
UNIVERSITI TEKNOLOGI MARA 

 

 

 

REAL-TIME INTER-ROW TREE 

DETECTIONAND TRACKING 

TECHNIQUES FOR UNMANNED 

VEHICLE-BASED ON 

SIMULTANEOUS LOCALIZATION 

AND MAPPING APPROACH 

 

 

 

 

 

NORASHIKIN BINTI M. THAMRIN 

 

 

PhD 

 

 

 

March 2017 



iv 
 

ABSTRACT 

 
 
 

In this work, an inter-row tree detection and tracking techniques based on Simultaneous 

Localization and Mapping (SLAM) method is developed specifically for a well-

structured agricultural field where the trees are planted uniformly with certain distance 

that leaves it with number of inter-row spaces. The existing rows has created 

opportunities for an autonomous vehicle to navigate in between the trees to perform the 

plantation activities such as scouting, monitoring, rowing, pesticide spraying and others. 

Unfortunately, the complicated conditions in the farm impair this solution. Such 

conditions like large canopy of leaves covered the top of the farm has led difficulty on 

the Global Positioning System (GPS) signal to penetrate the field and set a stable 

communication with the autonomous vehicle. In addition, a dark environment is created 

around the farm which could worsen the usage of image as artificial lighting must be 

added to distinguish the landmarks from the background. Therefore, a new approach to 

detect the landmarks and navigate in the farm based on the lightweight sensors and less 

computation effort is proposed. In this method, the tree detection and diameter 

estimation techniques implement the modified tree-triangle diameter technique by using 

innovative technique based on infrared sensors. Then, in substituting the GPS signal 

problems during the navigation and localization problems, a curve-based navigation 

approach is formulated. The path is planned based on the third-polynomial Bezier curve 

by projecting series of waypoints to create a solid path from one point to another. Then, 

the trajectory plan is derived for the autonomous vehicle to follow these waypoints 

during the navigation. At the same time, the mapping technique implements the memory 

utilization method in order to ease the localization process as well as landmarks 

mapping in the visual map which is oriented in two-dimensional coordinate format. 

These functions are created, formulated and tested thoroughly in the embedded 

microcontroller development board platform by using dsPIC30F6014A chip on the 

omnidirectional vehicle platform. A positive result was found in tree diameter 

estimation, navigation techniques and landmark mapping with the average error of 0.61 

cm, 4.0 cm and 8.9 cm, respectively. These results are compared with the previous 

research work from other researchers and showed remarkable and promising results to 

be implemented in the agriculture field with further enhancement and recommendation. 
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