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ABSTRACT

Cost-effective IMU-GPS based LTE Communication System
for UAV Autonomous Flight

Jeong, Ji Seong

Advisor : Prof. Lee, Chung Ghiu Ph.D.
Dept. of Electronic Engineering,
Graduate School of Chosun University

Today, unmanned aerial vehicle (UAV) operating technology has attracted great attention
in many industries and many engineers around the world are developing systems with
UAVs. Especially, autonomous flight technology is an important issue. The autonomous
flight technology of UAV is important not only for processing sensor data and designing
algorithms for flight but also for building communication networks. Because UAVs need to

be transmitting and receiving data with a server at all times.

This study describes the process of flying drones automatically according to commands
for takeoff and landing via an LTE wireless communication network. This study includes
assembling drone, processing LTE communication network between drone (client) and PC
(server), and designing web-based monitoring system. In addition, this study includes
calibrating the position data of drones based on differential GNSS correction messages in

RTCM2 4.
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In conclusion, the system is designed based on a low-cost single board computer to
make the system cost-effective. An inertial measurement unit (IMU) sensor is also used to
correct the attitude of the flying drone, and a global positioning system (GPS) module is
used to monitor the drone on the server. Data collection and forwarding uses LTE-based

wireless communication and is performed with TCP/IP socket communication.

KEYWORDS : unmanned aerial vehicle (UAV), LTE network, autonomous flight, drone

operating system
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sudo apt-get update -y
sudo apt-get install cmake build-essential colordiff astyle
git libcurl4-openssl-dev libtinyxml2-dev doxygen -y

2% 37 QuolE 2 ol M Ams

git clone https://github.com/Dronecode/DronecodeSDK.git
cd DronecodeSDK

git checkout master

1% 3.8 =83 ESDK gheolBele] X W=
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git submodule update --init --recursive

make default

Y 39 AERE dUoE AWM=

o] A|Z C++7]¥Fe] MAVLINK ZZEZo] ##Hy glolvdg s NEE I=E
244 3te] MAVLINKE &3 Als, olF, &5 #3 WH & Assstan. 13 310

3o 3118 S o83 AEe] wAw U APzl Avtol).

)

p1@CSL_Drone_2:~/DroneCore/example/takeoff_land $ mkdir build
p1@CSL_Drone 2:~/DroneCore/example/takeoff land $ cd build

p1@CSL_Drone_2:~/DroneCore/example/takeoff_land/build $ cmake .
p1@CSL_Drone 2:~/DroneCore/example/takeoff land/build $ make

19 310 =& TAKEING OFF LANDING 2339 Axd @ o4 A=

pi@CSL_Drone 2:~/DroneCore/example/takeoff land/build § ./takeoff_and land

13 311 =& TAKEING OFF LANDING H# 28 Aue=
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A2 22 9AA] 2 NS 9F YEYI 75

1. LTE7]¥Fe] TCP/AP 427 FT41& o] 83 Server-Client 7=

Controller
Rover to Base Station
GPS &

((®) 4G LTE (TCP/IP)
IMU
Base Station

N
W Rover to Rover
ALV
Rover A TN
4G LTE (TCP/IP)
o
S - v
Rover B "*-;l . \n‘

UAVe] zpsd|s) 7] 5o S, v AA7F A&nd-S dS 455 dblste] 4
EQAE AAsAE 919 138 A Base Station(BS)o|#tar 3 ¥ PCx: Server PC
olal o= AR IdEEH I TS sy s AAN FY FEE W

AalFe WEe Tt Ao duEe A

ol

Eg 2o Aolo] 94 HH FHE o] FIYF
2ok 28 afole] Balo] JMgetEE AAGG B A7 B
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507

Timeout(delay)

Client ID %

EE
Timeout(delay)

Server IP H=a:=3}

'

E0txt HE

h

HlojE Al

/ EOlH &4 ;

»  Holg $Al

[ =

19 3.13 Base Station(Server)®} Rover module(Client) 7+2] A~ 5 &5%

A9 29 313 oA B = Qo] AW} FEtelAETS] Ao FAlAA 7 A

e HolZg P4 dolHE BB 9o edl APa TA ENL S

ol
-

ot

ppp@: flags=4305<UP, POINTOPOINT, RUNNING, NOARP,
netmask 255.255.2554255

inet 10.46.106.90 2
(Point-to-Point Protocol)

ppp txgqueuelen 3

RX packets 5 bytes 62 (62.0 B)
RX errors 0 dropped @ overruns ©
TX packets 6 bytes 101 (101.0 B)
TX errors @ dropped @ overruns @

frame ©

LTIC

7] 9)8] LTE RES AFga9a, AZFREAFH USB £EZ o]yl (Ethenet)

4 wEZ ALgate] ol 17 314 9 o] ppp ipd TIWLT

AST> mtu 1580
destination 10.64.64.64

carrier @ collisions @

19 314 LTE EEE £33 AFH=AFF
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1) BS Z~H o] A(server) - ZH(client) 7+ FAl

A G FE TAAA A AFs= LTE HEYA AH|=E 4-3to] TCP/IP
o At dolE WAL AWA, A, GPS, IMU, 3%, $%

= 1y

HA[A] T g olFolx Qlal & HolHE XAHo|AI =W Alold] H4l f‘zﬁ}. =
SEAss o], 2uolde 7t Zulo] Wek AN 2 o] EANE ey, of
of U olEWAS Y & ATk e AAR AZ defolr)
[ Rover-module packet(To Base-station) ]
FF 140 ) Time GPS Fix Roll Piteh

Yaw Height oty | MSG( ) | Repes() | Check sum

Base-station packet(To Rover-module)

FE 14( ) Time GPS | Vekoty | Height | MSG() | Regest) | Check sum

29 315 2Hel A3 28 ke AF AR TA
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L

Rover -Client ] [ Base Station ] [ Rover,-Server ]
Data Request > Convey > Wait State
Request(ID,) Request(ID),)
Y

5 New_Thread

New Thead | pequestip,) _ _Request(iB,) Socket()

S(}Ck&i{ ) = CO!I\-’E}’ = Bmc’e( )
Connect(IP,) Listen( )
N 3

Accept( )
Sub Packet exchange
a9 316 =H(k)ek ZH(n) Alo]e] &7l ojHE S5 &=
T2 W& o] zHolAdd =B Atolo] Fild Al Hely shzle] JE=
ot 2k,

Iy 317
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13 3.18 client to server 7 A&

2. dl o] H o] ~(DB)
o] g Hlo] ~(DB)+= Server PCell # &5 o}, dlo|EHo]~eE =& ok o]

HE 94 At 71Saa Aer] sl FHekdnh A dolgwolxel Hlo]
B Holge b 2.

1) Rover packet(P_RV)2] DB H|o] &

19 3.19 Rover Packet Table
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RID : 28 9] ootz A th49 2w HoHE & A7 9359
TAE pHERY 0w Aol 10082 A QS primary keyS
E3lo] FEzlo] WG A FEE AT

R.TI : 94 A17b2 datetime 7] Z0.% A43tn], #44 Aadrh.

RGP : 299 GPSEEZ HH| $I= 4% ghol dol8E /HiEad
Z0]500] A gat,

RFL: FIX o2 gps AH=E £ & 5 ol dolgoln £49 2ol
1062 A4,

R_RO, PI, YA, HE, VE : IMU GPSE 5@ @A =wuje] An, 3%, &ol,

Eo B3 dolEE EAE Aoll0o® A gt

RMS : 2023 Wo|xxuoldg doles w u Abgshe dlolg otk
TAF100 2 &S HolHE Hul= F4& 7|vkgt

« RRE: 9o s|gsts dolge %238 o] 1002 A3},

* R_CS : checksumo]™, o] & 7|F 3to] HolHe o /E HEsht

2) Base Station packet(P_BS)2] DB H|o] &

19 3.20 Base Station Packet Table

« BUD : Al&8le] nRge A4, AWERE Qo] 1002 A4 s, primary
keyE Fobo] wfzkom 4w
« BTI: 282 HolHE $a8% A0e Ada, A4 A A4 gsr)
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B_.VEHE : 2H & £%9 %o st 48 4nes A .

e BMS : 28 WAAE 2 o Agsty, TA4F1002 g2 HolHE
Hule= ¥2s 7|deith

« B.RE : "= sigste tolHE &A% do] 1002 #7g3het.

* B_CS : checksume]™, o] #= 7I< 3] HelHe ewE #

ot
i}

ofN

gt

3) IP connection table(C_IP)¢] DB H|o| £

e CNU:HdAdE £F9 n1HFHITE XA, primary key, auto incrementS
Foto] AT AE SIS &3 AAA @ AFS JEFH

5] 7hA o] #he A g

o CID: §Ale FA7F 5= 28 9] ofolt& 7P At 3042 A3t

o CIP: FA7} sl= 2H 9] IPE AN olfts 7€ o=zste] o H&5S
287t 445 A=A |

« CCR: &9 FogAzs FAle FA7E 5= 2HZ &= 219
ofoltl & A3t
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3. GPS Hl°olg ez #AAE Y% RTCM H¥ A4 BA

94 Aols A UAV 9 A olE = v Fost 53], 18 53 22 7%
=o] Sl HelA = & 91A Holy gez < =) Fd] =dAdE o 9l
th O APRE =2 AF5E vR dolA FAHE GPS HlolE & HoFth

= o ||® =
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IE 322 2A7F ol Aol Ak 91x AEY

9 2" Byl dEe whAbHo] 41| GPS deolE gt Hdom Sald GPS
dlolef gke] M= wapslo] wjg- Eqt A olal Al=lsly] of#x A wolErt =¥
= A #AFE 5 9k ol& sidsthy] flsl RTCMe Hulslld GNSS =74 vAA
= 7AE 7 RS ASHEZSFEG AW PCo M2 Alsgs A8 & 2
A2z FAEE I 2
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Differential GNSS on 4G LTE Network

GNSS Satellites

NMEA Data
(USB-Serial S¢l)

Base GPS
BASE STATION

19 323 LTE %

9l 2ol ®d¥ BASEE
RPIE= =29
(Server) PCe} #zfo]

AALY] LTE UEY T Au|~E
RPI3= ROVER EE=ZFE A
Al A PCE AEF o] =£9

A PCAlA= 3 #:llAd GNSS 1A vAAE &
3t u-center (ver-824) T2 &3 ofe 19

at7] flall esfiof & Aol A BojET

s %9

i A A
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Server PC

GPSE &3 <l
A3 GPSY YA uolHE ®BAs7] Y] AAl
sdolek gt BASE ®Eo] RTCM t#dld DNSS HAIAlE PCE F4

Rover GPS

NMEA Data

EF OAIR & (LTE)

=27 &l NMEA Data (LTE)

RPI3

-

= GPS F4171(BS)9]
HEZelth. BASE

[e))]

ROVER ¢}k
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=
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[& configure - Time Mode 2 ==~

UB - CFG {Config) - TMODEZ (Time Mode 2) 0%

Time Mode Sumver
Survesin

Iinirum observation tire 600 [5]

Requied postion accuracy 000 )

Sunveyin ends if BOTH condbions are metl
0.00 ()
0.00
0.00 [

0.000

w

& | X | HEsend i¥roll |5¥ | gl & |1

1% 324 Base ZE° @A GNSS 24 WA A HE5
Time ModeE 1-Survey in &2 A T A7Hsec)d AT (m)E PHILE o 7]9
A A SAEE A4 dHolHE FHskedH dye HATY Algtola, ARe &
T = 1A Aol o=

= A Ao At #eaE B4 WAIAE Aol el Azte] e A

0he 19 RTCM 249 tlsl8 GNSS B4 wAAE 4§37 Ael o HolA
o 914 dolEo A&7 Fo & AolAe 94 dolHE Wy Apdo]r),

a9 325 54 A dd B A& B S (5-5)9 AAAE v
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A mAA A8 de] dolH= 25m °]e

HhE o BA A A A
& 9o tolEHE ox7t dAE FoE A

4. GUI (Graphic User Interface) 7]¥F EUE] Y A|AH

Graphic User Interface (GUDTE EUHH A|=®S #4357 93 7
Rover®] A& A Lol EF=atar, 1 dolye wE 922 Wl 2 F74,
o] #3x % HolHE dE3t7] g AW PC o dF Al~go|ry,
=

=

=

wr Asgle] ZeAsg Adas) 9w
7bestel GUI el =v REo A st
ARAA A 8 BEARE A%,

A}
b b O

golHE 4 we ¥

Lo 5 AlE HolH
ZA A

a9

d9how =ue

o

B & GUIC 3%AgT

&< WxPython ®E3 Pythons do]& °©]&3to] Rover24HEH 2 dHolHE
ZIWko 2 A3k A A GUI ARzl o]t}

19 326 GUI A| AR AsY A] 5HH
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126.926476
35.141201
AUTO
SPEED

a9 327 Rover 914 XA (EFE) Al Heoly &4

_:H_

In itude 126 92R7RN93R
Iatlmdi:e 35 1417379083
velocity ALITO =T
height | ALITO il
msg ALITO

.

% 328 Rover HxAA AA(F HA &) A GUI +4

_31_

(*ICollection @ chosun



i
2
n
ri

A

[>

9 FAAA AFsE LTE B4 HESA AuxEs &
ol alel, #1x % A e Ak glo] el UAVEE Mul~ SdES 1
Ly

_?4
AuE A e UAV £8 Azge] Auzsg olsss] 4

Mo
ofo

Koo
o

=

>,
ol
il
— =
32

B,

o

St
(gt
4
o

(@)
Monitoring Server ~. Wireless
” 4G Service

- Rover GPS

~ - ///
/ Ethernet / Mobile Hotspot iy i e ——
D // - LTE Modem
4

o) By v A F A Abole] o]Fg HEE &, =g A

=]
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Ao Aozt LTE HEHAE T AdA =Y
He 2 Aoj7} 7hsd =8 &

Agle) Az TSl

_32_

Collection @ chosun



Base Station

Monitoring
System

@, python
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¢ 42 LTE 7|¥F UAV &

AbgE =2 Ty de DJIY F550 o]k R doln, Hexacopter JEje] =&o]
g, =29 ZEEHE Pixhawkdle TEEHE AE38 3 o] E Raspberry Pighs
AFHEZAFES A58t LTE Modeme %3] LTE 4 HEY I HEo| 7bs
stEE AA 2 FEA R

e HAFTHoE Alg, olF % olF, AFE Asd st & /g ZHEFLE F
Z Ao AFs " Alxlol
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Al= (Arming motors)

°]= (Taking off) % °]F

a9 43 LTE 71§k UAV & AH]| 2= Al2g =8 25 "8 Al
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A2d UAV 7]

W Adad 4w ALY

GATE

CUSTOMER

LTE (LTE Modem) 1
- GPS data (NMEA)
LTE (LTE Modem) LTE (CDMA)
- GPS data (RTCM) —MSend i
essage
Serial (RS232) s
- XG Protocol :
‘ (Write/Read) [ ( \\
Serial (RS232)
- Response PLC \ }
(ACK/NAK) I
LTE (Rest AP]) WEB(PHP.DB)

- Send Required Data

T% 44 UAV 710ke] Agae] 43 Asg FHE

UAVE HAEFE =202 GPS 7|vtez 9 HolHE 28t 222 AZRc

AFE S g7 =9 (Rover) GPS BEe] AHsle] Qa, Agae] vel pC: )

(Base) GPS E&Eo| #ZZEo] RTCM 24 HHAA GNSS EHA "AIAE o &

GPSe] exatE o Ayare] Agd AolEd =S AL F AEF JNEEHA

Alo] E = Programmable Logic Controller (PLC)E %3] Alojw ). W el PCollA PLCY

Wrglel ola 2A7|E %3 PLCE Alojst7] Y& 35 PLCY AE& ZEEFH XG

Protocol& &3l zt Aal(Ale]E) -9 o8 EEss Aol ths 1d45 oA

B oAzge P 2L Y eE nelFEt,
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RP3+GPS (rover)

(€

Ethernet

B. E3EAE Hu

mySQL
SEHE DB AT

J EEAMTES

USB-to-Serial
Converter

= S
X =i
RS-232

PLC(LS XGB)

u

10 0
it
I
Ho
no
net
o
okt

RP3: Raspberry Pi 3, PLC: Programmable logic controller, GPS: Global Positioning System, CAM: camera

19 45 UAV 7|ke] Aare] §f-Fal Alute] e

ZE o= Python 272 Z21#W ¥k 28 GPS R

% ]}\Eﬂ_/] %o 2~
G 2ule] GPS HuE JIREAFHR e /2 ZaAse] oF Wt o
Imelth, Bk Agst 94 Anst Bag 49, vy T2~ FYen RS

20cm AEE =4 5 9

el PCO &9 AZEg o]+ Python 272 A/ ¥ o] mySQLS o] &3 dlo|E Ho] =
(DB)¢} AEeo] Holdth DB Heol&S GPS dlolHol thsk JE, NMEA Ho|H,
RTCM H ¥ &8 GNSS BA wA[A], =23 ZAdal Abole] 7] olE & X33t
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U5 #41 & 2 AN2dE A8t ZEALES AEg Folt

A ZRA Al FAl interface
A AABREFN 2 1A Drone PC TCP (LTE)
B sh= A2 AL - - PC
C A5 Y (PLC) PC/PLC PC/PLC USB-Serial
D T35 Y3 (PLC) PC/PLC PC/PLC USB-Serial
E =1 (PLC) PC/PLC PC/PLC USB-Serial
F AR E PC Webcam USB
G Database - - PC (MySQL)
H SMS A% PC Web TCP (LTE)
I GUI - PC (WX)

¥ 4.1 UAV 7|vre] Adae] ¢-

Alzawll o] A 2

{=/Collection @ chosun
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