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Abstract

In the recent research technical solutions have been studied to integrate renewable energy into unmanned aerial
vehicles to use it as the main power source. As the weight of the aerial vehicle body is essential for its
performance, we consider to use light-weight solar cell technology. Furthermore fuel cells are also integrated
create a highly energy-efficient aerial robot. In this paper, construction concept and software design of the
tilt-rotor aerial vehicle GAORI is introduced which uses solar cells and fuel cells as power source. The future work
direction and prognosis are discussed.
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Fig. 1 Prototype assembly drawing of the GAORI
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Table. 1 Mechanical properties of common model aircraft

materials[6].
e TE | A4% | 9AAF
(kg/m"3) (GPa) (GPa)
Aluminium 2.700 0.3-0.7 70
Steel 7.800 1.8-2.2 210
Aramid fiber |1.400-1.500| 2.5-3.5 60-130
Glas fiber 2.600 1.8-3.0 55-87
Carbon fiber |1.700-1.900| 2.4-7.0 230-700
Epoxy 1.200 0.08 3-45
POM 1.400 0.07 2.6-3.1
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Fig. 5 Sectional view of a tilting module
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Table. 2 3DM-GX3-45 specifications[7].

General
A/D resolution 16bit SAR over sampled to 17hits
Interface RS232
Baud rate 9,600 to 921,600bps

Power supply voltage 3.2 to 16 volts DC

Power consumption 160mA @ 5V
Operating temperature -40C to 66C
Dimensions 44 x 24 x 14mm
Weight 23g
Shock limit 00g

Fig. 6 3DM-GX3-459] EErt}ojo] 13
S HoFEH, GPS/INSYE 53d wdg =
Al AHRS(Attitude heading reference system)
A B el GPS(Global positioning system),
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Table. 4 GPS specifications(7].

GPS receiver
50 channels, L1 frequency, GPS
C/A code SBAS: WAAS,
EGNOS, MSASm GAGAN
Up to 4Hz
Cold start(Autonomous): 36 sec

GPS receiver type

GPS solution update rate

5 temporature 16 bit D Time to first fix Warm start(Autonomous): 36 sec
sensors Hot start: <1 sec
GPS tacki d navigati _
EEPROM cring an ravigation -159 dBm
calibration data L sensitivity
user settable | | AHRS GPS reacquisition sensitivity -159 dBm
parameters MCU —
7 l GPS cold start sensitivity -141 dBm
PPS (ulse PSS GPS velocity accuracy 0.1 m/sec
per SQC"_”G) KIS atasE GPS heading accuracy 05°
BhSitecelver Mcu GPS horizontal position <2.5m autonomous
lUSB 2.0 accuracy <20m SBAS
RS-232 - - 8
GPS timepulse signal 30nsec RMS
accuracy <60nsec 99%
Fig. 6 3DM-GX3-45 block diagram[7] GPS antenna connector MMCX type

Table. 3 AHRS specifications[7].
Attitude and heading

Table. 5 Navigation specifications[7].

Kalmen filter performance

Attitude heading range

360°

Accelerometer range

1bg standard

Gyroscope range

+300°/sec standard

Static accuracy

+0.5° pitch, roll, heading

Dynamic accuracy

+2.0° pitch, roll, heading

Repeatability 0.2°
Resolution <0.1°
IMU: 1Hz to 1000Hz
Data output rate INS: 1Hz to 100Hz
GPS: 1Hz to 4Hz

Typical position accuracy

+2.5m RMS horizontal,
+5m RMS vertical,

Typical velocity accuracy

+0.1 to +0.75 m/s RMS

Typical attitude accuracy

+0.35 deg RMS roll & pitch
£1.0 deg RMS heading

Update rate

100 Hz

3.2 AR
u] &) Ao} 7 5 E] o

71 @Al BE o

g4 A EelHE AR Aeld 5

Navigation®] A|¥L Table. 59} 7o,
AHRSS} 7o) 100HzP}th AH 2 F0 24|

266

= Aes /M Y Aojday el A
FaTAALN 75 Y actuator TE S

SEENYOILIRIERE| =2 Vol. 32, No. 3, 2012



Fstal FHAAXE gt Holy &
AAlS A& oF st v 7)o AL E
I AFHEE Eol7] A& W SR olA
& 7hsslor gt

A M T HE= Fig 79 2ov,
microprocessor= U"]3r Texas instruments
AF2] real-time 32-bit microcontroller C2000
Aol TMS 320F283352 A4 atsich. 2 o)
150MHzZ 528, FPU(Floating point
unit) & A Qste] & FEihgFidltel
7Fs sttt ePWM, eCAPY} #Zo] #-83F =3
A& xeksi, SCI9F SPI, 12C9F 22
&gk AEFA FATE A 25 A
40~ 125%9] {2 WA ALE 71535t
Sl 7HE o] A ol ot

I

Fig. 7 Flight control board

3.3 2ZEH AHA
AEZES| o= TIAMI A #uljsl= CCS (Code
composer studio) v3.3°14 Calol= F+d3}Fth
CCS+ 5% /I 34 (IDE) 2.2 TMS320£28335
7@% Abg-ol Slol Ao R :LEHEQ]' FFT
A Sol 7hsstal M dEHE
] otk 4= glom, He gt ‘:]‘ﬂﬂ =
A& g},
H| g A o] 7 37 E ¢ ﬁ:EE?ﬂ o]
| o]

=
T
Mol Fe) Sole HolEHE ¢u

SO
2
- 1

mlmm&zr{
J,

A A QA

parsing

i)

sbe BE, AXE T3 42 dHogE v=
o Fau AojdiFEs Avtsts BE,
AL FS 58 actuators TEIE &
B2 FAHEY

l

‘ System configuration

St chede

INS data parsing
Control input decision

‘ System Initialization }<—

Receive INS data
Receive data from controller
‘ Control algorithm ‘

T

‘ Motor output ‘

End )

. 8 Flight control system flowchart

Fi

Q

Fig. 82 "] gAoj A =H o] E2AEE
Edith, T2 1o A]Z}Qui /\]Asghl Z=y
7t 3

AzE AEHE AAStY] IDLE £ &
7t} CPU timerg 20ms® A A3t SCIE
23 25 Wy T 45" HHYE 2o AHA
Aol &gl Fol A8 W= parsing
t}. Parsing =% oA k¥ W3 S-S v
of dA gt ol Y B oFE Hdsto
Al o= Bﬂﬁf?}ﬂ &=

Parsing 2 ©AIQ1 SCI JIHHEE F3F AlA
52 FAIEE 115200bps, 8bit, 41 FIFO
16byte®= A7 gt} Z]-/H]xﬂ@%on A& W
o] Fa ko wet toly ES5AIE A
. 9]+ Bandwidth®} buffenng requirements
Z:L of =Fo] Ho] Al~F RBelE =Y 7 2
AiA o= INS dHoly #izle] 41 FIFO
‘ﬂ-ﬂilﬂr A 222 Hug FIFOE &85}
7] 13l 1byte ©91= Yo el ohe} 3

w &

i

g

g

Journal of the Korean Solar Energy Society Vol. 32, No. 3, 2012 267



(=] e deldAes =2

H w3l 2 7get
—Zrﬂ A 7gsk= W37k
2 2913 =31 parser
Wk W2 parsing 30

SCI+= Computer$} Class 1 bluetooth
i.\ % 115,200bps, 8bit, 7] H.=

é

e

o
ol\
= g
L)

e
il
T

o N0

o i

1t
=

ole)
H
3

_O|L
-
B

mlo r_& Hj(
R ih)
ofN PN fru Sk
z K
offt
rz

N oo =k
_°|l£
o

Parsers 3 d53k tﬂ o] E = gain 2
ZRA AL Aol gae]Fe] vEwoew ARG

o ot o

T AA AFo] P HE
ks Raga A A Folth
Actuator?! H#H 482 EHE FF317]
918 ESCE Ab&3tal ESCel 4AlEE F71
e8] Ao B ME ePWM 325 AFE3
o Ao gaglFo]l AA Folmx dAl RC
Z2F7E ol &8 75 =TT 7Hseit) ag
ZHE "E3E AEEEHE ePWM J2E
AbEE] A5 E At

4. 2 E

o= AE dA e Sl HEAA &
AN FE 252 GAORIY =3} t)zel A
A W& @A HFE S A 2 A
&, 8o &5 AN ko] diste] A
et dA TEREY AFAgdo] Ry
AgR S ZxE A go] AP Q)

on], AA Y AAA)E AietE BRHAF
Hel el AQBAdAE §et7]
el 1E5s ﬁﬁ%%‘rﬂgﬂl , LES
HAAA /) &AL, A &
%9%@}@@%3@W%ﬂ%7@z}ﬂg%
e Bl GAA Tl Tbssta, Fol7 9
g AgH oz FYT 5 gk B P
2 s)urst 01]240]1:}

268

F71eq-olA A< oP—E
1A el J A A5

R R
g3 Aol o] 4385 ;\J\Tﬂ‘qq
(12-BD-0101).

References

1. Lee, Myung-Jae and Han, Hong-Jae,
Solar energy based long time flighting
UAYV present and future, Korean aerospace
institute, vol. 3, No. 2, 57-64, 2009.7.

2. Gu, Sam-0k, Smart UAV Development
Program Phase 1 Final Report; Technology
Development for Smart UAV System
Integration, Korea aerospace research institute,
20009.

3. Franklin, J. A, “Dynamics, Control and
Flying Qualities of V/STOL Aircraft”,
AIAA, 2002.

4. Bae, Jae-Sung, Park, Sung-Hyuk, and
Kim, Hak-Bong, Preliminary Study on
Development of Long-Endurance Solar
Powered UAV, KARI spring conference,
2011.

5. Kim, Joong-Wook and Kim, Do-Hyun,
Challenges; Interoperability of UAV in
the NAS, Aerospace industry technolgy,
Vol.8, No.2, 136-144, 2010.

6. Sven Angermann, Andreas Frahm, Entwicklung
eines unbemannten Flugsystems(VTOL
UAV), VDM Verlag Dr. Miiller, 2009.

7. MicroStrain Inc., 3DM-GX3-45 Miniature
GPS-Aided Inertial Navigation System(GPSY/INS).

SEENYOILIRIERE| =2 Vol. 32, No. 3, 2012



