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Test development of a UAV equipped with

a Fly-By-Wireless flight control system

Hyung Suk Oh*, Byung Wook Kim* Si Hun Lee*, Won Ho Nho*, Seung Eun Kang*
and Sang Ho Ko**

School of Aerospace and Mechanical Engineering, Korea Aerospace University* ' **

ABSTRACT

This paper presents a test development of a Fly-By-Wireless flight control system for
a fixed-wing unmanned aerial vehicle (UAV). Fly-By-Wireless system (FBWLS) refers to
a system that uses a wireless network instead of a wired network to connect sensors
and actuators with a flight control computer (FCC), reducing considerable amount of
wires. FBWLS enables to design a much lighter aircraft along with decreased
maintenance time and cost. In this research we developed a Zigbee-based FWBLS UAV
in which sensors (GPS and AHRS) are wirelessly connected via a FCC to aileron and
elevator servo motors. In order to see the effect of time delay due to wireless signal
on the flight stability of the UAV, several flight tests were conducted. From the tests,
it was confirmed that the effect is minor by comparing the flight response of the
FBWLS with the corresponding Fly-By-Wire system.

= =

Y
(i
P
rlo
4o
2
i)

X
o
Sy
( 0}{1
N
Ll
4 b

oo x X

< 73
IAIEE Mok 4 9tk B AFellA AHEE

28 FEIE AEEEY] ZigBee B41S o] 83t FCColl A4
ol 9% A Aol AR WA= FFS dotRuA Hy Y
on, fFAuPA oA 2R A vwE Fal oA FFL ¢
=t

a
)
N
x
N
=
=

Key Words : Fly-By-Wireless(7-4 HIES] 3 H]giA|o] A|2~Hl), Networked Control Systems(ME
A= Ao} Al2=H)), Autonomous Flight(A-&+H13Y), Flight Control System(H]33A]o]
R E=L)

¥ Received : May 18, 2017 Revised : November 10, 2017 Accepted : November 20, 2017
** Corresponding author, E-mail : sanghoko@kau.ac.kr



1040

oA F -

=935 - e - RS it R 7 T 1 B

rlo

Az wAvEgA] w22 s AT
Bol NE FHYESDE 83 Adrt 27
3

PHeH, A g §A Benl s A

o=
e 5ol Aol Atk o]F FEohe] NCSsE
e N29ES TAYEYIR Adse] 73

AN zEe Aojsted olgdT. =2 uE FA
9] A53} (Automated Highway Systems) 2 5
1719] AA Ao} Fo] NCSso| &-8& ofo|ti1].

NCSse] m=rhe &8 Wtez Alzg i
25 A QA FANEYAZ A s= BH
of AAE 4 Utk Ao Alo] Al=Ee AlA
2 TE719 F7F STVl HEA o9 Az
£ Agstr] A Ao = G55 HA
=, AdES Az S84 277 S
st AF Azl A4 a4s5S dZse A
Aol dolx Frbstenz Alx" Ao FA 9
FA -2l g S7HE fdetn Al xEe] uF
e dle] HIE 3Fth dE=
Fly-By-Wire(FBW)7} #-8%¥ B747 &3717} 9%
Ba 5 Ave dAdedA Fado] st &
37178 Fd, FEste Abavh A= Ao
2] 28E=, 71&Y FA%de As Ad 7
Atal FAYESIE S8 A oA AF
& EAe] A HAAE tE AAT 5 o
Azl A A &S AT P ST
st= &3E 71dE =+ Aok

AT, ABE APstr] 9 FAUENIE
&3] wEel 7] A" G B
Al A TAEE o2 ddEdd dig et
dadtrh AdE AFEE, HEY, 2183 o
H &Aooz <lF dAste AAA Fol
NCSsoll Al LA 4 Qe BAHCIT o]& B
atr] S Yo oA Jfe] FLF AME
AEEAY, A8 AAM gE FAseE U T
o ATl UTH3-4].

E =EodlAE NCSsE Al 2=®" yioA &8
e Woz JE FFr19 FBWo| NCSsE
283t Fly-By-Wireless System(FBWLS)E A<t
ok FBWLSE 713 Alo] A5E HAdE A
&3t HEstd FBWeF 28 74 JWEYAE
53 AR giAS Alx"eltt

A8 AF=Z Bluetooth TZEZS
FBWLS 7?1 &&7]ol g 7ide] =
Minho thetel|A] AAE A SH[5], o] A
w9 b TR WAEE Az Ads

8

A3

41 [
2
X
rr

S0 9% dlolHe] £4e] FBWLSS #4134
o] AA = At

B Ao AE NCSse &8 7l54E FBWLS
53 ASstuAe T} ZigBee ZEEZS A
}+= XBee RF EES AM&3l FBWLSE +
t12, o]l& #@AS T dFrie vy Adge
I T4 B2 o3k Al XA 2 oy &
Fa71e] Aol Axge mAE JFe &

ettt

o

Of
g BT

i ol i oo

S
Jo
o

]
}

(1
K

. = £

2.1 FBWLS 712

AREA Rl FBWS2 B 34| o] 33 (Flight Control
Computer, FCC), AXF, 757 522 FAHTh
o]Z gk FBWSolA F¢ A x| (Main Control
Unit, MCU)$}F AlA 81 +57] o] Aleage A
< B3l ALEH=d, olHd 4 SAHNES TS
Aoz giAskE Zo] FBWISS 718 7delt). 3)
g Al2Ele) E S Fig 10 YeERAATH

22 7 4 259 M¥H
221 74 HESL3 M2" 749 4F

dools 74 54 F354E 24GHzH Ho] 7}
2 o] A"t ol uwlgl, FBWLSO Al&=
ZREZY TRFOF 24AGHzAA Bo] ALLH
£ ZigBee, Bluetooth, Wi-Fi7lt 11# 2 4 Qlth

FBWLSOl A28 FA 52 48 HA 4l
# o] BrFojok I} ZigBeeE XTI Al F
A T4 2 o AR Iy A OgE
R
sl

7EA 3L ek o] Ee FANAS 2 A
Table 13 ZT}H6].

Z]

Fig. 1. Concept of FBWLS[1]
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Table 1. Spreading Systems of Wireless Protocols

Bluetooth
FHSS

Wi-Fi
DSSS

Protocol ZigBee

DSSS

Spreading

Table 2. Maximum Number of Nodes

Protocol ZigBee Bluetooth Wi-Fi

65535 8 50

Max nodes

Table 3. Range of Wireless Protocol at Line of Sight

Wi-Fi
~50m

Bluetooth
~30m

ZigBee
~100m

Range

Direct-sequence spread spectrum(DSSS)"d2]-2
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Fig. 4. Method for Time Delay Measurement

Table 4. Specification of UAV

Wing Span 1.8m
Wing Aera 60.6dm?
Length 1.6m
Weight 4.9kg
Thrust 5.1kg

Table 5. Specification of Equipments

List Remarks
Fco Beagle Bone system clock
Black Board 1GHz
Microstrain update rate
AHRS 3DM-GX4-45 50Hz
MU withrobot update rate
MyARHS+ 50Hz
GPS MT 3339 5Hz
RF B Frequency band
Module | (Bee"PRO s 2.4GHz
Kyosho Wing Span
UAY Calmato 60 1.8m
Actuator RC Servo Standard Servo

CC

BBB

B aglg Bone

Module

XBee).
gy

&

Fig. 3. Main Control Unit of UAV
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Fig. 5. FBWLS Integrated UAV
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Table 6. Inspection of Packet Loss

Test 1 : Wireless actuator

Total data | Total loss | Loss rate
Elevator | =~ 24 KB 561 B 2.34 %
Aileron ~ 24 KB 209 B 0.87 %

Test 2 : Wireless sensor
AHRS ~ 1 MB 0B 0%
GPS ~ 2 MB 0B 0 %
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