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In this research, several types of solar cells have been successfully 
fabricated using zinc oxide-based nanoparticles (ZnO NPs) and ZnO-
based nanorod arrays (ZnO NRAs). Both of ZnO NPs and ZnO NRAs 
were synthesised via novel dual sonication sol-gel immersion process. In 
this work, ZnO NRAs were grown on a seed layer by ultrasonic-assisted 
immersion technique while the seed layer, which consists of ZnO NPs 
were deposited by ultrasonic-assisted sol-gel dip-coating technique. 
The main points for this thesis are not only to successfully realise the 
controllable growth of ZnO NPs and ZnO NRAs but also investigate the 
structural, optical and electrical properties in detail by means of X-ray 
diffraction, field emission scanning electron microscopy, transmission 
electron microscope, energy dispersive X-ray spectroscopy, ultraviolet-
visible-infrared spectrophotometry and two-probe current-voltage 
measurement system. There are several processing parameters such as 
dopant concentration, annealing temperature, growth time and various 
types of dopants which can be controlled were being optimised. The 
optimised growth parameters were applied to fabricate several solar cell 
devices which were dye sensitised solar cells (DSSCs), hybrid solar cells 
(HSCs), perovskite solar cells (PSCs) and inverted organic solar cells 
(IOSCs). The DSSCs with intrinsic ZnO NRAs immersed for 60 min 
demonstrated the highest conversion efficiency (η) of 3.268 %, a fill factor 
(FF) of 0.515, an open circuit voltage (Voc) of 0.633 V and a short circuit 
current density (Jsc) of 10.032 mA/cm2 which due to higher dye loading 
in longer ZnO NRAs. On the other hand, the ZAO NRAs-based DSSCs 

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 

which was immersed for 50 min prevailed preeminent performance for 
both immersion time and different dopant studies. The optimised of 
above-mentioned parameters leads to an efficiency (η) of 4.366 %, a 
fill factor (FF) of 0.482 an open circuit voltage (Voc) of 0.592 V and 
a short circuit current density (Jsc) of 15.305 mA/cm2. Besides, ZnO-
based NRAs have been also successfully fabricated for both of HSCs 
and PSCs fabrication. For HSCs, MEH-PPV polymer has been essayed 
in HSC based on the various impurities within the ZnO NRAs and the 
best results have been obtained using ZAO NRAs (Jsc = 1.365 mA/cm2, 
Voc = 0.709 V, FF = 0.673 and η = 0.651 %). Apart from that, the PSCs 
with FTO/ZAO NPs/ZAO NRAs-50 min photoelectrode shows a better 
performance (Jsc = 8.028 mA/cm2, Voc = 0.534 V, FF = 0.517 and η = 
2.215 %) compared to ZAO NRAs-30 min which might be due to higher 
infiltration of perovskite material. Finally, the ITO/ZnO/P3HT:PCBM/
Au solar cells has been fabricated and the performance of the devide 
were successfully studied by varying the ZnO buffer layer thicknesses. 
The fabricated device of the IOSC yields the power conversion energy 
of 0.043 % using the optimum ZnO buffer layer thickness of 107.0 
nm. This optimisation process not only provides the effective way to 
fabricate the solar cell devices, but also obtains some beneficial results 
in aspects of their properties, which builds theoretical and experimental 
foundation for much better understanding fundamental physics and 
broader applications of ZnO and related structures.   

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.




