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SUMMARY
Today’s laparoscopic surgeon performs laparoscopic surgery
by inserting long surgical instruments into the patient’s 
abdominal. The surgeon relies on the image captured by a
laparoscope that is also inserted into the patient’s abdominal.  
It is common to have an assistant holding the laparoscope and
taking directions from the surgeon on how to move it to keep
the surgical instruments within the view. However, timely,
accurate and stable adjustments of the laparoscope cannot be
guaranteed in lengthy operations due to the fatigue of human
assistant. We proposed a novel design by replacing the human
assistant with a parallel mechanism. This mechanism contains
eleven degrees of freedom which can be adjusted based on
surgeon’s requirement.

INTRODUCTION
In laparoscopic surgery, a laparoscope, along with surgical
instruments, is inserted into the incision holes to capture the
image inside the abdominal. The surgeon performs the
surgery by looking at the real-time image displayed on a
screen and manipulating the surgical instruments accordingly.
The benefits of laparoscopic surgery compared to traditional
open surgery are less pain, faster recovery, and smaller
injuries.
One of the problems of laparoscopic surgery comes from the
laparoscope. First of all, an additional assistant surgeon is
required to hold the camera. Secondly, the camera assistant
cannot maintain accurate and timely adjustments in lengthy
procedures due to fatigue. The laparoscope holding robotic
mechanism is presented to solve the abovementioned
problems. Computer Motion, one of the leaders in pioneering
and developing robotic systems to revolutionize healthcare,
developed a laparoscope positioner called AESOP 3000.
AESOP 3000 is a voice-activated robotic arm that automates
laparoscope positioning, providing the surgeon with direct
control over a smooth, precise and stable view of the internal
surgical field.

METHODS
In the last millennium, [1] has done a fair bit of research on
laparoscope surgery robotic systems. Our system brings the
competition up a notch by making the robot smaller and more
compact with a more advanced mechanism. As shown in
Figure.1, the laparoscope holding robot, which contains eleven
degrees of freedoms, is developed by Innovative Design and
Optimization Lab, Chang Gung University. It’s most special

feature is that contains a parallel base structure which provides
a robust fundamental support for moving up/down and
forward/backward. An arch shape connector is attached on
the distal end of parallel base to provide additional rotation. A
robotics mechanism is attached to the connector which is able
to move up/down, rotate according to three additional pivot
centers. One gripper is attached on the distal end of the robot
arm to hold the endoscope. This mechanism contains eleven
degree of freedom and more branches can be added to
manipulate both surgical instrument and endoscope. In
additions, the rotation center is located at the incision point,
where all of the rotational axes coincide. When the incision
point is matched to the center of the virtual sphere, the
laparoscope could rotate about that point without damaging
the incision hole.

Figure 1: A novel minimally invasive surgery robotic
mechanism

RESULTS AND DISCUSSION
The forward kinematic of the mechanism can be calculated as
DH table in Table 1. The position and orientation of the
holder can be expressed by the rotation matrix [2]:
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Table 1: Design parameter for the robotic arm



i 1i
1ia

id i
1 0 0 0

1

2 -90° 0 0
2

3 90°
1a 0

3

4 -90° 0 d4 4

5 90° 0 d5 5

6 -90° 0 0
6

Figure 2: An example posture of scope holding robotic
mechanism

Shown in Figure 2, When we apply the rotate angle θ1=30°、
θ2=-15°、θ3=-60°、θ4=120°、θ5=0°、θ6=90° into the
rotation matrix. The position of endoscope can be calculated
as (497.1, 47.2, -12.8).

CONCLUSIONS
An automatic robotics mechanism for laparoscopic surgery is
presented in this paper. The automatic instrument holding
system would control the laparoscope holding robot to track a
surgical tool to keep it within the view of laparoscope. The
actual integration between the image tracking software and the
robot are not finished. The robot calibrations are currently
being worked on. The fully integrated system will be
presented in future papers.
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