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Development of Multi-drone System for Smart Agriculture:
A Work-in-progress Report
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Abstract : In this paper, we report a work-in-progress about development of multi-drone system for smart agriculture.
The multi-drone system is controlled via a haptic teleoperation by a human operator. The purpose of the multi-drone
system is that let the human operator to easily handle the multiple drones which are maintaining a fixed formation using

ZigBee communication network.

Key words :

1. M2

Aol Aobrhiat] = 259
HYohs o] 2 wstet
e A7 vlg e

(95}

B

A4 F SR A
129
Yoz YA
ol7}

o

ol =
o %O
(HURNTS) &

e 1
£
1o
o
I
[rt
o

[<)
s h

3

il
Ho

8
2

e et o

w10

smart agriculture’ 2}
3} AL v go R 2

[e]
R

i)

&2
o X £ P
G =
)

L o o

a e

=4

= o

>

{1

1o

N

>

2

i)

v

o

i

4>

%0

[

©Oor jooul gt 2 rle e

i
il
o
foy
H
Y
o o
]
>
op
et
Sy
X2
rr
=
=S|
2

2
o

YY)
oX,
v
ot
=2
o
oo
o
ol
rr
pad)
T

N
Gl
ofr
N 2

o X
T

pac
|o
g2
(e

S
el
I
>

ofh M O oo

N

ol i

B py

ot 2 |n
4 &

2

©

T
»
41 22

il Ln

tlo me o o

e

Az
TR (TN
o)
)
Iy
fhu
il

o

M e
o

ooy L 5

[> to T

o X o
o o
Fue

>
o 0
o &

o
POURE )Y

2
=

o

“These authors contributed equally to this study.

*Corresponding author, E-mail: hison@jnu.ac kr

Smart agriculture, multi-drone, teleoperation, haptic, ZigBee communication

E =Fo]| A< haptic deviceE o] 83}e] &
ogto]l 2lof 7122 controller2t} H2|3}al oHAFH
o]

o|-g3lo] Zzte] ERof ASE FA &/44l B
Mission Planner& ©|-§-3to] £ 8 E2& Aof st=
Hh o] i3 A5 Z st

2. System Configuration

2.1 System overview
2 AFoA =4 EES VY] AESHE
3 Aloje = A== A LH”l(Fig. 1S 445k
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Fig. 1 System overview
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router xbee = ZigBee communication2 Z3f S Ao
P2 WA = 2t ER2 A5 Ao R 92 #HnH
HE welkstw A1 S FAI8H Hek =221
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leader®] ZIEE 7] 20 2 9|22 A5HA He}.
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2.2 Hardware Structure

2.2.1 Quadcopters
2 ¢J3Lo] A= 3DR Roboticso|A] THE 3DR SOLO
(Fig. 2)5 AR8-3th SOLO= 1.5kg o] -7 9F | of 1|3y
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Fig. 2 3DR SOLO

&% 54km/h, F| o B A|7E: 255, payload capacity:
450go] ™ ‘dronekit’ 0] 2h= L EALAE AlF 3] A8
3 Elo]g)o u], 7L AHES 5 Y Ho] gk,
SOLO+= 1GHz 9] dA4HsE o] ¢li= Pixhawk2 & 7]HES.
2 3} SSH Z2EFS o] &3t Wifi 41 gt
E 35} telemetry radio®F MAVIink £ ©]-83|| &= E-4l0] 7}
s

2.2.2 Haptic device

HE] =2 9] controller= AM8-3}A4] & haptic device =
3D SystemsA}2] PHANToM Omni(Fig. 3)& AM&-3tc}
Omnit= 6212 BA S 7hA| o] 2k pd o] e 2
3} 4= Q) 3L ‘Openhaptics’ 2= C++ 7| Hl 2}o] H.&
2| & Al 53}l 0] & 0]-85}¢] end effector] 2 4 9
2, &= & At o8 4 len force
feedback2 F3l AFEAFNA A EE & 5 3ol EEX
Zrof 9lo] UHk controller H T} -g-0]4-& Kt}

ol

2.2.3 Telemetry radio

XBee-PRO S2C(Fig. 4)+= ZigBee communication
module2 X-CTUZ}:= softwareS 3l coordinator,
router, end device® 7 753}l peer to peer, mesh,
star 59 WEYA(Fig. 5)& T+ 4= 3Uth XBee-

Fig. 3 PHANToM Omni
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CLUSTER TREE

@ PAN Coordinator
@ Full Function Device

STAR @Reduced Function Device

Fig. 5 ZigBee Network

PRO S2C9] A2 outdoor/line-of-sight range: up to
3200m, RF data rate: 250kbps, receiver sensitivity:
-105dBm, serial interface data rate: 1200 bps to 1 Mbps
olct.

2.2.4 Accessory Breakout Board

Telemetry radio+= tF-52] DIY =29] A Pixhawk
(Fig. 6)°fl 1A s}o] AFg-gtet. 9-2]7F AH8-5l= SOLO

Fig. 6 Pixhawk

fs.

Fig. 7 Pixhawk2

Fig. 8 Accessory Breakout Board

& Pixhawk2(Fig. 7)7} W& =] o] Q1= 7]=& Pixhawk
O}= t}2 7 telemetry radioS 2] A2 4= Ql= &
E 7} glth Accessory breakout board(Fig. 8)+= SOLO 7]
A skl A ARATE AT sHe AA
U 371490 71718 AR 5 =S mofec). ne)
A 0] & 53] telemetry radioS A& & 4 St

2.3 Software program

2.3.1 X-CTU

X-CTU(Fig. 9)= Windows, MacOS, Linux2} 3 3}5]
+= multi-platform application®]t}. XBee2] platform -
Aol ZPsshT bk A UEYae] TAS T
o g HojErh T3 /RS0l 97 XBees A4
S A B 2= 9 100l S-S A BT 0] 2 Fa o

9 XBeeE &4 02 He| o= E wofETh
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Fig. 9 X-CTU

2.3.2 Mission Planner

Mission Planner(Fig. 10)+=3DR Robotics oJ| ] A| &35}
+= software® drone, copter, rovers< $|gF ground
control station®]c} L2 7L Windows2} T35
Visual Studio C#7]¥lo =2 3t} FQ 7|50=2=
vehicle Ao 2 A7 o] 7}°53} 3L Google map(FE+= CTFE
A &= A 8] 2) 3 GPSE i o2 A2 v o = 9l
Al =otrm AdE ERY A, £, X H 52
AHE &0 4= At E3F th=9] vehicle& Ao g

£ 9l swarm 7] 52 beta 2 A3k}

Fig. 10 Mission Planner

3. Developing System

3.1 Communication system

Al2=d" kS 94l HE] =2 2] communication
o] &M wjojof 3t} E o) A= ZigBee moduleS
AF8-5}0] communication networkE & AJ 3} 11 3tk
ZigBee:= 17 8] A1 X Y3}=IEEE 802. 15.4 3£+
% shupolo] dlofe] W EY S Sg E2 7] %ol
5, ZigBee= 74l SA VIEQY AR, ™A E Ao
Sleliz oAl avke] YRS AFA )= Aol
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ZigBee Networko A= X-CTU softwares 53]
coordinator, router, end deviceE AT 4 JQ=d],
coordinator= Y E YA E A3}, t}= Y EH A9}
FABIAY JEE AASHE mastere] JE-S i
&} A] main PCof| ¢12 % XBeeS coordinator2 A7
3l & HA 2, router(full function device)+= routing
o wrepetuA W E Y] WolE Wl AgS 3

t}h o37]) A 4t 2] =22 router2 AR5t Y EQ A
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Fig. 11 ofJ4] X o] X]&= communication system-2 T}
23} Zro] AR E w33t} coordinatorof A router 2
L o2, o] FILE, o] FHE Fo| M Hrk. olv)
o] % X E = OmniQ| end effector?] W3} Zho] A4 A
2] Fro 2 gtE o] Mg E =1 leader =E0] 1 &
WA =) o] ZEE 7120 2 ZhrouterES A3 Ao
2 m2a9e Fa 498 HEUD A 25
o tEFe FAs o]EshAl Frh routerof A
coordinator 2= HE] 2] ZF&F, GPS A e, A 9% 5
o 4R Bijo] YAHRE B3 e SR
SHAS At = B 2 4= Q1A st

XBeeE ©]-83F AT 0] FAAE & HE|EES A
o|5}7] o3t T2 o] W si) B ol Lo A= A
A8 0 7 1}-2 Mission Planner(Fig. 10)E A8} %t}
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Fig. 11 Communication system
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3.2 Software system

Mission Planner+= C#-S- v}&}-
g0 o} 9lo] Z219) 40| stk E
beta = A|FH swarm 7|52 Fof tho] EEE Ao
4 Qe e B B4 We 2o R
H o] ARg-shal 9l t} E-& Mission Planner 2. o} ] A ol
3t swarm 7|52 A|-&35F= QGround Control I} APM
Plannergt= S/W 2 73 o] Q] X|qF Mission Planner
= 5 22 A= x}EHA O Z Jeaderof| Al GPS X
£ F11 follower5©¢] IAZ HIE O &2 x,y T18|3l z=
°% Yo AE §AT 5 YES TR0l AF
R §7 4 o] SelollA 71 Hakstol Alel

Mission PlannerE ©]-&3t 3 A0]E A3y
Visual Studio S ©]-&3}] C# 7|¥F WinForm & 2 A|¢]
23S FAE A& o]al Mission Planner Swarm 2]
s uigre 2 298 Ao,

u}Z| 2k © 2 haptic deviceE controller 2 AF-&3+0 &
W EHS BR ER| S, oFo] FolE 5& 57
o2 74 sFod AF&A}7F 71Z9] controller®. o} H
233 tHS}HA controlo] 75t EE & A o|th
Haptic device2} #3+-E|+= LAN7500 USB adapter= %
Al& ZF118HA| E ) o] uf PHANToM OmniS £-3] A
o]5l7] 93l C++ 7]He] @& A A2l ‘Openhaptics’ S
AHE3=1) C#7]HF2] Mission Planner?} ¢1%5381= 1}
ol Al oFztEe] of# o] & A= Hlth

AAAel =232 ZigBee? API(Application
Programming Interface)E 3Z§H5}4] Visual Studio & 3
J Alglolw, A1 GUI 3FH o= o] F 3Lk, o]/
25 HED A7 GAL B = Qe E 5l T2 9]
v el 2] e, GPS O] 1A/ E & sAlol & = 8l
5 sto] 2HAME A wkof 9l ARgo] 7HEshA &
o]t

I o

4. Conclusion

svhe 5elg BE EE AAHS A ¢
At A =R 24 0] B 4 G Asde] Ba

EI- Xbee SeriesES AlgStor =231l FHITE| 71
mesh networkES Al A= fHolgE Fadbo}
GPsxtE W SO wHe 5 Fad YR
coordinator] GUI(Graphical User Interface) PCof| %
St A0 PP Bl BAANS T 4 ek E
muli-drone €14 Ao]a}7] 913 ti4o] AES 2}
AFE51A] 981 312 haptic device 2 -3 A o] FFo
2 27te] gol4 W HEAS WAL 4 2US A

oleba Zret=|gict,
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