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Abstract  Unmanned aerial vehicle (UAV), as a prior branch of intelligent unmanned system,
has attracted a wide range of interest from different kinds of application domains, including
real-time monitoring, providing wireless coverage, remote sensing, search and rescue, delivery of
goods, security and surveillance, precision agriculture, and civil infrastructure inspection etc.
However, there are several new challenges arising from more and more complex application
environments and scenes, which setting a higher demand for the extensible capacity of UAV,
especially for some properties of UAV such as small size, light weight, enduring energy, processing
capability, signal transmission range and so on. The limited processing power and payload of UAV
are the most challenging issues, which restrain the on-board requirements like sensor weight, size

and required power. As a result, it is difficult for UAV to carry on plenty of instruments and
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equipments and hardwire processors, which imposes dramatical restrictions on the exchange and
share of resources between UAV, and on the capability of UAV to execute diverse tasks like
tracking multiple objects, exploration of complex terrain and so on. To address the problems
mentioned above, many solutions have been promoted, of which one mainstream on Al development
is to make multi-UAVs flying in some formation and completing jobs in the form of intelligent
cooperation, while breaking through the intrinsic limitations of individual UAV in payload,
enduring energy, computing and memory power. However, the existed systems of multi-UAV's
lack of collaboration have been faced up with such problems as the confined distance of wireless
communication and separation of kinds of data sources. In addition, the cooperative control on
multi-UAVs is hard to realize because of the instability of network connection as well as the latency
of data transmission. In light of the deficiency of synergy of multi-UAVs, this paper proposes a
cloud-based control system architecture for multi-UAV's cooperative flight (short for UAV3CA).
The main idea of UAV3CA is to configurate a “remote brain” for multi-UAVs based on the
construction of cloud, equally meaning that by virtue of the abstraction and encapsulation of the
resources from UAVs or on board of UAVs based on PaaS (platform as a service) , the information
and data among multi-UAVs are able to share in real time. For another thing, the powerful storage
and computing ability of the cloud put it into reality that enabling the multi-UAVs to plan in a
unified manner and controlling the cooperative flight of multi-UAVs. Abundant experimental
results from two differ designed aspects, of that one for singleton UAV guidance and the other
for multi-UAV's cooperation, demonstrate the excellent performances of the presented UAV3CA,
which are concretely shown as the network communication becoming stable without interruption,
the data transmission reaching one another among multi-UAVs system in time, and achieving the
valid cooperative control on multi-UAVs by means of the resources shared on cloud. In the end,
the perfect display of formation evolution of five unmanned aerial vehicles in the virtual environment
has accounted for the flexibility and multiformity of cooperative control patterns of multi-UAVs
based on the proposed UAV3CA.

Keywords multi-UAVs; cloud-based system architecture; cooperative flight control; real-time
sharing
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class CommandSequence

class Command

- commands = Command
target_system

target_component n | add(

seq clear()

frame count()
command next()

current download()
autocontinue takeoff(altitude)
paraml gotoflocation)

—————— } -command_long_send():void -

param2

param3 1 L r-T="
param4

¥_param5

pymavlink

- <message_name >_send():void
-mavutil() void

class Parameters
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I
|

- arspeed : float
- battery Battery
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I
I
|
|
-

A

class Attitude :
I

pitch { ______ flush()

yaw message_factory()

roll send_mavlink(message)
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it UAVinfo/setParamater/{ xx} IR 45 X & & ¥
airspeed Fl groundspeed e 42 il Jo A ML ®ATH L.

8 FIL MY NUDT” = BE i 4 il K & 5L T
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FOACR LAV EH BAE RS % % s Pk ; & 8
(D JEAE NED A bR £ - i x LUE #h 27 (HOME) Jy
S I AL AT R, Jo AN AT B A o R
SR ENMT S H=10m/s, 2 & & E=>5m, 2l
“NUSL 5 HE = 5 m. 4 DTS 5 =5 m.

(a) HEhrE (b) AR AR R AT HUEN

(o) MDA bR A KATHIEU
Bl 8 Az 7 g il JC A HLIE A “ NUDT” 4Lk

T AMLBPIR AR BAE AT 7 2 e A S A
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—— ATT DesRoll-ATT Roll. (Min- -5 Max: 8 Mean: 0)
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BB 4 o DA 9 5 00 AE — BEINE ] Y R B2l 2 45 4
7 HEAPRIRAR 2

B 12 25 57— Tl B A TS A HL /AT
Bk B, Jo AL BUE BUE ©AT, R 2 ek P
T 23X T80 Ul B 2 T 33 Y 4l O vk SRR R e 1
i) 235 o BV R X L B8 ] S A T B R A E LS
il . B 13 25t T Jo AHLTE BEAS R Bk AT 7%
rh R3S A RN AR LA S BRUR AR R S A £ XS T
K9, AR TC AHL B P RAT B A (] {EL A PR A A
[ ry 4 1 7 2 e N HIL B IR ARD s 0 R VR A 1 R R
AL I S AN K PR Dl AT e AR T [ — v
SRR TRAT A B A R G R L B T A
il RAT Y 2 35 A AT A DX T A DR R R
s H 3 R 3% 2RE A TS N B R I R # 7
B (78 Ak, I PR AR By o 21T AT Sl RIS T
. 14 i 7 R AL TE A BOE Bk A7
rh g B R A 2. B O 2 BB G s Bk , B L&
25 0 M 4 2 R AR IR 3 - B = A R 356 B e AL i
[ J] =R e AN e A e Ak (T

Pl 12 s B2 7 A i A WL R s

— A esRoll- oll. (Min: -24 Max: 41 Mean: 0)
—— ATT DesPitch-ATT Pitch. (Min: -26 Max 26 Mean: 0)
—— ATT DesYaw-ATT Yaw:2. R (Min: -359 Max: 1 Mean -81)
50 - — — Tl 100
40 L ‘
30 +
20 +
10 ﬂ
8 &
I RE
-20 +
-30
-40 : - - 4 -400
0 10 20 30 40 50

Bl 13 o KL B 4 ) ek 7 b 2225 A0 A2 Ak

F

) | | |
S / | [
112.9940 | \/ \ | Le A mw / \

(a) &% (b) 4%
B 14 JEABLAE PR B AT R R i 2 2 FE A A
(3) I i) 11 55 42 il

MR IR —E 55 B TE A ML 4R O 20K kR
AL S E AR U LR B S R AT
34 T AT 55 45 R AR 25 8 AT 55 AT IR R X e A
BIL QAT I A AR B0 AT 5 0 0] T 552 it sl 285 4+l 1) O k.
XFF S BEE 1 CATHRE B bR s 67 UAV3CA FEAN



2366 it <A

Hl

Y,
&

i 2020 4F

FLEA B AL 102 S8R X — AR B H s 2%
17 BRGSO S PEAR JI AT 55+ 1) 4B 2% 1 A TS H
BRI AT F AR R AL X HE R AT e A $5 1 A i o
(VAR R NER VR VA& P H: G HER R I RE R AP
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AUTO. CRE TR REAR ZE A7 B iy i 4 ol 45 2 T
IRPRATAL S5 3R 4 R AR SCR Bt T 2 A9 AT 55 45 i 7
IR 1 SRR ARIE B H AR S5 5 4 51
J& MAVLink 45§45 % 9 MSG-1D 5, J5 2251 & 2
2 — RPN SR,

R4 BHXGEFNESEHNRFT
QGC WPL 110
0 1 0 16 0.0 0.0 0.0 0.0 28.229958 112. 994034 0. 000000 1
1 0 0 16 0.0 0.0 0.0 0.0 28.22895510 112. 99400930 10. 000000 1
2 0 0 16 0.0 0.0 0.0 0.0 28.22785860 112. 99395560 10. 000000 1
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6 0 0 16 0.0 0.0 0.0 0.0 28. 22895510 112. 99493190 10. 000000 1
7 0 0 16 0.0 0.0 0.0 0.0 28. 22919860 112. 99496140 10. 000000 1
8 0 0 16 0.0 0.0 0.0 0.0 28.22921040 112. 99546570 10. 000000 1
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AL _E B 52 BT AL IRD O 15 8 A 52 i k=2,
EToRFAHBAEL AN & E — 5K 5] 8 H
Leader, H:4x ¥ 5 B8 [ & Follower. Leader 19 % 2
T TR 2 i J22 AT R AR AT 55 1 D0 % B A [m] 1Y
J5 Uil 5 s Follower W44 Leader 4 b5 # AE S 2
Z 5 ARAT 55 T R s B A [6) i R BiE 5 =X (B Leader-
Follower AN[a] i % BA 75 20) » H 55 Leader (%45 X} fif
AN B 5 ) 2 AT R AN (6] AN [ Y P ] A o o
BRI 3T UAV3CA S A 52 55 02 i 5 %F Leader
(R E AR AT B30 R p e E AT R S HE 1T S T Leader
B AH XV B B 58 i Follower ) K 47 fiL 728 36 52 B
Z e NHLW A AT 5 il B Y. 3R 5 R N
3T SITL B4 3l T 48 J0 A HL 32 401 1 B A B
A B R AR TE AN HL I W) 6 15, HL A o T
S /NS TR AT R IR
DL 45 ) o o T BR TG A ML PR [F]RAT IR 3l IS i L A
b B FCBE AR AT o FE AN 17 B, T B A0 ) -
3 A i T ) 0 ) TRAT AR

Bk 2. T G-ERBE R 2 T8 AL P )

A5l 9T AP R BEJC ALY REST ik % # 0

wsL,wsl, -, wsl

it PR IR RAT Bk

ik .
LeaderUAV= getService(wslL)
FollowUAV= getService(wsi)
SetLeader(LeaderUAV)
Place the FollowUAV position

=~ W b

5. RelativePosition=
CalculateRelativePosition(LeaderUAV , FollowUAV )

6. All UAV Takeoff

7. LeaderUAV.goto( position)

8. FollowUAYV.goto(RelativePosition)

9. Until LeaderUAV.stop

x5 ETSITL#EH S AT ANBEIEAK

£ 1/bin/bash

dronekit-sitl copter -10 ~~home=28. 2331048,112. 9952806,0,0 &
dronekit-sitl copter -I1 ~~home=28. 2330859,112. 9948944,0,0 &-
dronekit-sitl copter -12 —~home=28. 2331379,112. 9957634,0,0 &.
dronekit-sitl copter -13 -home=28. 2330812,112. 9943794,0,0 &.
dronekit-sitl copter -I4 —home=28. 2331899,112. 9962355,0,0 &

ARG AT 55 MR LT AL R, L — 75
BATE 25 (] B 7% — HEFF. UAV3CA B %64 T ROS k&
A 1T B 1) 3% B L #E 22 T8 A WL S 2= B 55 2% ) 2 57
8 AR 38 15 SRS ) 4 B OF 52 T MAVLink PpiX
P18 42 T BIL 1) 552 3 BT £k AT 4 X8 P TS AL A AR

A BB AR AT 55 R 57 Leader {7 T H 1],
B 17 () Hp b B 8 T I8 ALY 0 46 BUJE A K E A1)
22 T] ) T A o A7 S TR 17 Ca) 2 L3R TE A WL TE
OL 2 il it (0 % 7 P b BA TR DA R AH X 6 B DG & L BB
G B ARG SR Leader, vt 5 I 8 A5 X & Fol-
lower. #E il 2 K5 . Jo A HLHE BT K 25 442 ) iy 22
SR I B[] 4 AN BT 81 R AR 4t H 4% HR — 2 1) B% AR
KRR AT 245 ) v 2SR TE AN HLAE DL % 7 X
g A K AT B (& 17 (o) i), UAV3CA 3t F
REST ful 2244 114 %5 9 3 52 AL i 52 i 8 BT 28 Je A
FLEPIR S E i 15 2 s B2 T MAVLink Ppasl iy 45 6 AL
il 76 2 it )2 HE AT B50H A 7 3k 52, B R Leader
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AR g i 1 A K ik B TC AP IR AT B 17 (D
56 5% Hby 5t PR 48 1 g 5S40 000 15 Y T 4R TE AL
i A BATE & Wb ) — B0 0KG o TG 5%, Bl 5 45 il o AT 55
7 R B i — 20 B AR o DA BN IR B RS 4 i — 7
Canlsl 17Ce)) s 5 3 H BB A8 4% 55 P AT 3 R S
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Follower Bk 5 2 —"FHHF . Al 17 (h) .
AR PR BATE A e b, T I8 ki B A 2 AR K L X
SEHER G0 1 52 B B I A B TR Y R R
UAV3CA HEZE it A = Fh Q1T AL A 850 8 T
NN Tk NG N & T SN DS iR
B NG RER YN SE DA N PSPV N Y A R U E
Xof o7 B AR X7 B A B ) L TG B nT S A O AR 5 2 (Gl
15 FEHR S I 0 57D DL KL T 5 IR 55 25 10 AT 55 4%
it 04 ] i 4> B 2l CBA TR 722 46 Bp [m] 455 1D 3o 72 52 R
AAE R HETC IR . H g BABAE B 2R, I 17 () R
R 2 e BRGNP 17 (O 42 il it 9 390400 H A BRI S T4 e
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Background

Unmanned aerial vehicle (UAV) is the most important
branch of the development of unmanned system in Al. As a
result of the advantages of low cost, all weather and zero
casualty, UAV has been applied in many fields like border
patrol, agricultural plant protection, real-time road-traffic
surveillance, package delivery etc. Especially facing such
special tasks in the complicated or dangerous environments as
remote perceptron, public facility inspection, disaster site
reconnaissance and rescue etc. , UAV is able to replace
human to carry out some tough tasks with risk. However,
the mostly limitation in size and weight makes UAV difficult
to enlarge its payload capacity, so as to the restricted storage

and computation. Meanwhile, the real-time variability and
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complexity of task and scenario pose more and more challenges
for the application of UAV. In order to compensate the capacity
deficiency of singleton UAV, multi-UAVs cooperation appeals
to plenty of attentions, which is said to be a suitable approach
and an inevitable trend.

Until now, there are fewer researches on the cooperative
control system of multi-UAVs. At present, UAV is either
manipulated by the control units within a vision-distance
territory or controlled by the remote operators on the ground.
Some works attempted to improve the robotic ability by
offloading computation to cloud and build network connection
based on Internet. In consequence, the concept of 10D

(Internet of Drone like IOT) appears, several techniques like
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Hadoop Cluster and Map/Reduce distributed computing
architecture are introduced at the same time. Nonetheless,
the existing related works have remained in the conceptual
research, and newly proposed methods have merely achieved
the simple summation of functions. In addition, the stability
of network connection, data separation, control lack of unified
schedule etc. are the core problems to settle all the time.
This work constructs a hardware control system architecture
and synchronously realizes the corresponding software functions.
By embedding three innovative mechanisms, a seamless
connectivity is established between any of multi-UAVs and
cloud. Base on the PaaS (Platform as a Service) which is derived
from the cloud computing service, the resources on UAV or
UAYV as a whole resource is abstracted and encapsulated as
interfaces, serving for any terminal call. By means of the

formidable storage and computing ability of cloud, the

perceived data and information from UAV can be offloaded to
cloud and shared among multi-UAVs in real time. Furthermore,
the unified dispatching and deploying which are oriented to
task, implement the cooperative flight control of multi-UAVs.
During our final work, experimental results from the singleton
UAV guidance and multi-UAVs cooperation demonstrate the
stability of networks communication, the real timing of data
transmission and the validity of cooperative control, exhibiting
the flexibility and diversity of multi-UAVs’ cooperative control
modes in terms of the perfect formation.
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