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In this thesis, an investigation on lane and vehicle 
tracking on a highway is carried out. The highway is 
chosen as the test ground due to the one-way flow of 
traffic, relative straightness of the road and consists 
of mostly automobiles. This study describes the 
development of a mid-line generation technique on 
the road as guidance for drivers to stay in the centre 

Lead zirconate titanate (PZT) and lead niobate zirconate 
titanate (PNZT) belong to the ferroelectric family. They 
have high dielectric constants whereby the use of these 
materials allows reduction of circuit size. This research 
is focused on microwave characterization of films made 
of these materials for monolithic microwave integrated 
circuit (MMIC) applications. Both films are deposited on 
silicon substrates using different deposition techniques. 
PZT films are deposited with sputtering to give thickness 
of 0.5 mm. The films have morphotrobic boundary 
phase since their Zr/Ti ratio is 50/50. In contrast, PNZT 
films are grown using metal organic deposition to give 
thickness of 1 mm. PNZT films are doped with 4 % of 
niobium (Nb) with a Zr/Ti ratio of 20/80. Capacitors 
and transmission lines made of PZT and PNZT were 
fabricated using standard semiconductor processing. 
High frequency wafer probes were used to carry out 
microwave measurement from 5 to 20 GHz, and from 
this the results were used to correlate microstructure 
properties to high frequency behavior. X-ray diffraction 
and scanning electron microscopy were employed to 

of the road lane they are currently driving on. The 
technique detects and tracks road lane in a video 
sequence and draws a virtual mid-line on the screen 
to guide the driver to stay centred within the lane. As 
a safety measure, the system will notify the driver with 
a warning signal if the vehicle zigzags across the lane. 
If the driver crosses onto another lane, the system will 
automatically update the new detection on left and right 
boundaries of the new lane and calculate the mid-line. 
Furthermore, the system will classify the vehicle into 
their proper group in order to estimate the distance 
between the target vehicle and the preceding vehicle. 
The system works thoroughly when the edges of the 
preceding vehicle are detected. The detected edges will 
create a bounding box. The box will be recognised by 
the back-propagation artificial neural network to classify 
it into heavy or light vehicle group. Based on the size 
of the bounding box, the system will then estimate the 
distance within the target vehicle and the preceding 
vehicle. To that effect, the objective of this study is to 
develop a low cost competitive safety system on the 
road. In order to achieve this, a basic video camera 
without thermal or infrared function is used to complete 
the task in this system.

investigate grain texture and crystalline properties. The 
X-ray diffraction results show that PNZT has higher peak 
of intensity as compared to PZT. This indicates that 
PNZT is more crystalline than PZT. Scanning electron 
microscope image also shows both samples have 
smooth surfaces. Estimations of the grain size of both 
samples were made using Scherrer’s formula to yield 
values of the order of 20 nm. Capacitor test structures 
of area 50’ 50 mm2 are used to analyze capacitance, 
permittivity and loss tangent of the films. The wafer 
probes were calibrated using short-open-load calibration 
technique prior to microwave measurement. Capacitance 
values were then extracted from S-parameter data; the 
findings indicate that the permittivity of PNZT is higher 
than PZT. For PNZT the permittivities range from 800 at 
40 MHz and decreased to 20 at 20 GHz. On the other 
hand, for PZT the values decreased less drastically 
from 350 at 40 MHz to 110 at 20 GHz. However, the 
PZT samples were less lossy, with loss tangents of the 
order of 0.18 at 40 MHz to 0.07 at 20 GHz. The fact 
that PNZT samples showed higher permittivity is due to 




