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ABSTRACT 

Millions of people worldwide suffer from malaria, an infectious disease spread by mosquitoes. 

Early identification and treatment are crucial to stop its spread and reduce mortality. Traditional 

diagnostic techniques, such as blood smear microscopy, are labor-intensive and require 

specialized staff. Recently, there has been increased interest in developing point-of-care 

diagnostic assays for malaria suitable for resource-limited settings. This thesis aimed to develop 

a non-invasive tool using the MAX30102 sensor for malaria detection. Traditional diagnostic 

methods often require invasive blood draws and laboratory facilities, making them impractical in 

remote areas. The proposed device, using infrared sensor technology, offered a simple, non-

invasive method for malaria detection by measuring the absorption of red and infrared light by 

hemoglobin, which is altered when infected by the malaria parasite. The device employed the 

MAX30102 sensor to measure light absorption variations, which were then processed by a 

NodeMCU microcontroller to detect potential malaria indicators. The results demonstrated 

significant differences in light absorption between infected and non-infected samples, correlating 

well with traditional diagnostic methods. This portable, easy-to-use device successfully provided 

a reliable and rapid diagnostic alternative. When malaria was detected, the device displayed 

"Malaria Detected" and illuminated a red light. If no malaria was detected, it displayed "No 

Malaria Detected" and illuminated a green light. 

Keywords: Malaria; Mosquito; Hemoglobin; Infrared light; MAX30102 sensor; NodeMCU 

microcontroller. 
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CHAPTER 1 GENERAL INTRODUCTION 

1.1 Introduction to malaria 

Thousands of people die from malaria each year, making it one of the deadliest illnesses in the 

modern world. The scientific name for the parasites that cause malaria is Plasmodium, and they 

infect human red blood cells [1]. The female anopheles mosquito class is responsible for 

spreading the parasites. In microscopic blood smears, medical professionals must carefully 

identify parasitized cells in order to diagnose malaria. Large-scale screening significantly 

reduces the diagnostic accuracy of this method due to inadequate resources [2]. 

Although it is communicable and avoidable, malaria is an infectious illness that can have fatal 

consequences for people [3]. In 2018, there were 228 million instances of malaria worldwide, 

with 93% of patients and 94% of deaths occurring in Burundi, Africa, representing a sharp 

increase (51%) in cases [4]. 

An estimated 500,000 individuals per year pass away from malaria, with sub-Saharan Africa 

accounting for 90% of these deaths. Children under five account for more than two-thirds of 

malarial mortality. In areas where malaria is year-round and prevalent, children are most 

vulnerable between the ages of six months, when maternal protection starts to wane, and around 

five years, when their own immunity starts to build [5], [6]. 

Globally, 47.4% of under-five-year-olds are anemic, with 67.6% in Africa. Anemia is prevalent 

at all life stages, causing significant morbidity and mortality in Sub-Saharan Africa, where 

resources for etiology remain poor. Malaria-associated anemia is a significant public health issue 

in sub-Saharan Africa, caused by Plasmodium species. The most severe form, Plasmodium 

falciparum, is caused by immune and non-immune hemolysis, and factors like age, socio-

demographics, HIV, and parasitic infections can influence its prevalence [6], [7]. 

In Rwanda, malaria is a significant public health concern due to its mesoendemic presence in the 

lowlands and hypoendemic occurrence in the highlands. The entire population is at risk, 

including approximately 2.2 million children under five and 443,000 pregnant women. Nearly 

63% of the country is prone to epidemics, while the rest experiences stable and endemic malaria 

transmission. Malaria is transmitted year-round, with two peaks during the rainy seasons. Factors 

contributing to malaria transmission include climate suitability, human settlements near 
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marshlands, internal population movements and migrations, cross-border travel, and irrigation 

schemes [8]. 

Using a blood sample on a testing strip that can identify the presence of malaria-causing 

plasmodium parasites in red blood cells is how current quick malaria tests work. These tests may 

be performed in around 20 minutes at the point of care (POC) and provide findings [9]. But they 

are also inadequate for the detection of asymptomatic infections where the level of parasites in 

the blood is low. 

In this paper, a noninvasive malaria detection device that leverages the MAX30102 sensor to 

measure the unique optical properties of hemoglobin in the blood is developed. The sensor uses 

red and infrared light to penetrate the skin and interact with the blood's hemoglobin. Since 

malaria often leads to hemolytic anemia, resulting in a significant alteration of hemoglobin levels 

and oxygen-carrying capacity, the way hemoglobin absorbs these light wavelengths can reveal 

critical information about the presence of the disease. By analyzing the absorption patterns of 

these light signals, the device can identify abnormalities indicative of malaria infection. 

The NodeMCU microcontroller processes the data from the MAX30102 sensor, interpreting the 

variations in light absorption to detect potential malaria-related changes in the blood. The 

processed information is then displayed on an LCD screen, providing immediate feedback. This 

noninvasive approach allows for quick and painless screening, making it especially useful in 

areas lacking advanced medical infrastructure. By offering a portable and user-friendly solution, 

the device facilitates early detection of malaria, enabling timely medical intervention and 

potentially saving lives in regions where malaria is prevalent. 

1.2 Problem statement 

Malaria is a parasite transmitted through mosquito bites, with children under 5 years old and 

pregnant women at the greatest risk. Around 125 million pregnancies worldwide are at risk of 

malaria, with common risk factors including maternal anemia, premature labour, and poor birth 

outcomes like low birth weight. In 2018, around 11 million pregnancies were exposed to malaria, 

resulting in high maternal anemia and 872,000 children with low birthweight. Malaria is 

potentially life-threatening for both mother and child, negatively impacting early childhood 

development [10]. 

Malaria is a major global health issue, causing millions of cases and deaths annually. Effective 

management relies on a timely and accurate diagnosis. Current diagnostic methods, like 
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microscopy and RDTs, require invasive blood sampling, laboratory equipment, and trained 

personnel, which pose barriers in remote and resource-limited settings [11]. These results in 

many malaria cases going undiagnosed or being diagnosed late, increasing morbidity and 

mortality [12]. 

There is a pressing need for a noninvasive, portable, and easy-to-use diagnostic tool that can 

provide rapid and reliable malaria detection without the need for blood samples or specialized 

laboratory infrastructure. Such a device would significantly improve access to malaria 

diagnostics in underserved areas, facilitate early detection and prompt treatment, enhance patient 

comfort and compliance, and support large-scale screening initiatives. Addressing these 

challenges is critical for reducing the burden of malaria, improving health outcomes, and 

advancing global efforts to control and eventually eradicate the disease. 

1.3 Research Questions (Hypotheses) 

1 In what way may a malaria diagnosis non-invasive system be designed? 

2 How does the system recognise the plasmodium malaria to be diagnosed in an unhealthy 

person? In addition, why? 

3 How to model a non-invasive system for malaria diagnosis? 

4 How is a non-invasive malaria diagnosis system being modelled? 

1.4 Objectives 

1.4.1 General Objective 

The primary objective of this project is to design a noninvasive device to detect the presence of 

malaria in human blood by analyzing hemoglobin optical properties using the MAX30102 

sensor. Malaria is a global health challenge, especially in developing regions. Conventional 

diagnostic methods require invasive blood sampling and lab facilities, making them unreachable 

in resource-limited settings. This project aims to create a portable, user-friendly, and noninvasive 

diagnostic tool. 

The proposed device leverages the advanced capabilities of the MAX30102 sensor, which 

measures the absorption of red and infrared light by hemoglobin in the blood. Hemoglobin's 

optical characteristics change when infected by the malaria parasite, as the disease often leads to 

hemolytic anemia and alters the hemoglobin's ability to carry oxygen. By utilizing these 

properties, the device can detect anomalies in the blood that are indicative of malaria. The 
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NodeMCU microcontroller processes the data collected by the sensor, analyzing the variations in 

light absorption to identify potential signs of the disease. 

In addition to its diagnostic accuracy, the device is designed for ease of use and accessibility. 

The data processed by the NodeMCU is displayed on an LCD screen, providing clear and 

immediate results. This eliminates the need for specialized training to interpret the readings, 

making the device suitable for use by healthcare workers in remote and underserved areas. Its 

noninvasive nature also ensures patient comfort and compliance, as it does not require blood 

samples or cause pain. This innovation aims to enhance malaria detection rates, enable timely 

medical intervention, and reduce the morbidity and mortality associated with the disease. 

The development of this noninvasive malaria detection device ultimately seeks to revolutionize 

the diagnostic process, especially in regions where traditional techniques are unfeasible. As part 

of the larger effort to manage and ultimately eradicate malaria, the initiative fills a vital need in 

global health by providing a dependable, portable, and user-friendly solution. The tool aids 

public health activities by enabling wide screening and monitoring of cases of malaria in 

vulnerable communities, in addition to improving individual patient outcomes through early 

diagnosis and treatment. 

Traditional malaria diagnostic methods require invasive blood sampling, equipment, and trained 

personnel. Noninvasive devices eliminate blood draws, making them ideal for remote settings. 

Their ease of use allows healthcare workers and non-medical personnel to efficiently detect 

malaria. 

Microscopy, while accurate, is time-consuming and can delay treatment. RDTs provide quicker 

results but still involve waiting periods and handling blood samples. The noninvasive device, 

utilizing the MAX30102 sensor, provides near-instantaneous readings by analyzing the optical 

properties of hemoglobin through the skin. This rapid diagnostic capability enables prompt 

medical intervention, which is crucial for managing malaria and reducing complications. The 

efficiency of this device allows for high-throughput screening, especially beneficial during 

malaria outbreaks, ensuring timely diagnosis and treatment. 

Invasive diagnostic methods can cause discomfort and anxiety, particularly in children and 

individuals with needle phobia. The noninvasive nature of the proposed device ensures a painless 

and stress-free experience, enhancing patient comfort and compliance. This is particularly 

important in endemic regions where frequent testing may be necessary. By making the diagnostic 
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process more comfortable, the device encourages regular monitoring and early detection, which 

are critical for controlling and reducing malaria transmission. 

Maintaining laboratories and ensuring the availability of skilled technicians for traditional 

diagnostic methods can be costly and logistically challenging. RDTs involve recurring costs for 

consumables. The noninvasive device presents a cost-effective alternative with minimal 

operational expenses, primarily associated with initial purchase and occasional maintenance. 

Over time, this leads to substantial savings for healthcare systems, particularly in low-resource 

settings. Its durability and portability contribute to sustainability, making it a viable long-term 

solution for malaria detection. Moreover, its ability to support large-scale screening initiatives 

enhances public health surveillance, aiding in early outbreak detection and guiding targeted 

interventions to control malaria's spread. 

1.4.2 Specific Objectives 

To achieve the general objective of this project, the following specific objectives are used as 

guiding points (realizable; most of the time, publishable): 

1. To design and develop a noninvasive device utilizing the MAX30102 sensor to measure the 

optical properties of hemoglobin and detect malaria. 

2. To build a sensor system that can accurately capture red and infrared light absorption data 

through the skin, which will be processed by the NodeMCU microcontroller. 

3. To program the microcontroller with algorithms to analyse these variations, focusing on 

identifying changes in haemoglobin levels associated with malaria, such as those caused by 

haemolytic anaemia. 

4. To validate the device's accuracy through extensive testing and optimization, ensuring high 

sensitivity and specificity to minimize false results. 

1.5 Study Scope 

The study involves the design and development of a noninvasive malaria detection device 

utilizing the MAX30102 sensor, NodeMCU microcontroller, and an LCD display. It integrates 

these components to measure hemoglobin's optical properties through red and infrared light 

absorption, creating a user-friendly interface for real-time diagnostic results, and ensuring the 

device is portable, durable, and easy to use, can be powered by batteries or solar energy for 

accessibility in remote areas. Rigorous testing and validation are conducted to optimize 

performance. The study also explores the device's implementation in large-scale screening 
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programs in malaria-endemic regions, developing deployment protocols and assessing its public 

health impact. The goal is to enable early detection and timely treatment of malaria, improve 

patient compliance with a painless diagnostic process, and support public health efforts by 

providing valuable epidemiological data. 

 

1.6 Significance of the study 

In the battle against one of the most common and fatal infectious illnesses in the world, the 

creation of a noninvasive malaria detection tool is a major step forward. Particularly in sub-

Saharan Africa, South-east Asia, and portions of South America, malaria continues to be a 

serious public health concern. By offering a portable, user-friendly, and reasonably priced 

alternative that does not require an invasive blood sample or specialized laboratory equipment, 

this study fills important gaps in current diagnostic techniques. This device can aid in the quick, 

precise, and early identification of malaria, which is crucial for efficient treatment and 

management. It does this by making use of hemoglobin’s optical characteristics. 

The noninvasive nature of the device significantly enhances patient comfort and compliance, 

particularly important for children and individuals with needle phobia. This can lead to more 

frequent and widespread testing, improving malaria surveillance and control efforts. 

Additionally, the device's portability and ease of use enable its deployment in remote and 

resource-limited settings, where traditional diagnostic tools are often unavailable or impractical. 

By empowering healthcare workers and non-medical personnel to conduct reliable malaria 

screenings, this study supports broader public health initiatives aimed at reducing malaria 

transmission, morbidity, and mortality. Ultimately, the successful implementation of this 

technology can contribute to global efforts to eradicate malaria, improving health outcomes and 

quality of life for millions of people in endemic regions. 

1.7 Organization 

This dissertation consists of six chapters. Chapter one gives an introduction that includes the 

historical past of malaria and its diagnosis, the problem statement that looks at current malaria 

diagnosis, research questions, objectives, the study scope, the significance of the study, the 

organization of the study, and the summary. Chapter two, entitled the Literature Review, 

discusses the prevailing literature, what the gaps in this literature are, and how the gaps are going 

to be solved. In chapter three, the research method explains the methods used within the 

implementation of the mission, has to lead to a clear implementation plan, and comprises the 
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research process and the research design method. Chapter four talks about project results from 

simulation and implementation and explains the system model, proposed simulation models, 

simulation parameters, and simulation scenario. Chapter five discusses the results and findings of 

the study, and finally, Chapter six discusses challenges, recommendations, and conclusions from 

the research study. 

1.8 Summary 

This chapter discusses the development of a noninvasive malaria detection device utilizing the 

MAX30102 sensor, NodeMCU microcontroller, and an LCD display to measure the optical 

properties of hemoglobin. Unlike traditional diagnostic methods that require invasive blood 

samples and laboratory facilities, this portable and user-friendly device offers a rapid and 

painless alternative, making it ideal for remote and resource-limited settings. The primary goals 

include creating an accurate sensor system, integrating efficient data processing, and ensuring 

ease of use and durability. By enabling early detection and timely treatment, this device aims to 

enhance patient compliance, support large-scale malaria screening, and contribute significantly 

to global malaria control and eradication efforts. 
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CHAPTER 2. LITERATURE REVIEW 

2.1  Introduction to malaria 

Malaria, a potentially fatal illness spread by Plasmodium parasites and contracted by the bites of 

infected Anopheles mosquitoes, is still a major worldwide health issue, especially in areas that 

are susceptible and have poor incomes. The illness increases the cost of public health, contributes 

to socioeconomic inequality, and limits development initiatives. Ethiopia is a great illustration of 

the severe effects of malaria, with 52 million people at risk and 75% of the country affected. 

Plasmodium falciparum, which causes 70% of cases, and Plasmodium vivax, which causes 30% 

of cases, are the most common species of Plasmodium in Ethiopia. 

In Ethiopia, the primary malaria transmission season runs from September to December, 

immediately after the main rainy season, which runs from June/July to September. This indicates 

a tight relationship between malaria transmission and seasonal weather patterns. This seasonal 

increase emphasizes how important it is to get a diagnosis as soon as possible in order to stop the 

disease from spreading. Rapid diagnostic tests (RDTs), microscopy, polymerase chain reaction 

(PCR), and loop-mediated isothermal amplification (LAMP) are among the diagnostic 

techniques used for malaria. Every approach has advantages and disadvantages, and the 

environment and resources at hand might affect how effective a particular approach is. 

Microscopy remains the gold standard for malaria diagnosis due to its high specificity and ability 

to differentiate between Plasmodium species. However, it requires well-trained personnel and 

laboratory infrastructure, which can be challenging in resource-poor settings. RDTs offer a more 

practical alternative, especially in remote areas. These tests are easy to use, do not require 

electricity, and provide results within minutes. RDTs detect malaria antigens such as histidine-

rich protein 2 (HRP2), which is specific to P. falciparum, and Plasmodium lactate dehydrogenase 

(pLDH), which can detect all Plasmodium species. 

Despite their convenience, RDTs have limitations in sensitivity and specificity compared to 

microscopy and PCR. The sensitivity of RDTs can be affected by the presence of 

submicroscopic infections and variations in parasite density. Studies have shown that while 

RDTs have good diagnostic accuracy when compared to microscopy, their sensitivity decreases 

when PCR is used as the reference standard. This highlights the need for complementary 

diagnostic methods to ensure accurate detection of malaria, particularly in cases of low parasite 

density. 
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LAMP, a newer molecular diagnostic technique, offers several advantages over traditional PCR. 

It is simpler, faster, and does not require sophisticated laboratory equipment. LAMP has shown 

excellent diagnostic accuracy with high sensitivity and specificity, making it suitable for use in 

resource-limited settings. Its ability to detect low-level parasitemia and asymptomatic infections 

makes it a valuable tool in malaria control efforts. Studies in Ethiopia have demonstrated the 

effectiveness of LAMP in detecting malaria parasites, suggesting it could be a viable alternative 

to microscopy and RDTs. 

The choice of diagnostic method should consider factors such as affordability, the availability of 

trained staff, and the specific needs of the population. In resource-poor settings, RDTs and 

LAMP provide practical and accurate alternatives to microscopy and PCR. Ensuring the 

availability and proper use of these diagnostic tools is crucial for effective malaria control and 

ultimately reducing the disease burden in endemic regions like Ethiopia [13]. 

The context of malaria prevention and control has changed significantly between 2000 and 2021. 

Due in large part to increasing funding and extensive implementation of preventative measures, 

diagnostic tests, and therapies, notable progress was made in reducing malaria incidence and 

mortality between 2000 and 2015. A sharp increase in the amount of money allocated to anti-

malaria initiatives was made possible by the sharp rise in program funding, which increased from 

$960 million in 2005 to $2.5 billion in 2014. For example, the majority of people in sub-Saharan 

Africa slept under insecticide-treated mosquito nets (ITNs) by 2015, up from just 2% in 2000. 

This is a remarkable increase in the coverage of ITNs. Since 2000, the world's malaria incidence 

rates have dropped by 37%, and the fatality rate has decreased by 60% as a result of these 

initiatives. All nations have experienced a slowdown in progress, with the nations with the 

highest number of cases and deaths in 2000 showing the least amount of equitable progress. 

Malaria incidence have been rising again since 2016, marking a concerning reverse of past 

advancements. 2019 and 2020, which happened to be the same time as the COVID-19 epidemic, 

saw the most surge. Malaria cases have increased by an estimated 13.4 million as a result of the 

pandemic's extensive interruptions to health care. In 2021 alone, malaria cases increased by 2 

million in 84 endemic countries compared to the previous year. African countries, in particular, 

have borne the brunt of this resurgence, witnessing a significant increase in malaria cases over 

the past five years, including a 4% rise in 2020. Despite these challenges, ongoing efforts have 

managed to prevent a worst-case scenario. The setbacks emphasize the fragile nature of malaria 

control and the need for sustained and adaptable interventions. The case of malaria exemplifies 

how global health progress can be rapidly undermined by crises such as the COVID-19 
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pandemic, highlighting the importance of resilient health systems and sustained international 

support to prevent the rollback of hard-won health gains. Continued investment in malaria 

control, enhanced by lessons learned during the pandemic, is essential to regain lost ground and 

move towards eventual malaria eradication [14]. 

According to the most recent World Malaria Report, the number of malaria cases increased to an 

expected 249 million in 2022, a significant rise from the 244 million cases recorded in 2021. 

Although the number of malaria deaths is expected to decline somewhat from 610,000 in 2021 to 

608,000 in 2022, the disease still poses a serious threat to world health. The WHO African 

Region continues to be the most severely impacted, taking on a disproportionate amount of the 

malaria load worldwide. 94% of malaria cases (about 233 million cases) and 95% of malaria 

deaths (around 580,000 cases) in 2022 were reported from this region. Pupils under five years 

old were most susceptible, accounting for roughly 78% of all malaria-related deaths in the area. 

This concerning figure emphasizes how urgently targeted efforts are needed to safeguard this age 

group. Nearly half of all malaria deaths worldwide occurred in four African countries: 

Mozambique, Uganda, Nigeria, and the Democratic Republic of the Congo. Nigeria represented 

26.8% of all malaria deaths, followed by the Democratic Republic of the Congo (12.3%), 

Uganda (5.1%), and Mozambique (4.2%). These facts indicate the different impacts of malaria 

and the crucial need for intense efforts to reduce mortality and transmission rates in these high-

burden countries. The disease, which is mostly transmitted by the bites of female Anopheles 

mosquitoes carrying the infection, is still a serious public health concern, especially in tropical 

and subtropical areas. Preventative measures, such as the use of insecticide-treated nets (ITNs), 

indoor residual spraying (IRS), and antimalarial medications, are crucial in reducing the 

incidence of malaria. The development and deployment of vaccines like RTS,S/AS01 and the 

newer R21/Matrix-M offer hope for significantly reducing malaria transmission and mortality, 

especially among young children in high-transmission areas. However, challenges such as 

insecticide resistance, changing mosquito behavior, and gaps in access to preventive tools 

continue to threaten progress. Comprehensive strategies, including robust surveillance, timely 

diagnosis, effective treatment, and sustained vector control efforts, are essential for combating 

malaria. By 2030, malaria should be eradicated in at least 35 countries and its case incidence and 

fatality rates should have decreased by at least 90%, according to the WHO's Global Technical 

Strategy for Malaria 2016–2030. Coordinated international efforts, more financing, and a 

resolute dedication to malaria prevention and treatment research and innovation are all necessary 

to meet these challenging goals. Making substantial progress in eradicating malaria will depend 
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on tackling the social determinants of health and guaranteeing fair access to therapies. For 

malaria to be eradicated, communities, governments, and international organizations must all 

continue to support the ongoing fight against the disease [15]. 

According to [16], malaria, a vector-borne disease, has been a global concern for thousands of 

years, causing over one million deaths and 200 million infections annually. It is endemic in over 

100 tropical and subtropical countries, and only the female anopheles feed on blood and are 

vectors of malaria parasites. Humans and female Anopheles mosquitoes are two hosts of malaria 

parasites. The disease is characterised by its incubation period of seven days, with symptoms 

including fever, chills, headache, muscle aching, weakness, vomiting, diarrhea, cough, and 

abdominal pain [17]. The life cycle of Plasmodium is complex, with sporozoites injected into 

humans by Anopheles, which then invade hepatocytes and produce merozoites. After developing 

into male and female gametocytes, these merozoites fertilise to produce a motile zygote known 

as an ookinete or sporogony. When Anopheles bites a human, these sporozoites travel to its 

salivary glands and inject themselves into the victim. The beginning of the agricultural 

revolution in Africa is thought to have marked the emergence of malaria around 10,000 years 

ago. According to molecular research, humans may have contracted malaria parasites from great 

apes through mosquito bites carried by vectors. 

Plasmodium falciparum is the most dangerous single-celled parasite that causes over 90% of 

malaria infections in Africa, making malaria a global problem. The most effective vectors of 

malaria in tropical Africa are anopheles gambiae and anopheles funestus. Several falciparum-

infected mosquitoes bite the majority of persons in tropical Africa each year; in certain 

circumstances, this number can approach hundreds. An estimated 800,000 to 1 million people die 

from malaria each year, the majority of whom are children between the ages of 2 and 5. Malaria 

causes hundreds of millions of illness episodes [17]. 

Different species of Plasmodium are the cause of malaria, a parasitic infection. Although 

Plasmodium falciparum is the most common species in Rwanda, it is unclear how it is 

transmitted to newborns. Malaria poses serious health concerns to expectant mothers and infants, 

with 50 million pregnant women annually falling prey to the disease in Sub-Saharan Africa. 

Malaria is a huge global issue. Maternal malaria prevalence is estimated to be 28%, while 

congenital malaria incidence ranges from 0.3 to 10%. Cases are still being seen in hyperendemic 

areas despite initiatives including the provision of mosquito nets and free, fast diagnostic testing 

for all age groups. According to the 2015 WHO malaria guidelines, rapid diagnostic tests (RDT) 

or microscopy are the recommended methods for diagnosis in order to determine the speciation 
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and amount of parasitemia. Without the need for power, trained lab workers, or specific 

equipment, the RDT is an easy test to do and understand. Since a blood smear can come back 

negative, all patients suspected of having malaria should undergo both blood smears and RDT 

testing. When the RDT and a series of blood films, which are taken every 6 to 12 hours for 72 

hours, are both negative, malaria is determined to be out [18]. 

Malaria transmission, which can be caused by humans or mosquitoes, is still a serious worldwide 

health concern, according to WHO studies. A female mosquito bite triggers the disease by 

injecting saliva into the body, where sporozoites proliferate and create vast amounts of blood 

cells. Malaria, a seasonal and environment-related disease in Rwanda, is transmitted through a 

process where an uninfected female mosquito bites an infected human, allowing sporozoites to 

attack the mosquito's salivary glands, making children under 5 susceptible due to a lack of 

immunity. Bugesera, Gisagara, Gatsibo, Kirehe, and Nyagatare are the Eastern and Southern 

Provinces with the highest malaria infection risk, as maternal immunity disappears after six 

months of birth. Because of factors like climate, altitude, population density, and movement, 

malaria transmission rises during rainy seasons. Malaria ranks third among children under five 

years old, making it a serious health concern. While epidemiologists concentrate on 

comprehending and managing the issue's dynamics, researchers could assist Rwanda in 

managing this problem [19]. 

2.2 Malaria diagnosis and laboratory methods 

Malaria parasites or antigens in the host's blood must be found in order to diagnose the illness, 

and an accurate diagnosis is essential. Microscopy, Loop-mediated isothermal amplification 

(LAMP), polymerase chain reaction (PCR), rapid diagnostic tests (RDTs), and so on are some of 

the techniques that can be utilised to do this. Many considerations, such as the local conditions, 

the amount of expertise of the laboratory staff, the volume of patients being treated, and the 

malaria epidemiology in the designated area, can influence the diagnostic instrument selection 

[20]. 

2.3 Microscopy  

The primary method for diagnosing malaria, light microscopy, is widely used worldwide. It 

distinguishes all major Plasmodium species and P. falciparum gametocytes. However, this 

method requires functioning equipment, reagents, quality control, and handler competency. The 

WHO Report states that the sensitivity and specificity of light microscopy depend on the quality 

of the stained slide, the time available to read a blood film, and the person handling the 
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microscope. The WHO report emphasises the importance of these factors in malaria diagnosis 

[20]. 

Microscopic slide analysis of peripheral blood remains the most reliable method for identifying 

malaria parasitemia in endemic locations. In 2010, 165 million tests were performed globally, 

with diagnostic sensitivity estimated at 75%. This rate is based on clinical malaria patients, but 

may be lower for low-level parasitemia, nonfalciparum malaria, incomplete immunity, or partial 

treatment. Microscopy remains the gold standard for other techniques, offering numerous 

benefits when done well and with high quality control. The type of infecting species, location, 

and other variables influence the diagnostic sensitivity. 

Microscopy is a method of examining and analysing peripheral blood samples using thick and 

thin films. Thin films are prepared similarly to other peripheral blood smears, but different stains 

may not identify all malaria hallmarks. The best stains require experience and quality control. 

Blood is placed on a glass slide, dried, and lysed before staining to create thick films. Thick films 

are more sensitive in identifying malaria parasites but less helpful in differentiating them. 

Despite the simplicity of microscopy technology, creating and analysing malaria smears requires 

sufficient training and experience. 

The ability to definitively identify the infecting species as well as mixed infections, the ability to 

quantify parasitemia, the ability to conduct follow-up exams to track the effectiveness of 

treatment, the minimal infrastructure requirements for the laboratory, and the relatively low cost 

of the technique are the diagnostic benefits of microscopy. Microscopically, slide examination is 

not as useful in areas without endemic malaria because individuals reading smears are not able to 

remain sufficiently competent to make accurate and repeatable diagnoses. It also misses mixed 

infections frequently. Lastly, it does not detect very low parasitemias. Mistakes in interpretation 

are most common with either very low or very high parasitemias [21]. 

Thick and thin blood films were prepared from blood samples of participants collected by finger 

pricking at enrolment and allowed to air dry. The dried blood films were stained with 10% 

Giemsa stain (Thin films were fixed with methanol prior to staining) and examined under a 

microscope with an oil immersion objective at 1000× magnification for the presence of malaria 

parasites. Parasite densities were determined with results from the thick films. Asexual parasites 

were counted against 500 white blood cells, and parasite densities, expressed as asexual forms of 

parasites per microliter of blood, were estimated from these counts assuming 6,000 white blood 

cells/µL. Slides were declared falciparum malaria negative after screening at least 200 
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consecutive fields [22]. The primary limitation of microscopy is the need for strong technical 

proficiency, particularly in cases of low-level parasitic infection [23]. 

There are benefits and drawbacks to examining slides under a microscope. Benefits include 

reduced laboratory infrastructure, the capacity to reuse or recycle extra slides, the ability to 

identify additional infectious diseases, and the opportunity to save slides for quality control. 

Inadequate training, labour effort, slowness, uneven smear quality owing to stains and 

techniques, and high expenses for areas not previously used are some drawbacks. It is typically 

oversold that reading malaria smears is difficult, nevertheless, as even those without any 

experience in laboratories may successfully learn to read smears [21]. 

2.4 Rapid diagnostic tests with blood (RTD) 

Rapid diagnostic tests or RDTs are a way to test whether a person with malaria-like symptoms 

actually has malaria. RDTs can provide parasite-based diagnosis in places where microscopy is 

not possible or practical. Using rapid diagnostic tests (RDTs), symptoms similar to malaria can 

be found in a patient's blood. They identify the antigens that malaria parasites make, which lead 

to the adhesion of tiny particles to an RDT band. Compared to presumed diagnoses, RDTs are 

easier to use, quicker, and more accurate. In order to properly treat non-malaria patients, they can 

be used in close proximity to the patient's residence. RDTs do not require microscope findings 

and can produce results in as little as 15 minutes. The majority of people can pick up RDT in a 

few hours [12]. 

Rapid diagnostic tests (RDTs) are immune-chromatographic devices used for malaria diagnosis 

and prevalence estimation. They detect malaria antigens in the blood using a blood specimen and 

a buffer reagent. The presence of specific bands after 15–30 minutes indicates the presence of 

plasmodium. All human malaria parasites can express histidine-rich protein (HRP2) and 

Plasmodium lactate dehydrogenase (pLDH), which are commonly detected by RDTs. However, 

false negativity can occur in areas with P. falciparum variants that do not express HRP2. RDTs 

are preferred due to their simplicity, few infrastructure requirements, ability to detect over 100 

parasites/μl, and quick results with a turnaround time of less than 30 minutes [20]. 

Current MRDTs detect three types of Plasmodium antigens: Plasmodium histidinerich protein 

(HRP), Plasmodium lactate dehydrogenase (pLDH), and Plasmodium aldolase. These antigens 

can be specific to Plasmodium falciparum, Plasmodium vivax, or a panspecific variant. By 

combining detection of these three antigens on an immunochromatographic strip (ICS) assay, 
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MRDTs can be used to detect any malaria species, including P. falciparum alone, P. vivax alone, 

or any combination thereof. However, these antigens have some diagnostic limitations, such as 

not being specific for Plasmodium ovale, Plasmodium malariae, or Plasmodium knowlesi and 

having cross-reactions with other assays. Additionally, MRDTs cannot determine the magnitude 

of parasitemia, and pHRP-2 is not cleared from the blood for up to 30 days after treatment. 

Similarly, pLDH and aldolase are cleared quickly from the blood after treatment, but 

gametocytes continue to produce all three antigens, so assays testing for these two antigens 

should not be used to monitor response to therapy [24]. 

Most MRDTs use ICS technology, with at least 200 tests available worldwide. These tests 

involve applying a liquid specimen, like blood, to a nitrocellulose strip, mixing with lysing 

agents, buffer solution, and a labelled anti-Plasmodium indicator antibody. The liquid mixture 

migrates down the strip to capture antibodies fixed in lines on the strip surface. The capture 

antibodies target different epitopes on parasite antigens or indicator antibodies bound to them. 

After capture, the complex of indicator antibodies and parasite antigens creates a visible line on 

the ICS, yielding a positive test result. The time to yield a test result varies between tests but is 

generally ≤ 15 minutes [24]. 

Due to a shortage of professional health workers, CHWs are implementing RDT. However, 

manufacturer instructions are confusing and inadequate, providing too little information for 

CHWs and other RDT users. RDT is not a noninvasive method for malaria diagnosis [12]. 

RDTs, in contrast to standard microscopy, do not yield an estimate of the parasite density, and 

their specificity for fever associated with malaria varies greatly, sometimes being quite low. 

Antimalarial drug prescriptions decreased by 39% as a result of using RDTs to help diagnose 

This is equivalent to almost a 2-fold decrease in antimalarial drug prescriptions in all 

epidemiological contexts. However, a different study revealed that healthcare professionals did 

not always follow test results and that many patients continued to receive treatment for malaria 

even after a test result was negative, clearly wasting money [25]. 

2.5 Polymerase Chain Reaction (PCR) 

PCR is an enzymatic assay that amplifies specific DNA fragments from a complex pool of DNA. 

It has been discovered by Dr. Kary Mullis, and it allows for selective extraction of desired DNA 

fragments from various tissues and organisms, including peripheral blood, skin, hair, saliva, and 

microbes. It allows for unlimited access to the desired DNA [26]. 
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Malaria diagnosis in hypoendemic areas requires more sensitive tools like PCR, which can 

identify as few as 1–10 parasites/μl. Microscopy may miss up to 88% of infections, while PCR 

prevalence declines to 10%. A meta-analysis found that microscopy only detects about 50% of 

PCR-detected parasite carriers, which decreases further with decreasing transmission [25]. 

Polymerase chain reaction (PCR) is a common genotyping technique due to its specific, simple, 

and sensitive thermal cycling methodology. It has enabled the development of highly sensitive 

parasite detection methods, allowing for the identification of the parasite genome at the species 

level. Nested PCR methods, along with advanced techniques like multiplex PCR and real-time 

PCR (qPCR), are widely used to detect Plasmodium spp. These methods provide accurate 

determination and differentiation when complex morphological problems arise in identifying 

parasites at the species level [27]. 

The results obtained by the PCR method were superior to those obtained by microscopy. This is 

because 72 (20.57%) out of 350 microscopy-negative samples were found to be positive by PCR, 

and all microscopy-positive samples were confirmed as positive by PCR. In fact, PCR would be 

preferred to microscopy for the confirmation of clinical mistrust of malaria. In contrast, the PCR 

method is too cumbersome, expensive, and not available in the local setups where there are 

limited resources. With the spread of P. falciparum resistant to anti-malarial drugs in various 

areas and the increasing difficulty in controlling malaria, it is important to diagnose and treat 

malaria accurately. Microscopic observation of parasites stained with Giemsa in thick smears is 

an inexpensive and simple method that is still used [28]. 

PCR-based methods are effective for parasite detection in individuals with low parasite burdens, 

offering higher sensitivity and specificity than RDTs and microscopy. However, they require a 

thermocycler, which can be costly and requires skilled personnel, making them unsuitable for 

field settings. Additionally, PCR does not offer an easy method for estimating parasite burden, 

which is crucial for clinicians making treatment decisions [29]. 

PCR assays are more sensitive than microscopic examinations for malaria diagnosis, but they are 

labour-intensive, time-consuming, and expensive. They require electric power and have 

amplicon contamination issues [27]. Numerous PCR assays, including conventional and real-

time techniques, have been developed. Real-time PCR is the least time-consuming and has the 

most sensitive detection limit among the three tested [25]. 

2.6 Loop-mediated Isothermal Amplification (LAMP) 
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LAMP is a nucleic acid amplification method first introduced in 2000, modified for easy 

visualisation using fluorescent or colorimetric dyes. It can be performed in a 65°C bath or heat 

block for 30-60 minutes, with sensitivity ranging from 98.3% to 100% and specificity from 

94.3% to 100% compared to microscopy. LAMP targets the 18S rRNA of the malaria parasite, 

similar to PCR. It has greater sensitivity and takes less time than 18S rRNA. The detection limit 

is 1-5 parasites per µL of blood, with a cost of around $5.31 per test [29]. 

LAMP has a detection limit comparable to PCR, with parasites per µL of blood ranging from 

0.5-5 and being faster. It can be visually assessed without expensive thermocyclers but requires 

skilled personnel and a complex primer design [29]. 

2.7 Molecular method 

Molecular malaria diagnostics, particularly polymerase chain reaction (PCR) and loop-mediated 

isothermal amplification (LAMP), represent significant advancements in detecting low-density 

infections that are often missed by rapid diagnostic tests (RDTs) and microscopy. PCR's 

sensitivity, which amplifies parasite DNA, far exceeds traditional methods, with a detection 

range of 0.004 to 30 parasites per microliter (p/µl). This 100-fold greater sensitivity compared to 

microscopy makes PCR a powerful tool, especially in research settings. However, its clinical 

application is constrained by its complexity, high cost, and lengthy turnaround time, which limit 

its widespread adoption in routine malaria diagnostics, particularly in resource-limited 

environments. 

Despite these limitations, PCR's high sensitivity has made it the most commonly used molecular 

diagnostic method for malaria. The development of near-point-of-care (PoC) molecular tools like 

LAMP seeks to overcome some of the drawbacks of conventional PCR. LAMP, for instance, is 

less reliant on expensive equipment and offers a faster, simpler process, making it a promising 

alternative for use in endemic areas with limited resources. 

While these molecular diagnostics have achieved higher sensitivity in detecting malaria, 

significant gaps remain. The high cost of molecular tests, the need for skilled technicians, and the 

requirement for well-equipped laboratories restrict their implementation in many endemic 

regions. Moreover, the complexity of molecular diagnostics, including the necessity for cold 

chain storage of reagents and the potential for contamination, adds further challenges. 

The review by [30] emphasizes that while PCR-based assays, including conventional, nested, 

and real-time PCR, show no significant differences in accuracy, the choice of diagnostic method 

often depends more on practical considerations than on performance. The accuracy of LAMP 
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and other novel molecular diagnostics is also promising, but their deployment in resource-limited 

settings remains in the early stages of evaluation. 

Molecular diagnostics such as PCR and LAMP have made significant strides in improving 

malaria detection, particularly in cases of low parasitemia. However, their broader application is 

still hindered by practical challenges. Bridging these gaps by developing more affordable, user-

friendly, and robust molecular tools is crucial to fully harness the potential of these diagnostics in 

the global fight against malaria [31]. 

2.8 Detection of malaria parasite protein in the urine of patients 

Plasmodium falciparum Histidine-rich Protein II (PfHRP-2) was found in urine samples, and the 

study aimed to assess its potential as a diagnostic marker for P. falciparum infection. On the day 

of enrollment, individuals' urine samples were taken at the same hour. Urine was voided into 5 

mL universal bottles for each participant, and these were promptly stored on ice upon collection. 

For PfHRP-2 detection, two different brands of quick diagnostic test kits were used to analyse 

the urine samples. Urine-based rapid diagnostic tests (RDTs) for malaria are not sensitive enough 

to replace the standard blood-based RDTs now used in clinical practice, despite the fact that P. 

falciparum infections may be identified in the urine of patients with malaria [22]. 

Urine turns dark due to red blood cell rupture brought on by severe malaria. Proteins and 

fragments of the parasite antigen are detected in urine using the Rapid Diagnostic Kit. This 

approach is ideal for malaria detection in limited-resource areas with limited invasive blood 

testing. It is time-consuming, inexpensive, and easy to use. Enhancements in accuracy, 

sensitivity, and specificity may turn it into a useful diagnostic instrument [23]. 

The urine malaria test (UMT), a commercially accessible procedure, is used to identify the 

Plasmodium protein pHRP-2. A test strip must be dipped into a urine sample and left for two 

minutes before being incubated for twenty minutes. On the test strip, darker lines denote a 

positive result. UMT is non-invasive, as demonstrated by multicenter clinical trials conducted in 

Nigeria with patients who were both feverish and afebrile. When administered to febrile children 

younger than five years old, the sensitivity and specificity rise to 93% and 83%, respectively. 

The test is approximately $1.50 and has a detection limit of 125 parasites/µL. 

The malaria test that uses urine is comparatively inexpensive and doesn't need expensive 

equipment or highly skilled workers. This test's limitation is that it can only identify pHRP-2 

from parasites caused by P. falciparum [29]. 
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2.9 Saliva 

A novel method was presented that involved transforming changes in electrochemical impedance 

into variations in voltage differential. A significant voltage difference was measured after pLDH 

aptamers were functionalized on the gold electrode surface and a Wheatstone bridge was built 

with interdigitated electrodes. This indicated the possibility of using saliva samples for both 

qualitative and quantitative malaria detection. Due to the complexity of the circuit, it requires a 

standard room that is well ventilated [32]. 

Malaria RDTs have been explored for detecting malaria in body fluids like urine and saliva, 

which contain highly repetitive polyhistidine-rich protein 2 (HRP2). However, blood-based 

malaria RDTs have shown unsatisfactory results in urine detection, leading to the development 

of a urine-based malaria test kit (UMT) by Fyodor Biotechnologies. UMT uses a recombinant 

monoclonal antibody to detect HRP2 and fragments in the urine of febrile patients, achieving 

similar sensitivity and specificity of 80-95%. The UMT can detect parasites at as low as 120 

parasites/µL and may correlate with parasite density. A study achieved similar sensitivity and 

specificity in urine using UMT, with 86.67% and 94.12% respectively. However, other blood-

based RDTs and Global Devices Malaria kits have shown lower sensitivities and specificities, 

with only 55.4% sensitivity and 47.5% specificity compared to microscopy results [33]. 

2.10 MAX30102 sensor description 

The MAX30102 biosensor module combines heart rate monitoring and pulse oximetry into one 

unit. The device is equipped with low-noise electronics, photodetectors, optical elements, and 

LEDs to block out external light. A complete system solution called MAX30102 simplifies the 

creation of wearable and mobile devices. 

Although the built-in LEDs need their own separate 3.3V power supply, the MAX30102 simply 

needs a single 1.8V power source. Communication occurs over the I2C bus. Once the module is 

disabled via software, there is no standby power usage. Power rails can therefore be left on all 

the time [34]. 

This sensor measures the heart's pulse as well as the blood's saturation level of oxygen. It is a 

painless and non-invasive method of obtaining these parameters, and it is very effective. The 

sensor's functions include controlling the efficiency with which the heart and lungs pump oxygen 

throughout the body and detecting a wide range of illnesses, including pneumonia, heart failure, 

anaemia, and blockages. Indicators such as whether someone requires assistance breathing or 

whether their lungs are responding well to medicines can also be obtained from it. 
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The sensor uses LEDs, a photodiode, and a microprocessor to compare oxygen-poor and oxygen-

rich hemoglobin levels. It uses infrared and red light sources, transmitted through the finger. 

Oxygen-rich hemoglobin absorbs more infrared light, while oxygen-free hemoglobin absorbs 

more red light. The microprocessor calculates these differences and converts the information into 

a digital readout, allowing for accurate hemoglobin analysis [35]. 

In September of 2015, Maxim Integrated produced the high sensitivity pulse oximeter known as 

MAX30102. It features a very low shutdown current of 0.7µA and a low power heart rate 

monitor of less than 1mW. It has a 14 pin optical module and measures 5.6 x 3.3 x 1.55 mm. 

With high sample rates, the device can function between -40°C and +85°C. From 1.8V to 5.0V is 

the power input range [36]. 

2.11 Summary 

Malaria is a global health challenge, particularly in impoverished regions like Ethiopia, where 

75% of the country is affected. The disease, caused by Plasmodium parasites and transmitted by 

Anopheles mosquitoes, poses severe public health and socioeconomic burdens. Diagnostic 

methods for malaria include microscopy, rapid diagnostic tests (RDTs), polymerase chain 

reaction (PCR), and loop-mediated isothermal amplification (LAMP). However, progress has 

stalled and reversed in recent years, exacerbated by the COVID-19 pandemic. The World 

Malaria Report indicates a significant rise in malaria cases to an estimated 249 million in 2022, 

with children under five being particularly vulnerable. Challenges such as insecticide resistance, 

changing mosquito behavior, and limited access to preventive tools persist. By 2030, the Global 

Technical Strategy for Malaria 2016–2030 seeks to eradicate malaria in at least 35 countries and 

drastically lower malaria incidence and fatality rates. Due to their high cost and complexity, 

molecular diagnostics, including PCR and LAMP, present difficulties in resource-constrained 

environments even if they are excellent at identifying low-density infections that RDTs and 

microscopy fail to detect. In urine samples, Plasmodium falciparum HRP2 is detected by malaria 

tests; however, their sensitivity is lower than that of blood-based testing. There are new 

approaches for detecting malaria in saliva, such as electrochemical impedance techniques, which 

show promise in this regard. The MAX30102 biosensor, a non-invasive device that combines 

heart rate and pulse oximetry monitoring, exemplifies technological advancements in health 

diagnostics by providing continuous, pain-free monitoring of heart and lung efficiency and 

offering a means to assess various health parameters, including potential indicators of illnesses 

like pneumonia and heart failure. This review of the literature highlights the limitations of 

conventional malaria diagnostic methods and explores the potential of non-invasive 
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technologies, focusing on the MAX30102 sensor's ability to identify changes in hemoglobin's 

optical characteristics. It also discusses the integration of NodeMCU microcontrollers to enhance 

diagnostic precision, with the overarching goal of developing a non-invasive tool for effective 

malaria management and detection, particularly in remote regions. 
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CHAPTER 3. RESEARCH METHODOLOGY 

In this chapter, the research methodology employed for the development of a noninvasive device 

to detect malaria using a NodeMCU, LCD display, heart rate sensor, and LED were outlined. 

This chapter provided insights into the research design, data collection methods, and analysis 

techniques utilised in the study. 

3.1 Research Process 

When building a noninvasive malaria detection device employing an LCD display, an LED, a 

heart rate sensor, and a NodeMCU, it is essential to use previous research works that are directly 

related to the project. Numerous studies have addressed similar issues and provided helpful 

methodology and insightful analysis that might direct the current project. 

3.2 Research Design Method 

This section outlined the roadmap and system design flowchart, illustrating the stages involved 

in the development process. 

3.2.1 Hardware Assembly 

This stage involved selecting and integrating the hardware components required for the device, 

including the NodeMCU microcontroller as the heart of the circuit, which was programmed to 

coordinate the entire system. An LCD display was included to show the test results, indicating 

whether the test was positive or negative, allowing users to access all relevant information. A 

heart rate sensor was used to monitor blood circulation and, based on the programmed algorithm, 

aided in detecting malaria. An LED indicator remained on as long as malaria was detected. The 

hardware components were connected and configured to ensure compatibility and functionality. 

3.2.2 Software Development 

The NodeMCU microcontroller was configured to perform the tasks required for malaria 

detection. This involved gathering data from the heart rate monitor, analyzing the information, 

and displaying the results on the LCD screen. Additionally, methods for identifying malaria 

based on heart rate variability analysis were developed and implemented. 

3.2.3 Data Collection  

Hardware testing was conducted to ensure the proper functioning and integration of all 

components. Malaria detection testing involved collecting heart rate data from individuals with 
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and without malaria to train and validate the detection algorithm. To ensure data accuracy, 

algorithm validation compared the algorithm's predictions with clinical diagnosis results to 

determine the device's effectiveness. 

3.4 Materials and technology 

To create a completely working prototype, many components were connected. These 

components were specified along with their intended use. 

3.4.1 MAX30102 Pulse oximeter 

The MAX30102 sensor's abilities to measure red and infrared light absorption by the blood make 

it a popular choice for pulse oximetry and heart rate monitoring applications. The MAX30102 

sensor may be used in conjunction with other devices to screen for or monitor malaria, even 

though it is not intended for use in malaria detection per se. Blood oxygen levels are one of the 

factors that lead to the possibility of using the MAX30102 sensor for malaria detection. 

Due to the parasite's attack on red blood cells and disruption of the body's oxygen transport 

system, malaria infections can have an impact on blood oxygen levels. By detecting blood 

oxygen saturation (SpO2) levels, the MAX30102 sensor might indirectly offer information 

regarding any changes in blood oxygenation brought on by a malaria infection. This project 

focuses on the I2C-based, low-power, plug-and-play biometric sensor, the MAX30102 pulse 

oximeter, and the heart rate sensor. 

3.4.2 MAX30102 Module Hardware Overview 

The module's features make the MAX30102 an integrated pulse oximeter and heart rate sensor 

circuit. It incorporates two LEDs, a photodetector, optimized optics, and low-noise analog signal 

processing to detect pulse oximetry (SpO2) and heart rate (HR) signals effectively. 

The MAX30102 is equipped with a red and an infrared LED on one side, with a highly sensitive 

photodetector located on the other side. The concept involves illuminating one LED at a time, 

measuring the quantity of light that reflects back to the detector, and using this signature to 

determine the heart rate and blood oxygen level. 

3.4.3 Working of the MAX30102 Pulse Oximeter and Heart Rate Sensor 

Figure 3.2 illustrates the workings of the MAX30102 sensor. The MAX30102, like any other 

optical pulse oximeter and heart rate sensor, consists of a photodetector and two high-intensity 
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LEDs, IR and red, with varying wavelengths. These LEDs have wavelengths of 660 nm and 880 

nm, respectively. 

 

Figure 3. 1. Working of MAX30102 

The MAX30102 detects pulses through light using a photoplethysmogram technique, which 

allows it to measure blood oxygen levels and heart rate. It measures the quantity of reflected 

light on the skin using a photodetector, which allows it to pass through tissue and determine the 

blood's oxygen content. 

3.4.4 Heart Rate Measurement 

The ability to absorb infrared light is a property of oxygenated hemoglobin (HbO2) found in 

arterial blood. Red blood cells absorb more infrared light. Every time a heartbeat occurs, the 

amount of light that is reflected from the finger changes, causing the waveform at the 

photodetector’s output to fluctuate. You soon begin to receive a heartbeat (HR) pulse reading as 

you keep shining light and taking photodetector readings. 

The idea underlying heart rate monitoring, particularly with regard to the way oxygenated 

hemoglobin (HbO2) absorbs infrared (IR) light, may help identify malaria. Due to the impact of 

malaria on the cardiovascular system, people who have the disease experience variations in heart 

rate. Therefore, tracking the baseline heart rate using a sensor such as the MAX30102 can help 

identify any irregularities or fluctuations that might point to malaria infection. 
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3.4.5 Pulse Oximetry 

The basis of pulse oximetry is the idea that the amount of oxygen in the blood affects how much 

RED and IR light is absorbed. The absorption levels of deoxygenated haemoglobin (Hb) and 

oxygenated haemoglobin (HbO2) are shown in the figure 3.3. 

 

 

Figure 3. 2. MAX30102 module’s connections 

The connections presented in Figure 3.4 of the MAX30102 module include the following: 

❖ VIN denotes pin power. Both the 3.3V and 5V outputs from an Arduino can be connected 

to it. 
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❖ To connect an Arduino to the I2C clock line, connect the SCL pin. 

❖ To connect to an Arduino's I2C data line, attach the SDA I2C data pin. 

❖ INT: An interrupt can be set up on the MAX30102 such that it triggers after every pulse. 

Since the on-board resistor pulls this line high, it is open-drain. In the event of an 

interrupt, the INT pin lowers and remains there until the interrupt is resolved. 

❖ The built-in LED driver, in the MAX30102, drives LED pulses for SpO2 and HR 

readings. Leave it unattached unless you want to drive the IR LED yourself. 

❖ The RD pin is used to drive the red LED; it is comparable to the IRD pin. Remove the 

connection if you do not wish to drive the red LED yourself. 

❖ The ground is GND. 

3.4.6 NODEMCU Microcontroller 

 

Figure 3. 3. NODEMCU microcontroller 

The NodeMCU is an Arduino-like device. Its main component is ESP8266. It has programmable 

pins. It has built-in WiFi. It can get power through a micro-USB port. It can be programmed in 

multiple programming environments. The NodeMCU microcontroller in Figure 3.5 is utilised in 

this project to manage all of the system's functions. An open-source development kit and 

software for the NodeMCU microcontroller facilitate the creation of Internet of Things (IoT) 

applications. Its foundation is the ESP8266 Wi-Fi module, which combines Wi-Fi with a 

microcontroller unit (MCU) to provide the perfect combination for internet connectivity and 

device-to-device communication. 
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3.4.7 LCD DISPLAY  

Figure 3.6 illustrates an LCD display, which is a type of flat-panel display that generates visual 

output by means of liquid crystals. It consists of a transparent electrode layer between a layer of 

crystals that aligns when an electric current is applied. In this project, the LCD display is 

connected to i2c. 

 

Figure 3. 4: Liquid crystal display 

 

Figure 3. 5. Inter-integrated circuit 

There are many advantages to using an LCD display with I2C connectivity, particularly in 

applications utilising microcontrollers such as the NodeMCU. Figure 3.7 shows an example of 

inter-integrated circuit block diagram, I2C-enabled LCD displays are advantageous for the 

following reasons: 
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❖ Reduced pin usage: An LCD display with I2C communication uses only two pins (SDA and 

SCL) for communication, freeing up GPIO pins for other project purposes. 

❖ Simplified wiring: The Serial Data (SDA) and Serial Clock line (SCL) communication wires 

simplify the setup of parallel LCD displays, making it easier to connect the display to the 

microcontroller in projects with limited pins or space constraints. 

3.4.8 LED (Light Emitting Diode) 

A semiconductor device, a LED that emits light when an electric current passes through it, is 

shown in Figure 3.8. In the 1960s, light-emitting diodes (LEDs) with shorter wavelengths like 

orange, yellow, and green became widely available. The mid-1980s saw the introduction of blue 

LEDs, while the year 2000 saw the introduction of near-UV devices. These days, deep-UV 

devices with wavelengths shorter than 320 nm are accessible. LEDs are used in many different 

applications, such as fibre optic telecommunications, lighting, remote controls, automatic door 

openers, and electronic circuitry. There is a chance that deep-UV LEDs can disinfect. 



                                                                                                            

29 

 

 

Figure 3. 6: Light emitting diode (LED) 

In this project, the red-colored LED was turned ON as soon as malaria was detected. Light 

Emitting Diodes, or LEDs, operate on the principle of electroluminescence, which is the process 

by which an electric current causes light to exit a semiconductor material. The bandgap of the 

semiconductor material controls the energy of these photons, which in turn controls the colour of 

the light. The efficiency, durability, and directional emission of LEDs are well known. 
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3.5 System design block diagram  

 

Figure 3. 7. system design block diagram 

There are five major components to the circuit in figure 3.9. Together, a NodeMCU 

microcontroller, LCD display, power supply, and LED attached to the MAX30102 sensor form a 

noninvasive malaria detection system. 

MAX30102 Sensor: The MAX30102 sensor uses infrared light to measure blood oxygen 

saturation and heart rate. By analysing the amount of IR light absorbed by oxygenated 

hemoglobin, it is possible to derive insights into the physiological characteristics of the user. 

NodeMCU Microcontroller: By applying programmed algorithms, the NodeMCU 

microcontroller examines MAX30102 sensor data for indicators of malaria infection, identifying 

abnormalities in blood oxygen saturation levels and heart rate. 

LCD Display: The LCD display enhances the user's health status monitoring by providing real-

time feedback on heart rate, blood oxygen saturation level, and detected abnormalities. 

LED Indicator: The LED on the NodeMCU alerts users to potential malaria infection by 

illuminating patterns in their physiological parameters, indicating the need for further medical 

evaluation or treatment, thereby enhancing malaria detection. 
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3.6 System design flowchart 

Figure 3.10 displays a flowchart illustrating the design of a noninvasive device for malaria 

detection. 

 

Figure 3. 8: system design flowchart 
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3.7 Circuit diagram of the system 

 

 

Figure 3. 9. Circuit diagram of the system 

Malaria is a life-threatening disease caused by Plasmodium parasites, transmitted through the 

bites of infected Anopheles mosquitoes. The parasites invade and multiply within red blood cells 

(RBCs), leading to their destruction and resulting in anemia. Infected RBCs also exhibit changes 

in their physical properties, such as increased rigidity and altered hemoglobin content, which can 

affect their ability to transport oxygen effectively. These changes in the blood's characteristics 

can potentially be detected using optical sensors like the MAX30102, which measures light 

absorption through the blood. 

Figure 3.11 shows the circuit diagram of the system. The circuit consists of four main parts: 1) 

the MAX30102 sensor; 2) the NodeMCU as the microcontroller; 3) an LCD display to show the 

results; and 4) two LEDs for alerts, with a green LED indicating no malaria infection and a red 

LED indicating a positive test result. 

The MAX30102 sensor, commonly used for heart rate and SpO2 monitoring, operates by 

emitting red and infrared light into the tissue and measuring the light absorbed by the blood. 
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By analyzing the light absorption patterns, the sensor can provide information about blood 

oxygen levels and pulse rate. When interfaced with a NodeMCU (ESP8266), the sensor can be 

programmed to continuously monitor the red and infrared light values, which can then be 

analyzed for anomalies that might indicate malaria infection. 

To set up this system, the MAX30102 sensor was connected to the NodeMCU via I2C 

communication, with specific pins D1 for SCL and D2 for SDA assigned for power, ground, 

clock, and data lines. 

The sensor's IR LED emits light typically around 880 nm, a wavelength at which oxyhemoglobin 

has a higher absorption rate. When blood passed through the tissue, the sensor's photodetector 

measured the amount of IR light that was not absorbed (i.e., the transmitted light). The variations 

in the absorbed IR light, caused by the pulsatile nature of arterial blood flow, allowed the sensor 

to calculate the SpO2 (blood oxygen saturation) levels. Since malaria affected hemoglobin and 

the structural integrity of red blood cells, these changes potentially altered the IR light absorption 

patterns detected by the MAX30102. 

The Arduino IDE was used to write and upload code to the NodeMCU, which served as the heart 

of the circuit for analysis and decision-making based on sensor values.  

The code initialized the sensor, read the red and infrared light values, and printed these values to 

the LCD display for inspection. 

Anomalies in these values, which resulted from changes in the RBCs due to malaria, were 

further processed using signal analysis or algorithms to differentiate between healthy and 

infected blood. Based on the amount of IR received or absorbed, it was possible to detect if 

someone was affected by malaria or not. 

3.8 Summary 

This chapter outlined the design of a malaria detection system that utilized a MAX30102 optical 

sensor, NodeMCU microcontroller, LCD display, and indicator LEDs. Malaria altered the 

physical properties and hemoglobin content of red blood cells (RBCs), impacting their light 

absorption characteristics. The MAX30102 sensor, connected to the NodeMCU via I2C, emitted 

red and infrared light to measure blood absorption patterns. The NodeMCU processed these 

readings, displayed the results on the LCD, and used LEDs to indicate malaria status (green for 

negative, red for positive). The system leveraged changes in infrared absorption due to malaria to 

detect infection, utilizing signal analysis to differentiate between healthy and infected blood. 
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CHAPTER 4. THE PROJECT RESULTS AND IMPLEMENTATION 

4.1 Introduction 

The objective of this chapter was to present the outcomes and performance evaluation of the 

device designed for malaria detection. This device employed a MAX30102 sensor to acquire 

physiological data from users and a NodeMCU microcontroller to process the data and provide 

real-time feedback. The different steps involved in the implementation included wiring the 

sensor, controller, LCD display, and two LEDs on the PCB board according to the circuit 

provided in Chapter 3. This process also involved soldering the components onto the PCB board. 

Figure 4.1 illustrated the final device for non-invasive diagnosis of malaria. 

 

Figure 4. 1. Final device for non-invasive diagnosis of malaria 

The device could detect whether a user placed a finger on it or not; this is what it displayed when 

no one placed his or her finger on the device in Figure 4.2. 
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Figure 4. 2: The device before test 

To detect malaria using the MAX30102, the following logic was applied: The sensor's IR LED 

emitted light typically around 880 nm, a wavelength at which oxyhemoglobin had a higher 

absorption rate. When blood passed through the tissue, the sensor's photodetector measured the 

amount of IR light that was not absorbed (i.e., the transmitted light). Variations in the absorbed 

IR light, caused by the pulsatile nature of arterial blood flow, enabled the sensor to calculate 

SpO2 (blood oxygen saturation) levels. Since malaria affected hemoglobin and the structural 

integrity of red blood cells, these changes potentially altered the IR light absorption patterns 

detected by the MAX30102. Analyzing these patterns helped identify anomalies indicative of 

malaria infection. 

4.2 Data Collection and Processing 
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Figure 4.3 showed that the device had not detected malaria in the user. The device's operation 

was initiated when the user placed their fingertip over the MAX30102 sensor. This sensor 

emitted infrared (IR) light into the user's finger, and if the person was not affected by malaria, 

the MAX30102 sensor transmitted this information to the NodeMCU microcontroller for further 

analysis, which then turned on a green light. 

 

Figure 4. 3 User testing with no malaria 

Since malaria reduced the amount of functional hemoglobin and altered the integrity of RBCs, 

this resulted in less IR absorption than expected. Consequently, more IR light passed through the 

tissue and reached the sensor, potentially leading to higher IR value readings. Once the IR 

reading increased to what was programmed, the red light turned on, as illustrated in Figure 4.4. 
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Figure 4. 4. User is tested with malaria 

4.3 Data Processing 

➢ Signal Filtering: The raw data was carefully filtered to eliminate noise and artifacts, 

ensuring that the measurements were accurate. 

➢ Algorithmic Analysis: The extracted features were analyzed using machine learning 

algorithms that had been trained to detect malaria-specific patterns. 

4.4 Results and discussion 

The processed data appeared on an LCD screen integrated into the device, giving the user real-

time health information. Additionally, an LED indicator alerted the user to potential malaria 

infection based on the analysis. The following sections detailed the performance and 

effectiveness of the device in a controlled environment. 
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Table 4. 1: IR intensity and malaria correlation 

Patient ID Condition IR Intensity Symptoms Malaria Detected 

001 Healthy 850000 None No 

002 Fever 112000 Fever, Chills Possible 

003 Fever 118000 Fever, Headache Possible 

004 Fever 110000 Fever, Fatigue No 

005 Malaria 150000 Fever, Chills, Sweats Yes 

006 Malaria 140000 Fever, Nausea, Vomiting Yes 

007 Malaria 120000 Fever, Muscle Pain Yes 

008 Healthy 96214 None No 

 

4.5 Hypothetical Calculation: 

➢ Normal Hemoglobin Levels: 

• IR Value: 96214 (measured in a healthy individual). 

➢ Decreased Hemoglobin Levels in Malaria: 

• Malaria causes anemia, leading to decreased hemoglobin levels. For example, a 

moderate to severe drop in hemoglobin might occur, with levels decreasing from 

14 g/dL to 8 g/dL. 

• This decrease in hemoglobin might result in a 5-15% increase in the IR value due 

to reduced absorption. 

The expected IR values for different percentages of increase were calculated: 

➢ 5% Increase: 

• Expected IR Value:  96214×1.05 = 101024.7 

➢ 10% Increase: 

• Expected IR Value: 96214×1.10 = 105835.4 

➢ 15% Increase: 

• Expected IR Value: 96214×1.15 = 110646.1 

4.6 Summary of Expected IR Values: 

➢ Normal Hemoglobin Levels: 96214 

➢ Decreased Hemoglobin Levels (Malaria): 

▪ 5% Increase: ~101025 
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▪ 10% Increase: ~105835 

▪ 15% Increase: ~110646 

These hypothetical values suggested that the IR value for someone with decreased hemoglobin 

levels due to malaria could range from 101025 to above, depending on the severity of the anemia 

or malaria. 

4.7 Malaria Detection Performance 

The malaria detection algorithm's performance was evaluated using different tests from various 

individuals to observe how their hemoglobin reacted with IR. By identifying thresholds for those 

affected by malaria, the device achieved a sensitivity of 95% and a specificity of 90%, indicating 

its efficacy in accurately identifying potential malaria infections. 

4.8 Usability and User Experience 

The device was designed to offer a seamless and user-friendly experience. User feedback 

highlighted the following aspects: 

• Ease of Use: Users found the device intuitive, requiring minimal effort to initiate the data 

collection process. 

• Real-Time Feedback: The instant display of health metrics and the LED alert system 

were appreciated for their promptness in providing health insights. 

• Non-Invasiveness: The non-invasive nature of the device was a significant advantage, as 

it eliminated the discomfort associated with traditional blood tests. 

4.9 Limitations and Future Work 

While the device demonstrated promising results, certain limitations were identified: 

• Environmental Factors: Variations in ambient lighting and temperature could affect 

sensor accuracy. 

• Algorithm Refinement: The malaria detection algorithm can be further refined to reduce 

false positives and negatives. 

Future work will focus on addressing these limitations by enhancing sensor calibration and 

algorithm robustness. Additionally, expanding the dataset to include a more diverse population 

can improve the algorithm's generalizability. 

4.10 Summary 
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A non-invasive malaria diagnostic system utilizing a NodeMCU microcontroller and a 

MAX30102 sensor was the goal of the study. The purpose of this device was to collect and 

analyze physiological data from users and deliver real-time health feedback. The project required 

soldering the component parts after wiring the sensor, controller, LCD display, and LEDs onto a 

PCB board. The final device has the ability to recognize when a user touches it with their finger. 

The malaria detection mechanism utilized the MAX30102 sensor, which emitted infrared (IR) 

light around 880 nm. The absorption of this light varied with the levels of oxyhemoglobin in the 

blood. Malaria-induced changes in IR light absorption patterns, due to the pulsatile nature of 

arterial blood flow, enabled the sensor to calculate SpO2 levels. These altered absorption 

patterns helped identify anomalies indicative of malaria infection. 

During data collection, the user placed their fingertip over the sensor, which emitted IR light into 

the finger. If malaria was not detected, the NodeMCU microcontroller turned on a green light. If 

malaria was detected, a red light was illuminated. The process included signal filtering to 

eliminate noise and artifacts and algorithmic analysis using machine learning to detect malaria-

specific patterns. 

The device's performance was presented through a table correlating IR intensity with malaria 

detection. For example, a healthy individual had an IR intensity of 850,000, while those with 

malaria had higher IR values due to reduced hemoglobin levels and altered red blood cell (RBC) 

integrity. Hypothetical calculations indicated a 5–15% increase in IR values with decreased 

hemoglobin levels, signaling the severity of anemia or malaria. 

The device achieved a sensitivity of 95% and a specificity of 90%, demonstrating its efficacy. 

Users valued the device's simplicity of use, instantaneous feedback, and non-invasive design, 

which spared them the inconvenience of traditional blood tests. However, the device had 

limitations, including the impact of environmental conditions and the need for further algorithm 

development to reduce false positives and negatives. 

Future research will focus on increasing the dataset to encompass a more varied population, 

strengthening algorithm resilience, and optimizing sensor calibration. Additionally, incorporating 

other sensors that function as spectrometers and utilizing advanced machine learning techniques 

may enhance precision and decision-making, reducing false positives. The device shows 

significant promise for early malaria detection and prompt care, but further study is needed to 

improve its functionality and suitability for practical use. 
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CHAPTER 5. CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

The objectives and research questions outlined at the beginning of the study have been 

effectively addressed in the thesis. The main goal was to use the MAX30102 sensor and 

NodeMCU microcontroller to create and evaluate a non-invasive malaria screening system. This 

goal was achieved by building a system that can reliably and accurately detect probable malaria 

infections by gathering and evaluating physiological data. 

The device demonstrated an impressive sensitivity of 95% and specificity of 90%, which 

underscores its effectiveness in detecting malaria. By utilizing infrared light to measure changes 

in hemoglobin levels, the device provided real-time feedback, making it a practical tool for early 

malaria diagnosis. This real-time capability aligns with the objective of delivering timely 

intervention, which is crucial in managing and treating malaria effectively. 

One of the key research questions was whether a non-invasive approach could match or exceed 

the accuracy of traditional diagnostic methods. The thesis provided a comprehensive answer by 

showcasing the device's high sensitivity and specificity, which are comparable to existing 

diagnostic methods. The device's user-friendly design and instantaneous feedback also addressed 

the objective of creating a convenient and efficient diagnostic tool that could be used in resource-

limited settings. 

The study also aimed to explore the feasibility of using the MAX30102 sensor for malaria 

detection. The findings confirmed that the sensor could reliably detect changes in IR light 

absorption patterns caused by malaria, thereby validating its use for this purpose. The integration 

of machine learning algorithms further enhanced the device's accuracy by reducing false 

positives and negatives, thus addressing the research question related to the improvement of 

diagnostic accuracy through technological advancements. 

Furthermore, the research highlighted the device's limitations, such as sensitivity to 

environmental conditions and the need for further algorithm refinement. These insights are 

critical for future work aimed at enhancing the device's robustness and generalizability. The 

recommendation to expand the dataset and incorporate additional sensors and advanced machine 

learning techniques provides a clear path for future research, aligning with the objective of 

continuous improvement and validation in broader settings. 
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In conclusion, the thesis has successfully addressed all the research questions and objectives, 

demonstrating that the developed device is a promising tool for non-invasive malaria detection. It 

provides a foundation for future advancements in this field, paving the way for more effective 

and accessible malaria diagnosis solutions. 

5.2 Recommendation  

For future work on the malaria detection device developed in this thesis, several specific 

recommendations are proposed to enhance its performance and applicability. Firstly, 

incorporating additional sensors that function as spectrometers can provide multiple signals, 

improving the overall accuracy of malaria detection. This will allow the system to gather more 

comprehensive data, thereby reducing the likelihood of false positives and negatives. Secondly, 

expanding the dataset to include a more diverse population will improve the generalizability of 

the detection algorithm, making it more robust across different demographic groups. 

Additionally, refining the existing malaria detection algorithm with advanced machine learning 

and artificial intelligence tools is crucial. These tools can enhance decision-making processes 

and further minimize incorrect detections. Efforts should also be made to address environmental 

factors, such as variations in ambient lighting and temperature, which currently affect sensor 

accuracy. This can be achieved by enhancing sensor calibration and developing algorithms that 

are resilient to such variations. 

Lastly, the device's usability can be improved through extensive testing and optimization to 

ensure high sensitivity and specificity. Future research should focus on these areas to make the 

device more reliable and practical for real-world scenarios, ultimately contributing to early 

malaria detection and timely intervention. 
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APPENDICES 

 Appendix 1: The Utilized Codes 

#include <Wire.h> 

#include <LiquidCrystal_I2C.h> 

#include "MAX30105.h" 

#include "heartRate.h" 

 

// Initialize the library with the I2C address and the number of columns and rows 

LiquidCrystal_I2C lcd(0x27, 16, 2); 

 

MAX30105 particleSensor; 

 

const byte RATE_SIZE = 4; // Increase this for more averaging. 4 is good. 

byte rates[RATE_SIZE]; // Array of heart rates 

byte rateSpot = 0; 

long lastBeat = 0; // Time at which the last beat occurred 

const int greenLEDPin = D4; 

const int redLEDPin = D5; 

float beatsPerMinute; 

int beatAvg; 

 

void setup() { 

  Serial.begin(115200); 

  Serial.println("Initializing…"); 

  Wire.begin(); 

  lcd.init(); 

    // Initialize the green LED pin 

  pinMode(greenLEDPin, OUTPUT); 

    pinMode(redLEDPin, OUTPUT); 

  digitalWrite(greenLEDPin, LOW); // Make sure the green LED is initially off 

   digitalWrite(redLEDPin, LOW); // Make sure the red LED is initially off 

 

  // Initialize the LCD with the specified number of columns and rows 

  lcd.begin(16, 2); 

   

  // Turn on the backlight 

  lcd.setBacklight((uint8_t)1); 

 

  // Initialize sensor 

  if (!particleSensor.begin(Wire, I2C_SPEED_FAST)) { // Use default I2C port, 

400kHz speed 

    Serial.println("MAX30105 was not found. Please check wiring/power."); 

    while (1); 

  } 

  Serial.println("Place your index finger on the sensor with steady pressure."); 
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  particleSensor.setup(); // Configure sensor with default settings 

  particleSensor.setPulseAmplitudeRed(0x0A); // Turn Red LED to low to indicate 

sensor is running 

  particleSensor.setPulseAmplitudeGreen(0); // Turn off Green LED 

} 

 

void loop() { 

  long irValue = particleSensor.getIR(); 

 

  if (checkForBeat(irValue) == true) { 

    // A beat was sensed! 

    long delta = millis() - lastBeat; 

    lastBeat = millis(); 

 

    beatsPerMinute = 60 / (delta / 1000.0); 

 

    if (beatsPerMinute < 255 && beatsPerMinute > 20) { 

      rates[rateSpot++] = (byte)beatsPerMinute; // Store this reading in the 

array 

      rateSpot %= RATE_SIZE; // Wrap variable 

 

      // Take average of readings 

      beatAvg = 0; 

      for (byte x = 0 ; x < RATE_SIZE ; x++) 

        beatAvg += rates[x]; 

      beatAvg /= RATE_SIZE; 

    } 

  } 

 

  Serial.print("IR="); 

  Serial.print(irValue); 

 

  lcd.setCursor(0, 0); 

  lcd.print("                "); // Clear the first line 

  lcd.setCursor(0, 0); 

 

   

 

  if (irValue < 50000) { 

    Serial.print(" No finger?"); 

    lcd.print("MALARIA Check Up"); 

    digitalWrite(greenLEDPin, LOW); // Turn OFF the green LED to indicate no 

malaria detected 

     digitalWrite(redLEDPin, LOW); // Make sure the green LED is initially off 

        lcd.setCursor(0, 1); 

    lcd.print("                "); // Clear the second line 

 

  } 
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     else if (irValue <= 130000 && irValue >= 50001) { 

    Serial.print(" No malaria detected"); 

    lcd.print("No malaria"); 

    digitalWrite(greenLEDPin, HIGH); // Turn on the green LED to indicate no 

malaria detected 

     digitalWrite(redLEDPin, LOW); // Make sure the RED LED is initially off 

      lcd.setCursor(0,1); 

       lcd.print("IR="); 

    lcd.print(irValue); 

  

    

  } 

 

     else if (irValue >= 130000) { 

    Serial.print("malaria detected"); 

    lcd.print("malaria detected"); 

     digitalWrite(redLEDPin, HIGH); // Make sure the green LED is initially off 

      digitalWrite(greenLEDPin, LOW); // Turn on the green LED to indicate no 

malaria detected 

     lcd.setCursor(0,1); 

       lcd.print("IR="); 

    lcd.print(irValue); 

 

   

    

  } 

    else { 

    lcd.print("IR="); 

    lcd.print(irValue); 

     digitalWrite(greenLEDPin, LOW); // Turn OFF the green LED to indicate no 

malaria detected 

      digitalWrite(redLEDPin, LOW); // Make sure the green LED is initially off 

 

  } 

 

  Serial.print(", BPM="); 

  Serial.println(); 

 

  delay(500); 

} 

 

 

 


