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Optimization and Control of Agile Eye Mechanism to Stabilize Car Vibrations and

Target Tracking
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ABSTRACT: In this research, an Agile Eye mechanism mounted on a moving car aims to maintain
focus in the desired direction despite road disturbances and vibrations. The study investigates the
system’s performance on hilly and mountainous roads, considering two PID tuning methods: trial and
error, and Ziegler-Nichols. To mitigate vibrations, a vibration absorber is employed, and its spring-
damper coefficients are optimized using a genetic algorithm, ensuring improved response and cost
efficiency. The optimized coefficients significantly reduce disturbances transmitted from the vehicle to
the mechanism, enhancing system control and preventing damage. The error’s root mean square value
was reduced to 0.02-0.04 with the vibration absorber, demonstrating its effectiveness in minimizing

disturbances and improving overall control performance.
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1- Introduction

Precision systems like target tracking require effective
damping and vibration control to maintain stability and
counteract external disturbances. In [1] proposed a modified
agile-eye mechanism aimed at enhancing robotic manipulation
of wristed laparoscopic instruments, demonstrating
advancements in surgical robotics and precision-oriented
systems. [2] Developed a neural network-based approach for
optimizing controller tuning in a parallel robot, showcasing
advancements in intelligent control methods for complex
mechanical systems.

2- Modeling

In research [3], Danaei et al. obtained the direct and
inverse kinematics of a two-degree-of-freedom agile-eye
robot, which serves as the foundation for the computational
model in this study. In the direct kinematics of the agile-eye
robot, the first and second motor angles are specified, and the
objective is to achieve the joint coordinates.

The two-degree-of-freedom agile-eye robot consists of
four links and five revolute joints. The joint coordinates are
represented by symbols 7, ,4,, w,,w, and \Z as depicted
in Figure 1. ¢, is the angle between W, and Vv, and a, is
the angle between w 5 and v . The inverse kinematics of the
mechanism can be represented by the following equation.
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In this research, reference devices {W}, {B}, and {E} are
connected to the ground, the robot’s base (car roof), and the
end effector, respectively. The coordinate 72 represents the
end effector’s orientation on its imaging surface. The primary
objective is to maintain the stability of 7 in the desired
direction relative to the ground reference device.

To effectively stabilize the system using the kinematic
relationships, the equations must be converted from the
ground reference device to the one connected to the base.
This allows for proper calculation of the desired joint angular
velocities based on the end effector’s orientation, which is
crucial for stabilization.

Based on the calculations performed in the study [4], the
desired angular velocities of the joints can be expressed in
terms of the desired end effector (camera) orientation in the
reference device attached to the base as follows:
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The movement of the mechanism is investigated under
the influence of two types of hilly and mountainous roads,
to evaluate their influence on the system and control
methodologies.

3- Control and Stabilization

This study aims to control the orientation of the agile
eye end effector in terms of azimuth 6=30° and elevation
$=45° angles. A unit direction vector is determined within
the reference device [0.35 0.61 0-70]T to represent the
desired orientation of the end effector. The control structure
employed for the agile eye robot is illustrated in Figure. After
several iterations of the trial-and-error method, the optimized
control coefficients for the first controller are found to be
P=0.56 1=0.037 D=0.02. For the second controller, the
optimized coefficients are D=0.23 [=9.43 P=2. In the
following section, the control mechanism’s results for two
different road profiles are presented.

Using the Ziegler-Nichols method, the system is perturbed
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Table 1. Optimized Tuning Parameters

Value Symbol
1.1098 k(N *m /deg )
0.4897 ¢ (N *m*s | deg)
0.7249 ky(N *m/deg)
0.8048 ¢y (N *m*s /deg)
1.2763 ks (N *m /deg)
0.3778 c3 (N *m*s /deg )

End Effector Orientation
T T T

Fig. 3. Comparison of the steering performance of a

mechanism’s end-effector using PID tuning with both

trial and error and Ziegler-Nichols methods on a hilly
road

to obtain K, =4.58and 7, =0.5 values. These values
are then substituted into the relevant equations to calculate
control coefficients for the first controller as follows: P=2.74
I1=18.3 D=0.28. For the second controller, the Ziegler-
Nichols method is applied in a similar manner. x, = 8.628 and
7, = 0.333 values specific to this controller. Consequently, the
control coefficients for the second controller are as follows:
P=5.17 =52 D=0.35.

In this research, a vibration isolator was employed
between the car roof and the agile eye mechanism to mitigate
car-induced vibrations affecting the mechanism optimal
parameters for the vibration damper are determined using a
genetic algorithm. The parameters are listed in Table 1.

4- Results and Discussion

Figure 3 compares the robot’s trajectory using two
methods: PID controllers with trial-and-error tuning and PID
controllers with the Ziegler-Nichols method. The arrows
represent the end effector’s orientation. Observing these
changes shows that Ziegler-Nichols controllers effectively
follow the trajectory and improve system response, even at
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Fig. 4. Comparison of steering performance of a mecha-

nism’s end-effector with PID control and Ziegler-Nich-

ols control in the presence of a vibration damper on a
mountainous road

critical points. The vertical axis represents the unit vector
orientation 71 while the horizontal axis denotes time.

Figure 4 illustrates a comparison of the robot’s trajectory
using two tuning approaches: trial-and-error and Ziegler-
Nichols using the vibration isolator. In the Ziegler-Nichols
method significantly reduces errors and improves the robot’s
performance by efficiently handling vibrations. The arrows in
the figure represent changes in the robot effector’s orientation.

5- Conclusions

The Ziegler-Nichols method was used to adjust PID
controller coefficients, effectively controlling the trajectory
and reducing target tracking errors. However, this method

has limitations, such as potential risks when approaching
instability margins and inapplicability for systems that cannot
be unstable. While it works for conditionally stable systems,
the obtained coefficients need further refinement for optimal
performance. Vibration damper coefficients were optimized
using a genetic algorithm to maintain the robot’s trajectory.
The system demonstrated favorable results in stabilizing the
trajectory with the presence of a vibration damper. In
comparison to the absence of a vibration damper, the target
tracking error decreased with its presence. Additionally, the
necessary control effort was reduced, allowing the system to
be controlled with less force.
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Fig. 1. 2-DOF Agile Eye Mechanism [14]
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Fig. 4. Body’s Roll, Pitch, Yaw angle and speed of the car for hilly road
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Fig. 7. First and Second Motor Angle Errors on a hilly road Using the Ziegler-Nichols Method
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Fig. 10. Comparison of the steering performance of a mechanism's end-effector using PID tuning with both trial
and error and Ziegler-Nichols methods on a hilly road
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Table 4. Comparison of the Root Mean Square Error (RMSE) in all system conditions
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