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A Portable Design for Diffusion Optical Tomography System

on Chip
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.ﬁ# 1N ABSTRACT

System-on-a-chip (SoC) design has made possible the realization
of many highly-integrated consumer electronic products, for
instance, MP3 players, cellular phones, and so on. In recent years,
Biochip is another research field of SoC. There are many types of
Biochips, for instance, biochemical measurement chips, biological

control chips, and so on.

One of the safest health check-up techniques is computed
tomography, and the Diffuse Optical Tomography (DOT) is the
most commonly used detection method. However, existing
instruments employing these technologies take up a lot of space
and are very expensive, as a result finding very limited use in
medical institutions and hospitals only. In order to popularize DOT
for health care, it is necessary to realize DOT systems that are more
convenient and less expensive. In this work, we design a low-cost
DOT system suitable for portable SoC applications that can be

used anytime, anywhere.

The complete DOT system comprises five processing units,
including (shown Fig. 1); a system control unit, a forward model
processor, a Jacobi SVD engine, an image reconstructor unit and

an image post-processor. The details are described as follows.

A. System Control Unit: The system control unit is used to control
both the off-chip sensor circuit and the on-chip DOT system.
In this system we implement two different operation modes
continues and discontinues, respectively.

B. Forward Model Processor: The forward model is used to build a

theoretical model of photon transfer behavior in highly scattered
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tissue. The parameters of the forward model depend on the
type of target as well as the observation depth.

C. Jacobi SVD Engine: The proposed JSVD processor is targeted
mainly for biomedical signal processing applications, particularly
portable instruments. Therefore, design requirements such as high
precision, low area and low power consumption must be satisfied.

D.Image Reconstructor: The purpose of this module is to perform
the inner product between the solved inverse solution and
collected data to form a reconstructed image.

E. Image Post-Processor: The image post-processor is employed to
expand and smooth the reconstructed image so that the result

will have better observability.

To validate the proposed DOT system, the experimental results are
compared against MATLAB simulations, as shown in Fig. 2. We can
easily verify that the results of the proposed system matches with

the results predicted by using MATLAB simulations.

Finally, by integrating the proposed DOT system into an SoC, low-
cost, portable and convenient healthcare solutions can be realized,

benefitting doctors, patients, and researchers alike in the future.




