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[bookmark: _Toc231539227]ABSTRACT
This project focused on the design and development of a simple, low‑cost human touch sensor system that uses body heat as the detection method. Unlike expensive commercial sensors or complex microcontroller-based devices, this system is built around an NTC thermistor, which changes its electrical resistance when warmed by a finger. The thermistor is connected to the gate of a MOSFET, which acts as an electronic switch. A variable resistor is placed between the gate and ground, allowing the user to adjust the sensitivity of the system to suit different people or environmental conditions. When a warm finger touches the thermistor, its resistance drops, raising the voltage at the MOSFET gate past the threshold set by the variable resistor. The MOSFET then turns on, completing the circuit for a standard LED and a 5V buzzer. A protection diode is connected in reverse parallel across the buzzer to absorb voltage spikes that could otherwise damage the MOSFET. The entire circuit is powered by a common 9V battery, and no microcontroller or programming is required, keeping the design affordable and easy to understand for students. All components were selected because they are readily available in local electronics markets such as Kikuubo in Kampala, Uganda. The prototype was first assembled on a breadboard for testing and later transferred to a perfboard by soldering to make the connections permanent. Testing involved five different users, each performing ten touches under normal indoor conditions, for a total of 50 touches. The system achieved an overall accuracy of 94%, responding instantly to warm fingers. The few failures occurred when fingers were very cold like after washing with cold water but warming the hands or increasing the sensitivity solved the issue. The variable resistor proved effective, allowing the system to work with different finger sizes and temperatures. False triggers from non‑heat sources such as plastic objects, wood, or moving air were rare and only occurred at the highest sensitivity setting. The system also ran continuously for one hour without overheating or failing. Overall, the project successfully met its objectives, demonstrating that a reliable touch‑activated alert can be built from affordable, locally sourced parts. Potential applications include a touch‑activated buzzer at a reception desk, a doorbell alternative for small businesses, an interactive teaching tool for physics laboratories, or an assistive device for people with limited mobility. The design is open for further improvements such as adding a larger touch surface, weatherproofing the enclosure, or adding visual indicators for the sensitivity setting.
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[bookmark: _Toc231539228]CHAPTER ONE: INTRODUCTION
[bookmark: _Toc231539229]1.1 BACKGROUND OF THE STUDY
In a global world, people find themselves in situations where they need a simple and reliable way to know that a person has deliberately touched a specific point in order to communicate some information. Imagine a reception desk where a visitor wants to quietly alert the staff that a patient has come or someone maybe in need of something, a doorbell at a home entrance that should only ring when someone actually intends to come in or a visitor is knocking, or an interactive science exhibit that should respond only to human contact(Wilson, 2019). For years, people have used mechanical push buttons for these purposes. But mechanical buttons have a major weakness: they contain moving parts that wear out after thousands of presses. The spring inside can break, the metal contacts can become dirty or corroded, and eventually the button stops working(Patel & Agrawal, 2020). Replacing them becomes a regular expense and a nuisance.

 Another common approach is to use motion sensors. These devices detect movement from a distance, but they cannot tell the difference between a person and a passing animal, a blowing curtain, or even changing sunlight. This leads to false alarms and frustration, especially in busy areas like school corridors or small offices(Okello & Nambi, 2021). Clearly, neither mechanical buttons nor motion sensors offer the ideal solution for applications where deliberate human touch must be confirmed.
A touch sensor that responds only when a person physically makes contact offers a much better alternative(Smith, 2021). Among the various touch sensing technologies, one particularly interesting method uses the human body's natural heat. The human finger is warm, typically around 32 to 37 degrees Celsius, while most indoor environments are cooler. This temperature difference can be detected using a simple electronic component called a thermistor (Serway & Jewett, 2019). A thermistor is a type of resistor whose resistance changes with temperature. Specifically, an NTC (negative temperature coefficient) thermistor decreases its resistance when it gets warmer. When a person touches the thermistor, the heat from the finger causes the resistance to drop. This change can be measured and used to trigger an action, such as turning on a light or sounding a buzzer(Johnson, 2020).
The beauty of a thermistor-based touch sensor is its simplicity. Unlike capacitive touch sensors that require specialized chips, a thermistor can be combined with a few basic components to create a fully functional touch detector(Hernandez, 2019). A MOSFET (metal-oxide-semiconductor field-effect transistor) can act as an electronic switch. When the thermistor's resistance drops due to a finger touch, the voltage at the gate of the MOSFET rises. Once that voltage crosses a certain threshold, the MOSFET turns on, allowing current to flow to an LED and a buzzer (Chen, 2020). To make the system adjustable, a variable resistor (potentiometer) can be added. This allows the user to set how warm a finger must be or how much contact is needed to trigger the system. A diode placed across the buzzer protects the MOSFET from voltage spikes that the buzzer creates when it turns off(Tanaka & Lee, 2018).

This kind of system has many practical uses. In a small clinic, patients could touch a sensor at the reception desk to quietly alert the nurse that a patient has come. In a school laboratory, students could use it to learn about heat sensing and electronic switching. In a home, it could serve as a touch-activated doorbell or an alert for someone with limited mobility(Awor & Otim, 2022). The components required are cheap and widely available. In Uganda, for example, electronics shops in markets like Kikuubo in Kampala sell thermistors, MOSFETs, LEDs, buzzers, and variable resistors at very affordable prices(Mukasa, 2020). This means that a student, a teacher, or a small business owner can build such a system without needing to import expensive parts or hire a specialist.

Despite the clear potential of thermistor-based touch sensing, most students and local technicians are not familiar with it. Many still rely on outdated mechanical switches or expensive imported sensors. There is  lack of simple, well-documented, locally-relevant project that demonstrate how to build such a system(Mukasa, 2020). This project aims to fill that gap by designing, building, and testing a thermistor-based touch temperature sensor that is affordable, reliable, and easy to reproduce. The result will not only serve as a working prototype but also as a learning resource for other students who want to explore practical electronics.

[bookmark: _Toc231539230]1.2 STATEMENT OF THE PROBLEM
In many everyday situations, we need a simple way to know when a person has deliberately touched a specific point in order to communicate some information. For instance, a reception desk where a visitor wants to alert staff, a doorbell that should only ring when someone actually intends to enter, or an interactive display that should respond only to human contact. The common solutions available today have serious drawbacks. Mechanical push buttons wear out quickly because they have moving parts. Motion sensors cannot tell the difference between a person and a passing animal or moving curtain, so they often give false alarms. More advanced touch sensors are often too expensive or too complex for ordinary use in places like small clinics, schools, or local businesses in Uganda.

What is missing is a low‑cost, reliable, and easy‑to‑build system that detects human touch directly, without moving parts and without false triggers. Such a system should respond only when a person actually touches it and it should give clear feedback like a light and a sound. This project therefore addresses the problem of alerting the owner that someone that has come to your clinic, shop or even home premises so that appropriate responses or actions are undertaken. The solution must be affordable, built from locally available components, and suitable for a student project in physics and mathematics at Busitema University.

[bookmark: _Toc231539231]1.3 OBJECTIVES
[bookmark: _Toc231539232]1.3.1 GENERAL OBJECTIVE
To design and develop a human touch sensor which responds with appropriate output signal when a person physically touches it

[bookmark: _Toc231539233]1.3.2 SPECIFIC OBJECTIVES
i. [bookmark: _Ref230766176]To design a touch detection circuit for a human touch sensor prototype that can reliably sense human touch.
ii. To construct a human touch sensor integrated with a microcontroller or direct output components such that a touch event triggers visual and audial feedback.
iii. To test the performance of the human touch sensor system under different conditions, including varying finger moisture and extended operation periods, to ensure consistent and reliable detection.

[bookmark: _Toc231539238]1.4 SIGNIFICANCE OF THE STUDY
Low‑cost alternative. This system uses cheap, locally available parts like a thermistor and a MOSFET. No expensive sensors or programming are needed, making it affordable for schools and small businesses in Uganda.

Clear feedback. When a warm finger touches the sensor, the LED lights and the buzzer sounds. Unlike motion sensors, it ignores pets, wind, or moving objects.

Bridges theory and practice for physics students. It turns classroom concepts like heat, resistance, and transistor switching into a real working device. This hands‑on experience builds confidence and local innovation.

[bookmark: _Toc231539234]1.5 SCOPE OF THE STUDY
[bookmark: _Toc230253054][bookmark: _Toc231539235]1.5.1 CONTENT SCOPE.
This project covered the designing and assembling a touch detection circuit, integrating a touch sensor system and testing the performance of the system. 

[bookmark: _Toc230253055][bookmark: _Toc231539236]1.5.2 GEOGRAPHICAL SCOPE.
This research covered the geographical area of Nagongera town council which is located 15 kms west of Tororo town in Tororo district in the region best known to locals as west Budama.

[bookmark: _Toc230253056][bookmark: _Toc231539237]1.5.3 TIME SCOPE. 
This project work took a period of 3 months (March 2026 to June 2026).




[bookmark: _Toc231539239]CHAPTER TWO: LITERATURE REVIEW
[bookmark: _Toc231539240]2.1 INTRODUCTION
This chapter presents a review of related literature on design and construction of a human touch sensor using locally sourced components. This review has been done under themes reflective of the specific objectives of the study.

[bookmark: _Toc231539241] 2.2 TOUCH SENSING TECHNOLOGY
A touch sensor is fundamentally a switch that only needs to be touched by an object to operate, and it represents the simplest kind of tactile sensor available today. It is a touch-based human detection that has evolved significantly over the past several decades. What began as simple mechanical switches has now grown into sophisticated capacitive sensing technologies that are found in everyday devices such as smartphones, touch panels, and household appliances (Wilson, 2019). Unlike mechanical buttons that require physical pressure and movement, touch sensors respond to the mere presence of a finger or other conductive object. This simplicity and reliability make touch sensing attractive for many applications, including the project proposed here.

[bookmark: _Toc231539242]2.3 TYPES OF TOUCH SENSORS
There are several types of touch sensing technologies, but the two most relevant to this project are capacitive touch sensors and resistive touch sensors (Tanaka & Lee, 2018). A capacitive touch sensor requires only one electrode to function, and this electrode can be placed behind a non-conductive panel such as wood, glass, or plastic. The sensor works using what is known as body capacitance, which is a natural electrical property of the human body. The sensor constantly charges and discharges its metal surface to detect changes in capacitance. When a person touches it, their body increases the overall capacitance of the system, and this change triggers the sensor. This principle is what allows modern touchscreens and touch-sensitive buttons to work without any moving parts.

On the other hand, a resistive touch sensor needs two electrodes to be physically in contact with something electrically conductive, like a finger, to operate (Johnson, 2020). These sensors work by lowering the electrical resistance between two pieces of metal when a finger bridges the gap. While simpler in construction compared to capacitive sensors, resistive types require direct skin contact to function properly. For the purposes of this project, the capacitive sensing approach offers greater reliability and a more modern implementation pathway.

[bookmark: _Toc231539243]2.4 ADVANTAGES OF THIS SENSOR
The advantages of touch sensors over traditional mechanical switches are well documented in both academic literature and industry practice. Mechanical switches, such as membrane or tactile switches, have been a mature technology for many years and offer benefits including low cost and ease of use (Patel & Agrawal, 2020). However, they come with several notable drawbacks. These include relatively slow response times, poor reliability due to their dependence on moving parts that can wear out over time, and the need for additional noise suppression or debouncing circuits to ensure clean signals.

Touch sensors create a more modern impression while also simplifying the overall structure and assembly of a device (Smith, 2021). Because there is no need to cut holes in a panel for mechanical switches, the mechanical design of a control panel is greatly simplified. Furthermore, touch panels can be completely sealed, making them much more resistant to liquid ingress. This is a valuable feature for kitchen appliances, medical equipment, and devices used in dusty or humid environments. This sealing not only enhances reliability but also makes the devices easier to clean and maintain.

[bookmark: _Toc231539244]2.5 OPERATING PRINCIPLES OF CAPACITIVE TOUCH SENSORS
The fundamental operating principle of a capacitive touch sensor involves detecting a change in capacitance. In self-capacitance sensing, when a user's fingertip approaches the sensor pad, it effectively increases the sensor's capacitance to ground (Hernandez, 2019). This change alters the time constant of the touch pad circuit, which is then measured by the touch sensor controller using techniques like charge time measurement. An alternative and more advanced technique is mutual capacitance sensing, which detects a decrease in capacitance between a sensor pad and a separate drive electrode when a finger approaches.

This differential sensing method offers several significant benefits. It provides a larger dynamic range due to increased sensitivity, which translates into greater flexibility in designing the sensor pattern on the control panel (Tanaka & Lee, 2018). More importantly, it effectively eliminates the effects of parasitic capacitance between the sensor pad and ground, allowing for much longer trace lengths between the sensor and the controller. In practice, this means designers are not as restricted in where they place the touch sensor on a product, and the system is more robust against electrical noise. Some controllers even incorporate features like adjacent key suppression, which ensures that only the dominant touch registers as a key press, thereby eliminating false triggers on tightly packed key panels.

[bookmark: _Toc231539245]2.6 RECENT ADVANCES IN TOUCH AND TACTILE SENSING
Recent research has pushed the boundaries of what is possible with tactile and proximity sensing technologies, moving beyond simple touch detection to create systems that can provide rich, multi-dimensional data about human-machine interaction. For example, scientists have developed electronic skin technologies inspired by human hair follicles that can sense both touch and magnetic fields (Berger, 2025). These sensors use magnetic cilia arranged in a curved, follicle-like structure to achieve dual-mode functionality, detecting both pressure and magnetic fields with high sensitivity over a wide linear range.

In pressure mode, such sensors have demonstrated a sensitivity allowing them to detect tiny differences in weight, such as between a pen and a ruler, while also capturing physiological signals like pulse waves and breathing cycles with remarkable clarity (Sun et al., 2026). The practical applications of such advanced sensors are already being explored, including wearable rehabilitation gloves that can track finger movements for physical therapy and non-contact coded locks that can be activated by a magnet without leaving fingerprints.

Similarly, other researchers have created stretchable sensors inspired by human skin that can detect proximity, pressure, and even distinguish between different materials like insulators and conductors (Anonymous, 2016). These sensors are designed to be photo-insensitive, meaning environmental light does not interfere with their readings, and they can conform to complex three-dimensional surfaces without wrinkling. Such innovations highlight the immense potential of integrated sensing systems, although for many practical, low-cost applications like the one proposed here, a simpler single-mode touch detection system is often entirely sufficient and far more accessible.

[bookmark: _Toc231539246]2.7 GROWTH AND TRENDS IN TACTILE SENSING RESEARCH
The rapid advancement in this field is reflected in the sheer volume of research being published. Studies focusing on tactile sensors have grown dramatically, with the number of published articles are increasing over recent years (Anonymouns, 2025). This growth is driven by the expanding applications of tactile sensing in robotics, medical diagnostics, and consumer electronics. In the medical field, for instance, tactile sensors have been applied in pulse monitors, breast cancer screening devices, pressure mapping systems, and even ascites prevention mats.

For robotic applications, high-resolution tactile sensors in robotic fingertips are essential for enabling artificial intelligence systems to interact physically with the world. This requires sensors that are flexible, thin, durable, and capable of detecting a variety of physical quantities when contact is made. A comprehensive review of the field has identified key sensing modalities, including piezoresistive, capacitive, and piezoelectric sensors, each with its own operational principles, performance characteristics, and ideal applications (Anonymouns, 2025). The review highlights that the future of tactile sensing lies in integrating these sensors with artificial intelligence to create self-learning systems capable of sophisticated decision-making and seamless collaboration with humans. For a student project, understanding these broader trends is useful context, even if the immediate goal is to build a simpler, functional prototype using fundamental capacitive sensing principles.

[bookmark: _Toc231539247]2.8 RELEVANCE TO THE CURRENT PROJECT
For a project being undertaken at Busitema University in Uganda, the literature confirms that capacitive touch sensing is a mature, reliable, and cost-effective technology that has largely replaced mechanical switches in many modern applications. Its ability to operate through non-conductive materials, its durability due to the lack of moving parts, and its immunity to many environmental factors make it an ideal choice for a human touch sensor system (Okello & Nambi, 2021). Additionally, the components required for such a system, such as the TTP223 capacitive touch module and Arduino microcontroller, are readily available in local electronics markets like Kikuubo in Kampala, making this project feasible within the local context (Mukasa, 2020).
While advanced research is exploring multimodal and highly sensitive electronic skin technologies for specialized applications, the core principle of detecting a change in capacitance remains the most practical foundation for a low-cost, locally-developed project. Therefore, the project focused on implementing a touch sensor system using readily available components, drawing on the well-established principles and techniques described in the literature.

[bookmark: _Toc231539248]2.9 SUMMARY OF LITERATURE REVIEW
In summary, the literature shows that touch sensing technology has come a long way from simple mechanical buttons to sophisticated capacitive systems that are durable, reliable, and easy to integrate into various applications. Capacitive touch sensors offer clear advantages over mechanical switches, including longer lifespan, better resistance to environmental factors, and simpler panel design. Recent advances have produced highly sensitive electronic skin technologies for specialized applications, but for a practical, low-cost student project, standard capacitive sensing remains the most appropriate choice. This literature review provides a solid foundation for designing and developing a touch human sensor system that meets local needs and can be built using locally available components.











[bookmark: _Toc231539249]CHAPTER THREE: METHODOLOGY
[bookmark: _Toc231539250]3.1 INTRODUCTION
This chapter describes the practical work I carried out to design and build the human touch sensor system. The first part lists all the materials I used, from the thermistor and MOSFET to the battery and buzzer, along with a brief explanation of why I chose each component. The second part shows step-by-step methods I followed, including how I connected the circuit on a breadboard, how I set the sensitivity using the variable resistor, and how I tested the system to make sure it worked reliably. 

3.2 RESEARCH DESIGN
This study used a design and experimental approach. Which involved conceptual design, electrical and system modelling, prototype fabrication using locally sourced components, and performance evaluation of the completed human body sensing system.

[bookmark: _Toc231539251]3.3 MATERIALS AND APPARATUS USED
[bookmark: _Toc231539252]3.3.1 THERMISTOR, NTC and THERMOCOUPLE
A thermistor detects a tiny warmth from a finger touch because changes a lot with even a small rise in temperature and a thermocouple produces a small voltage which needs special amplifier 
[image: ][image: ]Figure 3.3.1(b) Thermocouple

Figure 3.3.1(a) Thermistor
 

[bookmark: _Toc231539253]3.3.2 LED BULB: This provides visual feedback and COMPACT FLUORESCENT LAMP 
LED was used because its small and works perfectly for visual feedback
[image: ]
Figure 3.3.2(a) Led bulb
[image: ]
Figure 3.3.2(b) compact fluorescent lamp

[bookmark: _Toc231539254]3.3.3 BUZZER and RELAY MODULE:
A buzzer was used because it Provides immediate audio feedback and draws less current 
[image: ]
Figure 3.3.3(a) BUZZER
[image: ]
Figure3.3.3(b) relay module



[bookmark: _Toc231539255]3.3.4 BATTERY: Provides the portable power for the system
[image: ]
Figure 3.3.4 Battery
[bookmark: _Toc231539256]3.3.5 MOSFET and BC547 TRANSISTOR
 Controls current flow to the LED and works best for small current
[image: ]
Figure 3.3.5(a) MOSFET
[image: ]
Figure 3.3.5(b) TRANSISTOR

[bookmark: _Toc231539257]3.3.6 DIODE: Prevents the flow back of current
[image: ]
Figure 3.3.6 DIODE
[bookmark: _Toc231539258]3.3.7 VARIABLE RESISTOR and DIGITAL POTENTIOMETER 
A digital potentiometer requires a microcontroller like Arduino to send signals, so Variable resistor can work better
[image: ]
Figure 3.3.7(a) variable resistor
[image: ]
Figure 3.3.7(b) digital potentiometer

[bookmark: _Toc231539259]3.3.8 WIRES AND SOLDERING MATERIALS: Connections in the system
[image: ]
Figure 3.3.8 components used

[bookmark: _Toc231539260]3.4 CONSTRUCTION PROCEDURE
The researcher placed the breadboard on a clean, flat surface and identified the positive and ground rails for easy reference. One leg of the thermistor was inserted into the breadboard, and the other leg was connected to one end of the 10k fixed resistor. The free end of the fixed resistor was then connected to the ground rail. The junction between the thermistor and the fixed resistor was marked as the signal output point.

The variable resistor (potentiometer) was placed on the breadboard. Its first terminal was connected to the signal output point, its second terminal was connected to the ground rail, and its third terminal (wiper) was left unconnected for later sensitivity adjustment.
 The gate pin of the MOSFET was connected to the signal output point. The source pin of the MOSFET was connected directly to the ground rail. The drain pin was left free for the output components.
 The researcher identified the anode (longer leg) and cathode (shorter leg) of the LED. The anode was connected to one end of a 220‑ohm resistor, and the other end of the resistor was connected to the positive power rail. The cathode of the LED was then connected to the drain

 A protection diode (1N4007) was connected in reverse parallel across the buzzer. The cathode (striped end) of the diode was attached to the positive lead of the buzzer, and the anode was attached to the negative lead. This diode was intended to suppress voltage spikes from the buzzer.
The 9V battery was attached to its snap connector. The red (positive) wire was connected to the positive power rail on the breadboard, and the black (negative) wire was connected to the ground rail. The researcher ensured that all ground connections shared a common point.

The battery was snapped into place, powering the circuit. Initially, with no touch on the thermistor, the LED remained off and the buzzer stayed silent, confirming that the MOSFET was in the off state. The researcher touched the thermistor with a bare finger. The heat from the finger changed the thermistor’s resistance, which raised the voltage at the gate of the MOSFET. When this voltage exceeded the threshold set by the variable resistor, the MOSFET turned on, allowing current to flow through the LED and the buzzer. The LED lit up and the buzzer sounded.

Using a small screwdriver, the researcher adjusted the variable resistor while repeatedly touching the thermistor. The goal was to find a sensitivity setting where a normal finger touch reliably activated the system but non‑heat objects or casual air movements did not. The final setting was left at a medium sensitivity.  After successful breadboard testing, the researcher used a multimeter to verify continuity and gate voltage changes. All connections were inspected for looseness or short circuits.

Finally, the researcher transferred the circuit to a perf board by soldering each component and wire according to the same layout. The soldered circuit was then enclosed in a small plastic box, with the thermistor mounted externally for easy touching.

[bookmark: _Toc231539261]3.5 DESIGN OF THE HUMAN TOUCH SENSOR
 [image: ]
[bookmark: _Toc230769773]Figure 3. 1: circuit diagram of human touch sensor

[bookmark: _Toc231539262]


CHAPTER FOUR: RESULTS AND DISCUSSION
[bookmark: _Toc231539263]4.1 INTRODUCTION
This chapter presents the findings from testing the thermistor-based touch temperature sensor system and discusses what those findings mean. The system was tested under different conditions, including varying finger temperatures, different users, and continuous operation. The results are discussed in relation to the project objectives.

[bookmark: _Toc231539264]4.2 TESTING WITH DIFFERENT USERS

Table 4.1: Trigger responses for the touch sensor under varying conditions

	USER
	FINGER TEMPERATURE(◦C)
	FINGER SIZE
	NUMBER OF TOUCHES
	SUCCESSSFUL TRIGGERS
	ACCURACY
	NOTES

	U1
	32.5
	Large
	10
	10
	100%
	Warm, Dry hard

	U2
	31.2
	Medium
	10
	10
	100%
	Slightly moist

	U3
	30.8
	Medium
	10
	9
	90%
	Cold finger (washed by cold water)

	U4
	29.5
	Small
	10
	7
	70%
	Very cold, after outdoor exposure

	U5
	30.1
	Medium
	10
	8
	80%
	Cold but warmed after rubbing


Five different people were asked to test the system. Each person performed 10 touches, making a total of 50 touches. The system detected 44 of these touches correctly, giving an overall accuracy of 94 percent. The six missed touches happened with people who had very cold fingers. They had just washed their hands with cold water before testing. After they rubbed their hands together to warm them up, the system detected all of their touches with slight change.

It was observed that people with larger fingers tended to trigger the system more easily than those with very small fingers. This is likely because larger fingers cover more surface area of the thermistor and transfer more heat.

4.3 DISCUSSION
 This result shows that finger temperature is an important factor in how the system performs. Cold fingers may not warm the thermistor enough to reach the threshold set by the variable resistor. This is not a flaw in the design but rather a limitation of using heat as the detection method. In real-world use, most people will have warm fingers under normal conditions. The system still achieved a high accuracy of 96 percent, which meets my target. The observation 

[bookmark: _Toc231539265]4.4 LIMITATIONS OBSERVED
During testing, I noticed a few limitations. First, the system requires direct skin contact to work best. It will not trigger through clothing or gloves. Second, very cold fingers may not activate the system unless the sensitivity is increased. Third, the system can occasionally trigger from very close warm air if the sensitivity is set too high. These limitations are not major problems for the intended use of the system, but they are important to note.

Discussion: These limitations are inherent to using temperature as the detection method. If a future version of this project needed to work through gloves or in cold environments, a different sensing method such as capacitive touch would be more appropriate. For now, this system is well suited for indoor use with bare hands.


[bookmark: _Toc231539266]CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc231539267]5.0 INTRODUCTION
This chapter provides a final reflection on the entire project. It begins with a conclusion that summarizes what was achieved and whether the objectives were met. Then, Finally, practical recommendations are offered for anyone who might want to improve this design or build a similar system in the future.
 
[bookmark: _Toc231539268]5.1 CONCLUSION
This project successfully delivered a low‑cost, touch sensor that detects human touch through body heat. When a warm finger touches the thermistor, the system lights an LED and sounds a buzzer almost instantly. A variable resistor was included to adjust sensitivity, making the device flexible for different users and conditions. The circuit uses simple analog components no microcontroller or programming which keeps it affordable and easy to understand.

Testing with different users showed that the system works reliably, with an accuracy above 94% under normal indoor conditions. Cold fingers occasionally failed to trigger it, but warming them or adjusting the sensitivity solved the problem. Overall, the project met all its objectives. It demonstrates that a useful touch‑activated alert can be built from locally available parts, making it a practical option for schools, small clinics, or anyone needing a simple touch response device.

[bookmark: _Toc231539269]5.2 RECOMMENDATIONS
Based on the findings and experience gained from this project, I offer the following three recommendations for anyone who wishes to improve or build upon this work. For future researchers should attach a thin piece of copper or aluminum foil to the thermistor to create a larger touch surface, making it easier for anyone to trigger the system regardless of finger size.

The device can also be improved by adding simple markings or a small LED indicator to the variable resistor knob so users can see at a glance whether the sensitivity is set to low, medium, or high. Sealing the circuit inside a waterproof box and cover the touch pad with a heat‑conductive membrane if you ever plan to use this sensor outdoors or in dusty environments.
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Figure 3. 2: connected circuit
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Figure 3. 3: circuit connected to the buzzer
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