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Abstract

Motivation: A fluorescence emission-guided microscope used to monitor the outcome of cancer removal surgery is
highly effective when employing a manipulator to motorize and switch the observation direction. It is necessary to
minimize the alignhment of looper tension between the stands for pull/push to change the direction of the manipulator and
reduce the error rate caused by tension differences. This paper presents a method to minimize the error rate of looper
tension between the stands.

Methods: \The looper is inserted between the stands of the manipulator to minimize the difference in tension and make the
stress on the pull and push of the looper constant. The constant stress allows the manipulator to move stably in left/right, up/
down, and left/right movements, which will be effective for full-camera observation and close-up shots of the end effector.
Results: Reducing the tolerance for differences in the manipulator’s looper tension (angle and tension) is crucial. When
the input value of the looper tension angle is 50°, the output should closely match 50°. Consequently, the measured
response has a tolerance of +49.98%, resulting in an error rate of .02% (1/50th level).

Conclusion: A method is proposed to minimize the error rate of the manipulator’s looper tension in a robot-based
fluorescence emission-guided microscope used to observe the status of cancer surgery. As a result, a stable manipulator
with a minimal error rate can achieve a 3.986x magnification for close-up observation by switching between high and low
orientations.
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Tumors have numerous distributed blood vessels, and
the colors of tumors and blood vessels are similar,
making them difficult to observe with the naked eye.'
Therefore, by injecting a fluorescent contrast agent
into the body, the state of tumor removal and lymph
nodes can be observed through a surgical fluorescence
microscope. However, because the microscope is
bulky and heavy, it is difficult to manually move the
microscope (left/right-up/down) to the location of the
lesion. Therefore, development has been underway to
align with the lesion’s location using the robot’s
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manipulator.”> However, within the manipulator,
differences in stress between pulling and pushing
occur due to variations in joint power and motor
weight. These differences can lead to significant errors
during the manipulation process, occasionally com-
promising movement accuracy.®’ This paper presents
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a manipulator control method aimed at minimizing
erTors.

5-Axis Manipulator Design with
Looper-tension Performance Inserted
Between Stands

The robot manipulator with joint of 5-axis freedom is
shown in Figure 1(a). From the figure, 6, of the 1-axis
controls the rotation of the end-effector, and 0, of the
2-axis controls the left-right rotation of the end-effector. In
3-axis, 03, 04, and 05 control left and right radial move-
ment and 360° rotation of the end-effector connected to
the camera and LED. The method for minimizing the error
in the pull and push operation of the manipulator and end-
effector for accurate and precise operation from 6; to 05 is
to connect the stands composed of three rolls and the stand
as shown in Figure 1(b).

When pull, push, and rotation are performed, the
lengths of the loopers (/;; and /;,) will change uniformly
due to kinematic forces and constant speed (as seen in
Figure 1, Eqgs.), while the rolls rotate.® As a result, the

overall length of the looper (/7) changes uniformly,
minimizing errors in pull and push operations. The
reason the length of the looper changes uniformly is that
when there is a difference in the length of the looper, the
intermediate roll (Ry//Rgp) rotates slightly to control
the speed, length, and tension of the pull and push of the
loopers (/y; and /). Without an intermediate roll, one of
the lengths of /;; and [, increases during the pull and
push process, leading to an imbalance in the pull and
push operations and causing the manipulator to move
diagonally.

Looper-tension Response Simulation
Between Stands and Results

The time response of the tension and angle of the roll
moving in the stand due to changes in the looper length
during the pull and push of the manipulator is depicted
in Figure 2(a). As seen in the figure, the angle and
tension applied to the looper are 25.1° and 8.62 MPa,
respectively. During this time, an output response can
be obtained when there is a variation of +49.98% from
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Figure |. Structure and mechanism analysis of a surgical microscope robot with stand and looper-tension performance inserted.
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the reference operating point compared to the input
values for the angle and tension. When the input value
of the looper tension angle is 50°, the output should
closely match 50°. Consequently, the measured re-
sponse has a tolerance of £49.98%, resulting in an error
rate of .02% (1/50th level).

As depicted in Figure 2, when the standard operating
point fluctuates by +29.99% while the input angle and
tension remain fixed, the output response occurs in the
opposite manner. In other words, an increase in the
speed difference for the roll of the stand leads to an
increase in tension for the length of the looper and

a decrease in the angle of the looper, resulting in a dual-
sided phenomenon.

Design and Performance Test of 5-Axis
Joint Manipulator Using Looper-tension
Control Method Between Stands

A robot that combines looper-tension with a 5-axis joint
manipulator is designed, as shown in Figure 3(a). The
waveform in Figure 3(a) can be moved in the X, y, and z
axes (250 mm) by uniformly adjusting the looper-
tension between the stands. By connecting a camera
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Figure 3. Simulation and imaging results of the designed robot.
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with zoom-in/out functionality to the end-effector, close-up
and overall shooting is possible. Figure 3(b) represents the
angle of the movement radius of the 5-axis joint, while
Figure 3(c) shows fluorescence emission (phantom light is
generated from it), and performance testing is conducted. In
this setup, the camera’s zoom-in capability goes up to x3.86
magnification, with resolutions of 1920x1080 (in) and
9600 x 3240 (out).

Conclusion

The motor used to move the manipulator left, right, up, and
down frequently experiences an overload, so a mill tension
function is implemented to minimize the motor’s load. Mill
tension may increase due to the added weight each time the
manipulator moves. Therefore, because the manipulator
does not move in the correct direction, the lesion cannot be
observed at the desired location. This technology is expected
to be suitable for future use in surgical robots and fluores-
cence emission-guided monitoring robots.
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