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Abstract:

Precise beam steering to implants is crucial for accurate location determination using a phased array. The self-image-
guided ultrasonic (SIG-US) technique offers a localization approach where the implant initially transmits pulses outside
the body. These pulses are then received by a transducer array with varying delays. By measuring these delays,
reversing them, and applying them in transmitter mode, the beam can be accurately steered towards the implant's
location. In this paper, two linear estimation methods for the SIG-US technique are introduced. In the first method,
measurements are performed only at the first transducer and the multiples of 8 transducers. In the second method,
measurements are performed at the first transducer and the multiples of 4 transducers, and other delays are obtained
from their linear approximation. Simulation results show that regardless of the number of array elements, the first
method has a power loss of less than 0.8% compared to the ideal SIG-US method for focal distances greater than 40
mm. The second method has a power loss of less than 0.3% for distances of 20 to 50 mm. Both mentioned methods can
track the implant location by reducing the number of measurements and power consumption compared to the traditional
SIG-US method.
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1. Motivation of the work

Wireless power transmission with the help of inductive or
radio frequency (RF) links is widely used in biomedical
implants [1,2]. However, these methods are unsuitable
for miniaturized implants that are located at a deep
distance from the surface of the body's skin. In recent
years ultrasonic links have gained significant attention as
a practical interface for wireless power transfer and data
transmission to millimeter-sized implants [3-7]. In some
applications, there is a need to power a network of
implants simultaneously or individually [5,8]. In such
cases, it is preferable to use an array of transducers to
focus the power beam in different directions using
beamforming. In beamforming, since the beamwidth at
the focal point is significantly reduced, implant
misalignment can severely affect the received power.
Therefore, continuous tracking of the implant's location is
crucial. The self-image-guided ultrasonic (SIG-US)
technique proposes a method for detecting the implant's
location, in which the implant sends pulses outside the
body. These pulses are then received by an array of
transducers with different delays. By measuring these
delays, and applying the inverted of them in the transmit
mode, the beam can be accurately directed to the
implant's location [9-11]. Reducing the number of
measurements with estimation techniques, without
significantly affecting the accuracy of power delivery to
the implant in the SIG-US method, can help reduce
power consumption, chip area, and delay update time.
The aim of this paper is to investigate the impact of linear
estimation in the SIG-US method for different focal
distances.

2. Contributions

Considering that the number of measurements and then
the power consumption and chip area in the first method
are less than the second method, this method is preferable
for larger focal distances. Also, the results show that the
number of transducers in the array does not have a
significant effect on reducing the pressure received by the
implant. The second method also shows high accuracy
for focal distances less than 30 mm. Therefore, according
to the focal distance required to focus the beam, the
appropriate approximation can be chosen.

3. Procedures

In this article, the goal was to investigate the linear
estimates on the received power of the implant in the
SIG-US method. First, we tried to investigate the effect
of two linear approximation methods for different
number of array elements and also different focal
distances to study how to reduce the received power of
the implant with these approximations. Also, with the
help of these results, we can find the best type of
approximation based on the number of array elements,
focal length and steering angle. Mathematical relations of

ultrasonic waves in two dimensions (2D) and coding in
MATLAB have been used for these studies.

4. Findings

The results of the investigations showed that there is no
need to measure the delays in all transducers to update
them with the SIG-US method, and by measuring in a
limited number of transducers and using linear
estimation, the implant location can be tracked with high
accuracy. Also, this type of estimation is not very
dependent on the number of array transducers. In
addition, the greater the focal distance or the steering
angles, the delay measurement can be performed in fewer
transducers, without significantly reducing the received
pressure by the implant. Reducing the number of
measurements allows the circuit implementation of the
SIG-US method to have less power consumption and
size.

5. Conclusion

In this paper, we first investigated the effect of the
number of array elements on beamwidth, sidelobe level,
and maximum measured delay. Subsequently, two linear
estimation methods for the SIG-US technique were
introduced, in which delay was measured at a limited
number of transducers rather than all of them. It was
demonstrated that as the focal length or steering angle
increased, delay measurements could be performed on
fewer transducers without a significant decrease in the
received pressure by the implant. Reducing the number of
measurements resulted in a lower power consumption for
the implementation of the SIG-US method. Additionally,
this approach reduced the cost and chip area required for
implementation. Furthermore, it was shown that for
larger steering angles, delay measurements could be
performed on fewer transducers without a significant
impact on the implant received power.
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