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Robotic Arm-based HILS System for Drone Controller Verification

2 M 3% o o MO & B

(SungHyun Yun', Minseo Lee', and Jachyun Jin"")
"Dept. of Aerospace Engr./Center for Aerospace Engr., Sunchon National, University,

Abstract: This study presents a robotic arm-based hardware-in-the-loop (HILS) system for real-time six-degree-of-freedom (6-DOF)
motion simulation of a quadcopter drone, aimed at verifying its control system, particularly the control logic. The drone is mounted
on a robot arm equipped with a 6-axis force/torque sensor. Its robotic arm's motion is emulated by robot software (SW) and a controller
that computes the drone's rotational and translational dynamics, while compensating for gravity. Experimental findings, including the
dynamic similarity in rise time and overshoot compared with the model, demonstrate that the robotic arm simulator accurately replicates
drone motion, validating its usefulness and applicability as an HILS for drones.

Keywords: robotic arm, HILS, drone motion simulation, drone control logic verification, gravity compensation, attitude control
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Table 3. Joint control performance of the robotic arm.

Joint ¢, [sec] O.S. [%] ¢, [sec] e, [%0]
1 0.120 1.204 0.226 0.4
2 0.056 14.063 3.858 1.48
3 0.080 3.699 0.747 0.92
4 0.080 7.000 0.594 1.8
5 0.096 3.350 0.674 0.06
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Table 4. Controllers’ gains and saturation limits.

controller KP KI KD Sat. min ~ max
position | 0.04 3.0 0.1 -4~4 %]
attitude 0 0.01 0.0001 -0.15~0.15 [Nm]
altitude 0.4 6.0 0.5 0~-16[N]
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