CHAPTER ONE
1.0 INTRODUCTION
1.1	Background to the study
Surveying is a critical discipline in civil engineering, geospatial studies, and construction projects. The accuracy and reliability of measurements directly influence the quality of the final product in infrastructure development, land subdivision, and other applications (Ghilani & Wolf, 2017). Among the most commonly used instruments in modern surveying are digital levels and total stations. These tools provide precise elevation and positional data but differ in their operational methodologies, accuracy levels, and reliability in various conditions (Kavanagh & Bird, 2009). This study aims to provide a comparative evaluation of digital levelling and total station equipment, focusing on their accuracy and reliability in practical surveying applications.
Accuracy and precision in surveying are essential to minimizing errors in construction projects and geospatial mapping. Traditional levelling methods using dumpy and tilting levels have been largely replaced by digital levelling and total stations due to their advanced capabilities (Uren & Price, 2010). The importance of accurate surveying extends to areas such as road construction, building foundations, and environmental monitoring, where even minor deviations can lead to significant structural and financial consequences (Mikhail et al., 2001).
Historically, theodolites and manual levelling instruments were the primary tools used for surveying (Ghilani & Wolf, 2017). The advent of digital technology led to the development of more precise and efficient tools. Digital levels use electronic sensors and bar-coded staffs to provide highly accurate elevation measurements, reducing human errors and increasing efficiency (Kavanagh & Bird, 2009). Meanwhile, total stations integrate electronic distance measurement (EDM) and angular measurement capabilities, providing both elevation and horizontal positioning data in a single instrument (Uren & Price, 2010).
Digital levelling is an advancement over traditional spirit levelling, offering higher accuracy and efficiency (Mikhail et al., 2001). Digital levels use a CCD (Charge-Coupled Device) camera to read bar-coded levelling staffs, which eliminates the need for manual readings, reducing human error and improving measurement precision (Ghilani & Wolf, 2017).
Total stations integrate the functionalities of theodolites and EDMs, allowing for both angular and distance measurements. They use a laser or infrared beam to measure distances and employ electronic sensors to determine angles, which are then processed to calculate horizontal and vertical positions (Uren & Price, 2010).
The accuracy of surveying instruments is influenced by several factors, including environmental conditions, instrument calibration, and operational errors (Mikhail et al., 2001). Digital levels provide higher accuracy in elevation measurements due to their reliance on precise optical readings and bar-coded staffs. However, total stations offer a more versatile approach by combining distance and angular measurements, making them suitable for diverse surveying applications (Ghilani & Wolf, 2017).

1.2	Statement of Problem
The increasing complexity of construction and geospatial projects necessitates the use of highly accurate surveying instruments. However, discrepancies often arise due to the varying capabilities of digital levelling and total station equipment. Digital levels are widely regarded for their high precision in elevation measurements, yet they are limited in range and application scope. Conversely, total stations offer a broader range of measurements, integrating both horizontal and vertical data collection but are often susceptible to environmental factors such as atmospheric disturbances. The lack of a definitive understanding regarding the optimal use of these instruments under different conditions presents a challenge for surveyors and engineers in selecting the most suitable tool for specific projects.
While both technologies are designed to minimize human errors and improve efficiency, differences in reliability and ease of use impact their practical applications. The operational complexity of total stations requires a higher level of expertise compared to digital levels, potentially leading to inconsistencies in data collection. Additionally, factors such as cost, maintenance, and susceptibility to external conditions further complicate the decision-making process. This study seeks to address these challenges by providing a comparative assessment of digital levelling and total station equipment, evaluating their performance in terms of accuracy, reliability, and overall efficiency in field applications.

1.3	Aim of the Project
The aim is to compare the accuracy, efficiency and reliability of digital leveling and total stations equipment for height measurement in part of Kwara State Polytechnic.
1.4	Objectives of the project
1. To evaluate the accuracy of digital leveling and total station equipment in measuring heights.
2. To assess the reliability of digital leveling and total station equipment in measuring heights.
3. To determine the most suitable surveying for precise height determination.
4. To compare the performance of digital leveling and total station equipment in different environmental conditions.
1.5	Justification of the Study	
The increasing complexity of construction and geospatial projects necessitates the use of highly accurate surveying instruments. However, discrepancies often arise due to the varying capabilities of digital levelling and total station equipment. Digital levels are widely regarded for their high precision in elevation measurements, yet they are limited in range and application scope. Conversely, total stations offer a broader range of measurements, integrating both horizontal and vertical data collection but are often susceptible to environmental factors such as atmospheric disturbances. The lack of a definitive understanding regarding the optimal use of these instruments under different conditions presents a challenge for surveyors and engineers in selecting the most suitable tool for specific projects.
While both technologies are designed to minimize human errors and improve efficiency, differences in reliability and ease of use impact their practical applications. The operational complexity of total stations requires a higher level of expertise compared to digital levels, potentially leading to inconsistencies in data collection. Additionally, factors such as cost, maintenance, and susceptibility to external conditions further complicate the decision-making process. This study seeks to address these challenges by providing a comparative assessment of digital levelling and total station equipment, evaluating their performance in terms of accuracy, reliability, and overall efficiency in field applications.

1.6	Scope of the Project
The scope of this project encompasses a comparative evaluation of digital levelling and total station equipment, focusing on their accuracy, reliability, and efficiency in surveying applications. It examines the performance of both instruments under varying field conditions, including environmental factors and operational constraints. The study aims to identify the strengths and limitations of each technology, providing insights into their suitability for different types of surveying tasks such as elevation determination, topographic mapping, and construction layout. The findings will be beneficial to surveyors, engineers, and geospatial professionals in selecting the most appropriate instrument for specific projects, ultimately improving precision and efficiency in the field.
1.7	Personnel
This project was assigned to and done by the personnel listed below;
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	Member
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	HND/23/SGI/FT/0079
	Member

	Adeoti Qudus Adebayo
	HND/23/SGI/FT/0080
	Member

	Ganiyu Akeem Abiodun
	HND/23/SGI/FT/0076
	Member

	Abdul Qudus Shukurah Temitope
	HND/23/SGI/FT/0083
	Member

	Ogunsuyi Babatunde Sunday
	HND/23/SGI/FT/0118
	Member

	Jimoh Halimah Titilayo
	HND/22/SGI/FT/082
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1.8	Study Area
Kwara State Polytechnic is a significant provider of technical and vocational education and is situated in Ilorin, Nigeria. Spread across a wide area, it is roughly located at latitude 8.4791° N and longitude 4.5418° E. 
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Figure 1.10: Study Area Map

CHAPTER TWO
2.0	LITERATURE REVIEW
Surveying is the science and technique of determining the positions of points on the Earth's surface and the distances and angles between them. It plays a crucial role in engineering, construction, and geospatial sciences, ensuring that structures and land developments are accurately positioned (Ghilani & Wolf, 2017). The primary purpose of surveying is to gather data for mapping, construction, and land division, providing critical information for designing roads, bridges, buildings, and other infrastructure projects.
The history of surveying dates back to ancient civilizations, where the Egyptians used rudimentary tools to measure land for taxation and construction purposes. The Great Pyramid of Giza, constructed around 2500 BCE, is believed to have been built with the aid of early surveying techniques (Uren & Price, 2010). Similarly, the Romans developed advanced surveying methods to construct roads, aqueducts, and city layouts, demonstrating the importance of precise measurements in civil engineering.
Modern surveying incorporates advanced technology such as total stations, digital levels, and global positioning systems (GPS). These tools enhance accuracy and efficiency, reducing human errors and improving the reliability of measurements (Kavanagh & Bird, 2009). Digital surveying instruments provide automated data collection and real-time processing, making them indispensable in contemporary construction and geospatial applications.
Surveying can be classified into various types, including geodetic and plane surveying. Geodetic surveying accounts for the curvature of the Earth and is used for large-scale projects such as national mapping and satellite positioning. In contrast, plane surveying assumes the Earth's surface to be flat and is suitable for smaller areas, such as building construction and land subdivision (Mikhail et al., 2001).
A critical aspect of surveying is accuracy, which refers to how closely a measured value aligns with the true value. Precision, on the other hand, relates to the consistency of repeated measurements (Ghilani & Wolf, 2017). Surveyors must minimize errors caused by environmental conditions, instrument calibration, and human mistakes to ensure reliable data collection.
One of the fundamental techniques in surveying is levelling, which determines the height differences between points. Traditional spirit levelling has been largely replaced by digital levelling, which uses bar-coded staffs and electronic sensors to improve measurement accuracy and efficiency (Uren & Price, 2010). Digital levelling minimizes human errors associated with manual readings and transcription.
Another essential surveying technique is triangulation, which involves measuring angles between known points to determine new positions. This method is widely used in geodetic surveys and GPS applications. Similarly, trilateration, which relies on distance measurements rather than angles, is a key component of modern satellite-based positioning systems (Kavanagh & Bird, 2009).
Despite technological advancements, challenges in surveying remain, including atmospheric refraction, instrument limitations, and accessibility to difficult terrains. Surveyors must apply correction techniques and best practices to minimize these issues (Ghilani & Wolf, 2017). Regular calibration of instruments and proper field procedures are necessary to maintain measurement reliability.

2.0.1	Digital Levelling
Digital levelling is a modern surveying technique that enhances traditional levelling methods by incorporating electronic sensors and digital processing. It is primarily used for determining height differences between points with high accuracy and efficiency. Unlike conventional spirit levelling, which requires manual reading and recording of measurements, digital levelling automates the process, reducing human error and increasing precision (Ghilani & Wolf, 2017).
The working principle of digital levelling relies on electronic image processing and bar-coded staff readings. A digital level is equipped with a Charge-Coupled Device (CCD) camera or an image sensor that captures and interprets the pattern on a bar-coded staff. The instrument then processes the data electronically, minimizing observational errors and improving consistency in measurements (Kavanagh & Bird, 2009).
One of the primary advantages of digital levelling is its enhanced accuracy compared to traditional levelling methods. Digital levels are capable of achieving millimeter-level precision, making them ideal for high-accuracy applications such as geodetic surveys, structural monitoring, and deformation analysis. This level of accuracy is critical in construction projects where even minor errors in elevation measurements can lead to significant structural and financial consequences (Mikhail et al., 2001).
Another major benefit of digital levelling is the reduction of reading and transcription errors. In conventional levelling, surveyors must manually interpret staff readings and record values, which increases the risk of human mistakes. Digital levels automatically read and store data, eliminating potential misreadings and ensuring greater reliability in field measurements (Uren & Price, 2010).
Digital levelling also improves efficiency in surveying operations. The automated reading and data storage capabilities of digital levels allow for faster measurement collection and processing. Surveyors can complete tasks more quickly compared to traditional levelling methods, reducing fieldwork time and overall project costs. This makes digital levelling particularly useful in large-scale projects where time efficiency is crucial (Ghilani & Wolf, 2017).
Despite its advantages, digital levelling has certain limitations. One of the key challenges is its dependency on bar-coded staffs, which must be maintained properly to ensure accurate readings. External factors such as dust, moisture, or damage to the staff can affect measurement accuracy. Additionally, digital levels require proper calibration and periodic maintenance to ensure long-term reliability (Kavanagh & Bird, 2009).
Environmental conditions also play a role in the effectiveness of digital levelling. Factors such as atmospheric refraction, heat waves, and extreme temperatures can influence the accuracy of digital level readings. While digital levels compensate for some of these effects through internal error correction algorithms, surveyors must still account for environmental influences during data collection (Mikhail et al., 2001).
Digital levelling is widely used in various surveying applications, including construction, geodetic monitoring, and infrastructure projects. In construction, it is essential for establishing accurate elevation benchmarks and ensuring proper alignment of structures. In geodetic monitoring, digital levelling helps track land subsidence, tectonic movements, and structural deformations with high precision (Uren & Price, 2010).
2.0.2	Total Station
A total station is an advanced electronic surveying instrument that integrates an electronic theodolite, an electronic distance measurement (EDM) device, and a microprocessor to measure angles and distances with high accuracy. This multifunctional device has revolutionized modern surveying by providing precise, efficient, and automated measurements in geospatial applications (Ghilani & Wolf, 2017).
The primary components of a total station include an optical telescope, which enables angular measurements, an EDM system that measures distances using laser or infrared signals, and a control panel with a microprocessor that stores and processes data. These components allow surveyors to obtain both horizontal and vertical angles, as well as slant distances, which can then be converted into three-dimensional coordinates (Mikhail, Bethel, & McGlone, 2001).
Total stations operate on the principle of trigonometric surveying. The EDM emits a laser or infrared signal to a prism reflector or a non-reflective target. The time taken for the signal to return is measured to determine the distance. Simultaneously, the instrument measures horizontal and vertical angles, allowing for precise coordinate calculations (Van Sickle, 2017). These capabilities make total stations superior to traditional theodolites and levels, which require manual data recording and calculations.
One of the greatest advantages of total stations is their ability to store and process data digitally. Modern total stations are equipped with internal memory, USB ports, or Bluetooth connectivity, enabling seamless data transfer to computers and Geographic Information Systems (GIS). This feature significantly reduces human error and increases efficiency in data collection and analysis (Leick, Rapoport, & Tatarnikov, 2015).
Total stations are widely used in engineering, construction, and geodetic surveying. In construction projects, they are employed for layout and alignment of structures, ensuring precise placement of foundations, roads, and bridges. In geodetic applications, they contribute to topographic mapping, boundary surveys, and deformation monitoring of buildings, dams, and other infrastructure (Uren & Price, 2010).
Despite their advantages, total stations have certain limitations. One major drawback is the requirement for a clear line of sight between the instrument and the target. Obstructions such as buildings, trees, or extreme weather conditions can affect measurements. Additionally, atmospheric conditions like temperature variations and humidity can introduce errors in EDM calculations, requiring correction models for accurate results (Wolf & Ghilani, 2012).
The introduction of robotic total stations has further advanced surveying technology. Unlike conventional total stations, robotic total stations are operated remotely, eliminating the need for a second person to hold the prism. These instruments utilize automatic target recognition (ATR) and motorized tracking systems, significantly improving efficiency in large-scale surveying and construction projects (Kavanagh & Bird, 2009).
Accuracy and precision in total station measurements depend on factors such as instrument calibration, observation techniques, and environmental conditions. Proper calibration ensures that angular and distance measurements remain reliable. Surveyors also employ redundant observations and error reduction techniques, such as least squares adjustments, to enhance data accuracy (Caspary, 2020).

2.1	Accuracy and Precision 
Accuracy and precision are fundamental concepts in measurement, statistics, and engineering. Although they are often used interchangeably, they have distinct meanings. Accuracy refers to how close a measurement is to the actual or true value, while precision describes the consistency of repeated measurements (Taylor, 1997). Understanding these concepts is critical in fields such as surveying, manufacturing, and scientific research, where measurement reliability directly impacts results.
In the context of surveying and geospatial sciences, accuracy ensures that the measured coordinates or elevations are as close as possible to their actual positions. Surveyors strive for high accuracy in tasks such as cadastral mapping, road construction, and geodetic control networks to prevent costly errors (Van Sickle, 2017). Conversely, precision is more concerned with the repeatability of measurements. For example, if a total station records multiple distances to the same point with minimal variation, the measurements are considered precise, regardless of whether they are accurate (Wolf & Ghilani, 2012).
A key distinction between accuracy and precision is that measurements can be precise but not accurate, or accurate but not precise. For example, if a GPS receiver consistently records a position 5 meters away from the actual location, the measurements are precise but inaccurate. Conversely, if different readings vary widely but average out to the correct position, they are accurate but not precise (Mikhail, Bethel, & McGlone, 2001). Ideally, measurement systems should aim for both high accuracy and high precision.
The relationship between accuracy and precision is particularly relevant in instrument calibration and error analysis. Systematic errors, such as instrument misalignment or environmental effects, affect accuracy and must be corrected through calibration and error modeling (Leick, Rapoport, & Tatarnikov, 2015). Random errors, which affect precision, result from unpredictable variations in measurement conditions and can be minimized by taking multiple readings and applying statistical adjustments (JCGM, 2008).
In surveying and engineering applications, measurement accuracy is influenced by factors such as instrument quality, atmospheric conditions, and operator skill. For example, total stations, GNSS receivers, and digital levels provide high accuracy when properly calibrated and used under optimal conditions. However, precision is influenced by factors like instrument stability, observation techniques, and environmental interference (Ghilani & Wolf, 2017).
Statistical methods play a crucial role in improving accuracy and precision. The least squares adjustment method, widely used in surveying and geodesy, helps reduce random errors and optimize measurement precision. Similarly, error propagation analysis assesses how measurement uncertainties affect overall accuracy, allowing surveyors and engineers to refine their methodologies (Caspary, 2000).
In metrology and manufacturing, precision is crucial for quality control, where consistent production tolerances are required. Instruments such as coordinate measuring machines (CMMs) and laser scanners rely on both accuracy and precision to ensure product specifications are met (BIPM, 2012). In aerospace and medical applications, even minor inaccuracies can lead to critical failures, emphasizing the need for precise and accurate measurements (ISO, 1993).
2.2	Error in Surveying
Errors in surveying refer to deviations between measured and true values caused by various factors, including instrument limitations, environmental influences, and human mistakes. Understanding these errors is essential to improving the accuracy and reliability of surveying results. Errors can be classified into systematic errors, random errors, and gross errors, each with different implications on measurement quality (Ghilani & Wolf, 2017).
Systematic errors are consistent and repeatable deviations caused by instrument defects or environmental conditions. These errors follow a predictable pattern and can often be corrected through proper calibration and error modeling. For example, collimation error in a total station occurs when the line of sight is not perfectly aligned with the instrument’s axis, leading to angular measurement deviations (Wolf & Ghilani, 2012).
Random errors result from unpredictable variations in measurement conditions, such as atmospheric fluctuations or minor observational differences. Unlike systematic errors, random errors do not follow a specific pattern and are minimized through statistical methods such as least squares adjustment. For instance, in levelling, minor inconsistencies in reading a staff due to visual fatigue introduce random errors (Mikhail, Bethel, & McGlone, 2001).
Gross errors, also known as blunders, arise from human mistakes such as incorrect instrument setup, misreading measurements, or transcription errors. These errors are typically large and can significantly impact survey accuracy if not detected and corrected. For example, mistaking meters for feet in distance measurement can lead to substantial positional discrepancies (Kavanagh & Bird, 2009).
Environmental factors such as atmospheric refraction and temperature variations contribute to errors in surveying. Refraction occurs when light or laser beams bend as they pass through layers of air with different densities, causing distortions in angular and distance measurements. Similarly, temperature fluctuations affect EDM instruments by altering the speed of electromagnetic waves, requiring correction factors for precise distance calculations (Leick, Rapoport, & Tatarnikov, 2015).
Instrument-related errors stem from manufacturing imperfections or inadequate maintenance. For instance, optical errors in total stations may result from imperfect lenses, while mechanical errors in GNSS receivers can arise from antenna misalignment. Regular calibration and adjustment of surveying instruments are crucial to minimizing such errors (Uren & Price, 2010).
Errors in levelling can be attributed to staff settlement, parallax, and curvature of the Earth. If the levelling staff is not held perfectly vertical, readings become inaccurate. Parallax errors occur when the observer's eye is not aligned with the crosshairs of the instrument, leading to incorrect staff readings. Additionally, over long distances, the Earth's curvature causes elevation differences that require correction formulas (Ghilani & Wolf, 2017).
Surveyors apply various error reduction techniques, such as double centering in theodolite observations, balancing backsight and foresight distances in levelling, and redundant measurements in control surveys. Additionally, software tools assist in error propagation analysis and least squares adjustment, improving data accuracy (Van Sickle, 2017).

2.3	Application of Height Measurement in Surveying
Height measurements are fundamental in various fields, including construction, mapping, geospatial analysis, and infrastructure development. Accurate measurements of distances, angles, and elevations are crucial in ensuring precise land division, planning, and project execution. The continuous advancement of surveying instruments, such as total stations, GPS, and remote sensing technologies, has expanded the application of surveying in different industries (Ghilani & Wolf, 2017).
One of the primary applications of surveying is in civil engineering and construction. Surveying is essential for planning and executing infrastructure projects such as roads, bridges, buildings, and tunnels. Before construction begins, topographic surveys determine site conditions, while control surveys ensure that structures are built in the correct positions. Techniques such as digital levelling and total stations help in setting out foundation levels and alignments, preventing costly errors (Kavanagh & Bird, 2009).
Surveying plays a crucial role in land surveying and cadastral mapping, which involves defining property boundaries and land ownership. Governments and private entities use cadastral surveys to establish legal land records, preventing disputes over land ownership. Advanced techniques such as GNSS-based surveys and aerial photogrammetry enhance the accuracy of boundary determination, ensuring precise land subdivision and titling (Uren & Price, 2010).
In transportation engineering, surveying is used to design and construct highways, railways, and airports. Route surveys determine the best possible alignment for roads and railways by analyzing terrain, elevation, and environmental conditions. 
Mining and resource exploration rely heavily on surveying techniques for mapping and monitoring excavation sites. Surveyors use underground and surface surveys to determine mineral deposits, monitor excavation progress, and ensure compliance with safety regulations.
Surveying is also applied in hydrographic and marine surveys, which involve mapping underwater topography, riverbeds, and coastal regions. Hydrographic surveys use sonar and GPS technology to measure water depths, identify navigational hazards, and support port construction and dredging activities. These surveys are crucial for maritime safety, environmental monitoring, and offshore engineering projects (Ghilani & Wolf, 2017).
Surveying is critical in urban planning and smart city development. City planners use geospatial data and topographic surveys to design sustainable cities, optimize land use, and improve public infrastructure

2.4	Comparison of Total Station and Digital Levelling Instrument in Height Measurement 
Surveying techniques have evolved significantly over time, transitioning from traditional manual methods to advanced digital and remote sensing technologies. The primary objective of surveying is to obtain accurate spatial data for applications in engineering, construction, mapping, and geospatial analysis. Different surveying methods offer varying levels of precision, efficiency, and applicability depending on the nature of the project and environmental conditions (Ghilani & Wolf, 2017).
Traditional surveying techniques, such as chain surveying, compass surveying, and theodolite-based methods, were widely used before the introduction of electronic and satellite-based systems. These methods rely on manual measurements and calculations, which, although fundamental, are prone to human error and require significant time and effort. Modern surveying techniques, such as total stations, digital levelling, GPS/GNSS, and LiDAR, have greatly improved data collection and processing, enhancing accuracy and efficiency (Kavanagh & Bird, 2009).
Digital leveling is considered one of the most precise methods for height determination. It employs an electronic level instrument and a bar-coded staff to measure vertical distances, reducing human errors common in conventional leveling (Wolf & Ghilani, 2012). The technology ensures high precision by minimizing reading errors, making it ideal for precise engineering projects such as dam construction, bridge alignment, and geodetic surveys. However, digital leveling can be time-consuming and less efficient over long distances, which limits its use in large-scale projects (Kavanagh, 2014).
Total stations integrate electronic distance measurement (EDM) and angular measurement capabilities, allowing surveyors to determine both horizontal and vertical positions efficiently. Unlike digital levels, total stations are multifunctional, supporting a range of applications from topographic mapping to construction staking (Schofield & Breach, 2007). However, the accuracy of height measurement using total stations is influenced by factors such as instrument calibration, target reflectivity, and atmospheric conditions, leading to potential errors in elevation determination (Ghilani, 2017).
Several studies have compared digital leveling and total station equipment for height measurement. For instance, Alkan and Karslı (2011) analyzed the precision of both instruments and found that digital leveling provides superior vertical accuracy compared to total stations. Similarly, Ata and Arslan (2015) observed that while total stations offer greater flexibility, their elevation measurements are more susceptible to errors when compared to digital leveling techniques. These findings highlight the need for further comparative evaluations in different environments and project conditions.
In many institutions and construction sites, surveyors rely heavily on total stations due to their efficiency in collecting data over large areas. However, this preference sometimes leads to the compromise of vertical accuracy, especially in projects requiring precise elevation data (Ghosh, 2013). While total stations provide satisfactory results for general land surveying tasks, their limitations in height determination necessitate a more detailed assessment of their reliability when compared to digital leveling.
In conclusion, Total Station and Leveling Instrument are both effective instruments for height measurement, but they have different strengths and limitations. Total Station offers high accuracy and long-range capability, but is susceptible to atmospheric conditions and multipath errors. Leveling Instrument provides high accuracy over short distances, but has a limited range. Understanding the principles, accuracy, range, and limitations of these instruments is essential for selecting the most suitable instrument for specific applications.
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