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The experimental equipment Quarter Car System was used in the 
studies of comfort riding. This system consists of a metal framework 
with hydraulic absorber attached to a tyre assembly. In comfort riding 
studies, the tyre will move up and down and the absorber has to sustain 
and stabilize the movements. For comfort riding, a control system 
was designed to control the movement of absorber and stabilized in 
shortest possible time. The movement of tyre up and down represents 
the road profile to test the robustness of the absorber controller. The 
tyre movements to represent the road profile can be done by a position 
control electro-hydraulic actuator (EHA) system which was placed in 
vertical position. The control movement of cylinder rod will represent 
the required road profile for comfort riding studies. By implementing 
conventional Zero Phase Error Tracking Control (ZPETC) to control 
the cylinder rod movement will only accurate for slow movement 
but not for fast movement. This is due to low frequencies and small 
bandwidth limitation. High frequency operation is not applicable. Thus, 
this research work proposed a new development and implementation of 
digital tracking control using feedforward trajectory ZPETC to the EHA 

Flexible substrates have drawn considerable interest in providing new 
opportunities for future applications of telecommunication antennas. 
This thesis is dedicated to the development and application for an 
indoor/outdoor wearable antenna such as tagging or identification 
system for Radio Frequency Identification (RFID) using natural rubber 
(NR) composites. The thesis is divided into two parts. The first half 
focuses on the preparation of NR composites to achieve a material with 
optimal mechanical and electrical properties. The formulation consists 
of carbon black as the main filler, and other supporting ingredients as 
activators, anti-oxidants, softeners and accelerators. The preparation 
process of these samples consisted of mastication, mixing, curing and 
moulding. To quantify the flexibility of these samples, tensile tests 
were conducted according to the ASTM D638 standard using an Instron 
machine. The second half of the thesis concerns antenna development. 
Meander dipole antennas with a combination of capacitive tip-loading 
and T-matching were designed using CST Microwave Studio. The 
substrates employed in the design had permittivity of 3.3 and loss 
tangent 0.008. The overall dimensions of the antenna are 65 × 65 × 1.0 
mm3. The UHF band was chosen with the operating frequency of the 
proposed antenna selected at 921 MHz. The fabrication of the prototype 
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system that will provide better control of cylinder rod to emulate road 
profile for low and high frequency movements. The plant model was 
represented by ARX331 structure and identified from the open-loop 
test experimental data. The proposed controller was designed using 
three different controllers based on three separated methods such 
as RLS method, comparing coefficients method and Laurent series 
method. Simulation results showed that the RLS method was capable 
to produce satisfactory tracking performance even with small filter-
order. High filter-order was required to produce the same satisfactory 
tracking performance using the comparing coefficients method and 
Laurent series method. Using the same filter-order, Laurent series 
method produced better tracking performance than comparing 
coefficients method. The simulation results were validated using 
the real-time control of the EHA system using Matlab and Simulink 
environment.

antennas involved copper foils cut into a meander shape, and then 
secured onto the rubber surface using a special adhesive. Coaxial feed 
technique was chosen to ease the fabrication process. Simulation and 
measurement of the antenna return loss and radiation pattern were 
conducted over the frequency range of 800 to 1000 MHz under two 
conditions: 1) flat and 2) bending along vertical and horizontal plane. 
The effect of the flat and the bending on the antenna’s performance, 
mainly on the return loss and the radiation characteristics also been 
discussed. The antenna performances show good agreement between 
the simulated and the experimental results. The measurements were 
carried out using a Rohde & Schwarz vector network analyzer in 
an anechoic chamber. At the end of the study, prototype RFID tags 
were measured using an RFID reader to validate and demonstrate the 
worthiness of NR as a new flexible substrate for this application.




