 9 meters (1/2") PVC water pipes with a cut off valve and flexible

metal water hose to the oven  along with the water solenoid valve. Removal of the  

existing components within the control cabinet, cutting it and installing a new one along

 with a part of the old cabinet. 

Universidad Hispanoamericana

Final Project

Electronic Engineering

Project Site Visits Registry

Topic: Install water line, along with modify control cabinet which includes
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Student Giovanni Heredia

Visit 6th 

Date 16-Oct Start 15:00 Stop 21:00

Description

Note:

Advance: Complete the physical installation of the gas line, control cabinet, IR 

sensor and the electric igniter. 

Limitation Need to buy screws and tie wrap. 

the gas solenoid valve. Install the igniter, the IR sensor and the door micro switch.

Cutting, drilling and shaping the hole for the installation display.

 Welding and finalize the gas line including the installation of the gas solenoid. Also the

relocating of the existing thermostat valve to the new control cabinet. Building frames and 

installing the IR sensor along with the electric igniter.

Universidad Hispanoamericana

Final Project

Electronic Engineering

Project Site Visits Registry

Topic: Complete installation of the control cabinet. Install the gas line along with 
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Student Giovanni Heredia

Visit 7th

Date 17-Oct Start 12:00 Stop 20:00

Description

Note:

Advance: Completion of the installation of the micro switch and temperature

 sensor and the wiring between devices to the Arduino and relay.

Limitation

water solenoid valve, gas solenoid valve. Install the door micro switch and the temperature

 sensor.

Initiate the installation of wires between the different sensors and the

Arduino and relay. Install the door micro switch and the temperature sensor within the 

oven.

Universidad Hispanoamericana

Final Project

Electronic Engineering

Project Site Visits Registry

Topic: Install wiring to the various devices, IR sensor, electric igniter, fan, 
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Student Giovanni Heredia

Visit 8th

Date 23-Oct Start 14:00 Stop 20:30

Description

maintaining the  temperature.

Note:

a common ground between the devices and the power supplies. During testing, the 

preheat process and upon completion of its cycle - turn off gas and igniter instead of 

Found that the programming codes had extra codes different from design 

specifications which was over looked and should have been only at end of baking process.

Advance: Completed all wiring and start testing.

adjust the hysteresis to 3 °C so that the relays oscillates at minimum 1 minute cycle

Limitation The Wi-fi did not work, gave errors, found that the wiring was missing 

Wi-Fi  module and start testing

Install the microprocessor Arduino, relay, temperature OpAmp circuit, 

Wi-fi  and finalized the wiring of  the sensors and solenoid valves to relay and Arduino.

Initial testing of the control system.

Universidad Hispanoamericana

Final Project

Electronic Engineering

Project Site Visits Registry

Topic: Install the microprocessor Arduino, relay, temperature OpAmp circuit, 
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ANNEX 4: APPROVED LETTERS 
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