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Goal

The Ultrasound penetration is 10-15 cm maximum. The deeper the tissue, the more attenuation is caused,
and consequently, the less quality images can be obtained. This is why ultrasound cannot be used for
thick tissues or obese patients. In addition since ultrasound waves cannot travel through air, ultrasound
imaging has limitations to be used for tomography. In this project, we develop a system which is a
combination of human operated probe and a probe attached to a robotic arm. This system can be used to
offer higher imaging depth, and to enable ultrasound tomography imaging.

Statement of Relevance/Importance

Ultrasound machine is inexpensive, has a light weight, and more importantly, does not produce ionizing
radiation which is believed to be dangerous to human health. In addition, CT is mostly used for bony
structures while ultrasound is used for soft organs. Table 1 compares ultrasound and CT.

These advantages are the reasons why when the ultrasound was introduced to medical imaging in mid-
twentieth century, many people started to build ultrasound systems for tomography to create 3D
diagnostic images. However, since ultrasound waves do not travel in air, they had to ask the patient to lie
in a pool of water and then they rotated ultrasound probes around the patient. These types of systems soon
were retired or some were never used in clinics because first, it was difficult to lie in a pool of water for
many patients; second, the ultrasound image quality was not as good as other modalities and its
penetration is limited to 10-15 cm; and third, the sonographer did not have enough control over the
ultrasound probe to exactly determine the part to be imaged.

Table 1. CT vs Ultrasound (Ref: http://www.diffen.com/difference/CT Scan vs Ultrasound , http://www.dimensionsinfo.com/how-big-

is-a-ct-scanner/ , http://www.absolutemed.com/Medical-Equipment/Ultrasound-Machines/GE-Vivid-e-Portable-Ultrasound-Machine )

CT Ultrasound
Cost $1200-$3200 $100-$1000
Imaged structure Bony structures Soft or internal organs
Radiation exposure 2-10 msv None
Weight 2000 kg (1000 mm diameter x >5Kg
5000 mm long)
Scan time 30 secs 10-15 min

Today with the help of advances in computer systems and medical imaging technologies, we have access
to better quality ultrasound images and faster processors which can perform much more complex tasks in
seconds. This has on one hand authorized us to combine imaging technologies and on the other hand
emerged the need for inventing new ultrasound systems. In this project, we build a system which can be
used for ultrasound tomography but does not require the use of the pool of water; can cover higher
imaging depth; and in addition is directly controlled by sonographer.

In this project we develop a system which combines a human operated ultrasound probe with a robotic
one. Figure 1 shows an example of such system to produce ultrasound images of patient’s leg. In this
case, the sonographer starts scanning the area to be diagnosed; and a robot tracks the sonographer hand,
on the other side of the patient’s body, in order to align the two probes. These two probes can both
contain their own transmitter and receiver (a normal probe), or one of them take the transmitter role and
the other be the receiver. This system can be used to cover higher depth imaging, to produce ultrasound
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tomography images, or even just for faster real-time scanning. However, the final future goal (not
expected to be done in this project) is to achieve ultrasound images that could be used to generate an
ultrasound tomographic scan of a soft tissue phantom (gel or animal tissue).

Figure 1. An example of a robot assisted ultrasound scanning

Technical Summary of Approach

To develop the system mentioned above, first of all, we will use an optical tracking system
(MicronTracker) to track the human operated probe. Advantages of the MicronTracker include light
weight, easy installation, low cost, and passive markers. In addition microntracker can later be attached to
the robot arm to compensate the accuracy and FOM. In order to have the position and orientation of the
probe’s tip, we put a marker on the probe and then use microntracker’s TT block. When a point on a
tracked object is put on the center of the TT block, the position of that point can then be reported by the
microntracker. This is shown in Figure 2.

This probe’s position is then analyzed on the computer and commands are sent to the robot to move the
other probe such that the two probes become aligned. At this point, we need to transform the coordinate
system of the optical tracker to the coordinate system of the robot. For this reason, we use a reference
coordinate and do the registration as shown in Figure 3. In this project, we use a passive arm instead of
human hand, and an arbitrary cylinder (or a cylindrical phantom) instead of tissue. The passive arm helps
us reduce the instability of the freehand probe. In addition, in the first phase of the project, we will use
mock ultrasound probes. Figure 3 shows the schematics of the experiment setup. Another calibration is
needed to find the transformation from the robot coordinate system to ultrasound probe’s. This calibration
can be done using the optical tracker.
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Figure 2. Probe calibration to optical tracker
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Figure 3. Project Schematics

In the second phase of the project, we will replace the mock probes with real ones and enable the data
collection. Since the optical tracking system has the accuracy of more than a millimeter, we will, then,

investigate and develop an Energy Profile Tracking (EPT) and a B-Mode Tracking method to improve the
tracking accuracy.

The intuition of the EPT method comes from the energy distribution of ultrasound waves shown in Figure
4. As can be seen in the figure, the energy is not equally distributed in the space. This property can be
used to align the probes more accurately by aligning the peaks as shown in Figure 5. A transmitter and a
receiver might be used to enable EPT. The B-Mode tracking follows the same idea but this time using
ultrasound images and trying to align the image planes. An example is shown in Figure 6.



Figure 4. Energy Distribution of Ultrasound Waves
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Figure 5. Probes on right are not aligned while those on left are.

In the third phase, we will implement EPT or B-Mode and conduct an accuracy study for tracking.
Finally, time allowing, we might use reconstruction algorithms to display on screen more interesting real-

time images.
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Figure 6. Miss alignment in B-Mode Tracking

List of Deliverables
e Minimum Deliverables: (Expected by April 1)

— A robotic arm should follow the position of a mock ultrasound probe attached to a
passive arm, on the other side of a cylinder, using optical tracking system.

* Expected Deliverables: (Expected by April 22)

— Build a transparent cylindrical phantom

— The mock probes should be replaced with real ones.

— Real data should be collected.

— Study EPT and B-Mode. This should be thoroughly investigated.

* Maximum Deliverables: (Expected by May 6)

— Implement EPT or B-Mode and conduct its accuracy study.
— Real images shall be collected and reconstructed on a PC to display real-time ultrasound
images.
* Future Directions:



A force sensor can be added. A system can be developed to determine the shape of the tissue and
consequently improve the tracking. More irregular tissues can be experimented. More advanced
reconstruction algorithms and imaging techniques can be developed.

Key Dates and Assigned Responsibilities

The following table shows the project timeline.
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List of Dependencies and Plan for Resolving
Dependency Plan/Source Status/Comments Not met? Due date
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Management Plan

We are planning to spend average of 15-18 hours/team member/week on this project. We have assigned
Monday, Tuesday, Wednesday, and Thursday as “working on project” days and will try to maximize the
“working together” time on these days. We have weekly meeting with mentors. We will have weekly
progress reports to be discussed in the meetings. We have assigned responsibilities to each person but we
are planning to do most of the work together and help each other so that both of us will learn the most
from this project.
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