Abstract

Conventional ultrasound imaging systems use array transducers for focusing and beam
steering, to improve lateral resolution and permit real-time imaging. This thesis research
investigates a different use of array transducers, where the acoustic field and the receiver
characteristics are designed such that the energy of the output signal from targets of a
specified geometry is maximized. The output signal is the sum of the received signals
obtained using all the possible combinations of transducer array elements as transmitter
and receiver. This work is based on annular array transducers, but is applicable for any

array configuration.

The first step is the development of software for the efficient modeling of the wave
interaction between transmitted field and target, and between the transducer and receiver
field. Using this software, we have calculated the received signal for each combination of
an array element as transmitter and the same or another array element as receiver, leading
to an N x N received signal matrix for an N element array transducer. A waveform
optimization algorithm is then implemented for the purpose of determining the set of
delays for the individual array elements, which maximizes the energy of the sum of the
received signals. In one implementation of this algorithm, the received signal with the
maximum energy is considered as a reference signal, and specific delays are applied to
the other signals so that any two signals produce a maximum correlation. This leads to an
N x N delay matrix, which, however, is not readily implemented in a practical real-time

system, which uses all the elements in an array transducer simultaneously to customize



acoustic fields. Hence, the values in this delay matrix are fed into a linear programming

optimizer tool to obtain a set of delay values, which makes its implementation practical.

The optimized set of delays thus obtained is used to maximize the energy of the received
signal for a given transducer and target geometry and hence to enhance the reflectivity of
that target. It is also important to check the robustness of the optimized set of delays
obtained above, for a given target geometry. Robustness refers to the sensitivity of the
optimization to variation in target geometry. This aspect is also evaluated as a part of this

thesis work.
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