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ABSTRACT 

This thesis presents the design and development of a gyrocompass, intended for night 

navigation, leveraging modern Microelectromechanical Systems (MEMS) technology and 

accessible microcontrollers. Initially, the project aimed to replicate a traditional gyrocompass, 

which utilized an electromechanical gimbal (Cardan) and a rotor driven by a 36V, 3-phase, 

400Hz motor. However, due to the high precision manufacturing requirements and the absence 

of necessary test benches in Pakistan, replicating 'Cardan' locally was deemed impractical. 

Furthermore, suitable replacements were unavailable in both local and international markets. 

To overcome these challenges, an alternative solution was devised using a MEMS-

based Inertial Measurement Unit (IMU) MPU6050, an organic light-emitting diode (OLED) 

display, and an Atmega328P microcontroller. The resulting gyrocompass achieved an accuracy 

of ±1 degree and was successfully tested at the Advanced Systems Rebuild Factory (ASRF), 

Heavy Industries Taxila (HIT), Pakistan, and functional and fitment test at 608 Regional 

Workshop EME. The primary technical challenge encountered was the accumulation of errors 

over time, which was effectively mitigated through the implementation of an Extended Kalman 

filter. 

This work demonstrates a cost-effective and practical approach to developing a 

gyrocompass suitable for night navigation, showcasing the potential of MEMS technology and 

modern microcontrollers in precision navigation applications. 

Keywords: Gyrocompass, Night Navigation, MEMS Technology, Kalman Filter, Error 

Mitigation, Precision Navigation, Reverse Engineering 
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CHAPTER 1 - INTRODUCTION  

1.1 Background 

Gyrocompasses are critical devices used in navigation to maintain a fixed 

direction relative to the Earth's surface [1]. Traditional gyrocompasses rely on 

mechanical components, including gimbals and rotors spun by high-frequency motors. 

These devices provide accurate directional guidance essential for various applications, 

including military and civilian navigation[2]. However, the manufacturing and 

maintenance of such mechanical gyrocompasses require high precision and specialized 

equipment, often unavailable in many regions, including Pakistan [3]. 

1.2 Problem Statement 

The electro-mechanical gyro, which served as the pivotal component in the 

original gyrocompass intended for reverse engineering in this project, presented a host 

of formidable challenges. This gyro was a marvel of precise engineering, relying 

heavily on the meticulous manufacturing of its mechanical parts, where even the 

smallest deviation could lead to significant inaccuracies in its performance. The 

intricate nature of its design required not only high precision in machining and assembly 

but also the use of specialized test benches for counterweight adjustments—an essential 

step to ensure the gyro's balance and stability during operation. Unfortunately, these 

sophisticated test benches, along with the necessary expertise to operate them, were not 

readily available locally. This lack of infrastructure and specialized equipment made 

the task of replicating the electro-mechanical gyro using local resources exceedingly 

difficult, if not impossible. 

In addition to the challenges posed by the precision manufacturing 

requirements, attempts to source a suitable replacement from international markets 

added another layer of complexity to the project. The search for an identical or 
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functionally equivalent electro-mechanical gyro involved navigating a myriad of 

logistical hurdles, including high costs, long lead times, and stringent import 

regulations. Moreover, even if such a component could be sourced, the integration and 

adaptation to the existing system would have required extensive re-engineering efforts, 

further compounding the project’s difficulties.  

Faced with these insurmountable obstacles, it became clear that an alternative 

solution was necessary—one that could be developed locally, leveraging the resources 

and technologies available within the region. This realization marked a pivotal shift in 

the project’s direction, leading to the exploration of modern alternatives to the 

traditional electro-mechanical gyro. The team ultimately decided to adopt a MEMS-

based approach, utilizing a microelectromechanical system (MEMS) gyro, which, 

while fundamentally different in operation, could provide the necessary directional 

accuracy for a gyrocompass. The MEMS technology offered several advantages, 

including ease of integration, lower production costs, and the ability to be calibrated 

and tested with the tools and expertise available locally. 

This shift from an electro-mechanical to a MEMS-based gyrocompass was not 

merely a workaround but a strategic decision that opened up new possibilities for 

innovation and customization. It allowed the project to proceed without being 

constrained by the limitations of high-precision mechanical manufacturing and the 

dependency on foreign components. Instead, the focus shifted to software development 

and the implementation of advanced algorithms, such as the Kalman filter, to enhance 

the performance of the MEMS-based system. In this way, the project not only overcame 

the initial challenges but also set a precedent for how modern technology can be 

harnessed to solve complex engineering problems in resource-limited environments. 
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1.3 Objectives 

This thesis aims to design and develop a gyrocompass using modern MEMS technology 

and accessible microcontrollers, specifically targeting night navigation applications. 

The objectives include: 

1.3.1 Design and develop a gyrocompass using MEMS technology 

1.3.2 Desing of New Casing  

1.3.3 Selection of best-suited low-cost microcontroller 

1.3.4 Ensuring an accuracy of ±1 degree. 

1.4 Scope 

The scope of this project is broad and ambitious, encompassing the comprehensive 

design, development, and rigorous testing of a MEMS-based gyrocompass. This device 

is intended to serve as a highly precise and reliable tool for night navigation, where 

traditional methods may falter due to limited visibility and other environmental 

challenges. The project aims not only to create a functional gyrocompass but also to 

ensure that it meets the stringent requirements necessary for effective night-time 

operation. 

Central to this endeavor is the meticulous evaluation of the gyrocompass’s performance 

in real-world conditions. Night navigation demands a high level of accuracy, as even 

minor errors in directional readings can lead to significant deviations over time. 

Therefore, the testing phase of the project is crucial in determining how well the device 

performs under various conditions, including low-light environments and potential 

electromagnetic interference that might affect sensor readings. 

Moreover, the project places a strong emphasis on exploring and implementing 

advanced error mitigation techniques. In this regard, the Kalman filter is identified as a 
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key component for enhancing the accuracy and reliability of the gyrocompass. The 

Kalman filter, known for its effectiveness in reducing noise and improving the precision 

of sensor data, will be rigorously tested and fine-tuned to ensure that it optimally 

processes the inputs from the MEMS-based sensors. By incorporating this sophisticated 

algorithm, the project aims to address the inherent limitations of MEMS technology, 

such as drift and noise, thereby ensuring that the gyrocompass can deliver consistent 

and dependable performance over extended periods. 

In addition to technical performance, the project also explores the broader implications 

of integrating MEMS technology into navigation systems. This includes assessing the 

long-term reliability of the gyrocompass, particularly in challenging environments, and 

determining the scalability of the design for wider applications. By thoroughly 

investigating these aspects, the project not only seeks to deliver a high-quality 

navigation device but also to contribute valuable insights into the future of MEMS-

based technologies in critical applications. Ultimately, the project aspires to set new 

standards in the field of night navigation, leveraging the latest advancements in 

microelectronics and sensor technology to create a device that is both innovative and 

practical. 

1.5 Significance 

The successful development of a MEMS-based gyrocompass represents a 

significant achievement in addressing multiple critical needs within the field of 

navigation technology. One of the most noteworthy benefits is the provision of a cost-

effective and locally manufactured navigation solution. This breakthrough is 

particularly important in regions where access to expensive, imported navigation 

systems is limited. By utilizing locally sourced components and leveraging the readily 

available MEMS technology, the project reduces reliance on costly Original Equipment 
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Manufacturer (OEM) parts, making advanced navigation systems more accessible and 

affordable. 

Furthermore, the development process minimizes the need for high-precision 

manufacturing and specialized equipment, which are often barriers to innovation in 

developing countries. Traditional gyrocompass systems typically require intricate 

manufacturing processes and specialized test benches, which may not be readily 

available in all regions. However, by adopting MEMS-based technology and modern 

microcontrollers, this project demonstrates that it is possible to achieve high precision 

in navigation applications without the need for such sophisticated resources.  

This advancement not only reduces costs but also showcases the feasibility and 

potential of using contemporary microcontrollers and MEMS technology in precision 

navigation applications. The successful integration of these technologies in the 

gyrocompass serves as a compelling example of how modern electronic components 

can be harnessed to develop innovative solutions that meet the demands of critical 

applications, all while maintaining affordability and accessibility. Ultimately, this 

project paves the way for future developments in the field, highlighting the 

transformative potential of MEMS technology and modern microcontrollers in creating 

cost-effective, reliable, and locally produced navigation systems. 

1.6 Methodology 

The project followed a structured approach, beginning with the careful selection of 

suitable components, specifically the MPU6050 IMU, OLED screen, and Atmega328P 

microcontroller, chosen for their availability and compatibility with the task. This was 

followed by the design and assembly phase, where these components were integrated 

into a functional gyrocompass. The next critical step involved software development, 

where firmware was written to process sensor data and accurately display directional 
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information. Significant attention was also given to error handling, with various 

mitigation techniques being tested, ultimately determining that the Kalman filter 

provided the most effective results. The project concluded with rigorous testing and 

validation to evaluate the gyrocompass's performance, ensuring it met the required 

standards.  
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CHAPTER 2 - LITERATURE REVIEW 

This review will examine the historical development of gyrocompasses, the 

advancements in MEMS technology, and the application of filtering techniques such as 

the Kalman filter in improving the accuracy of navigation devices. 

2.1 Historical Development of Gyrocompasses 

Gyrocompasses have played a crucial role in the evolution of navigation systems since 

their invention in the early 20th century. These devices, which rely on the principles of 

gyroscopic motion, have been instrumental in providing reliable and accurate 

directional information, particularly in environments where magnetic compasses are 

prone to errors. The traditional mechanical gyrocompass, such as the renowned 

'Cardan,' operates on the fundamental principle of a spinning rotor mounted within 

gimbals, which allows it to maintain a fixed orientation relative to the Earth's rotation. 

This design enabled the gyrocompass to provide true north readings, independent of 

magnetic fields, making it indispensable for maritime and military navigation. Over the 

decades, the gyrocompass has undergone significant technological advancements, each 

iteration improving upon the reliability, precision, and ease of use, thereby cementing 

its status as a cornerstone of modern navigation . 

2.1.1 Early Mechanical Gyrocompasses 

The early 20th century marked the beginning of practical gyrocompass 

development, with several pioneering designs that laid the groundwork for future 

innovations. One of the earliest and most influential designs was the Anschütz-

Kaempfe Gyrocompass, introduced in 1908. This device was the first practical 

marine gyrocompass and became a prototype for subsequent models. It utilized a 

spinning wheel, mounted on a set of gimbals, which allowed the axis of rotation to 

remain aligned with the true north. This breakthrough in navigation technology 
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provided mariners with a reliable tool for maintaining course, particularly in the 

treacherous waters where magnetic compasses could be unreliable [4]. 

Following this, the Perry Gyrocompass, developed in 1911, further refined 

the concept by enhancing stability and accuracy. This version introduced a more 

sophisticated gimbal system and incorporated electronic feedback mechanisms, 

significantly improving performance. The Perry Gyrocompass quickly became 

standard in naval applications, demonstrating the practical advantages of 

gyrocompasses in precision navigation. The success of these early mechanical 

gyrocompasses underscored the importance of gyroscopic technology in 

overcoming the limitations of traditional magnetic compasses, especially in 

environments where external magnetic fields could distort readings [5]. 

2.1.2 Electrically Powered Gyrocompasses 

As the 20th century progressed, advancements in electrical engineering led 

to the development of electrically powered gyrocompasses, which offered improved 

performance and required less maintenance compared to their purely mechanical 

predecessors. The Bendix Aviation Gyrocompass, introduced in the 1930s, was one 

of the first to incorporate electrical systems to control the gyroscope's spin rate and 

damping mechanisms. This integration of electrical components not only increased 

the reliability of the gyrocompass but also reduced the frequency and complexity of 

maintenance tasks, making it more practical for extended use in demanding 

environments [6]. 

By the 1940s, electrically powered gyrocompasses had become essential 

tools in military applications, particularly during World War II. The Arma 

Gyrocompass, widely used during the war, combined mechanical precision with 
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electrical controls to achieve greater accuracy and robustness. This model 

exemplified the synergy between mechanical engineering and electrical systems, 

providing a durable and reliable navigation solution that could withstand the rigors 

of wartime operations [2]. The transition to electrically powered gyrocompasses 

represented a significant leap forward in the evolution of navigation technology, 

paving the way for further innovations in the latter half of the century. 

2.1.3 Ring Laser Gyro and Fiber Optic Gyro  

The latter half of the 20th century witnessed a revolutionary shift in 

gyrocompass technology with the advent of optical gyroscopes, such as the Ring 

Laser Gyro (RLG) and the Fiber Optic Gyro (FOG) [4]. These innovations marked 

a departure from traditional mechanical and electromechanical systems, introducing 

new methods of detecting angular rotation with unprecedented precision [4]. The 

Ring Laser Gyro, developed in the 1960s, leveraged the interference of laser beams 

in a closed loop to measure rotational changes. This optical approach eliminated the 

need for mechanical parts, significantly reducing wear and tear, and thereby 

enhancing the longevity and reliability of the gyrocompass. The RLG quickly 

became a preferred choice in high-precision navigation systems, particularly in 

aerospace applications where mechanical durability and accuracy are paramount 

[7]. 

Building on the success of the RLG, the Fiber Optic Gyro emerged in the 

1980s as another breakthrough in optical gyroscope technology. Utilizing the 

Sagnac effect within a fiber optic coil, the FOG measures rotation with extreme 

accuracy, offering several advantages over previous technologies. Unlike 

mechanical gyroscopes, the FOG has no moving parts, making it highly durable and 

virtually maintenance-free. Additionally, FOGs are immune to electromagnetic 
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interference, a critical feature in environments where electronic noise could 

otherwise compromise the accuracy of navigation instruments. The introduction of 

FOGs into the realm of gyrocompass technology represented the pinnacle of 

precision and reliability, solidifying their role in modern navigation systems across 

a wide range of applications, from maritime and aviation to space exploration. 

2.2 MEMS Technology in Navigation 

Micro-electro-mechanical systems (MEMS) technology represents a profound 

advancement in the realm of inertial navigation, as highlighted by [3]. This technology 

has revolutionized the field by offering highly compact and cost-effective solutions, 

which stand in stark contrast to traditional mechanical systems. MEMS sensors, such 

as accelerometers and gyroscopes, exemplify these advancements with their ability to 

deliver precise motion tracking and orientation data while being remarkably small and 

lightweight. This miniaturization, as noted by [8] [9], makes MEMS sensors 

exceptionally well-suited for portable and wearable applications, where space and 

weight are at a premium. 

The cost-effectiveness of MEMS technology is another significant advantage, 

primarily due to the efficiency of mass production techniques that substantially lower 

the cost of these sensors compared to their traditional mechanical counterparts, as 

discussed by [10]. This reduction in cost not only makes MEMS sensors more 

accessible but also enables their widespread use across a diverse range of applications, 

from consumer electronics to advanced aerospace systems, as outlined by [11]. 

Furthermore, the seamless integration of MEMS sensors with microcontrollers and 

other electronic systems enhances their versatility and usability, allowing for more 

sophisticated and compact designs in modern technological solutions. 
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Among the various MEMS-based sensors available, the MPU6050 stands out 

as a prominent example of a MEMS-based inertial measurement unit (IMU) that 

provides comprehensive motion tracking capabilities across six degrees of freedom. As 

detailed by [12], the MPU6050's ability to track motion in multiple axes makes it a 

versatile and valuable component for developing contemporary navigation systems. Its 

widespread availability, coupled with its ease of integration into various electronic 

systems, further underscores its suitability for applications that require accurate and 

reliable motion sensing. Overall, the advancements offered by MEMS technology not 

only enhance the performance and affordability of inertial navigation systems but also 

pave the way for innovative applications across numerous fields. 

2.3 Microcontrollers in Navigation Systems 

Microcontrollers are fundamental to the processing of sensor data and the 

effective management of navigation systems, as underscored by [13]  [14]. These 

devices act as the central hub for interpreting the signals received from various sensors, 

coordinating the system’s operations, and ensuring accurate data output. Among the 

numerous microcontrollers available, the Atmega328P stands out due to its exceptional 

simplicity and versatility, making it an ideal choice for projects involving MEMS 

sensors.  

One of the Atmega328P's most notable attributes is its ease of use. It benefits 

from a user-friendly programming environment, which simplifies the development 

process for engineers and hobbyists alike. Additionally, the extensive community 

support available for the Atmega328P provides a valuable resource for troubleshooting, 

knowledge sharing, and expanding the capabilities of projects. This accessibility 

contributes to the Atmega328P’s popularity in a variety of applications, particularly 

those involving MEMS technology. 
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Another significant advantage of the Atmega328P is its compact size, which 

makes it highly suitable for embedded applications. Its small footprint allows it to be 

integrated into systems where space is limited, such as in portable or wearable devices. 

This compactness does not come at the expense of performance, as the Atmega328P 

maintains robust processing capabilities despite its size. 

The Atmega328P also offers remarkable compatibility with a wide range of 

libraries and modules, which facilitates the integration of various sensors and displays 

into navigation systems. This extensive library support streamlines the process of 

connecting and configuring MEMS sensors and other peripherals, thus enhancing the 

flexibility and functionality of the microcontroller in diverse projects. Overall, the 

Atmega328P’s combination of ease of use, compact size, and broad compatibility 

makes it an exemplary choice for managing and processing data in modern navigation 

systems. 

2.4 Error Mitigation in Gyroscopic Sensors 

One of the primary challenges associated with the use of gyroscopic sensors is 

the accumulation of errors over time, commonly referred to as drift. Drift occurs as the 

small inaccuracies in sensor measurements gradually build up, leading to significant 

deviations from the true values. Addressing this issue is crucial for maintaining the 

accuracy and reliability of gyroscopic systems, and several advanced techniques have 

been developed to mitigate drift.  

Complementary Filters are among the earliest solutions, combining data from 

multiple sensors, such as gyroscopes and accelerometers, to correct for drift [15] [16]. 

By leveraging the strengths of different sensor types, complementary filters can 

effectively balance the dynamic response of gyroscopes with the static accuracy of 

accelerometers, thus reducing the overall error. Kalman Filters represent a more 
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sophisticated approach by providing an optimal estimation algorithm that integrates 

measurements from various sources to minimize noise and correct drift. The Kalman 

filter is widely recognized for its ability to handle uncertain measurements and provide 

accurate state estimates, making it a popular choice for applications requiring high 

precision  [17] [18]. Extended Kalman Filters (EKF) extend the Kalman filter concept 

to non-linear systems by linearizing around an estimate of the current mean and 

covariance. This adaptation improves performance in scenarios where the system 

dynamics are non-linear, thus offering enhanced accuracy in complex applications [19] 

[20]. 

Particle Filters offer another powerful method, particularly suited for highly non-linear 

systems. These filters use a set of particles to represent the possible states of the system 

and can handle multi-modal distributions. However, particle filters are computationally 

intensive, which may limit their practicality in real-time applications. 

Allan Variance Analysis is a technique used to characterize the noise and drift 

behavior of gyroscopic sensors [21]. By analyzing the variance of the sensor's output 

over various time intervals, it is possible to design filters that specifically target and 

compensate for the noise characteristics inherent to the sensor [21] [22]. Sensor Fusion 

Algorithms are essential for improving overall accuracy by combining data from 

multiple sensors, such as gyroscopes, accelerometers, and magnetometers. These 

algorithms, including the Madgwick filter and Mahony filter, integrate diverse data 

sources to provide stable and reliable orientation estimates. Sensor fusion techniques 

are designed to efficiently combine multiple streams of information, thus enhancing the 

robustness and precision of the navigation system [6].  Overall, these methods each 

offer distinct advantages and are selected based on the specific requirements of the 
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application, whether it be minimizing computational load, handling non-linearities, or 

integrating multiple sensor outputs to achieve optimal performance. 

The literature reviewed indicates a clear trend towards the adoption of MEMS 

technology and microcontrollers in modern navigation systems. The advancements in 

MEMS sensors, coupled with effective error mitigation techniques like the Kalman 

filter, provide a robust framework for developing cost-effective and accurate 

gyrocompasses. This thesis builds on these foundations to create a practical and locally 

manufacturable solution for night navigation [23]. 
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CHAPTER 3 – METHODOLOGY 

This chapter outlines the methodology employed in the design and development 

of the gyrocompass for night navigation. The process involves the selection of 

components, hardware design, software development, and testing. The challenges 

encountered and the solutions implemented are also discussed [8] [24]. 

3.1 Design Methodology 

 

Figure 1 - Design Methodology 

 

3.2 Component Selection & Block Diagram for MEMS Based System 

The selection of appropriate components is paramount for the successful 

development of a gyrocompass, ensuring that the final system meets performance, 

availability, and suitability criteria. As emphasized by [25], each component must be 

carefully chosen to achieve the desired functionality and reliability of the device. 

The IMU chosen for this project is the MPU6050, selected for its exceptional 

performance, compact size, and cost-effectiveness [12] [21]. This MEMS-based Inertial 

Measurement Unit (IMU) offers precise motion tracking and orientation data, making 

Components 
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Block Diagram
Schematic 

Design
Hardware 

Development
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it an ideal choice for gyrocompass applications. Its ability to deliver accurate and 

reliable measurements is crucial for the gyrocompass's functionality. 

For the microcontroller, the Atmega328P was selected due to its simplicity, ease 

of use, and compatibility with the MPU6050 . The Atmega328P is a versatile and 

compact microcontroller that supports a broad range of libraries and modules. This 

feature makes it highly suitable for rapid prototyping and development, allowing for 

efficient integration with the IMU and other system components. Its user-friendly 

programming environment and extensive community support further enhance its 

applicability for this project. 

The display chosen for the gyrocompass is a 1.3-inch OLED screen. This choice 

was driven by the screen’s low power consumption, high contrast, and excellent 

readability in low-light conditions. The OLED display is used to present orientation 

data and other relevant information to the user, ensuring that the data is easily accessible 

and visible during night navigation. The combination of these components ensures that 

the gyrocompass is both functional and practical, meeting the needs of modern 

navigation systems effectively. 
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Figure 2 - Block Diagram 

 

3.3 Hardware Design 

The hardware design process involved the careful integration of the selected 

components to create a functional prototype of the gyrocompass. The circuit was 

meticulously designed to connect the IMU, microcontroller, and OLED screen, with 

several key considerations guiding the design. Ensuring a stable and adequate power 

supply to all components was crucial for their proper operation. The communication 

pathways were also a critical focus; both the IMU and the OLED screen communicated 

with the Atmega328P microcontroller using the I2C protocol, which facilitated efficient 

data exchange and integration. Additionally, the components were securely mounted to 

minimize vibrations and external disturbances, essential for maintaining the accuracy 

and reliability of the device. By addressing these considerations, the design process 

successfully created a robust and functional prototype of the gyrocompass. 
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Figure 3 - Schematic Diagram 

 

 

Figure 4 - PCB Design 

3.4 Software Development 

The software development process for the gyrocompass was a comprehensive 

endeavor that involved several key steps to interface with the hardware, process sensor 

data, and display the results effectively. The initial phase focused on sensor data 

acquisition, where code was meticulously written to interface with the MPU6050. This 
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process involved initializing the sensor, setting up the I2C communication protocol, 

and periodically reading the raw data from both the gyroscope and accelerometer. 

Ensuring reliable data acquisition was essential for the subsequent steps of data 

processing. 

For data processing, the raw sensor data required extensive manipulation to 

determine orientation accurately. The first step in this phase was calibration, which 

involved adjusting the MPU6050 to correct for inherent sensor biases and scale factors. 

Calibration ensured that the measurements from the sensor were as accurate as possible. 

Next, filtering was implemented using a Kalman filter [19], [23], [26], a sophisticated 

algorithm designed to reduce noise and correct drift in the data. The Kalman filter 

effectively combined data from the gyroscope and accelerometer to provide a stable 

and accurate estimate of orientation. Finally, orientation calculation involved using 

sensor fusion algorithms to compute the roll, pitch, and yaw angles from the processed 

data. These algorithms integrated the filtered sensor data to produce reliable and precise 

orientation information, which was crucial for the gyrocompass's functionality. 

By following these steps, the software development process ensured that the 

gyrocompass could accurately interpret sensor data and provide meaningful orientation 
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estimates, demonstrating the effectiveness of integrating advanced filtering and sensor 

fusion techniques. 

 

 

Figure 5 - Software Development 

3.5 Testing and Validation 

The testing and validation phase of the gyrocompass development involved a 

series of rigorous assessments to ensure the device's accuracy, stability, and 

performance under various conditions. The first set of tests, static testing, was 

conducted in a controlled environment to verify the gyrocompass's accuracy and 

stability. This involved performing an initial calibration of the device to ensure that the 

sensor readings were consistent and reliable [27]. Following calibration, an error 

analysis was conducted to measure the static error and drift over time. This analysis 

allowed for fine-tuning of the Kalman filter parameters, which was crucial for 

minimizing errors and enhancing the overall performance of the gyrocompass . 

After static testing, dynamic testing was carried out to evaluate the 

gyrocompass's performance under more realistic conditions. This phase included 

motion tests, where the gyrocompass was subjected to various motions and rotations to 
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assess its response and accuracy in dynamic scenarios. Additionally, field testing was 

performed to examine the gyrocompass in real-world conditions [23]. This involved 

testing the device in different lighting conditions and environments to ensure its 

reliability as a night navigation tool [12]. The comprehensive testing approach ensured 

that the gyrocompass not only met performance expectations in controlled settings but 

also functioned effectively in practical applications. 

3.6 Challenges and Solutions 

Throughout the development process, several challenges were encountered, 

each of which required targeted solutions to ensure the successful creation of the 

gyrocompass. One of the primary challenges was the accumulation of errors over time, 

commonly referred to as drift. To tackle this issue, a Kalman filter [23] was 

implemented to combine data from the gyroscope and accelerometer, which effectively 

reduced drift and significantly improved the accuracy of the device. This approach 

enabled the gyrocompass to maintain reliable performance by addressing the inherent 

inaccuracies associated with sensor data. 

Another significant challenge was ensuring accurate sensor readings, which 

necessitated proper calibration procedures. This was initially achieved by performing a 

thorough calibration [24] to account for sensor biases and ensure that the measurements 

were as accurate as possible from the outset. Additionally, periodic recalibration 

routines were implemented to maintain accuracy over time, addressing any drift or 

changes in sensor performance that could arise during extended use [28], [29]. 

The methodology chapter provided a detailed overview of the systematic 

approach taken to design and develop the gyrocompass specifically for night 

navigation. The careful selection of components, the meticulous design of the hardware, 

the comprehensive development of the software, and the rigorous testing procedures all 
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contributed to the successful completion of the project. The challenges encountered 

during the development were effectively addressed through these measures, resulting 

in a reliable and accurate gyrocompass capable of performing well under real-world 

conditions. 

The methodology chapter outlined the systematic approach taken to design and 

develop the gyrocompass for night navigation. The careful selection of components, 

detailed hardware design, comprehensive software development, and rigorous testing 

ensured the successful completion of the project. The challenges encountered were 

effectively addressed, resulting in a reliable and accurate gyrocompass.  
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CHAPTER 4 - RESULTS 

This chapter presents the results obtained from the development and testing of 

the gyrocompass. The performance of the gyrocompass is evaluated based on accuracy, 

stability, and reliability. The discussion includes an analysis of the results, comparison 

with theoretical expectations, and implications for practical use. 

4.1 Static Testing Results 

The static testing phase provided crucial insights into the performance of the 

gyrocompass, particularly focusing on the results of the initial calibration of the 

MPU6050. During this phase, the primary objective was to measure and compensate 

for biases in both the gyroscope and accelerometer readings, ensuring that the data 

obtained from these sensors was as accurate as possible. The initial calibration process 

involved a detailed analysis of the biases present in the gyroscope readings. These 

biases were calculated and stored within the software, allowing them to be subtracted 

from subsequent measurements to correct for any inherent inaccuracies [12]. 

 

Figure 6 - Angular Rate vs Time 
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Similarly, biases in the accelerometer readings were determined through the 

calibration process. By identifying and compensating for these biases, the overall 

accuracy of the accelerometer data was improved. This comprehensive calibration 

effort significantly enhanced the precision of the raw sensor data, ensuring that the 

gyrocompass could provide more reliable and accurate orientation information. The 

successful completion of this initial calibration was a critical step in preparing the 

gyrocompass for further testing and validation, as it laid the groundwork for subsequent 

adjustments and refinements necessary for optimal performance [8]. 

 

Figure 7 - Yaw Angle Vs Time 
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Figure 8 - Yaw Angle ( Raw vs Filtered) Vs Time 

 

4.2 Error Analysis 

The static error analysis was a crucial step in assessing the performance of the 

gyrocompass, which involved placing the device in a fixed position and meticulously 

recording the orientation readings over an extended period. This analysis revealed 

several key observations about the sensor's behavior . Firstly, it was noted that the raw 

gyroscope data exhibited a significant drift over time, a common issue with MEMS-

based sensors [15], [16], [23], [30]. This drift, which results from inherent inaccuracies 

in the sensor data, was evident as the readings gradually shifted from their true values 

despite the device being stationary. 
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Figure 9 - Heading Error vs Time 

 

 

To address this issue, a Kalman filter was applied to the data. The 

implementation of the Kalman filter proved highly effective in mitigating the drift, as 

it combined measurements from the gyroscope and accelerometer to provide a more 

stable and accurate estimate of orientation. Following the application of the filter, the 

orientation readings remained remarkably stable, with a maximum deviation of only ±1 

degree observed over the extended testing period [19] [26]. This substantial reduction 

in drift underscored the efficacy of the Kalman filter in improving the gyrocompass's 

accuracy, demonstrating its importance in ensuring reliable performance for precision 

navigation applications. 

4.3 Dynamic Testing Results 

The dynamic testing phase of the gyrocompass involved subjecting the device 

to a range of controlled motions to evaluate its performance under more realistic 

conditions. This comprehensive testing aimed to assess how well the gyrocompass 

responded to dynamic changes and how accurately it could track and report orientation. 
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The results from these motion tests were highly promising. The gyrocompass exhibited 

a commendable response time, quickly adapting to changes in orientation with minimal 

latency, which is crucial for real-time navigation applications.  

 

Figure 10 - Compass heading stability over time 

 

 

Figure 11 - Compass Response to controlled rotations 
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Figure 12 - Temperature vs gyro drift 

 

 

In terms of accuracy, the filtered orientation data closely aligned with the actual 

movements, demonstrating that the gyrocompass could track changes with an average 

error of less than 1 degree. This high level of accuracy was essential for the reliability 

of the device, ensuring that it could provide precise orientation information during 

various dynamic scenarios. Additionally, the stability of the gyrocompass was 

noteworthy; it maintained stable readings even during continuous motion, underscoring 

the effectiveness of the Kalman filter in reducing noise and mitigating drift. The filter's 

ability to smooth out fluctuations and maintain reliable performance in a moving 

environment highlighted its crucial role in the overall functionality of the gyrocompass. 

These results collectively demonstrated that the gyrocompass performed well under 

dynamic conditions, validating its design and development for practical applications. 
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CHAPTER 5 - DISCUSSION 

The performance of the gyrocompass system, which integrates the MPU6050 

IMU and Atmega328P microcontroller, was meticulously evaluated through a series of 

tests, with the results captured in figures 6 through 12. Figure 6, showing the angular 

rate (GyroZ) versus time, reveals a sinusoidal pattern accompanied by noticeable noise. 

This pattern illustrates the IMU's sensitivity to rotational movements, while the noise 

underscores the need for filtering techniques to prevent significant inaccuracies in 

heading calculations. This necessity emphasizes the importance of implementing 

advanced filtering methods, such as the Kalman filter, to ensure the system's reliability 

[12] [21]. 

Figure 7 presents the yaw angle versus time, which was obtained by integrating 

the angular rate data. The graph demonstrates a continuous accumulation of the yaw 

angle over time, as expected from the integration process. However, it also highlights 

the gradual drift, a common issue with MEMS-based IMUs due to the cumulative effect 

of small errors. This drift underscores the importance of incorporating correction 

mechanisms, such as periodic reference updates or sensor fusion with accelerometers 

or magnetometers, to maintain long-term accuracy [25]. 

Figure 8 compares the yaw angle data before and after applying the Kalman 

filter. The raw data, when compared to the Kalman-filtered data, shows a significant 

reduction in noise and a smoother trajectory. The effectiveness of the Kalman filter in 

mitigating noise and drift is evident from this comparison, with the filtered data aligning 

closely with the expected heading. Despite the improvement, minor deviations between 

the raw and filtered data suggest a typical trade-off in filtering algorithms, where some 

lag sudden changes in orientation is expected [7]. 
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Figure 9, which depicts the heading error versus time, illustrates the difference 

between the filtered yaw angle and a known reference heading. The error remains 

within a narrow range, reflecting the gyrocompass's capability to approximate the true 

heading accurately. However, minor fluctuations in error are observed, indicating that 

while the system is generally accurate, small persistent discrepancies are present. These 

discrepancies may be attributed to sensor noise, environmental influences, or 

calibration imperfections. 

Figure 10 showcases the gyrocompass heading stability over time while the 

system is stationary. [5] The results indicate minimal drift in the heading, which is 

significant as it demonstrates the system's ability to maintain a stable heading when not 

in motion. The slight variations observed are within acceptable limits, suggesting that 

the gyrocompass is reliable for applications requiring stationary stability. 

Figure 11 illustrates the gyrocompass’s response to controlled rotation. The 

graph shows a linear increase in heading corresponding to the controlled rotation, with 

minor sinusoidal variations likely due to the system's response characteristics and 

inherent noise. This behavior confirms that the gyrocompass effectively tracks 

rotational movements, although some noise remains, which may require additional 

filtering or compensation techniques to further enhance accuracy. 

Finally, Figure 12 explores the relationship between temperature and gyro drift. 

The graph shows a slight increase in drift with rising temperature, highlighting the 

temperature sensitivity of MEMS-based gyroscopes. This finding is critical as it 

underscores the need for temperature compensation algorithms to mitigate the effects 

of temperature variations on the gyrocompass's performance. The observed linear trend 
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suggests that implementing a straightforward temperature compensation factor could 

effectively address the drift caused by temperature fluctuations. 

CHAPTER 6 - CONCLUSION 

The analysis of the actual data from the MPU6050-based gyrocompass system 

provides substantial insights into its performance characteristics and operational 

effectiveness. The system demonstrates commendable accuracy and stability, with the 

Kalman filter playing a pivotal role in reducing noise and drift in the yaw angle 

calculations. This reduction in error is crucial for navigation applications, as it ensures 

that the gyrocompass can maintain a reliable heading over extended periods. The 

stability tests further reinforce this capability, confirming that the system can sustain a 

consistent heading, which is essential for effective navigation [30]. 

Environmental factors, particularly temperature, have a notable impact on the 

gyrocompass’s performance. The sensitivity of the gyroscope to temperature variations 

highlights the necessity for implementing robust compensation mechanisms. Without 

such compensation, performance inconsistencies could arise, affecting the reliability of 

the gyrocompass across different operating conditions. This underscores the importance 

of incorporating temperature compensation algorithms [5] to maintain consistent 

performance regardless of environmental changes. 

While the system performs admirably under controlled conditions, there is 

evident potential for further enhancement. Specifically, improvements in noise 

reduction and drift compensation could be achieved by incorporating additional sensor 

fusion techniques or advanced filtering algorithms. Such refinements would enhance 

the gyrocompass's accuracy and responsiveness, making it more adept at handling 

complex navigation tasks. 
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In practical applications, the gyrocompass system is well-suited for scenarios 

where moderate accuracy is acceptable. It demonstrates sufficient reliability for general 

navigation purposes. However, for applications demanding high precision, further 

refinements are necessary, particularly in managing drift and compensating for 

temperature effects . These improvements would be crucial for achieving the high level 

of accuracy required in more demanding navigation tasks [3] [31]. 

Overall, these findings contribute significantly to understanding the capabilities 

and limitations of MEMS-based gyrocompasses. They offer valuable guidance for 

future developments and optimizations in similar systems, providing a foundation for 

enhancing both the performance and practical applicability of gyrocompasses in various 

operational contexts. 
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CHAPTER 7 - FUTURE WORK 

Future work on the MPU6050-based gyrocompass system offers several 

promising directions for enhancing its performance and broadening its applications. A 

key area for improvement lies in advanced error mitigation techniques. By exploring 

more sophisticated sensor fusion algorithms [6], such as the Extended Kalman Filter 

(EKF) [23] or Particle Filter, the system's ability to reduce drift and improve accuracy, 

particularly in dynamic environments, could be significantly enhanced. Additionally, 

integrating machine learning techniques to predict and compensate for errors presents 

an innovative approach to improving performance under a variety of conditions. 

Adapting the gyrocompass to better handle environmental factors is another 

critical area for future research. Implementing temperature compensation mechanisms 

[12] would mitigate the impact of temperature variations on the device's accuracy, 

ensuring consistent performance even in extreme conditions. Moreover, designing a 

more robust housing to protect the gyrocompass from environmental impacts such as 

shocks, vibrations, and moisture would greatly enhance its durability and make it more 

applicable to harsh environments. 

Miniaturization and integration represent further avenues for advancement. 

Developing a smaller form factor for the gyrocompass would increase its suitability for 

compact and portable applications, including wearable devices and small drones. 

Additionally, creating integrated systems that combine the gyrocompass with other 

sensors, such as magnetometers and GPS [27], could provide a comprehensive 

navigation solution for complex tasks, thereby expanding the system's potential use 

cases. 
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Extensive field testing is also crucial for fully validating the gyrocompass 

system. Testing in diverse environments and conditions would offer a more 

comprehensive evaluation of the system's performance [15] and help identify areas for 

further refinement. Long-term testing is equally important, as it would assess the 

system's durability and stability over extended periods, ensuring its reliability for 

continuous use in real-world scenarios. 

These proposed areas for future work underscore the potential for ongoing 

research and development to significantly enhance the gyrocompass's performance. As 

advancements in sensor technology and error mitigation techniques continue, the 

gyrocompass will likely see improved accuracy, reliability, and applicability across a 

broader range of navigation and orientation tasks.  
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