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Manufacture of Asymmetric Drone X8 having 3-type
Modification Capability
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Abstract: Unmanned flying robots have been used recently in many difficult situations. One of the major issues in this area is
the problem of how long these unmanned flying robots can perform a given task successfully. For this, the development of a
light body and high-efficiency power supply has been executed widely, but we do not as yet have the complete solution. In
this paper, we propose a form of Multi-Copter X8, which can transform into other types to further improve these problems.
The proposed robot has a 3-type modification capability, which can produce a more enhanced energy saving effect by reducing

power consumption.

Keywords: drone, multi-copter, transform, X8, asymmetry, unmanned flying robot

L M2
FHsl7lee] gl et QIzte] F3at] e dole
17419Jr FE &3t ok 2 F TRl HIgRE ] Vs
S dA 2F9] o]He Ay wok
oﬂHL Folu|g 2 o]&
g 2R AIME PRt $AES AHE AN
HUEHPS st A2 7 A8 Al=skar UTHl) 53
=]

U PRy slee PAE SRR s g
o 53] FAugA ol GPs— 32 slo] 9)Adzle] A=
?J FAS BN AYES AR V1SS ojHRE B
o AR, olfh vl U Felln AERn st
Zom|g 2 B R ol A 7jAo] Holof & He dul) o
T AFE D Al B3 Aotk 1#7] fsiA
= HUZ 4L} @ wA] =2 589 sHTHH] 2
Soirt SpARE ShA wek B2 o] e PFE3E H o

FEs g Wt Fee] 3Tl FIulE
25, Quad-Copter’} 271 HAZ1 X8 FHES] Multi-CopterS
59 DEUPS AT, B =Fe] e WA, A
g mQmE R MBS o) BRF AN} T2
o] 7S %5{ E’_%]a 8 Az, a8 7P F83

HjPz R o] A Aol A A&
JH]Egiﬁ'—«] 7 % g+ v el
ol ‘5} % b &gl gk arejoh w2 wiEe] a8 F
oln|PZ Byl NAsH] sIA X}%X} 2 Hovercraft 2

* Corresponding Author

Manuscript received August 30, 2014 / revised September 15, 2014 /
accepted September 29, 2014

A, e, S8R, 474%, ST dedsta dxEsw
(jjhos3421(@gmail.com/hsw321 1 @gmail.com/qudahlemd@gmail.com/
dkuhealth@dankook.ac.kr/huhkm@dku.edu)

Copyright® ICROS 2014

WY e 2ae AN, zg_%g RR R ]
A 2 BalN g shnsk
o 3 s s1zel @ 7}11 fmsq NEDEFBIEN
o}
»

I 2=
1. MM #EH(Sensor Fusing)
FmYRES vdgsly] faie 7R ez AR
sjlof ). 1o wE Hd3YFH S Z Multi-Copter AHAl 2+
Taflok stk AlMel ZtE ks & W Gyroscope AlA
Accelerometer Al 412] Z} ZHS Wolx] AXRS- it} ol ol
HE 5 ANE olgHN RS TaE e dnad
1.1 Xo[2 HME o|8sl Z4E=E Fshs YWH[3-5]
A% G q 0 ALZAN A AN 2}
otk AA7} ol A SIE 1 AAEe] e

fo o

ve

o] 24l T 4 Aok WA R 5420 94
AA 753 AT ASk] AT e 298 el

WSO WsFolol Ak 0w Zho) wslaw A%
o] WA e A p

? 1 sin® tan® cosdPtan®@
@) 0 cosP —sin® ||w, (1)
N 0 sin® cos® cosPcosO] |w,

9 42 B ode WEee =Esa AEs A9
& S @ 7187 g2 7 5 Atk AW Aws
o e grol7] WEe] BAZE 088 A9 =) ZEDrf)
el elsiel A4 gl o i

1.2 Accelerometer& 0|83l ZtT & Toh= 2h

Wy, u 0 w —w sin

w,| = ||+ |-w 0 + g |—sin® cos®| (2)

w, w v —u 0 — cosP cosO



Manufacture of Asymmetric Drone X8 having 3-type Modification Capability 1093

a9 1. A 74 B8 tolol 1,

Fig. 1. Sensor Fusing Block Diagram.
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Fig. 2. Conventional Flying Robot 3D Model of Circular-type
Actuator Placement.
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Fig. 3. X8 Robot 3D Model of Rectangular-type Asymmetric
Actuator Placement.
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Table 1. Overview of the experimental sample.
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Fig. 4. Car-type 3D Simulation.
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Fig. 5. HUB for Actuator Seperation.
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Fig. 8. Motor Number of X8-Copter.

AAe A e F4E YAW, ROLL, PITCH HoEl& Zt
Z} 2] (6}l P, I, DAI)7IE AXA
PDatalazis] = 349 arisZdE3t * aris® P GAIN
IDatalazis] = FARH avisZ =3k * axise I GAIN
DDatalazis] = 3R arisZ X3k * aris® D GAIN ©

outPIDlaxis] = PDatalaxis])+ IDatalaxis)
— DDatalazis]

Aol71E& &3] YAW, ROLL, PITCH %9 5L w=
SHEH, YAWS 2] 79 PA|o]7|vHS ARS-SiTh

T Weight for
Hovering False  — Hovering
True
Keep the
motor
. PITCH (+)

; ﬁ
!
-

AW (+)
W

AW (-)

-9 A F
Fig. 9. Sensor Axis.

HIA A AREEE A ghe 5] TFHCZRE & 29
Zo] ZHEd, Aol7lol 28 go| 24 REHe| Hw
oz Axtd o sgse] 7eoldd REe ffx|d w
£ 2749 #AciRE WEskn 54 @ & UA sEck

Matchmotor(X,Y,Z) = Throttle

+ outPIDIROLL* X )

+ outPIDIPITCH* Y
+ outPID|YAWI*Z

X 28 ol&std A (el WiYgsid 2 BElY EES
T8 4 Atk REH| 525 o2 Sof AW vkl 7
A7} ROLLZE=C.Z (-), PITCH %22 (19 3 7HAx 9)
thd 1 ZE]E outPID[ROLL]*(-1) + outPID[PITCH]*(-1)



1096 Jin—Hyuk Jeong, Seong-Woo Ha, Byeung—Mo Yun, Kyung—Ho Kim, and Kyung—Moo Huh

E 2. ZHEE935Y B
Table 2. Relationship of each motor and 3-axis.

FEWE X Y V4
Motorl +1 -1 -1
Motor2 -1 -1 +1
Motor3 +1 +1 +1
Motor4 -1 +1 -1
Motor5 +1 -1 +1
Motor6 -1 -1 -1
Motor7 +1 +1 -1
Motor8 -1 +1 +1
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Fig. 12. X8 Copter-to-Hovercraft Transform Process.
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Table 3. Flying Time of Each Type.

L2l AlzE
X8 Copter 2% 30%
PR 150%
Hover-craft 45 45%
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Table 4. The experimental operation time.
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