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ABSTRACT 

Food safety and hygiene are among the key concerns in order to prevent the wastage of food. 

However, for lack of technology and ignorance about the effects of humidity, temperature, 

exposure to light and alcohol content on foods, food safety is not maintained well enough in 

Kenya. This has led to massive losses in many food stores resulting from food decay.  

Currently, majority of food stores and warehouses still rely on manual monitoring of the 

atmospheric factors related to food quality. These conventional food inspection technologies are 

limited to weight, volume, color and aspect inspection and as a result do not provide a lot of 

information needed on quality of food. The quality of the food needs to be monitored and it must 

be prevented from rotting and decaying by the atmospheric factors like temperature, humidity and 

dark.  

This project is focused on such a food monitoring system which suggests systematic use of various 

sensors to perform quality monitoring and control of food materials. More precisely, this system 

consists of gas, temperature, light and humidity sensors, which provide the essential information 

needed for evaluating the quality of the packed or stored product. This information is transmitted 

wirelessly to a computer system providing an interface where the user can observe the evolution 

of the product quality over time using the Internet of Things technology. Later, the environmental 

factors can be controlled like by refrigeration, vacuum storage and other appropriate control 

measures.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

Food contamination can occur in the production process, but also a large part caused by the 

inefficient food handling because of inappropriate ambient conditions when the food is being 

transported and stored. There are many factors leading to food poisoning, typically changes in 

light intensity, temperature, alcohol content and humidity are important factors. A monitoring 

system capable of measuring temperature and humidity variability during transport and storage is 

of prime importance. 

Today almost everybody is getting affected by the food they consume, it's not only about the junk 

food, but all the packed foods, vegetables, products consumed and used in daily life, as all of them 

do not offer quality since their temperature, moisture, oxygen content vary from time to time. 

Majority of consumers only pay attention to the information provided on the packaging, i.e. the 

amount of ingredients used and their nutritional value but they forget that they are blindly risking 

their health by ignoring the environmental conditions to which these packets are subjected. Every 

product making firm just want to attract more and more costumers towards them and their main 

motive is to sell the product anyhow like by adding more flavors, coloring chemicals and 

preservatives to increase the taste and appearance but they forget that these money making tactics 

are actually affecting the consumers’ health. 

High temperature and relative humidity favor the development of post-harvest decay organisms. 

More acidic tissue is generally attacked by fungi, while fruits and vegetables having pH above 4.5 

are more commonly attacked by bacteria. A wide variety of foods can also undergo changes in 

color, flavor, and nutrient composition when exposed to light. The extent of these changes depends 

on many factors including the composition of the food and the light source. Light exposure could 

result in color and vitamin loss. Light also may be responsible for the oxidation of fats. Some types 

of yeasts can also lead to spoilage. True yeast metabolizes sugar producing alcohol and carbon 

dioxide gas. This process is known as fermentation. Hence by checking on alcohol quantity content 

one can detect the quality of food. 
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The system I propose is intended for food quality monitoring. In this project, a similar food quality 

monitoring device will be designed that will keep watch of environmental factors like temperature, 

humidity, alcohol content and exposure to light. 

1.2 Problem Statement 

Spoiled food can be very harmful for people and should therefore not be consumed. Often, the 

growth of spoilage organisms results in the loss of whole batches of food. Food safety and quality 

has been a major challenge in the food supply chain, stores and warehouses. It is the responsibility 

of all food service establishments, stores and ware houses to ensure proper safety and quality of 

food to ensure the health of their customers. Their primary focus should be on implementing the 

required quality assurance guidelines and standards resulting in process monitoring systems and 

preventive control measures. It serves the purpose of preventive consumer health protection by 

maintaining the required standard ambient conditions needed to preserve the quality of food. 

However, existing systems have been unable to provide food safety guarantees. Currently the 

performances and analysis of routine measurements, aimed at detecting changes in the nutritional 

or health status of the food does not guarantee that. 

To ensure food safety and to prevent food wastage, it should be monitored at every stage of supply 

chain. Food and nutrition monitoring and surveillance involves continuous description of the 

components of the food and nutrition system for the purposes of planning, policy analysis, program 

evaluation and trend forecasting. Information collected through monitoring and surveillance must 

be analyzed and transmitted to decision-makers in an appropriate format and in a timely fashion if 

it is to be of real value. Dissemination of information must be an interactive process. Thus, 

integration of the sensors with remote web server for data logging and a software application which 

allows distribution of data is the need of the hour.                                  

1.3 Proposed Solution  

 

This project proposes a system to analyze the ambient conditions under which the food item is 

being stored and transported. The proposed solution senses the temperature, humidity, alcohol 

content and light parameters of surrounding environment as these parameters affect nutritional 

values of food items. This system makes use of storage units implanted with various electronic 

sensors which can read those parameters affecting food materials. 
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These quality monitoring devices keep a watch on the environmental factor that cause or pace up 

decay of the food. Later, the environmental factors can be controlled like by refrigeration, vacuum 

storage etc.  

The proposed solution is designed to use an IoT platform used for logging and monitoring of sensor 

data. With the power of Internet of Things, the environmental factors affecting the food storage 

can be monitored from anywhere, anytime and from any device.  

1.4 Aims 

 

The food quality monitoring system has the following aims and objectives. The system aim 

states the main function of the whole system and the system objectives identifies the individual 

tasks that the parts of the system should achieve.  

1.4.1   System Aim 

The complete system should be able to analyze the ambient conditions under which the food item 

is being stored make the information available to the user 

1.4.2 System Objectives 

The proposed system should be able to; 

a) Read temperature and relative humidity in the food store. 

b) Sense the intensity of light in the food store.  

c) Detect the emission of ethanol type of gases. 

d) Collect data from all the sensors and pass to LCD for display.  

e) Monitor the sensor data visually online. 
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1.5 Block Diagram 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Food Quality Monitoring System Block Diagram 

A gas sensor is a device that measures the concentration of gas in the room and converts the 

concentration variable to its equivalent voltage. Temperature sensors measure air temperature, 

while humidity sensors measure relative humidity. Both sensors are often applied in combination 

to reduce cost. The light sensor is used to sense the intensity of light. The display unit is used to 

display the data from all the sensors. In the monitoring system, the information collected by the 

sensors is transferred to the Internet. The relevant people can monitor the gas concentration 

levels of the food store, temperature, humidity and the light intensity through an open source 

Internet platform.  

1.6 System Specifications 

The maximum gas concentration level in the study is 10,000 ppm (parts per million) and the 

minimum level 10 ppm. The proposed system should be able to detect concentration levels from 

minimum to maximum and upload the information to an Internet platform. The temperature 

range in this study is between 0°C to 50°C while the humidity ranges between 20% to 90%. The 
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light sensor operates within a range of 0 to 1023 where 1023 is the maximum value equivalent to 

a +5 volts supply. The circuit should operate on 5V DC.  

Conclusion  

This chapter has defined the background of food quality monitoring system, the problem 

statement, the proposed solution, the main aim of the complete system and the objectives of the 

individual parts of the system. This chapter also discusses the specifications for the system which 

determines its design quantities.   
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction  

In this chapter we discuss food quality monitoring systems that currently exist or have been 

proposed giving both their strengths and weaknesses. A study on our proposed system is done 

comparing it with these food quality monitoring systems focusing more on how our system 

addresses their weaknesses. We also do a comprehensive literature study of various components 

that are likely to be used in the realization of our proposed solution. The study of the components 

covers areas such as their mode of operation, features, specifications, uses, applications, 

advantages and disadvantages.  

2.2 Existing solutions 

The following solutions that attempt to monitor food quality by monitoring related environmental 

factors currently exist; 

2.2.1 Manual monitoring of atmospheric and environmental factors 

Majority of food stores and warehouses still rely on this system of manual monitoring of the 

atmospheric factors related to food quality. This requires some personnel to routinely visit and 

check the conditions of the store by taking note of these conditions at some selected time intervals.  

Increase in labor by routine checkups, risk of injury or harm to the personnel by extreme 

conditions, delays or even human errors in measurements are among the shortcomings of this 

method. 

2.2.2 Installed Measurement Devices monitoring systems 

These systems are the improved versions of the manual monitoring system. Measurement devices 

for atmospheric conditions are installed inside the food store. However, there is no automatic relay 

of information and one still has to go to the store in order to find information about the current 

atmospheric conditions and food conditions [1]. Delays in measurement reading, failure of devices, 

and maintenance of devices are some of the shortcomings of the system which would costly impact 

on food quality. 
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2.2.3 Smart Food Quality Monitoring System 

This study suggests the systematic use of various sensors to perform quality monitoring and control 

of food materials. More precisely, this system consists of gas, temperature, light and humidity 

sensors, which provide the essential information needed for evaluating the quality of the packed 

or stored product. This information is transmitted wirelessly to a computer system providing an 

interface where the user can observe the evolution of the product quality over time using the 

Internet of Things technology. This system comes with the following key advantages [1]; 

a) Automation of daily tasks leading to better monitoring of devices. 

b) The biggest advantage of employing the IoT technology in this system is saving money. 

c) Efficient and saves time 

 

2.3 Process 

The process is the food store. It is the environment in which variables needs to be observed and 

checked. In as much real food stores may have varied dimensions, for the sake of demonstration, 

the prototype food store shall be a much smaller wooden cardboard store with the following 

dimensions; 

Length = 15cm 

Height = 11cm 

Width = 5cm 

All design shall be in respect to the prototype dimensions.    

2.4 Temperature and Humidity Sensors 

These sensors are used to sense the values of temperature and humidity in the air or particular 

surrounding. 
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2.4.1 DHT Temperature and Humidity Sensors  

These sensors are very popular for electronics hobbyists because there are very cheap but still 

providing great performance. We have two versions of the DHT sensor, they look a bit similar 

and have the same pinout, but have different characteristics 

a) DHT 11 Sensor 

b) DHT 22 Sensor 

The DHT22 is the more expensive version which obviously has better specifications. Its 

temperature measuring range is from -40 to +125 degrees Celsius with +-0.5 degrees’ accuracy, 

while the DHT11 temperature range is from 0 to 50 degrees Celsius with +-2 degrees’ accuracy. 

Also the DHT22 sensor has better humidity measuring range, from 0 to 100% with 2-5% 

accuracy, while the DHT11 humidity range is from 20 to 80% with 5% accuracy. 

 

DHT 11  DHT 22 

 0-50°C  ±2°C accuracy Temperature Range  -40 to 80°C  ±0.5°C 

accuracy 

 20-80% humidity readings 

with 5% accuracy 

Humidity Range  0-100% humidity readings 

with 2-5% accuracy 

No more than 1 Hz 

sampling rate (once every 

second) 

Sampling Rate  No more than 0.5 Hz 

sampling rate (once every 

2 seconds) 

15.5mm x 12mm x 5.5mm Body Size  15.1mm x 25mm x 7.7mm 

3 to 5V power and I/O Operating Voltage  3 to 5V power and I/O 

2.5mA max current use 

during conversion (while 

requesting data) 

Maximum Current 2.5mA max current use 

during conversion (while 

requesting data) 

                         

Table 1.1 Comparison between DHT 11 and DHT 22 
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There are two specifications where the DHT11 is better than the DHT22. That’s the sampling 

rate which for the DHT11 is 1Hz or one reading every second, while the DHT22 sampling rate is 

0,5Hz or one reading every two seconds and also the DHT11 has smaller body size. The 

operating voltage of both sensors is from 3 to 5 volts, while the max current used when 

measuring is 2.5mA. 

 

DHT11 / DHT22 Working Principle 

They consist of a humidity sensing component, a NTC temperature sensor (or thermistor) and an 

IC on the back side of the sensor. 

For measuring humidity, they use the humidity sensing component which has two electrodes 

with moisture holding substrate between them. So as the humidity changes, the conductivity of 

the substrate changes or the resistance between these electrodes changes. This change in 

resistance is measured and processed by the IC which makes it ready to be read by a 

microcontroller. 

On the other hand, for measuring temperature these sensors use a NTC temperature sensor or a 

thermistor. A thermistor is actually a variable resistor that changes its resistance with change of 

the temperature [2]. These sensors are made by sintering of semi conductive materials such as 

ceramics or polymers in order to provide larger changes in the resistance with just small changes 

in temperature. The term “NTC” means “Negative Temperature Coefficient”, which means that 

the resistance decreases with increase of the temperature. 

2.5 Light sensors 

The light sensor is a passive device that convert this “light energy” whether visible or in the infra-

red parts of the spectrum into an electrical signal output. Light sensors are more commonly known 

as “Photoelectric Devices” or “Photo Sensors” because the convert light energy (photons) into 

electricity (electrons). 

2.5.1 Light Dependent Resistor (LDR) 

A Light Dependent Resistor (LDR) is also called a photo resistor or a cadmium sulfide (CdS) cell. 

It is also called a photoconductor. It is basically a photocell that works on the principle of 
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photoconductivity. The passive component is basically a resistor whose resistance value decreases 

when the intensity of light decreases. This optoelectronic device is mostly used in light varying 

sensor circuit, and light and dark activated switching circuits. Some of its applications include 

camera light meters, street lights, clock radios, light beam alarms, reflective smoke alarms, and 

outdoor clocks. 

 

 

                                       

Figure 2.1 Typical Light Dependent Resistor 

 

OPERATION 

The snake like track shown below is the Cadmium Sulphide (CdS) film which also passes through 

the sides. On the top and bottom are metal films which are connected to the terminal leads. It is 

designed in such a way as to provide maximum possible contact area with the two metal films. 

The structure is housed in a clear plastic or resin case, to provide free access to external light. As 

explained above, the main component for the construction of LDR is cadmium sulphide (CdS), 

which is used as the photoconductor and contains no or very few electrons when not illuminated. 

In the absence of light, it is designed to have a high resistance in the range of mega ohms. As soon 

as light falls on the sensor, the electrons are liberated and the conductivity of the material increases. 

When the light intensity exceeds a certain frequency, the photons absorbed by the semiconductor 

give band electrons the energy required to jump into the conduction band. This causes the free 

electrons or holes to conduct electricity and thus dropping the resistance dramatically (< 1 Kilo 

ohm). 

The equation to show the relation between resistance and illumination can be written as 

R = A. E^a 
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where E – Illumination (lux) 

R – Resistance (Ohms) 

A, a – constants 

The value of ‘a’ depends on the CdS used and on the manufacturing process. Values usually range 

between 0.7 and 0.9. 

Advantages 

LDR’s are cheap and are readily available in many sizes and shapes. Practical LDRs are available 

in a variety of sizes and package styles, the most popular size having a face diameter of roughly 

10 mm. They need very small power and voltage for its operation. 

Disadvantages 

Highly inaccurate with a response time of about tens or hundreds of milliseconds. 

2.6 Gas Sensors 

A gas sensor is a device which detects the presence or concentration of gases in the atmosphere. 

The appropriate type of gas sensor to be used can be determined by factors such as the kind of 

gas to be detected, sensitivity of the gas, stability of the gas and price and durability of the gas 

sensor. The types of gas sensors in existence today are electrochemical gas sensors, metal oxide 

semiconductor gas sensors, catalytic gas sensors and infrared gas sensors.  

2.6.1. MQ-5 Gas Sensor 

The MQ5 sensor detects the emission of ethanol type of gases. If the food/fruits get spoiled, they 

emit the ethanol type of gases. The MQ5 sensor detects the concentration of such gases and 

output an analog voltage proportional to the concentration of the gas. The analog output is passed 

to the analog pin of the Arduino which has inbuilt ADC that coverts the analog to digital value.  

MQ-5 gas sensor is powered with 5 V DC. It can detect gas concentrations ranging from 10 to 

10,000 ppm. The sensor output is an analog resistance.   
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Figure 3.1 MQ-5 gas sensor module 

                      

Pin number  Pin name  Pin description  

1  Vcc  Powers the module, the 

operating voltage is 5V  

2  Ground  Used to connect to system 

ground  

3  Digital Out  Outputs a digital signal 

depending on the 

concentration of the gas.  

4  Analog Out  Outputs 0 to 5V depending on 

the concentration of the gas.  

  

Table 2.1 Pin Description of MQ-5 Gas Sensor Module 
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MQ gas sensor  Gas measured  

MQ-2  Methane, butane, LPG and smoke  

MQ-3  Alcohol, ethanol, smoke  

MQ-4  Methane and CNC gas  

MQ-5  Natural gas  

MQ-6  LPG, butane gas  

MQ-7  Carbon monoxide  

MQ-8  Hydrogen gas  

MQ-9  Carbon monoxide and flammable gas  

MQ131  Ozone  

MQ135  CO, ammonia, benzene, alcohol and smoke  

MQ136  Hydrogen sulfide gas   

MQ137  Ammonia  

MQ138  Benzene, toluene, alcohol, acetone, propane, 

formaldehyde and hydrogen  

MQ-614  Methane and natural gas  

MQ-616  Natural gas and coal  

       

Table 3.1 MQ series gas sensors and the gases they are sensitive to 

2.7 Controllers  

A controller is a hardware or software that controls the operation of a system by processing, 

storing and directing the flow of data. It is considered the brain of control systems. The primary 
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controllers used for control operations are; Programmable Logic Controllers, Microcontrollers 

and microprocessor based controllers. 

2.7.1. ESP32 DEVKIT 

ESP32 can be used as both a microcontroller and a Wi-Fi module. Power to the  Esp32 Dev Kit 

v1 is supplied via the on-board USB Micro B connector or directly via the “VIN” pin. The power 

source is selected automatically [3]. The device can operate on an external supply of 6 to 20 

volts. If using more than 12V, the voltage regulator may overheat and damage the device. The 

recommended range is 7 to 12 volts. A regulator on the board supplies the ESP-WROOM-32 

module with 3.3V derived from the USB 5V.The microcontroller is based on the ESP32 

Wroom that has special features like Wi-Fi, Bluetooth, Ethernet and Low Power support all in a 

single chip. The DOIT Esp32 DevKit v1 comes with a serial-to-usb chip on board that allows 

programming and opening the UART of the ESP32 module. Drivers may be needed depending 

on your system. 

The pin configuration for the microcontroller is as shown below: 

 

Figure 4.1 ESP 32 pin configuration 
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2.8.1 Liquid Crystal Display (LCD) 

LCD is a flat panel display technology that is commonly employed in television sets and computer 

monitors. It is also used in screens for mobile devices including tablets, laptops, and smartphones. 

The LCD screen has a backlight that provides light to individual pixels arranged in a rectangular 

grid. Each pixel contains a red, green, and blue RGB sub-pixel that can be turned on or off. When 

the entire pixel’s sub-pixels are turned off, the screen appears black. When all the sub-pixels are 

turned on, it appears white. On adjusting individual levels of red, green, and blue light, there are 

several possible color combinations. 

The backlight in LCD provides an even light source behind the screen. The light is polarized. The 

liquid crystals are made up of a part solid and partly liquid substance that can be twisted through 

applying electrical voltage to them. They block the polarized light when they are off but reflect it 

when they are activated.  

Each LCD screen contains a matrix of pixels that display the image on the screen. The matrix can 

either be passive or active. The passive matrix screens control individual pixels by sending a charge 

to their row and column. On the other hand, the active-matrix contains thin film transistors (TFTs). 

The transistors include capacitors that play a role in helping the pixels to retain charge. Thus, 

active-matrix LCDs are more efficient and appear more responsive than passive-matrix displays 

(Thompson. S, 2018). 

 

Figure 5.1 Diagram Showing the Working of a Liquid Crystal Display (LCD) 

Advantages of LCD screen  

i. Cost effective 
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ii. Consumes lesser power compared to Light Emitting Diode screens. 

iii. Utilizes little space. 

iv. Light weight. 

v. Less eyestrain 

vi. Improved image quality 

 

Disadvantages of LCD screen  

i. Additional requirement of light source. 

ii. Short operating life. 

 

2.8.2 I2C Liquid Crystal Display 

An I2C LCD 16x2 display uses I2C module. By the use of this module one is able to connect the 

LCD with ESP32 with only 4 pins. The i2c module has a built in potentiometer for contrast 

adjustment.  

I2C Address 

Some of I2C LCD interfaces have pins (or solder pads) that can be changed to change the address. 

They are usually labelled as A0-A1-A2. Here's how the address change from a default 0x27 or 

0x3F, if you connect the address pads together. (1 = Not Connected. 0 = Connected): 

                                         

                                                    Figure 6.1 I2C Address 

The 4 i2c module pins are; 

a) GND  

b) Vcc  
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c) SDA  

d) SCL  

 

The two wires, or lines are called Serial Clock (or SCL) and Serial Data (or SDA). The SCL line 

is the clock signal which synchronize the data transfer between the devices on the I2C bus and it's 

generated by the master device. The other line is the SDA line which carries the data. 

2.9 Wi-Fi Transceivers 

A Wi-Fi module is a device made up of a microcontroller, Medium Access Control, baseband 

and radio frequency front end. It transmits and receives data over radio frequency. Wi-Fi 

modules are used to connect devices and systems to the Internet. 

2.10 IOT platform/dashboard 

An IOT platform is a hardware and software system for managing IOT devices and collecting, 

storing, visualizing and analyzing data from those devices. 

There are many IOT platforms on the market, and the functionality of these platforms varies 

enormously. Although all IOT platform will have a dashboard to display data some platforms are 

essentially a dashboard and are only really capable of displaying data from devices. 

 

2.10.1 ThingSpeak  

ThingSpeak is a managed open-source platform used for prototyping that enables systems and 

devices to upload data to the Internet and perform data analysis on the uploaded data. It uses 

HTTPS and MQTT protocols to store and retrieve data from devices and systems. Data can be sent 

to ThingSpeak from a device or a system, a real-time visualization of the data created, and alerts 

sent using web services like Twitter and Twilio. (ThingSpeak, 2019)  

In ThingSpeak platform, devices can be easily configured to send data to the website, the uploaded 

data can then be aggregated, analyzed using MATLAB and visualized in real time. The data 

analysis can be done automatically based on schedules [2]. The systems can be connected to the 

Internet without setting up a server or developing a software.  
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CHAPTER 3 

SYSTEM DESIGN 

3.1 Introduction 

In this chapter we show how each component is interfaced with the microcontroller to form the 

smart IoT food quality monitoring system. The study chose to use a DHT-11 temperature and 

humidity sensor, MQ5 Sensor, the LDR sensor and ESP32 as the microcontroller. 

3.2. Flowchart of Food Quality Monitoring System   

Below is a flow chart of the processes involved in the food quality monitoring system. 

The flow chart was used to determine the sequence of events and to help in writing the 

program for the system.  

Figure 7.1 Food Quality Monitoring System Flowchart 
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3.3. ESP32 

We used ESP32 as both our microcontroller and Wi-Fi module because of its low cost 

and great features. It has the following specifications: 

 ESP32 is dual core i.e., it has two processors 

 It has Wi-Fi and Bluetooth built in 

 It runs 32 bit programs 

 The clock frequency can go up to 240MHz and it has a 512Kb RAM 

 It has 30 or 36 pins, 15 in each row 

 It also has a wide variety of peripherals available like capacitive touch, ADCs, 

DACs, UART, SPI,I2C and much more. 

 It comes with built in Hall Effect sensor and built in temperature sensor. 

 

It was programmed using an Arduino IDE and its programming language. The 

DHT11, MQ5 sensor LCD and LDR were then interfaced to it. It has both 5v and 3.3v 

pins. 

3.4 Interfacing MQ-5 with ESP32 microcontroller  

We have selected to use MQ-5 gas sensor. The sensing circuit consists of an MQ-5 gas sensor 

which has high sensitivity to alcohol and has a good resistance to disturbances due to smoke, vapor 

and gasoline. It also has a high sensitivity and fast response time. 

It provides both digital and analog outputs. The sensor provides an analog resistive output based 

on alcohol concentration. The VCC and ground are connected to the common VCC and Ground. 

The digital output pin is not used therefore is kept not connected. The output of the sensor is drawn 

from the analog output pin which is connected to pin 35 of the microcontroller. 

3.5. Interfacing DHT-11 Sensor with ESP32 

The study selected to use a DHT-11 sensor whose technology ensures the high reliability and 

excellent long-term stability. 

It senses both the temperature and humidity of area and give the output to the IC (which is placed 

on back side of sensor).  
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The sensor has four pins - VCC, Ground, data Out and NC. The VCC and Ground pins 

are connected to the common VCC and Ground respectively. The Data Out pin of the 

sensor is connected to pin 27 of the microcontroller. 

 

Figure 8.1 Interfacing DHT-11 Sensor with ESP32 

 

3.6 Interfacing LDR Light Sensor with ESP32 

The study selected to use the LDR sensor to detect the intensity of light or darkness. The sensor is 

connected to pin 34 of the microcontroller via 10 kiloohms resistor. The sensor is connected in a 

potential divider circuit. The LDR provides an analog voltage which is converted to digital reading 

by the in-built ADC. 

3.7 Interfacing I2C LCD 16x2 with ESP32 

The study selected to use I2C module in order to interface LCD 16x2 to the ESP32.It 

operates on a 5V supply. The ground pin of the module is connected to the common 

ground while the Vcc pin is connected to the 5V supply. 

Serial Clock (or SCL) pin is connected to the pin 22 of the ESP32 and Serial Data (or 

SDA) connected to the pin 2 of the ESP32. The i2c module built in potentiometer was 

adjusted for contrast.  

Conclusion  

In this chapter, the components chosen for the design of the proposed system are shown 

in a block diagram and circuit diagrams drawn to show how the components will be 

interfaced with each other. The discrete components used in the circuit are discussed 

and their values determined from calculator. 
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CHAPTER FOUR 

CONSTRUCTION AND TESTING 

4.1 Introduction  

In this chapter, the circuit diagram designed in chapter three is implemented. The various 

components used are acquired and the circuit built on a breadboard for testing. The 

system is made up of many stages and under this chapter we are giving a partial testing 

at each stage. The values obtained from the test circuit are tabulated and compared to 

the expected results. The I2C LCD display was then interfaced with ESP32. Finally, the 

Wi-Fi module was added to the circuit. The components were acquired from the local 

market at K-Technics, Pixel Electronics, Massimo and Sagana Electronics.   

 

4.2.1 Tools and Equipment Used  

The tools used during the construction and testing of the system were; soldering gun, 

multimeter, Arduino Uno board, side cutter and a breadboard. The soldering gun was 

used to connect wires to make them longer. A multimeter was used to test the different 

voltage outputs of the sensors and the current flowing through them. The collected data 

was used to determine the power consumption of the individual components and of the 

overall system. The Arduino Uno board was used for programming of the ESP32. 

4.2.2. Construction Process  

After designing the circuit diagram of the system, we constructed the system in a 

systematic manner. The components used for the construction of the smart IOT food 

quality monitoring system are ESP32 microcontroller, a DHT-11 Sensor, LDR Light 

Sensor, MQ5 Gas Sensor, I2C LCD display, resistors, connectors and a power supply 

module.  

The test circuit was constructed in several stages. The microcontroller was first mounted 

on an Arduino board to program it. The gas sensor was then interfaced with the 

ESP32.The LDR sensor and DHT-11 Sensor were then added and interfaced with the 

microcontroller. 
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4.2.3 Gas Sensor Testing on breadboard  

Arduino Uno board was used for ease of programming. It was then interfaced with the 

gas sensor. The concentration of ethanol gas in the air was determined. The image below 

shows the gas sensor connected to the Arduino Uno Board. The +5V terminal of the 

sensor connects into the 5V terminal of the Arduino board.  

The GND terminal of the sensor connects into the GND terminal of the Arduino. The 

analog pin of sensor is connected to pin AO of Arduino. Digital pin is not used hence 

not connected. 

 

Figure 9.1 MQ5 testing on breadboard 

 

4.2.3 DHT-11Sensor Testing on breadboard 

DHT-11 Sensor was then added to the system by interfacing it with the Arduino Uno 

board. The signal data pin was connected to pin 2 of the Arduino. The power pin was 

connected to +5V supply of Arduino and GND pin connected to GND of the Arduino. 

Temperature and Humidity values were observed in the serial monitor of the Arduino 

ide after programming. 
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Figure 10.1 DHT-11 sensor testing on breadboard 

 

4.2.4 LDR Sensor Testing on breadboard 

The LDR Sensor was added to the system for testing as well. The LDR is used to sense 

the intensity of light. The sensor is connected to the A1 pin of the Arduino board. The 

sensor is connected in a potential divider circuit (10k resistor). The LDR provides an 

analog voltage which is converted to digital reading by the in-built ADC. This value was 

displayed in the serial monitor after programming. 

 

4.2.5 LCD testing on breadboard 

An I2C LCD 16x2 display was connected with Arduino Uno. With I2C module we were able to 

connect the LCD with Arduino board with only two cables. The i2c module has a built in 

potentiometer which we used for contrast adjustment.  

The connections were as follows; 

GND to GND 

Vcc to 5V 

SDA to pin 21 

SCL to pin 22 
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4.2.6. Uploading the Data to ThingSpeak  

  

After programming and connecting the whole circuit, the data collected was uploaded 

to ThingSpeak open source website for monitoring. The displayed data looked as in 

Figure 4.6 below.  

 

 

Figure 11.1 ThingSpeak Website Visualization 

 

4.3 Programming the System  

The controller is programmed using Arduino Uno board with Arduino IDE. This IDE 

has some functions already defined, such as digitalWrite function and analogRead, 

which makes it easier to program. The system was programmed in several sections. The 

header files for each section were defined after downloading the necessary libraries.   

 

4.3.1 Gas Sensor  

The library containing all MQ5 functions is added to Arduino IDE then the analog data 

pin is specified as pin A0. The program is as shown below; 
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Figure 12.1 Programming the Gas Sensor 

4.3.2 DHT 11 Sensor 

Before the DHT11 is used on the Arduino, we installed the DHT library. It has all the 

functions needed to get the humidity and temperature readings from the sensor. The 

program was then entered as follows; 
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Figure 13.1 Program for DHT 11 Sensor 
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4.3.3 Light Sensor 

After installation of the right library for the LDR sensor, the program shown below was 

used to display the read analog value through the serial port so we could see what was 

happening on varying the intensity of light through the serial monitor. 

 

                            

 

Figure 14.1 Programming the Light Sensor 

                                

4.3.4 I2C 16*2 LCD 

First, the required libraries are included. We included both the wire.h and the 

LiquidCrystal_I2C library.  

The specification for the address, dimensions and partitioning of the lcd can be followed 

from the program code as shown below. 
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Figure 15.1 Programming the LCD 

4.4 Testing and Result 

The system is made up of many stages. Test point testing is done at each stage and the 

results tabulated. The expected values are compared to the actual values and remarks 

made regarding the deviation between the two.  

 

4.4.1 Test Point Testing  

Test points in electronic circuits are areas where the state of the system is monitored 

from. This is done by injecting test signals in these areas and observing the results. Test 

point testing or partial testing is used to check whether the system is working correctly. 

It can also be used to determine the faulty point in a system during malfunction. The 

current output from the gas sensor, the amplified current from the two transistors and 

the voltage and current output of ESP32 pins.   

 

4.4.1.1 Power Supply  

The current and voltage from the power supply module are measured both for the 5 V 

output and the 3.3 V output and the results compared to the specified current and voltage 

output from the module.  
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Table 4.1 Power supply module 

  Expected 

Value  

Actual 

Value  

Remarks  

Voltage  5 V  4.65 V  Within 

expected 

limit  

Current  500m A  486 mA   Within 

expected 

limit 

Voltage  3.3 V  3.32 V  Within 

expected 

limit  

Current  700mA  512Ma  Within 

expected 

limit 

  

4.4.1.2 Gas Sensor  

The output voltage from the gas sensor is measured at different gas concentrations and 

the results tabulated in Table 4. 3 below. 193 ppm is the concentration in clean air and 

230 ppm the concentration at which the output devices are switched on.   

Table 5.1 Gas sensor testing and concentrations 

Gas 

Concentration  

Expected 

Value  

Actual 

Value  

Remarks  

193 ppm  0.8 V  0.84 V  Within 

expected 

limit  

230 ppm  1.3 V  1.24 V  Within 

expected 

limit  

300 ppm  1.5 V   1.46  Within 

expected 

limit 
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4.4.1.3 Light Sensor LDR 

The output voltage and current from the LDR is measured at different ambient lights 

and the results tabulated in Table 4. 4 below.  

 

Table 6.1 LDR Testing and measurement 

Ambient 

Light 

LDR + 

Resistance 

Current 

through ldr 

+resistance 

Voltage 

across 

resistor 

10 lux  20kOHMS  0.24mA 2.46V 

100 lux 11.6KOHMS   0.43mA 4.3V 

1000 lux 10.03kOHMS  0.48mA 4.98V 

  

 

REMARKS  

The values are within the expected limits when compared to the ideal values from a 

datasheet showing the theoretical readings. 

 

4.4.1.4 DHT 11 temperature and humidity readings. 

Following the test program on the DHT 11 sensor the following results were observed. 

For Temperature readings; 

Temperature was varied by introducing source of heat close to the sensor. 
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Figure 16.1 Humidity and temperature readings 

 

4.5 Discussion  

The objective of the project is to design a food quality monitoring system capable of 

reading temperature and relative humidity, sensing the intensity of light and detecting 

the emission of ethanol type of gases. The system should also be able to collect data 

from all the sensors and pass to LCD for display and further monitor the sensor data 

visually online. The system has been designed around ESP32 microcontroller, MQ5 gas 

sensor, DHT 11 Sensor and LDR Light Sensor. 

Once it is properly installed and powered on, it connects with the internet via Wi-

Fi modem and start reading data from the interfaced sensors – DHT-11 temperature and 

humidity sensor, MQ5 Sensor and the LDR sensor. The ESP32 collects data from all the 

sensors and convert the values to the strings. The sensor data wrapped as proper strings 

are passed to the character LCD for display. For displaying and monitoring data 

uploaded to the ThingSpeak server, either a digital dashboard or data broker is needed. 

In this project, a digital dashboard called Freeboard.io is used to monitor the sensor data 

visually online.    

The difference in the practical results from the expected results is due to errors in 

measurement. The current from the controller pins is less than the expected due to 

leakage current. The voltage reaching the output devices is less than the voltage 

measured at ESP32 pins because of voltage drop at the intermediate components like 

the resistors and transistors.   
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 The voltage output from the gas sensor at 193 ppm is 0.84 V and 1.24 V at 230 ppm. 

The deviation from the expected value could be due to instability in the sensor output. 

The sensor should be given time to preheat so that the readings stabilize. The deviation 

could also be because of wrong calibration of the sensor.  

 

Conclusion  

In this chapter, the steps taken in constructing the test circuit are indicated and the 

pictures taken at each stage shown. The system is tested at various points and the results 

tabulated. This chapter also discusses the results obtained. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION  

5.1 Introduction 

This chapter indicates the conclusions arising from the design and construction of the 

food quality monitoring system. The extent to which the objectives have been met is 

stated. This chapter also gives a summary of the achievements, applications of the 

system to different areas and the recommendations to better the project and make it more 

reliable.   

5.2 Statement of the Initial Objectives  

After designing and constructing the food quality monitoring system, the system was 

tested for functionality. The system was able to;  

a) Read temperature and relative humidity in the food store. 

b) Sense the intensity of light in the food store.  

c) Detect the emission of ethanol type of gases. 

d) Collect data from all the sensors and pass to LCD for display.  

e) Monitor the sensor data visually online. 

5.3 Summary of Achievements  

When the system is powered on, it connects with the internet via Wi-Fi modem and starts 

reading data from the interfaced sensors - DHT-11 temperature and humidity sensor, 

MQ5 Sensor and the LDR sensor. The ESP32 collects data from all the sensors passes 

them to the character LCD for display. The sensor data are then monitored visually 

online.  
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5.4 Application of the System 

The food quality monitoring system is applicable in areas such as; supermarket 

warehouses, supermarket shelf lives, farm output food stores and warehouses, food 

production industries, food shipment and containers and other food storage facilities.  

5.5 Benefits of the Study  

This study has enabled us to gain knowledge on gas, temperature, humidity and light 

sensor technologies and how they are used. The study it has also enabled us to get 

experience in construction and testing of electronics. Moreover, we were able to 

understand the challenges faced during coming up with an idea for developing an 

electronic system and the best way to go about it.  

5.6 Challenges Faced During Design and Implementation  

The challenges faced during the design and implementation of the food quality 

monitoring system are;  

a) Absence of some components. The MQ5 gas sensor was not available locally I 

had to order one from another town.  

b) Cost of components. Some components  were quite expensive. 

c) Ethanol gas exposure. Each time the system was tested we had to introduce 

ethanol gas to the gas sensor which spread in the surrounding area creating 

discomfort.  

d) Malfunctioning of some components during usage. 

 

5.7 Recommendations  

As much as this project was able to meet the set objectives, in future works food quality 

monitoring system can be improved by using better sensors than can measure extreme 

conditions like for refrigerated vacuum-packed foods. The system can also be improved 

by miniaturizing and help elderly and disabled persons by alarming them if the food 

starts deteriorating. 
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Further, a GSM module can be included in the system to alert the user in case there is 

no Internet connection.   

5.8 Final Conclusion  

The food quality monitoring system was able to read temperature and relative humidity 

in the food store, sense the intensity of light in the food store and detect the emission of 

ethanol type of gases. It was also able collect data from all the sensors and pass to LCD 

for display and lastly monitor the sensor data visually online. 
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APPENDIX: Final code 

#include "ThingSpeak.h" 

//#include "secrets.h" 

#include <WiFi.h> 

#include <Adafruit_Sensor.h> 

#include <DHT.h> 

char ssid[] = "petachdesk";   // your network SSID (name)  

char pass[] = "aaaaaaaaaa";   // your network password 

int keyIndex = 0;            // your network key Index number (needed only for WEP) 

WiFiClient  client; 

unsigned long myChannelNumber = 1208635; 

const char * myWriteAPIKey = "RRVOCV9449YTXQLA"; 

// Initialize our values 

float Humidity = 0; 

float Temperature = 0; 

int Light = 0 ; 

int Gas; 

//int number4 = random(0,100); 

String myStatus = ""; 

#define DHTPIN 27     // Digital pin connected to the DHT sensor 

int sensorPin =34; 

int ledPin = 25; 

int lightInit;  // initial value 
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int gassensor=35; 

// Uncomment the type of sensor in use: 

#define DHTTYPE    DHT11     // DHT 11 

//#define DHTTYPE    DHT22     // DHT 22 (AM2302) 

//#define DHTTYPE    DHT21     // DHT 21 (AM2301) 

DHT dht(DHTPIN, DHTTYPE); 

// Create AsyncWebServer object on port 80 

//AsyncWebServer server(80); 

String readDHTTemperature() { 

  // Sensor readings may also be up to 2 seconds 'old' (its a very slow sensor) 

  // Read temperature as Celsius (the default) 

  float t = dht.readTemperature(); 

  // Read temperature as Fahrenheit (isFahrenheit = true) 

  //float t = dht.readTemperature(true); 

  // Check if any reads failed and exit early (to try again). 

  if (isnan(t)) {     

    Serial.println("Failed to read from DHT sensor!"); 

    return "--";  } 

  else { 

    Serial.println(t); 

    return String(t);  }} 

 

String readDHTHumidity() { 
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  // Sensor readings may also be up to 2 seconds 'old' (its a very slow sensor) 

  float h = dht.readHumidity(); 

  if (isnan(h)) { 

    Serial.println("Failed to read from DHT sensor!"); 

    return "--";  } 

  else { 

    Serial.println(h); 

    return String(h);  }} 

String readLight() { 

  int  lightVal = analogRead(sensorPin);} 

void setup() { 

  Serial.begin(115200);  //Initialize serial 

 dht.begin(); 

  WiFi.mode(WIFI_STA);    

  ThingSpeak.begin(client);  // Initialize ThingSpeak 

  pinMode(ledPin, OUTPUT);} 

void loop() { 

  // Connect or reconnect to WiFi 

  if(WiFi.status() != WL_CONNECTED){ 

    Serial.print("Attempting to connect to SSID: "); 

    Serial.println(ssid); 

    while(WiFi.status() != WL_CONNECTED){ 
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      WiFi.begin(ssid, pass);  // Connect to WPA/WPA2 network. Change this line if using open or 

WEP network 

      Serial.print("."); 

      delay(5000);        }  

    Serial.println("\nConnected.");  } 

  // set the fields with the values 

  ThingSpeak.setField(1, Humidity); 

  ThingSpeak.setField(2, Temperature); 

  ThingSpeak.setField(3, Light); 

 ThingSpeak.setField(4, Gas); 

  //ThingSpeak.setField(4, number4); 

  // figure out the status message 

  if(Humidity > Temperature){ 

  myStatus = String("field1 is greater than field2");   } 

  else if(Humidity < Temperature){ 

    myStatus = String("field1 is less than field2");  } 

  else{ 

    myStatus = String("field1 equals field2");  }   

  // set the status 

  ThingSpeak.setStatus(myStatus); 

  // write to the ThingSpeak channel 

  int x = ThingSpeak.writeFields(myChannelNumber, myWriteAPIKey); 

  if(x == 200){ 
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    Serial.println("Channel update successful.");  } 

  else{ 

    Serial.println("Problem updating channel. HTTP error code " + String(x));  }   

  // change the values 

  Humidity++; 

  float h = dht.readHumidity(); 

  Humidity= h; 

  float t = dht.readTemperature(); 

   Temperature = t; 

 int lightVal = analogRead(sensorPin); 

   Light=lightVal; 

   int gas_value; 

   gas_value=analogRead(gassensor)    ; 

  Gas = gas_value; 

  //number4 = random(0,100); 

  delay(20000); // Wait 20 seconds to update the channel again} 


