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Abstract: This study compared performances of PID (Proportional Integral Derivative), SMC (Sliding Mode Control),
and MPC (Model Predictive Control) strategies applied to a 2DOF (Degree Of Freedom) drone tracking robot. The
developed 2DOF robot utilized a depth camera with an IMU (Inertial Measurement Unit), laser pointers, and servo
motors to rapidly detect and track objects. Image processing was conducted using the YOLO deep learning model.
Through this setup, controllers were attached to the robot to track random drone movements, comparing performances
in terms of accuracy and energy consumption. This study revealed that while SMC demonstrated precise tracking
without deviating from the path, both PID and MPC controllers showed deviations. Performance-wise, SMC is superior.
However, considering economic aspects, PID is more advantageous due to its lower power consumption and relatively

minor tracking errors.

7|1 49 TP : true positive
vy : resultant vector
a; : distance from Z to 7., measured along X, m Tims Yim - The coordinate of the drone the camera is
d; : distance from X,_ to X, measured along Z, m looking at.
FP : false negative «; : angle between Z and Z,, measured around X,
fx, fy : camera internal parameters rad
Ly @ length of first link, mm 0, : angle between X, , and X, measured around Z
, - length of second link, mm rad
MYV : manipulated variable 6, : angle of first motor, rad
M, mass of the YZ plane motor, g 6, : angle of second motor, rad
O : origin point of world coordinates Ty, T : control torque in the XY, YZ plane, Nm

o,

camera

: origin point of local coordinates
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motor and laser pointer using the
trigonometric function
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Table 1 Root mean square errors of drone

path  and robot motor power
consumption
Control| XY YZ | XY motor Power|YZ motor Power
type | RMSE | RMSE | consumption(W) | consumption(W)
CTC | 1.201| 0.428 1.000 4.957
SMC | 0.809| 0.493 6.754 2.662
MPC 1.398| 0.550 1.520 4315
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Fig. 8 Tracking performance for each
controller: (a) Drone tracking using
CTC controller; (b) Drone tracking
using SMC controller; (c) Drone tracking
using MPC controller
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