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It is difficult for a human operator to find roll, pitch, yaw (RPY) that indicates the desired direction of unmanned aerial
vehicle (UAV) in a three-dimensional space. Herein, a controller for UAV was developed allowing the human operator
controlling the direction of UAV without finding RPY information. The algorithm implemented in the controller automatically
calculated RPY information of UAV from the normal vector of the end effector. The developed controller was designed
using a parallel mechanism. The joint angles of the controller were measured using potentiometers to estimate the normal
vector of the end effector. Five subjects participated in an experiment to control a vector in three-dimensional space to
follow a randomly generated target vector using the developed controller and the thumb sticks. The performance of the two
controllers was evaluated by two methods: measuring the required time to reduce the error between the controlled vector
and the target vector to be less than 0.1 cm and calculating a normalized error between the controlled vector and the
target vector after manipulating the controlled vector for 10 seconds. When using the developed controller, the difference in
control ability between subjects was reduced, and both required time and normalized error were generally reduced.
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NOMENCLATURE oui[1] Zvls o7k BE siat el v Faw Zket

v; = Voltage from i’ Potentiometer I Qiek. FQl vigiA|e] &8a} 42971 FojLAA] Q1 H|gYA|

7 = Normal Vector o] et} SEE Qg ¢4 Hsfof &44 Aol Frkskal ol

Zz’ = Directional Vector oH2].

¢ = Controlled Vector 531 vgA o] &3 W 5 StUE 2FAPE 2EVE 89

7 = Target Vector T2l HPAE A 2Tk WHo] EE L Tt 72l 1Y

p; = Coordinates of End Point for i Rack Gear Alo] dAzFol= RC 7ht &Y v FollA] ARE-SHE Thumb
RPY = Roll Pitch Yaw Controller7} HHZ| 0 2 AMB-E|A1 QITH3].

P = Magnitude of Throttle 2l A Y] PdAZRF| RHF O R AREEIL 9= Thumb

Controller= % 7J@] Thumb Stick® = A=l ZF Thumb

Stick>- 71 B3| o] At F1} FHAA Y] 234 o] F

1. M2 & 258t F 719 Thumb Sticke] A2 of2 Fof gt =

% X535 QAR Thumb Controllerd] 22T} 2|74 o]

2] F2l v)3A|(Unmanned Aerial Vehicle)?} AA, <, HolZtt. Thumb ControllerE ©]-&3F F2l H|gjA|o] YARZL
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* RPY: Roll-Pitch-Yaw
* UAV: Unmanned Aerial Vehicle
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Direction Vector Angle (b) RPY
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(c) Throttle

Operat |
perator (d) Visual Feedback

Fig. 1 Diagram of teleoperation for an unmanned aerial vehicle

Controller
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(e) Maneuver

using developed controller

Fig. 2 Design of developed controller using parallel mechanism: (a)
Handle for grip, (b) Plate for maneuver, (c) Rubber band
connector, (d) Normal vector of plate, (¢) Universal joint, (f)
End point of rack gear, (g) Pinion gear connected to
potentiometer, (h) Spring, (i) Microcontroller board (Arduino
Uno), and (j) Wheel for throttle control
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Fig. 4 User interface for experiment to evaluate the performance of
developed controller
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