CHAPTER TWO
2.0	LITERATURE REVIEW
2.1	Basic Concept
2.1.1	 Traditional Mapping

Digital mapping has revolutionized the field of surveying and mapping, enabling accurate and efficient data collection and analysis. Total Station (TS) technology has played a significant role in this development, allowing for precise measurements and data collection. This chapter reviews existing literature on digital mapping using Total Station, highlighting its applications, advantages, and limitations.
Traditional mapping refers to the manual methods used to create maps before the advent of digital technology. This process typically involved hand-drawing or engraving maps based on field surveys and observations. Cartographers would meticulously record geographic features, such as roads, rivers, and landmarks, using tools like compasses, calipers, and drafting tables. These maps were often produced on paper and required significant effort to update, resulting in maps that could become quickly outdated (Harley, 2001).
Manual mapping techniques were constrained by the technology available at the time. For example, the precision of traditional maps was limited by the accuracy of measuring instruments and the skill of the cartographer. Additionally, the process of producing and distributing maps was labor-intensive and costly, which often meant that only a limited number of copies were made. As a result, traditional maps might not reflect the most current geographic information or changes in infrastructure (Wood, 2010).
Despite these limitations, traditional maps played a crucial role in navigation and exploration. They were invaluable tools for understanding geographical features and for guiding travelers and explorers. The artistry involved in creating hand-drawn maps also contributed to their historical and aesthetic value. Such maps provided a sense of the world that was both functional and visually engaging, reflecting the knowledge and culture of the time (Harris & Weiner, 1998).
At the last years, the worldwide expansion of information technologies has not only led to a spread of information in all areas of applications but also has made the greater number of this information ready in digital form. Digital mapping has penetrated all side of the mapping process, from pure data collection such as (total stations applications, GPS data, and remote sensing) through map collection and design to final form. Progression in mapping technology has changed the conventional stereo plotters with digital imaging systems; see Figure (1). Geographic Information System (GIS) and map production software and the availability of information in digital form have enhanced its utility

2.1.2	Total Station
Total Station is a modern surveying instrument that integrates electronic theodolite and electronic distance measurement (EDM) technology to determine precise angles and distances. This enables surveyors to collect highly accurate spatial data essential for producing digital maps. The equipment has become a vital tool in topographic and cadastral surveys due to its reliability, speed, and data storage capabilities (Akinyemi & Ige, 2014). The digital nature of the total station ensures reduced human error compared to traditional manual methods, thereby enhancing the quality of spatial data collected for mapping purposes.Total Stations are an accurate way of measuring distances and angles. These instruments are capable of making measurements during a survey and of calculations X, Y, Z coordinates of points during the survey, as the data are hold digitally by using total station, they can easily be passed to a computer with program designed to calculate the 3D coordinates of each point and to present the map as a 2-dimensional or 3-dimensional drawing.
Digital mapping involves the representation of real-world features in a digital environment, enabling the creation of maps that are easily stored, edited, and analyzed. Total stations facilitate this process by offering real-time data acquisition and direct integration with computer-aided design (CAD) and Geographic Information Systems (GIS) software. These tools allow for spatial visualization and analysis, transforming raw field data into meaningful digital outputs such as site plans, infrastructure layouts, and land-use maps (Uluocha, 2007). This is particularly useful in institutional settings, where accurate layouts are required for facility planning and management.
The use of total station in digital mapping is especially advantageous in environments like schools, campuses, and public institutions. These areas require precise mapping of infrastructure such as buildings, roads, play areas, and utility networks. Total stations allow surveyors to establish control points, capture coordinates, and generate data models that reflect the current state of physical infrastructure (Adeoye et al., 2020). This supports informed decision-making and development planning, especially when integrated with GIS for spatial analysis and visualization.
One of the key strengths of total station technology is its ability to deliver high-precision measurements over both short and long distances. This makes it suitable for mapping medium to large properties such as school campuses. Moreover, total stations support reflectorless measurements, allowing for the collection of data in hard-to-reach areas without the need for a second person holding a prism (Opeyemi &Adebomehin, 2018). This feature increases efficiency and reduces the manpower required for survey operations, especially in secured or sensitive environments like educational institutions.
Another critical benefit of using total stations for digital mapping is the ability to process and visualize collected data in three dimensions. Elevation data can be captured alongside horizontal coordinates, allowing for the generation of Digital Terrain Models (DTMs) and contour maps. These are essential in site development, drainage design, and monitoring land slope and elevation changes (Ajayi et al., 2015). This capability enhances planning and infrastructure development, particularly in schools located in areas with uneven terrain.
Despite the numerous advantages, the use of total stations in digital mapping is not without challenges. High equipment costs, the need for specialized training, and power-related issues in some parts of Nigeria limit their widespread adoption. Nonetheless, their benefits in terms of accuracy, efficiency, and data integration make them indispensable tools in modern geospatial data acquisition. With adequate investment and training, educational institutions can fully leverage total station technology to manage their facilities and support academic growth (Abiodun & Ayoola, 2021).
2.1.3	 Geographic Information System
Geographic Information Systems (GIS) represent a sophisticated technology that integrates spatial data with attribute information to create, analyze, and manage geographic data. This technology enables users to visualize complex spatial relationships through digital maps and models, offering a deeper understanding of geographic patterns. The core components of GIS include hardware, software, data, people, and procedures, which work together to process and interpret geographic information effectively. GIS has become a vital tool in various fields, from urban planning to environmental management, by providing valuable insights and enhancing decision-making capabilities (Longley et al., 2015).GIS- Geographical Information System supplies some of the most overall tools for manipulation, analyzing and storing. The application of GIS can reduce the time needed for insert data and also a more efficient use of the inputs with high flexibility in scale and time. Geographic information systems also provide the tools for spatial calculations, spatial queries, and spatial data modeling and produce the attribute maps. After storing all the data, both the digital map and it's the database can be updated at any time
The fundamental components of GIS consist of hardware, such as computers and servers, that support the software used for mapping and analysis. The software includes applications that manage, analyze, and visualize geographic data. Data in GIS includes both spatial data, such as coordinates and maps, and attribute data, like demographic and land use information. The people involved are the users and analysts who interpret the data, while procedures refer to the methods used for data collection, processing, and analysis. Together, these elements enable GIS to function as a comprehensive system for handling geographic information (Miller & Han, 2009).
A significant aspect of GIS is its ability to collect and integrate diverse data sources. This includes data from satellite imagery, aerial photography, GPS surveys, and existing maps, all of which are digitized and georeferenced for accuracy. GIS integrates these various sources into a unified spatial database, providing a holistic view of geographic features and their attributes. This integration allows for enhanced spatial analysis, revealing patterns and relationships that inform decision-making and planning processes (Goodchild, 2008).
Spatial analysis and visualization are key capabilities of GIS. Spatial analysis involves examining geographic data to identify patterns, trends, and relationships among different features. GIS provides tools for creating detailed maps and models that visually represent spatial data, making complex information more accessible and interpretable. These visualizations support a wide range of applications, including urban development, environmental management, and emergency response, by providing actionable insights into geographic phenomena (Elwood, 2008).
The applications and benefits of GIS are extensive, impacting various sectors such as urban planning, transportation, environmental management, and public health. GIS enhances data accuracy and efficiency, allowing for sophisticated spatial analyses and better resource management. By offering a comprehensive and interactive view of geographic information, GIS supports improved planning and decision-making, addressing complex challenges and facilitating effective management across different domains (Kraak &Ormeling, 2010).


2.1.4	Digital Mapping
Digital mapping represents a significant advancement over traditional methods, leveraging Geographic Information Systems (GIS) and computer technology to create, update, and analyze maps. Unlike manual maps, digital maps are created using specialized software that allows for the integration of spatial data with various attributes. This technology enables the creation of interactive and dynamic maps that can be easily updated to reflect changes in the geographic landscape (Longley et al., 2015).
Digital maps offer several advantages over their traditional counterparts. They can be updated in real time, which ensures that users have access to the most current information. Additionally, digital mapping allows for advanced spatial analysis and modeling, providing users with deeper insights into geographic data. The ease of distribution and accessibility through online platforms and mobile applications further enhances the utility of digital maps, making them a powerful tool for navigation, urban planning, and emergency response (Goodchild, 2008).
The Map helps to determine the location of the target. Maps and map data are important not only for assessors, but also for other governmental agencies, the public, and surveyors. The digitizing process for the map and its data can enhance the ability to manage, summarize, analyze, and display the information. A GIS is often associated with a map digitally. A map is the one way that can work with geographic data in a GIS environment. A GIS utilizes a simple mapping program or adding more data to online mapping tools.
2.2	Applications of Digital Mapping
1. Political Boundaries: Real-time monitoring of boundaries for secure border control and management.
2. Land Analysis:Analyzing terrain, weather conditions, and land boundaries for land management and planning.
3. Water Bodies: Monitoring large water bodies for applications like oceanography, hydrology, and environmental monitoring.
4. Building and Construction: Surveying land topography and monitoring progress during construction projects.
5. Infrastructure Planning: Planning and managing infrastructure projects like roads and buildings.
6. Aircraft Navigation: Providing pilots with essential information for safe flight operations.
7. Exploration and Tourism: Guiding users to new areas and helping them navigate unfamiliar territories.
8. Facility Location: Identifying nearby facilities like hotels, filling stations, and other essential services.
9. Urban Planning: Visualizing future urban growth, assessing infrastructure projects, and designing sustainable cities.
10. Tracking Deforestation: Monitoring deforestation, habitat destruction, and biodiversity loss over time.
11. Disaster Management: Coordinating emergency response efforts, assessing damage, and deploying resources.

2.3	Advantages of Digital Mapping
1. Improved accuracy: Digital maps can be highly accurate, reducing errors and inconsistencies (Longley et al., 2015).
2. Real-time updates: Digital maps can be updated in real-time, ensuring that information is current and relevant (Kresse & Danko, 2012).
3. Increased efficiency: Digital maps can automate tasks, such as route planning and data analysis, saving time and resources (Uren & Price, 2010).
4. Enhanced visualization: Digital maps can display complex data in a visually appealing and easy-to-understand format (Kraak &Ormeling, 2010).
5. Better decision-making: Digital maps can provide valuable insights and support informed decision-making (Goodchild, 2007).
6. Cost-effective: Digital maps can reduce costs associated with traditional mapping methods, such as printing and distribution (Wolf &Ghilani, 2010).
7. Accessibility: Digital maps can be accessed from anywhere, at any time, using various devices (Longley et al., 2015).
8. Scalability: Digital maps can be easily scaled up or down, making them suitable for a wide range of applications (Kresse & Danko, 2012).
9. Integration with other technologies: Digital maps can be integrated with other technologies, such as GPS and sensors, to provide more comprehensive information (Chen et al., 2020).
10. Improved data analysis: Digital maps can facilitate advanced data analysis, such as spatial analysis and data visualization (Anselin, 2010).
Digital mapping has evolved through the contributions of various researchers who have applied a range of technologies to produce accurate and effective digital maps. One of the foundational technologies in digital mapping is the Total Station, which has been extensively used for data collection in surveying and mapping applications. Sui and Goodchild (2011) highlighted the importance of Total Station for high-precision mapping in areas where GPS or remote sensing might not provide the required accuracy. The Total Station allows for the direct measurement of angles and distances from the instrument to specific points in the field, and it was integral to the development of accurate cadastral and topographic maps. The precision and reliability of Total Station surveys are often key factors in establishing the accuracy of digital maps, especially in urban planning and construction projects.
Further contributions to the field of digital mapping using Total Stations came from Molenaar et al. (2007), who explored the combination of Total Stations with GIS to create detailed and accurate maps for both urban and rural areas. They showed how Total Station data could be directly integrated into GIS platforms for analysis and visualization, allowing surveyors to quickly produce high-quality digital maps. Their research contributed to the development of digital mapping as a real-time tool for spatial analysis, especially in areas such as infrastructure management and environmental monitoring. The precise data obtained from Total Station surveys enables more effective decision-making in the planning and management of urban and rural landscapes.
Researchers like Schwarz et al. (2013) further advanced GNSS-based mapping by improving the accuracy and integration of GNSS data in real-time mapping applications. Their work focused on the development of real-time kinematic (RTK) GNSS systems, which provide centimeter-level accuracy in geospatial measurements. This has had a significant impact on the mapping industry, as it allows for the precise collection of data in areas where traditional surveying methods would be time-consuming and expensive. Schwarz’s work demonstrated that GNSS could be used to not only capture accurate positional data but also for dynamic mapping applications, such as transportation networks and flood mapping, where real-time data is essential.
Another important contributor to digital mapping is Lillesand et al. (2015), who highlighted how satellite-based remote sensing and GNSS technology could be used to complement traditional surveying methods. Their research indicated that GNSS coordinates could be used to georeference remote sensing imagery, allowing for the creation of accurate digital maps of vast and remote areas. This combination of satellite-based remote sensing and GNSS positioning has been critical for large-scale mapping projects, such as environmental monitoring, land use change detection, and disaster management. Their work demonstrated the potential for digital mapping to reach new levels of spatial resolution and temporal coverage, providing more comprehensive and up-to-date information.
