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(Implementation of Automatic Target Tracking System for
Multirotor UAVs Using Velocity Command Based PID controller)
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Abstract :

This paper presents an automatic target tracking flight system using a PID controller

based on velocity command of a multirotor UAV. The automatic flight system includes marker

based onboard target detection and an automatic velocity command generation replacing manual

controller. A quad-rotor UAV is equipped with a camera and an image processing computer to

detect the marker in real time and to estimate the relative distance from the target. The marker

tracking system consists of PID controller and generates velocity command based on the relative

distance. The generated velocity command is used as the input of the UAV's original flight

controller. The operation of the proposed system was verified through actual flight tests using a

marker on top of a moving vehicle and tracks it to successfully demonstrate its capability using

a quad-rotor UAV.
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Table 1. Specification of our quadrotor UAV

Dimensions W: 650, L: 650, H: 300 [mm]

Weight 2,800 [g]

Tarot 4006 620KV, 40A ESC,
APC 15x5.2 propeller
(static thrust: 6.4[kg])

Power plant

Pixhawk / Ardupilot
STM32F427 Cortex-M4, 168MHz/256KB

CF;;gt}rl; RAM/2MB Flash,
MPU-6000 6-axis IMU (accelerometer,
System
gyroscope),
NEO-M8N GPS (with Compass)
ODROID-XU4 (Cortex-A15 2GHz and
Vision Cortex-A7 Octa core CPUs, 2GB
System LPDDR3 RAM),
NTSC CCD Camera,
Tarot 2-axis Gimbal
Wireless Video transmitter (5.8GHz),
Devices Radio Telemetry (433MHz)
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Fig. 3 Block diagram of our quadrotor UAV
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Fig. 5 Employed pattern of 66 Aruco marker
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Fig. 6 Specification of the employed Aruco
marker and a distance estimation result
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Fig. 8 Side view of quadrotor UAV and marker
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Fig. 9 Vehicle track used for test flight
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Fig. 12 Flight test result of the moving target tracking

r T T T T T T
= = = ‘Reference (GPS) | |
X e Quadrotor (GPS)

o 10 20 30 40 50 60 70 80

North [m/s]
=

East [m/s]

Vreem [mis] Vrenmh [mis]

0 10 20 30 40 50 60 70 80
1 T T T T T T
0 MWWWMW -
0 10 20 30 40 a0 60 70 80

Pe oty [T
-

0 10 20 30 40 50 B0 70 80
E* :
Zo W i
8
oy L . s . n
0 10 20 30 40 50 80 70 80

Time [sec]

17 130 AlRbel] W AdielA] B % AR
Fig. 13 Time histories of the relative position
and velocity information

— = o 2= &) =
wHom ¥4 FH& & Sy 9l

o] Zo], ¥H FF Ao]7]¢] PIDFZ F7], 2l

H ot B =gl A F417]
o} ;A9 wolxtol H =6.06lm], 7idlEte] Alokzt
Cioy =110[deg], ®FA9 Aol L. =1lm]e]1L
&% Wy Aol AHd 100 [Hz]l £52 5%

EIZ2H RE3J12 H8 s =3 A28

& F3 A 5 sl

C
&nax = ('HL ><Si1’l( A2UV )) 7Lﬂ[arkcr (5)
Vmax - Rmax <f

ol@A el v, = 75lm/slelut, Aol A}
48 FA=RE A WaAEEE oF Ulm/s]AE
|22 vy e @ e s AQdsd Hu %
A 3% &ee A=Y Ho st g

W FAE2E

M
=)
—_
o
rlr
>,
k)
R}
(ﬁg
tlo
T
uj
=
Py
° O

AFE Uehbs el Aol dm Ee @i
b QAR Ao imele 4 ol

e a8 & 9

)

V. 2 &

oA JERE RIFET)e] As F
T AN=RS 98 ofzm wAE mHoR dAs)
L AR AR B S wE Nk g4 %

e : o7
A FE A¥dd 7R ARRE RE
GPS &}, 9k go] o a]lolk= ZA3 34
T& Holth 24 FFol AHSE PIDACY =
Aol FA} ol wldgAol AspARt A4
o] oy AFelA 44 FFEe Aes B
ATk FF % A FFo] Jhed WERY F
AFE7] AN2RE s fd dgd Aol &
L AR A48T Aeln

References

[1]1 S. Gupte, P. Mohandas, J. Conrad, “A Survey
of Quadrotor Unmanned Aerial Vehicles,” in



CH

@

AHICI =38t =24

Proceedings of IEEE Southeastcon Conference,
pp. 1-6, 2012.

S.J. Lee, Y.S. Choi, “Comparison of
Topographic Surveying Results Using a
Fixed-wing and a Popular Rotary-wing
Unmanned Aerial Vehicle (Drone),” Journal of
the Tunnel and Underground Space, Vol. 26,
No. 1, pp. 24-31, 2016. (in Korean)

H. Kim, H.S. Jeong, K.T. Chong, D.]. Lee,
“Dynamic Modeling and Control Techniques
for Multi-Rotor Flying Robots,” Journal of
Transactions of the Korean Society of
Mechanical Engineers, Vol. 38, No. 2, pp.
137-148, 2014. (in Korean)

A. Basci, K. Can, K. Orman, A. Derdiyok,
“Trajectory Tracking Control of a Four Rotor
Unmanned Aerial Vehicle Based on
Continuous Sliding Mode Controller,” Journal
of the Elektronika ir Elektrotechnika, Vol. 23,
No. 3, pp. 12-19, 2017.

E. Frazzoli, M. Dahleh, E. Feron, “Trajectory
Tracking Control Design for Autonomous
Helicopters Using a Backstepping Algorithm,”
Proceedings of the American  Control
Conference, pp. 4102-4107, 2000.

Y.D. Jung, SW. Cho, H.C. Shim, “Trajectory
Tracking Controller Design Using L

Adaptive  Control for Multirotor UAVs,”
Journal of the Korean Society for Aeronautical
and Space Sciences, Vol. 42, No. 10, pp.
842-850, 2014. (in Korean)

Hyeon-Do Jeong (§ 8 =)

He received B.S.
degree from the de-
partment of Embedded
Systems Engineering,
Incheon National Uni-

versity, Korea, in 2017.

Email: hyeondo@inu.ac.kr

=

H 132 Ml 6= 201848 12 327

[71 M.J. Kim, S.B. Bae, W.K. Baek, M.G. Jo, K.

N. Ha, “A Way-Point Tracking of Hovering
AUV by PID control,” Journal of IEMEK J.
Embed. Sys. Appl, Vol. 10, No. 4, pp.
257-264, 2015. (in Korean)

S. Bouabdallah, R. Siegwart, “Towards
Intelligent Miniature Flyingrobots,” Journal of
Tractsaction in Advanced Robotics, Vol. 25,
pp. 429-440, 2006.

L. Feng, Q. Fangchao, “Research on the
Hardware Structure Characteristics and EKF
Filtering Algorithm  of  the  Autopilot
PIXHAWK,” Proceedings of International
Conference on Instrumentation and
Measurement, Computer, Communication and
Control, pp. 228-231. 2016.

[10] S. Garrido-Jurado, R. Mufioz-Salinas, F.J.

Madrid-Cuevas, M.J.
“Automatic  Generation and Detection of
Highly Reliable Fiducial Markers Under
Occlusion,” Journal of Pattern Recognition,
Vol. 47, No. 6, pp. 2280-2292, 2014.

A. Roberts, W.N. Browne, C. Hollitt,
“Accurate Marker Based Distance

Marin-Jiménez,

Measurement With Single Camera,”
Proceedings of IEEE International Conference
on Image and Vision Computing, pp. 1-6,
2015.

Avaliable on https://docs.opencv.org/master/
d9/d6a/group__aruco.html

Seon—Jae Ko (3 A1 )

He received B.S.
degree from the de-
partment of Embedded
Systems Engineering,
Incheon National Uni-

versity, Korea, in 2018.

Email: dlem1227@inu.ac.kr



328

U
@

Byoung—Jo Choi (3 ¥ %)

He is a professor at
' the department of
Embedded Systems En-
gineering, in Incheon
National University.

He received B.S, M.S.
degree from the de-
partment of Electronics Engineering,
Korea Advanced Institute of Science and
Technology (KAIST), in 1990 and 1992.
and the Ph.D. degree in Electronics and
Computer Science from University of
Southampton in 2002.

Email: bjc97r@inu.ac.kr

gd J|ek PID HMIOIDIE 0188 ZEIZH Rel





