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Implementation of Quad-rotor Hovering Systems with Tracking
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[Abstract]

Unlike general unmanned aerial vehicles, the quad-rotor is attracting the attention of many people because of simple structure
and very useful value. However, as the interest in drones increases, the safety and location of vehicles are becoming more
important provide against aviation safety accidents or lost accidents. Therefore, in this paper, we propose a tracking system that
stabilizes the model with a simple controller by linearized modeling and grasp tilt angle data from various sensor through the
filter. The developed tracking system transmits the position of the quad-rotor in flight to the computer and shows it through the
route, so it can check the flight path and various information such as flight speed and altitude at the same time. Then the sensor
used in the actual quad-rotor can not measure exact sensor data for disturbance and vibration. So we use sensor fusion of Kalman
filter and Complementary filter to overcome this problem and the stability of the quad-rotor hovering is realized by PID control.

Through simulation, various information such as the speed, position, and altitude of the quad-rotor were confirmed in real time.
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Fig. 1. Implemented Quad-rotor systems.

38 2. HEZHe| =EA 2
Fig. 2. Coordinates System Model of Quad-rotor.
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Fig. 4. Quad-rotor location acquisition process.

3-3 Hlois
2] (12)0l1A] =gk 215 o]-§-ato] 2} Holl gk Waks 24
SH= Plant 1 @¥<4~5 35}al PD(proportional, derivative) #1©]
715 AREste] Al2ElS SHsRAEITE o7IA K=
Proportional gain, K+ Derivative gain®]CF[11].
W x5 83 Ao
X(s) _ 9.8
o) & (12
C(s) = K, + K5 =0.356+0.315s
Wy = 33 Ao
Y(s) 10
= 13
o) S 9
O(s) = Kp+ Kps = 0.319+0.3095
Iv. 2o| AMF 3 At

9 5% B o g
EE]o|th

E 1914 715 A9} Aol = AME Q1E S} FE
2 Qe HAEe] AHg HHo] 7FsES 3 A1 &
2= 9t} 937]14 CompL AR THE 233 glo]E o] 1,

We&S Edle A A=

ey

577

Fx0| 7h5E HERE BHY AL

B 73

a3 5. 7HE H==2H
Fig. 5. Implemented quad-rotor.

Kal-2- ZHE ZE1E S35t vlolHelt 29 62 3% 190 gk
dol8E =2 el Aog 72%e dolEE =13

A7 HZEL AlA ] Zhe AR o),
% 73 29 8 A=EHC vjg JEE 5] S8
GPS BES 883} n)aAe] 9%, A%, A, A7k A%

$EARE $E3 0|8 BTES A2 717 OLEDS) T
= Aol AARE vlolE] E=gt Avfe|t). 3 20l T1of tigh
raw datas LERN ST

E 1. 2HE AR Z=(°) dlolH

Table 1. Filtered angle data.

Comp_axis X | Comp_axis Y | Kal_axis X Kal_axis Y
179.26 157.9 181.4 159.27
179.26 157.91 181.37 169.33
179.24 157.94 181.37 159.3
179.23 157.93 181.42 159.36
179.26 157.96 181.4 1569.33
179.28 157.97 181.43 159.26
179.3 157.94 181.38 1569.36
179.29 157.99 181.37 159.32
179.29 157.96 181.3 159.31
179.24 157.96 181.28 159.27
179.23 157.94 181.22 159.21
179.2 157.89 181.2 159.2
179.19 157.9 181.28 159.21
179.23 157.88 181.25 159.21
179.21 157.88 181.25 159.14
179.21 157.87 181.28 159.15
179.24 157.85 181.26 159.16
179.25 157.86 181.31 163.24
179.22 157.84 181.33 165.25
179.23 157.81 181.29 164.84
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Black : Gyroscope sensor, Blue : Acceleration sensor, Green : Complementary filter, Red : Kalman filter
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Comparing filtered data to raw data.
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Fig. 7. Quad-rotor driving routes in Google maps.
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Fig. 8. Result value of data in OLED.

[at/long: 37.44960 127.72931
Date: 10/5/2016 Time: 9:46:31.0
Course (degrees): 215.70
Speed{kmph): 5.61

Lat/Long: 37.4495%  127.12930
Date: 10/5/2016 Time: 9:46:34.0
Course (degrees): 195.19
Speed(kmph): 7.26

Lat/Long: 37.44947  127.12929
Date: 10/5/2016 Time: 9:46:37.0
Course (degrees): 189.83
Speed(kmph) : 6.67

Lat/Along: 37.44942 127.12928
Date: 10/5/2016 Time: 9:46:40.0
Course (degrees): 196.33
Speed(kmph): 7.04

T8 9. ®Ix| & raw data
Fig. 9. Result value of raw data in location.
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Table 2. Raw data from position tracking devices.

Latitude Longitude Speed [km/h]
37.44960 127.12931 5.61
37.44956 127.12930 7.26
37.44947 127.12929 6.67
37.44937 127.12928 7.04
37.44942 127.12792 5.02
37.44946 127.12793 5.74
37.45003 127.12794 4.87
37.45026 127.12796 5.20
37.45035 127.12807 5.43
37.45020 127.12853 5.11
37.45008 127.12890 5.28
37.44980 127.12911 5.02
37.44967 127.12907 417
37.44962 127.12905 4.78
37.44951 127.12906 3.83
37.44952 127.12928 4.44
37.44943 127.12945 6.63
37.44942 127.12968 1.1
37.44942 127.12971 1.01
37.44942 127.12973 0.56
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