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Introduction

Prostatectomy is one of the most common treatment for surgery by completely removing prostate
gland. Robot-assisted laparoscopic prostatectomy (RALP), in which the surgeon moves the robotic
arm through a computerized control system (e.g., da Vinci surgical robot), counts for over 80% of
the entire radical prostatectomy procedures performed in the United States, as its minimally invasive
surgical approach shortens the recovery time and reduce the risk of post-operative complications[1].
In this project, an introperative surgical guidance system exploits the endoscopic camera and Tran-
srectal Ultrasound (TRUS) probe to monitor this surgery, where a key component is the registration
between the TRUS and endoscopic camera. By leveraging photoacoustic effect (active source points
can be detected by TRUS), we perform the registration between the fluorescence (FL) image of the
da Vinci endoscopic camera and the TRUS image.

The Problem

• The degree of automation of the surgical guidance system is low, which seriously affects its
availability and efficiency in clinical practice.

• Manually aligning the ultrasound imaging plane with the photoacoustics virtual markers is cum-
bersome and time-consuming.

• Registration algorithm and surgical tool tracking are not implemented and verified.

The Solution
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Figure 1: The overall system architecture of TRUS+PA image-guided surgical guidance system. DAQ: Data acquisition
system; FL EC: Fluorescence endoscopic camera. The proposed surgical guidance system is composed of several
modules including the host computer, da Vinci surgical robot, a pulsed-laser system, an actuator control module, and a
US+PA imaging system. The black arrows indicate the signaling direction between the connected modules[2].
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Figure 2: Left Figure: Conceptual illustration of registration and tracking using photoacoustic markers (PM)[2]; Right
Figure: GUI screen shot
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Figure 3: The diagram of search algorithm. θi is the rotation angle of imaging plane, and θp is the angle of PA virtual
marker that we are trying to find.

Outcomes and Results

Figure 4: Experimental Setup
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Figure 5: Visualization of how laser spot intensity changes (in PA image) with different rotating angles

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2

Degree

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

In
te

ns
ity

Case1 Fitted Function
Case1 Sampling Point
Case2 Fitted Function
Case2 Sampling Point
Case1 Ground Truth Angle
Case2 Ground Truth Angle

-16.91 -6.81

Figure 6: Examples of searching results. In case 1, the error is 0.03◦ ; in case 2, the error is 0.08◦.

Future Work & Lessons Learned

• We planed to explore new registration methods independent on the TRUS rotation angle, which
can lead to a simple yet efficient workflow.

• The experiment of registration error should be conducted to verify the effectiveness of our
workflow.

• When planning the project, the availability of dependencies and their alternatives should be
well investigated ahead of schedule.

• The experiments take much longer time than we expected due to the complex setup, therefore
an appropriate timeline should take possible delay into consideration.
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