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2.0	LITERATURE REVIEW
2.1	INTRODUCTION
Route surveying plays a critical role in the planning, design, and construction of transportation infrastructures, including highways, railroads, canals, and pipelines. These surveying processes are essential in ensuring that a route aligns optimally with both natural and man-made features, complies with safety standards, and meets the specific needs of the project. The selection of a route is a highly technical and iterative process that requires careful consideration of topography, environmental impact, and resource availability.
According to the Road Planning and Design Manual (2014), comprehensive risk assessments and engineering judgments are integral to the planning of transport routes. This manual emphasizes the importance of assessing safety concerns, environmental impacts, and potential hazards before finalizing the route of a road or railway. Such preemptive steps not only mitigate risks but also ensure that the transportation system can be constructed, maintained, and operated efficiently.

2.2	SURVEYING TECHNIQUES IN ROUTE PLANNING.
Surveying is the backbone of route planning, providing the foundational data required to establish precise alignments for roads, railways, and utilities. The process is broken down into several stages, including reconnaissance, preliminary surveys, location surveys, and construction surveys.
Reconnaissance Survey: Chandra (2009) defines reconnaissance as a quick, preliminary survey used to examine the area for the best route, estimate project costs, and identify key factors that could affect the route. During this phase, surveyors assess the landscape, local infrastructure, and environmental conditions to determine whether the area is feasible for construction.
Preliminary Surveys: This phase involves more detailed fieldwork, where control points are established, benchmarks are located, and basic topographic data is gathered. Ghilani and Wolf (2012) explain that control surveys provide the horizontal and vertical positions of key points, forming the reference network for all subsequent surveying activities.
Location Surveys: As per Shurantul (2010), location surveys involve traversing the proposed route, marking out key stations, and conducting measurements to establish the relative positions of specific points along the route. This is a critical stage, where the rough alignment from reconnaissance is refined into a precise and usable path.
Construction Surveys: These surveys deal with the actual construction of the route, ensuring that it aligns with the design specifications. They involve marking out the final alignment on the ground, measuring earthworks, and confirming that the route is built to the required standards.
Surveying also plays a vital role in the acquisition of geospatial data, particularly in areas with complex terrain or where existing infrastructure must be incorporated into the new design. This process involves using advanced technologies such as GPS (Global Positioning System), Total Stations, and Laser Scanning to obtain accurate measurements for both horizontal and vertical alignments.

2.3	ROUTE SURVEYING AND ALIGNMENT DESIGN
A Route Survey refers to the process of collecting data to establish the path for linear projects like highways, railroads, and pipelines. This survey involves both fieldwork and computational analysis to determine the optimal alignment that takes into account both topographical features and the project’s functional requirements.
Route Surveying Procedures are crucial for determining the boundaries and the specific location of a route. According to Punmia et al. (2005), route surveys must follow several distinct steps, which include identifying possible route options, gathering data, and finalizing the alignment. The survey process typically involves:
1. Tentative Route Selection: This is the first phase, where multiple potential routes are evaluated based on preliminary data such as topography, environmental impact, and community considerations.
2. Data Collection: During this stage, surveyors use a combination of ground reconnaissance and satellite imagery to gather precise information about the area. Tools like Total Stations and GPS equipment are used to collect accurate coordinates and elevations for all points along the proposed route.
3. Final Route Selection: Once enough data has been gathered, surveyors refine the tentative routes, select the optimal one, and mark the final route for construction.
The surveying process is inherently linked to design principles that ensure the route is functional, efficient, and sustainable. For example, a horizontal alignment involves the layout of straight lines or curves (circular or spiral), while a vertical alignment ensures that the route conforms to safe slopes and gradients for both vehicles and pedestrians.

2.4	THE ROLE OF TECHNOLOGY IN ROUTE SURVEYING.
Advancements in technology have significantly enhanced the accuracy, efficiency, and cost-effectiveness of route surveying. The use of modern tools such as Geographic Information Systems (GIS), LiDAR (Light Detection and Ranging), and Drones has revolutionized the field, enabling surveyors to conduct more precise surveys with less manual intervention.
GIS and Remote Sensing: GIS allows for the integration of multiple data sources, including aerial imagery, satellite data, and topographic maps, to create detailed maps and models of the terrain. This technology helps in identifying environmental constraints, geological conditions, and land ownership issues before physical surveying begins.
Total Stations and GPS: Total Stations combine the functions of an electronic theodolite and a distance measuring instrument, allowing for accurate angular and distance measurements. GPS technology provides real-time positioning data, enhancing the precision of both horizontal and vertical alignments.
Drones and LiDAR: Drones equipped with LiDAR sensors can rapidly capture high-resolution 3D data of the terrain. This technology is particularly useful in areas that are difficult to access or in cases where traditional methods would be time-consuming and costly.
These technological tools significantly reduce the time required for data collection, improve accuracy, and provide more detailed insights into the terrain and other key factors influencing route design.

2.5	CHALLENGES AND CONSIDERATIONS IN ROUTE SURVEYING.
Despite the advances in technology, route surveying remains a complex process fraught with challenges. Some of the most significant issues include:
Topographical and Geological Constraints: Uneven terrain, mountains, rivers, and urban environments often pose significant challenges in determining the best route. Complex topographies may require the use of specialized surveying methods like levelling, traversing, and curves to ensure that the alignment can accommodate the project’s requirements.
Environmental and Regulatory Constraints: Environmental impact assessments are necessary to ensure that the proposed route does not cause undue harm to the local ecosystem. In addition, compliance with local zoning laws, land acquisition rules, and other regulatory frameworks can complicate the route selection process.
Accuracy and Precision: Even with advanced technology, ensuring the accuracy of measurements is paramount. As Duggal (2006) points out, horizontal and vertical curves must be laid out with high precision, and any errors could lead to costly delays or safety hazards.
2.6	CASE STUDIES AND PRACTICAL APPLICATIONS.
To illustrate the application of these surveying techniques, we look at several case studies that highlight both the practical use of route surveying methods and the challenges encountered in different environments.
For instance, a route survey project conducted by Billiaminu (2017) in Kwara State, Nigeria, utilized modern GPS and Total Station equipment to assess the road alignment from Mandala /Awe to Adigongo Villages Moro Local Government Area. 	The survey included field reconnaissance, data collection with Topcon (ES-103) total station, and processing of the data using AutoCAD Civil 3D software. The final report provided comprehensive horizontal and vertical alignment designs, with earthwork calculations for cut and fill volumes.
Similarly, the Modernized Lagos-Ibadan Railway project employed GPS and Total Stations for alignment setting, ensuring the accuracy and precision required for a complex urban infrastructure project. This project exemplifies how modern surveying techniques are crucial in large-scale infrastructure development.

2.7	CONCLUSION.
Route surveying is a fundamental aspect of infrastructure planning and construction, and it requires an in-depth understanding of both traditional and modern surveying techniques. As demonstrated, technologies such as GIS, GPS, and Total Stations have transformed the surveying process, enabling greater precision and efficiency. However, despite technological advancements, route surveying remains a challenging and multifaceted process that demands careful consideration of environmental, regulatory, and logistical factors. Future improvements in surveying technology, such as the integration of AI and automated surveying systems, are likely to further enhance the accuracy and efficiency of route surveys, making them more cost-effective and adaptable to evolving infrastructure needs.
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