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ABSTRACT
Modern Surveying tools are systematic platforms are sophisticated digital frameworks that serve as powerful environments for integrating, analyzing, and visualizing the vast amounts of remotely sensed data alongside other relevant spatial information. These platforms are sophisticated digital frameworks that serve as powerful environments for integrating, analyzing, and visualizing the vast amounts of remotely sensed data alongside other relevant spatial information. The use of modern technology in the agriculture sector is vast. It has helped farmers in various ways. The adoption of new and improved technologies has increased the production and productivity of crops. It has also helped in reducing the cost of production. The use of technology has also made the farming process easier and more efficient. Drones are being extensively used for mapping, surveying, and crop monitoring. They help in collecting data that can be used for the planning and execution of farming activities. GPS technology is widely used in precision farming. It helps in locating the field boundaries and applying fertilizers, pesticides, and herbicides accurately. This reduces wastage and increases efficiency. Modern technology in agriculture has led to increased production and productivity. This has in turn led to improved food security and incomes for farmers. In addition, it has helped to create new jobs and improve the quality of life for rural communities. The use of technology in agriculture has also had a positive impact on food security. Increasing production has helped to ensure that more people have access to nutritious and affordable food. 
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1.	INTRODUCTION
Agriculture is the practice of cultivating the soil, planting, raising, and harvesting both food and non-food crops, as well as livestock production for human consumption (Alkachev et al., 2013). Modern agriculture is an intensive, science-driven system focused on maximizing yields and profitability using advanced technology, biotechnology, and mechanization (Bryan and Richey, 2020). It integrates precision tools like drones and AI, genetic modification, and automated systems to optimize resource efficiency, aiming for sustainability while producing food and fiber. Modern surveying tools are central to increasing crop yields by enabling precision agriculture, a data-driven approach that boosts productivity by 20–30% while reducing input waste (Elavarasan et al., 2020). By providing high-resolution, geo-referenced data on soil conditions, topography, and plant health, these tools allow farmers to transition from uniform field treatment to site-specific management (Gladyshev, 2018). 
Modern surveying, integrated with precision agriculture technologies are critical for boosting crop yields by providing centimeter-level precision in farm management (Atroshko et al., 2010). By transforming how farmers monitor soil health, optimize land usage, and manage resources, these technologies allow for a reported yield increase of up to 38.5% in some cases (Joshi et al., 2023). The surveying tools are central to increasing crop yields by transitioning farming from uniform, broad-acre management to highly precise, data-driven, site-specific practices (Shevchenko, 2021). These tools such as GNSS (Global Navigation Satellite Systems), drones (UAVs), GIS (Geographic Information Systems) and LiDAR enable farmers to optimize land use, manage inputs (seeds, water, fertilizers) with centimetric accuracy, and identify crop health issues before they become visible, contributing to yield increases of 20-30% (Levchuk, 2018).
Recently, surveying instrument had its own type of measurement (Justice et al., 2012). For instance theodolite is used for angular measurement, a level for height measurements, and a tape measure and range finder for linear measurements. Each device, depending on the intended use, had its own accuracy characteristics. The presence of professional equipment allows you to make the most accurate calculations in the shortest possible time (Lecerf et al., 2019). The pace of modernization of instruments used in geodetic calculations has increased significantly and completely new technologies have been developed.
Modern geodetic instruments can be divided into several particularly significant groups: 
1. GPS (GNSS) technologies 
2. Field controller 
3. Drones 
4. Electronic total station 
5. Electronic theodolite 

i. Global Positioning System (GPS) Devices
Global Positioning System is a satellite radio navigation system. They include geodetic GPS receivers, which are specially designed to accurately determine the coordinates of point objects (Rebouh et al., 2023). GPS receivers are modified into single-frequency, dual frequency and multi-frequency.  GPS devices include: 
· GPS (Global Position System) a system administered by the US government:
· GLONASS (global navigation satellite system), Russian satellite system: 
· Galileo, Europe's satellite system: 
· Compass: Chinese satellite navigation system. 
The Advantage of Global Positioning System (GPS) Devices
a) The ability to determine the coordinates of points in the desired coordinate system at large distances, and as a result, 
b) Reduced labor costs significantly.
c) New geodetic technologies include methods for determining the coordinates of points (positioning) from signals from special moving in certain orbits. 
d) The mobility of transportation due to they are relatively small weight and dimensions. 
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Figure 1.1: GPS Technology system
ii. Field controller 
These devices have application in geodesy received relatively recently. They have many functions and modules (sound recording, voice communication, camera, wi-fi, Bluetooth, touch screen, etc.) (Weiss et al., 2019). This tool facilitates the implementation of geodetic surveys and increases its accuracy and efficiency, in essence being a portable computer with rich range of possibilities. Field controllers are used in the elimination of errors that are caused due to the human factor, and the acceleration of calculations (). The ability to connect the controller to various measuring instruments (GNSS receivers, laser scanners, tacheometers, etc.) and the accuracy of calculations allow you to get the most reliable research results in the shortest possible time. They are two types, namely:
· removable control panel connected to total station type devices 
· autonomous control unit working in geodesy with GPS equipment
The advantages of Field Controllers are:
a) It is convenient to carry around the farm.
b) It contains an intuitive interface for users interaction.
c) It has the ability to connect input and output devices without changing their software. 
d) It contains large amount of memory for data storage and the possibility of increasing it. 
e) It also carries large number of modules. 
f) It contains in its multimedia options that enables the farmers and surveyors to interactive interactively and precisely.
g) Durability and protection against possible damage when working in the field: resistance to temperature changes, moisture ingress to the case. 
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Figure 1.2: Field Controllers
iii. Unmanned Aerial Vehicle 
Unmanned Aerial Vehicle (UAV) is also called Drone is one of the recent and most popular instrument used to perform geodesy task in surveying and drawing up a detailed plan of the area (Crippen, 2020). This is the widest area of civil engineering and agricultural revolution devices that is almost used by all works of life.
The advantages of Unmanned Aerial Vehicle are:
a) It is a 21st century revolution used in surveying activities that is much easier to use. 
b) Drone provides high measurement accuracy and low cost of maps and plans in Agricultural lands and topography of the area cultivated.
c) Drone facilitates the cultivation of cultivation large area of land with difficult terrains to reduce significant labor, time and financial costs. 
d) Drone facilitates designs and surveys work for the construction and reconstruction of roads, building and structures.
e) Drone enable land surveying, inventory and cadastral valuation of farm lands and plots sizes. 
f) Drones are used by farmers and surveyors to monitor crop performance and yield in large hectares of land.
g) It is used to monitor boundaries between the cultivated areas and uncultivated lands, to avoid theft and encroachment.
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Figure 1.3: Drones (Quadrocopter)
iv. Electronic total station
The emergence of electronic total stations can be considered a natural development of geodetic technology, a general development of related instrumentation and electronics (Bramon et al., 2021). An electronic total station made it possible to obtain coordinates at any point of an object within a short period of time without any additional or preliminary construction of the territory. The accuracy of catch measurement in a modern electronic tacheometer reaches half a second of arc a professional digital surveyor's instrument designed for accurate measurements in the field, elevations, horizontal distances and increments of rectangular coordinates. It combines a light range finder and a theodolite. The device is capable of performing engineering calculations and storing the information received.
The advantages of Electronic Total Stations are:
a) Conducting cadastral and land management works in large area of farms.
b) It used in building maps and plans for the cultivation of farms for crops.
c) Conducting observations of the deformation of structures in large area of farmers with dilapidated structures.
d) Maintenance of reconstruction and construction of farm houses for farmers and workers.
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Figure 1.4: Electronic Total Station
v. Electronic Theodolite
This is one of the highly technological devices that are design to be accurate and very easy to use by farmers and surveyors. These electronic geodetic theodolites are gaining more popularity in the surveying world. These instruments are equipped with electronic sensors for taking measurement readings and then displaying their results on a display for the user. The main working measures within the framework of the theodolite design are horizontal and vertical limbs equipped with minutes and degrees division. An easy-to-use electronic theodolite has become indispensable at large farm site for the construction of infrastructure facilities of any degree of complexity and in the performance of farm various works. The main components of electronic theodolites are;
· Laser and optimal plummet and Stand Tribrach,
· Graphical LCD screen with control panel for the most important actions in the farm.
· Visual optical tube with a network of threads for high-quality positioning of the objects.
· Screws for fixing, adjusting and aiming,
· High strength case with a reference system placed in it.
· Modern ones contain a meter rule equipped with vertical compensators that simplifies the work with device.
Advantages of Electronic Theodolites are:
a) They are fully automated machine the processed goniometric measurement in large hectares of land sizes.
b) Electronic theodolites are used in geodetic and engineering surveying for the construction of farms houses like poultry, indoors grazing house for cattles, pen house, fish ponds, storage house and other farm facilities.
c) These devices are used to determine the topography of the area of the farms before cultivation and constructions.
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Figure 1.5: Electronic Theodolite
1.3	Benefit of Modern Tolls used in Surveying
i. Optimal Land Use and Resource Management: Surveying allows farmers to map their land precisely, ensuring that every square meter is used efficiently for planting rather than lying fallow. This eliminates over-planting and helps optimize the spacing for crops, improving overall yield.
ii. Precision Irrigation and Drainage: Modern, high-accuracy surveying (including 3D elevation maps) helps determine optimal drainage and water distribution. Proper drainage prevents waterlogging and ensures consistent oxygen supply to plant roots, crucial for healthier crop development.
iii. Variable Rate Application (VRT) of Resources: Using spatial data gathered by drone surveys, farmers can apply seeds, fertilizers, and pesticides at varying rates across a single field. This means that nutrient-deficient areas receive more fertilizer while others receive less, reducing wastage and maximizing growth in every area.
iv. Remote Sensing and Crop Monitoring: Drones and satellites provide multispectral imagery that calculates the NDVI (Normalized Difference Vegetation Index), which monitors crop health and detects stress before it is visible to the human eye. This early detection allows for timely interventions, preventing significant yield losses due to pests or diseases.
v. Enhanced Mechanization (Auto-Guidance): Modern GPS and GNSS-guided tractors (using RTK, or Real-Time Kinematic technology) can operate with centimeter-level precision. This prevents overlap during seeding or spraying, which saves fuel, reduces soil compaction, and ensures a uniform, high-density crop stand.
Impact Survey Tools on Crop Yield and Management
a) GIS Mapping and Software: Geographical Information Systems (GIS) allow farmers to create multi-layered, interactive maps to analyze spatial data regarding soil type, topography, and nutrient levels.
b) Optimal Land Utilization: Detailed surveying helps optimize field layouts, including proper plant spacing and identifying unused areas, which directly contributes to higher yield per hectare.
c) LiDAR and Imaging System are used Precision Land Leveling: Modern GNSS-based, 3D leveling improves water management by up to 40%, ensuring consistent water distribution, which reduces waterlogging and drought stress, increasing yields by 15-25% in irrigated systems. These tools are used for detailed topographic surveys and 3D modeling of the land, which is critical for drainage planning and soil conservation.
d) Variable Rate Application (VRA): By mapping soil composition and nutrient levels, farmers can use surveying data to apply fertilizer at variable rates, reducing waste (up to 25% for chemicals) and improving plant health.
e) Unmanned Aerial Vehicles (UAVs/Drones): Equipped with multispectral, hyperspectral, or thermal sensors, drones provide high-resolution, real-time data on crop health, soil moisture, and pest infestations, covering 200–400 acres per flight.
The benefit of Survey tools Accuracy
1. Mapping-Grade GPS Device (>= 3 meters): This handheld unit is primarily used for mapping utilities and improvements that don’t require high accuracy. The data and attributes acquired by this unit will be inserted into geographic information system (GIS) databases for inventory, and maintenance logs for future review and upgrade needs. Surveyors use these units for mapping items that require additional attributes and information necessary to improve the overall usefulness of a GIS database.
2. Differential GPS (<= 1 meter): Differential GPS provides live positional solutions for applications that require more accuracy than mapping-grade GPS, at a reasonable equipment and operational price. These systems are used by aeronautical companies for mapping assistance, logistics companies for asset tracking, and emergency operations for 911 systems. These systems are also used by hydrographic surveyors for use in mapping lake and river bottoms as well as surveyors working in open pit mines, producing existing condition maps and volumetric surveys.
3. Real-Time Kinematic (<= 2.5 centimeters): Today’s precision farming is more accurate than ever, with RTK networks providing a bulk of the coverage necessary to supply the farmer with corrections. These systems allow for highly accurate mapping and guidance systems so the farmer has more control and information on his field and crops than ever before.



Conclusion
Roles of the surveyor are to measure land, provide professional knowledge regarding parcel boundaries, and collect data for engineering and drainage purposes.  Farmers who have embraced GPS technology now have the power not only to map and collect data, but to also utilize previous data for crop efficiency. This ability to run a more efficient farming system is happening now for many farmers. The farmer is educated in regard to seed germination, weed and bug prevention, and maximizing crop yields so collecting this data has become a necessary task.
The farmer and the surveyor can use their knowledge in many ways for the mutual benefit of increasing crop yields, efficiently working the land, and maximizing production. The surveyor’s knowledge of topography and drainage can assist the farmer with shaping of land to minimize water runoff and loss of key nutrients in the soil. This loss is estimated to be an average of two to three tons of soil per acre per year. Installation of drainage tile in addition to grading can be a critical part of minimizing soil loss, and the surveyor can help with this analysis.
Accurate boundaries allow the farmer to know the limits of his property. The surveyor can provide this information so the farmer can maximize his planting configuration, yet not encroach on the adjacent property. The surveyor can also help with the creation of land-management systems to help farmland owners plan for financial decisions and tax strategies. The biggest opportunity for the surveyor is to offer assistance to the farmer who has little or no knowledge of data collection. This geospatial data can be confusing to those not familiar with this information. Farmers who become educated in analyzing and reading crop data can increase production and yields.
Surveyors have the math skills and background to assist with the management of the data from a location standpoint. This effort will help the farmer know soil conditions, germination, spray application and harvesting to maximize the cost effectiveness of his investment in the land. The farmer and the surveyor can create a successful partnership that can increase crop production worldwide. Data is the crop that brings them together, and planted with the right amount of care and nurturing, this data can become more valuable than ever.
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