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ABSTRACT 

Land leveling plays a critical role in improving irrigation efficiency, crop productivity, and 

soil health. In Uganda, particularly in areas like the Ngenge Irrigation Scheme in Kween 

District, small-scale farmers continue to rely on traditional, labor-intensive land leveling 

methods due to the high cost and incompatibility of existing laser leveling systems with 

walking tractors. This project aimed to design and fabricate a low-cost, scalable laser land 

leveling system suitable for integration with a walking tractor to support farms under five 

acres. The system employs a laser transmitter, ultrasonic and laser sensors, and a 

microcontroller-based control unit to automatically adjust a scraper mechanism. The 

components were designed using SolidWorks, fabricated with locally available materials like 

mild steel and cast iron, and integrated with an Arduino-based control system. Performance 

testing revealed a leveling index of 55.7%, indicating partial effectiveness but highlighting 

the need for improvements in motor speed, driver capacity, and hoe responsiveness. Despite 

the limitations, the project demonstrated the feasibility of creating a low-cost leveling 

solution for smallholder farmers, with potential for refinement and wider adoption. The 

system contributes toward achieving SDG goals related to poverty reduction, food security, 

and sustainable land management. 

  



vii | P a g e  
 

 



viii | P a g e  
 

ACKNOWLEGEMENT 

We would like to first acknowledge God’s hand of protection and provision throughout this 

design and research process. We also thank Him for the unity, love, strength, resilience and 

determination that He has given us to always move on with the project work till completion. 

We extend our gratitude to our supervisor Mr. Ambrose Ashabahebwa for the continuous 

guidance and support given to us. May the Lord always bless you and your family. 

To the parents, we thank you for being there for us throughout. You have been a strong pillar 

in our success because of the financial muscle that you provided whenever need arose. May 

the almighty Lord grant your heart’s desire. 

We also cannot fail to express our appreciation to the department of Agricultural 

Mechanization and Irrigation Engineering for standing with us throughout this period. In this, 

we would like to recognize the efforts of the project coordinator Mr. Igga Huzairu, The Head 

of Department Dr. Kavuma Chris and other departmental members. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix | P a g e  
 

 



100 | P a g e  
 

6.16.0 REFERENCES 

1. National Conference on Recent Advances in Mechanical Engineering and Materials 

International Journal of Scientific Research in Mechanical and Materials Engineering 

2021 IJSRMME |Volume 4, Issue 7 |ISSN: 2457-0435 

2. Hindawi Publishing Corporation Advances in Mechanical Engineering Volume 2014, 

Article ID 235687, http://dx.doi.org/10.1155/2014/235687. 

3. Key Technology on Agricultural Machine and Equipment, Ministry of Education, South 

China Agricultural University, Guangzhou 510642, China 

4. Modern Technology for Land Levelling, Based on A 3d Scanner, Research Journal of 

Agricultural Science, 42 (3), 2010. USAMV – FIFIM, Bucuresti B-dul Marasti, nr. 59, 

sector 1, Bucuresti 

5. Faculty of Modern Agricultural Engineering, Kunming University of Science and 

Technology, Kunming 650000, China, 1135756743@qq.com, 1079937882@qq.com, 

66605115@qq.com 

6. Key Laboratory of Agri—Informatics Ministry of Agriculture, Beijing 100097, China 

zhaocj@nercita.org.cn 

7. National Research Center of Intelligent Equipment for Agriculture, Beijing 100097, 

China 

8. (shangyh, congy, fuwq) @nercita.org.cn 

9. International Maize and Wheat Improvement Center (CIMMYT), Carretera Mexico-

Veracruz km. El Batan, Texcoco C.P. 56237, Estado, Mexico; J.VanLoon@cgiar.org 

10. Caling Balingbing Post harvest and Mechanization Unit, IRR1 Rice science for a better 

word 

11. Dept. of Farm Machinery &Power Engineering PAU, Ludhiana-141001 

12. Borlaug Institute for South Asia, Punjab, Agricultural Campus, Ludhiana-141001 

13. Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut (U.P.), 

India. 

14. Adoption intensity of soil and water conservation technologies, Springer Science 

+Business Media Dordrecht, 2014 

15. Feed the Future, the U.S. Government Global Hunger and Food Security Initiative. 

16. Climate Smart Agriculture in Uganda, 2020. 

17. World Bank (2016) The World Bank, East Africa Agricultural Productivity Program 

mailto:J.VanLoon@cgiar.org


101 | P a g e  
 

18. Zhao, J., et al. (2019). "Pulse Width Modulation Techniques for DC Motor Control." 

International Journal of Electrical Engineering. 

19. Lee, S., et al. (2020). "Bidirectional Control of DC Motors Using H-Bridge Circuits." 

Journal of Automation and Control Engineering. 

20. Mishra, A., et al. (2021). "Real-Time Feedback Control for Laser Leveling Systems." 

Agricultural Engineering Journal. 

21. Singh, R., & Jain, S. (2022). "Optimization of PID Control for Automated Leveling." 

Journal of Control Systems. 

22. Patel, K., et al. (2020). "Durability Studies of DC Motors in Agricultural Applications." 

Journal of Mechanical Engineering. 

23. Thompson, L., & Brown, A. (2023). "Environmental Impact on DC Motor 

Performance." International Journal of Robotics. 

24. Rao, P., et al. (2022). "Cost-Benefit Analysis of Automated Laser Leveling in 

Agriculture." Journal of Agricultural Research. 

25. Huang, T., & Zhang, W. (2023). "Applications of Laser Leveling in Construction and 

Surveying." Construction Technology Journal. 

26. Smith, J. A., & Brown, R. T. (2020). Principles and Practices of Earth-Moving 

Machinery. In J. A. Smith (Ed.), Construction Equipment and Methods (pp. 150-175). 

Elsevier. 

27. Creswell, J. W. (2018). Research Design: Qualitative, Quantitative, and Mixed 

Methods Approaches (5th ed.). Sage Publications. 

28. Booth, W. C., Colomb, G. G., & Williams, J. M. (2016). The Craft of Research (4th 

ed.). University of Chicago Press. 

29. Pahl, G., Beitz, W., Feldhusen, J., & Grote, K. H. (2007). Engineering Design: A 

Systematic Approach (3rd ed.). Springer. 

30. Ulrich, K. T., & Eppinger, S. D. (2015). Product Design and Development (5th ed.). 

McGraw-Hill Education. 

31. Ashby, M. F., & Jones, D. R. H. (2012). Engineering Materials 1: An Introduction to 

Properties, Applications and Design (4th ed.). Butterworth-Heinemann 

32. Field, A. (2017). Discovering Statistics Using IBM SPSS Statistics (5th ed.). Sage 

Publications. 

33. Hibbeler, R. C. (2017). Engineering Mechanics: Dynamics (14th ed.). Pearson. 

34. Chapagain, Tejendra, and Manish N. Raizada. 2017. “Agronomic Challenges and 

Opportunities for Smallholder Terrace Agriculture in Developing Countries.” 



102 | P a g e  
 

Frontiers in Plant Science 8(March): 1–15. doi:10.3389/fpls.2017.00331. 

35. “Climate Smart.Pdf.” 

36. Hecht, Jeff. 2016. “Short History of Laser Development A Short History of Laser 

Development.” (September 2010). doi:10.1117/1.3483597. 

 

37. Jat, Citation M L, Parvesh Chandna, Raj Gupta, S K Sharma, M A Gill Laser, and Land 

Leveling. “Performan.” 

38. Jat, M L, S K Sharma, Raj K Gupta, Kuldeep Sirohi, and P Chandana. 2005. “Laser 

Land Leveling: The Precursor Technology for Resource Conservation in Irrigated Eco-

System of India.” Conservation Agriculture-Status and Prospects, CASA, New Delhi 

(October 2020): 145–54. 

39. “L.Pdf.”Nadimi, Mohammad, Da Wen Sun, and Jitendra Paliwal. 2021. “Recent 

Applications of Novel Laser Techniques for Enhancing Agricultural Production.” 

Laser Physics 31(5): 1–31. doi:10.1088/1555-6611/abebda. 

40. Patel, Anurag. 2018. “Laser Land Levelling Technology.” 68(May): 20–23. 

41. Shiv Kumar Lohan, Manpreet Singh. 2014. “Laser Guided Land Leveling and Grading 

for Precision Farming.” (April). doi:10.13140/2.1.1103.9689. 

42. Singh, Gurmohan. 2017. “Laser Land Leveling Prototype.” (November). 

43. Soleimani, Afsaneh, Mohammad Hossein Abbaspour-Fard, Abbas Rohani, and 

Mohammad Hossein Aghkhani. 2024. “Designing and Modeling the Power 

Transmission Mechanism for Existing Walking Tractors to Facilitate Their Guidance 

and Turning.” International Journal on Interactive Design and Manufacturing 18(4): 

2429–48. doi:10.1007/s12008-023-01516-0. 

44. Zang, Ying, Shibo Meng, Lian Hu, Xiwen Luo, Runmao Zhao, Pan Du, Jinkang Jiao, 

Hao Huang, and Gaolong Chen. 2020. “Optimization Design and Experimental 

Testing of a Laser Receiver for Use in a Laser Levelling Control System.” Electronics 

(Switzerland) 9(3). doi:10.3390/electronics9030536. 

45. Zhou, Hao, Lian Hu, Xiwen Luo, Lingmao Tang, Pan Du, Ting Mao, Runmao Zhao, and 

Jing He. 2020. “Design and Test of Laser-Controlled Paddy Field Levelling- 

 

  


