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between Space and Ground via an Unmanned Aerial Vehicle
carrying Software Defined Radio and Raspberry Pi Devices

Kai-Xiang Chang
Wen-Tzu Chen
Institute of Telecommunication Management, National
Cheng Kung University

SUMMARY

With the development of Internet, information and communication technologies,
wireless communication has made people's lives more diverse. Hence, many car
manufacturers have invested heavily in funds and technology to develop a
platform in which vehicles can transfer driving information to each other. This
platform can be called the Internet of Vehicles (loV). There are many
interconnections among cars, roadside units, as well as other devices in the loV.
One of the possible devices to help the vehicle network operate more smoothly
Is unmanned aerial vehicle. This research uses software defined radio (SDR)
technology to replace traditional hardware-based communication modules. The
major advantage of SDR is its high flexibility, i.e. some important
communication parameters can be easily changed by software. The study uses
an unmanned aerial vehicle carrying a Raspberry Pi, which equipped with an
USRP (universal software radio peripheral) to communicate with ground
vehicles. The Raspberry Pi acts as the core device to capture the flight
information of the unmanned flight vehicle. This flight information in general
come out from flight controller called Pixhawk. The collected information will
be uploaded to the cloud through the 4G mobile network. This feature can allow
authorized users to access the location of the unmanned vehicle via the cloud in
the Internet. Similarly, some urgent information can be broadcast to the vehicles
in the ground from a monitoring center via the cloud platform. The urgent
information is radiated to vehicles by the USRP in the UAV. In this research,
GNU Radio is used as a software development platform. The software-defined
radio architecture is used to design the communication system between the
vehicle-to-vehicle and the vehicle-to-UAV. Finally, this research implements a
prototype of vehicle communication system, including in-vehicle, roadside, and
aerial space units (UAV).

Keywords: Software Definition Radio, GNU Radio, Pixhawk, Unmanned Aerial
Vehicle
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INTRODUCTION

Today, many car manufacturers and technology companies are using loT
features. They are investing funds and technology in the automotive industry,
hoping to achieve unmanned and enhanced car-to-car communication. In the
vehicle communication, it is inevitable to encounter some insurmountable
problems and unexpected situations, such as overcoming the rugged terrain,
signal blind spots or traffic congestion. The drone is often used as an emergency
broadcast tool. This research will emphasize the integration of unmanned aerial
vehicles into the entire system. This research uses the Linux-based open source
flight control board, Pixhawk, and integrates 4G modules, flight controller,
Raspberry Pi and software-defined radios into a set of devices. The Raspberry Pi
Is used to read the GPS parameters in the Pixhawk during flight. Traffic
information in the ground can be monitored via the use of UAV. The UAV is
used to receive information from ground and transmit to the cloud. The UAV
can also broadcast emergency messages to ground vehicles and roadside units.
One of the contributions of this research is to realize the practicality of
transmission and reception by software-defined radio in the air and on the ground
and on the move.

MATERIALS AND METHODS

In this research, we use SDR devices to perform the duplex function of
transmitting and receiving. We take USRP as hardware device of the RF front-
end. The USRP B200 can be operated in a wide frequency range from 70 MHz
to 6Hz. GNU radio is used to implement the SDR communication system. This
platform is a kind of open source software, which can process real-time data
transmission and reception. We install GNU radio platform in the Raspberry Pi
and an USRP as a car machine. In the other side, unmanned Aerial Vehicle
through Pixhawk as flight control board, combine with RC receive and GPS
module. We use the RC transmitter to control the drone fly smoothly. During the
flight, Pixhawk passes the flight information to the Raspberry Pi via USB port.
Then Raspberry Pi use the USRP on the drone to send the data out and receive
the data from car machine. The unmanned aerial vehicle uses 160MHz as the
broadcast frequency and 145MHz as the receiving frequency, whereas the car
machine uses 145MHz as the transmission frequency and 160MHz as the
receiving frequency.
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Figure 1. Architecture of the whole system

RESULTS AND DISCUSSION

In this research, we use two car machines and an unmanned aerial vehicle to
simulate the Internet of Vehicle. The car machine detects whether the channel of
145MHz is idle. If the channel is idle, the car machine will transmit the data to
the UAV via 145MHz. If the channel is busy, the car machine will keep receiving
data from the UAV via 160MHz. This protocol we call CSMA. The unmanned
aerial vehicle broadcast the data, which combine Pixhawk information and
instant information via 160MHz. In the same time, the UAV keep receiving data
sent by car machine via 145MHz.This research explores how unmanned aerial
vehicles carrying software-defined radio to communicate with ground vehicles
in the air, including integration of different systems. Utilizing the characteristics
of FDD and CSMA, the car machine and the UAV can exchange information
quickly and harmoniously. The dronekit-python is also used to communicate
between the Pixhawk and the Raspberry Pi. The 4G wireless network card is also
used to upload data to the cloud. During communication between car machine
and UAV, the success of transmission has a great relationship with distance. Due
to the power limitation of the USRP, the distance between the UAV and the car
machine cannot be too far apart.
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CONCLUSION

Although there are many applications and researches on unmanned aerial
vehicles. There are few UAV combined with software-defined radio research and
use the Raspberry Pi to replace computers, which brings convenience and high
mobility. This research uses unmanned aerial vehicles to carry Raspberry pi. The
GNURadio installed in raspberry pi correctly demodulates the data from the
ground vehicles. GNURadio also transmits the real-time data of the unmanned
aerial vehicles to all vehicles in the field. And use 4G wireless network card to
break the distance limit, so that the data upload to the cloud will not be limited
by the strength of the Wi-Fi signal, so that the unmanned aerial vehicle can be
more independent.
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32 BABFPE ARELS S
Ay I USB R EZ T 275 @%Ji@-ﬂ“ 7 ¥z#14 ~ USRP B200
mini £ 4G (785 e+ @R LHF IR de B 110 R HE R BRF

- % SDR %% *t» #3531 #7341 o @ LAy g;xz.m-r#ﬂ % % iE B R

Bl 11~ fr i fE & € 742414 & USRP 7 &, Bl

3.2.01 #FHFFEMET RNEL

*F7 3 & * Dronekit Python X #£ 8 & (T4 4| F B HEF AF il A K &
#25% > Dronekit Python ¥_Python ¢n% i » {3l ALY § & * BfEHF %
— & USB port(/Dev/ttyACMO) i % /&3 ¢ if > i%5iF Mavlink {23k 3% & (747
FHE R TR G5 W L HE Y 0 B 12 5 AATE Y G R ch GPS T
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pi@raspberrypi'~ Slipython hello.py

.2 (4322ffda)
>>> PX4 1d6bf64c NuttX: l1ag99bass
>>> Frame. HEXA

5373734

22> DXAr2 (AL 2 IR™ -y
1 GPS: GPSInFo le 3, num_sat=9

4

jal:lat=22.9983335,1on=120.2171201, alt
Global Locatlon (relatlve altitude): LocationGlobalRelative: lat 22
20.21712061,alt=-3.52

Attitude: Attitude:pitch=-0.000459929928184, yan=-2.18970537186,rol
65611

Velocity: [0.01, 0.6, -0.01]

04:25:03
LocationGlobal:1at=22.098333, lon=120.2171207,alt=-3.53
04:25:03
LocationGlobal:1lat=22.9983328, 1on=120.2171209,alt=-3.53
04:25:03
LocationGlobal:lat=22.98983331, lon=120.2171215,alt=-3.54
04:25:03
LocationGlobal:lat=22.998333, 1on=120.2171219,alt=-3.54
04:25:04
LocationGlobal:lat=22.998333,1on=120.2171224,alt=-3.53
04:25:04

Bl 12 ~ 5 3 38 o SRS o] P~ 8 7 3409 GPS didp

3.2.2 USRP £ ji1% i it 3%

KAT G @ % chitBl T 5 % GNURadio » # 0h 3 124 5 508 2 4%

E-0y

T > GNURadio it #9318 T 7 B ;A LT 5§ ~ 2 ~ 3o e R 2T
R H - LR e kR R 2 L R TR A RT P RF v
ALK SR 7 B S et (F o A il U S D - B
B suP o RN g d pE € ST AR il M o B R 1 FPGA(R W
A0 BAER )R S N SVBET AR E F R R 58
UHD Python % fx#> USRP B200 mini » 4= 13 °

USRP ) FPGA ) UHD ) GNU
Hardware _ Image , Driver , Radio
# 13 ~ GNURadio & USRP i #2514

19

doi:10.6844/NCKU201901176



331N EH
I R R ol I LRSI S R S O

x’ft_-}i A rr?\ B e B -i,ﬁz—)]ﬁ‘-q- BT _?;%;}*if’;n]c‘ IS

VNC server & = 4=:@ 4 > ;ﬁ d 2 @drd]e wend e T i

e
3t
o
=
%
N
}-‘\

Fehdapts o B ERMS G AGLE A R R L R ¢

BEAFRBVRFAH EFFEAELART 2400 BAH -
BEAPOE A R 0 B4 4 B TR L B 4 e Python 425 0 B 4

BIEFE TR TR 0 € 2 kiR

Lo e % AR il 0 o B T g
%%ﬂé’%ﬁﬁﬁgﬁﬁ | & A 4l ko

2. ﬁr%"'?‘?’f'u:};f"’ b IR Bl P '%—g FiE iR ﬁ%ﬂ?f@'

=i
\_
o

16 4G R EBFHR B w 2 i P o
P
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Aerfal Station

-

g]14‘ Rl iE S AR 2 ’f#
Zapirdl? v - BRBT ROt L log #p 0 59 4G e it v

T
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iy S Bt o
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#A %1 > A UHD USRP Link #:% 3132 > 4o 15 -
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Options
Packet Encoder
ID: txtest
Samples/Symbol: 2
Generate Options: QT GUI
File Source Bits{Symbol: 1
File: fhome/dennis/TXT/carl Preamble: I—
Variable Repeat: No Access Code:
ID: samp_rate Pad for USRP: Yes
Value: 250k Payload Length: 0
UHD: USRP Sink
I: Samp Rate (Sps): 250k
GMSK Mod N ChO: Center Freq (Hz): 175M
u n . .
H Samples/Symbol: 2 : t::: o - Icm.a:rnmue.?ﬂ
onstant: 7T00m 5 .
BT:350m Chi: Antenna: TX/RX
TSE tag name:
QT GUI Sink
QT GUI Constellation Sink FFT Size: 1.024k
Mumber of Points: 1.024k Center Frequency (Hz): 175M
Autoscale: Mo Bandwidth (Hz): 250k
Update Rate: 10
Bl 15 ~ @iz =470 A2 R
YRS > > 2
332 RIHRFER
(——
BEdGmB ‘Ggf Aerial Station - l“ ".\sz

-
-~

cloud control center

Bl 16 ~ TR AT AR 1

21
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B e 24 F B ko 8 G =k UHD USRP Source 42 ¥ 3 550 5 &
A EEPE R JER 0 RS RR N DT Sd 4G RRBEw Z i)Y
s Gl 16 o & ESREE %P (i GNURadio » 5B & A # + & %71 USRP
BT D) TR o G M g BRFI 2 P B SEfED ¥ Y Packet

decoder » B & #7 B HFALFE D > 4o@] 17 o

UHD: USRP Source

Samp Rate (Sps): 250k
Variable Options L Multiply Const
|: ChO: Center Freq (Hz): 145M
ID: samp_rate ID: rxtest Constant: 1
Cho: Gain Value: 50
Value: 250k Generate Options: QT GUI nvatue
Chi: Antenna: RX2

GMSK Demod
Samples/Symbol: 2

Packet Decoder

Gain Mu: 175m
_b'l Mu: 500m
Threshold: -1
Low Pass Filter Omega Relative Limit: 5m
Decimation: 1 Freq Error: 0
Gain: 1
) I Sample Rate; 250k l_ QT GUI Sink
Cutoff Freq: 100k FFT Size: 1.024k
Transition Width: 50k _b_l Center Frequency Hz): 145M File Sink
Window: Hamming Bandwidth (Hz): 250k File: ...e/dennis/TXT/receive
Beta: 6.76 Update Rate: 10 Unbuffered: Off

Append file: Overwrite

QT GUI Constellation Sink
Number of Points: 1.024k
Autoscale: No

B 17 ~ ez i 42 B
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41 3P RBAHER I

FPORBRERK Y LERLT T AS I AEE W21 P %

Py AFE %t # USRP @@?JB?? »F L — Ar i PRk gk 0 i S

LN R = Y SEl
B AFBEAH L TEY 2AARS TR DFE LR ET SHE R

22 USRP » 274t B AT -

W21~ 2 TLEAHEF IF

thread[thread-per-block[10]: <block gr uhd usrp sink (2)>]: AssertionError
accum_timeout < _timeout

in uint64_t radio_ctrl_core_3000_impl::wait_for_ack(bool)

at /build/uhd-KMzFrs/uhd-3.9.5/host/lib/usrp/cores/radio_ctrl_core_3000.cpp:230

terminate called after throwing an instance of ‘'uhd:usb_error
what(): RuntimeEror: USBEror -4: usb tx4 submit failed: LIBUSB_ERROR_NO_DEVICE

>>> Done

Bl 22 ~ 4235 ¢ b 45 3FA
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4.1.1 2 §mis B ol i 0 RIS

Wi @plenpython #h 0 7 kR B A T KA EEHE S HF

S 4o 1

Options:
-h - ol

a ,;\:'.)Ul;.,
spec=SPE(
ANTENNA

lj".\\"l F";\ T s_ ’

1€

FIRGW TR AERNT 24

' 1p

Show thls

UMD device

args=ARGS

Subdevice 0

antenna=ANTENNA

samp-rate=SA
et sampl

Ant
P_RATE

’
A Tale

ne 1 D me

gevice

enna

Sl b

$5aqe

where

f\‘l»‘f.‘iu:’Z =10€

SHE R E S

=

T % IR terminal © B 23 -

and exat
address
f UHD device

gfault
priate

.‘1!'(;' {"
where appri

appropriate

0000 ,'I‘:
J

g GAIN, gain=GAIN set gain 1in dB (default is midpoint)
-tune-delay=SECS time to d.‘ y (1n seconds) after changing frequency
[default=0.25]
--tdwell-delay=SECS time to dwe 1 (1n seconds) at a given frequency
L

Y‘i

pxrraspberrypl fi fl

channel-ba

[default=0,
ndwidth=Hz
hannel ba

o-offset=}
1 yffsat
juelch-thr hold=dB
SQUE ich th
E, --fft-size=FFT SIZE
e "‘." nu
[default=s
Attempt to

Rl 23 »

412 2 jRiS Bend 1 g

(ERLES SRR

-~

- A BT hfe N

-

ncl 3
Wawlatl

mber of

amp rate

BT

FF 4

]

shold 1in

enable

€

lﬁ; s I

Flo TREBEFE-KFFLEFER

FPRREERXETX FRREFgxs

26

of fft b

real-

i8R &

A (FDD)Jeg > 1 *

2 f* python

b

F & At

ﬁ:ﬁ'ﬁ""‘{[‘ b'?;}‘g_v]{_;ﬁ A ,ﬂ*‘ f«ri\n

FFT bans

‘'rnhann 1
channel bwl

bins 1n Hz [default=6250.0]
jefault=none]
time scheduling

%\?{r

#

g 1R AR S

% s A2 threading F/% » &

f BRI PR IE T T o Ao 24

FWEFAF B R

x4 &

N
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File Edit Tabs Help

sensing. ..
power_db = 38.0

channel 1is busy

recelive data

sensing. . .
power_db= 4.09650541837
Channel is idle.

3

counter= 2

counter= 1

counter= 0
transmitting...

gain = 38.0

B 24 ~ 3 3E § M 5 RR)

413 @A REFPE2HFIRFAHBHRETH

AR

EARGELE ez REREEFLEL (FDD) g » #H R * TX A
BEaEer RUBRRE BTN - b REFfof o 4o 25 M5 9 2 230

Sl T A e -
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UHD: USRP Sink
Variable Options D Samp Rate (Sps): 250k
ChO: Center Freq (Hz): 140M
ID: samp_rate ID: kevin
Value: 250k Generate Options: QT GUI CNE: Goin Yoo 10
ChO: Antenna: TX/RX
Multiply Const TSB tag name:
Constant: 700m
QT GUI Sink
Packet Encoder FFT Size: 1.024k
Samples/Symbol: 2 —bl Center Frequency (Hz): 175M
File Source Bits/Symbol: 1 GMSKMod Bandwidth (Hz): 250k
File: fhome/dennis/TXT/carl Preamble: Samples/Symbol: 2 Update Rate: 10
Repeat: Yes Access Code: BT:350m
Pad for USRP: Yes QT GUI Constellation Sink
Payload Length: 0 Number of Points: 1.024k
Autoscale: No
Low Pass Filter
Decimation: 1 GMSK Demod
UHD: USRP Source
Gain: 1 Samples/Symbol: 2

Samp Rate (Sps): 250k

Multiply Const Sample Rate: 250k GainMu:175m
ChO: Center Freq (Hz): 145M
Constant: 1 Cutoff Freq: 100k Mu: 500m
ChO: Gain Value: 50
Transition Width: 50k Omega Relative Limit:5m
ChO: Antenna: RX2
Window: Hamming FreqError:0
Beta:6.76
PacketDecoder
Access Code:
QT GUI Sink oo
QT GUI Constellation Sink FFT Size: 1.024k
Number of Points: 1.024k Center Frequency (Hz): 145M File Sink
Autoscale: No Bandwidth (Hz): 250k File: ...e/dennis/TXT/receive
Update Rate: 10 Unbuffered: Off
Append file: Overwrite

DPERERE S 1 S LU EES & SRl

FRBF TR T A B3 dronkit-python & I A% % 40T Bl
FRIX~Y Z=zghenZ 5 ~GPS =8 ~REEER - SEHPIDTH
AP ARRERI R A RELEDEE B D TR AoR] 26

Yoh R gkpliE s § USRP I Frfc* TX &2 RX & B ienpdiz » TX o

i

gain B A% < A%4F > F] & Y;‘;@?]ﬁ’!&&%ﬁ? A% 0 A USRP % % TX &7 gain B
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B~ 5 70dB- iz £ RX ¢ gain 8 1 254%  4%43 » F] 5 RX ¢ gain 836 * >
¢ % Noise floor(Fezu 3 47) 2 B » BB #J 308 > F] 0 509 S i)

FORX eniicid 130 40dB ) 50dB 2. B » B A 5% o

File Edit Search Options Help
Attitude: Attitude:pitch=0.00942579191178, yaw=-2.32522940636,r0l1l1=-0.0191524196416
LocationGlobalRelative:lat=22.9983389, lon=120.2165788,alt=2.79

Armed: False

System status: STANDBY

Velocity: [-0.04, 0.05, -0.02]

Attitude: Attitude:pitch=0.0105499597266, yaw=-2.32294726372,ro0ll=-0.01845260337
LocationGlobalRelative:lat=22.9985463, lon=120.2165743, alt=2.7

Armed: False

System status: STANDBY

Velocity: [-0.02, 0.04, -0.01]

Attitude: Attitude:pitch=0.0102577889338, yaw=-2.32274055481,r0ll=-0.0184194669127
LocationGlobalRelative:lat=22.9985255, lon=120.2165747,alt=2.69

Armed: False

System status: STANDBY

Velocity: [-0.02, 0.04, -0.02]

Attitude: Attitude:pitch=0.0103816399351, yaw=-2.32313942909,r0l1l1=-0.0181718338281
LocationGlobalRelative:lat=22.9985277, lon=120.2165749,alt=2.7

Armed: False

System status: STANDBY

Velocity: [-0.02, 0.04, -0.01]

Attitude: Attitude:pitch=0.0104614859447, yaw=-2.32320356369,r0ll=-0.0180495958775
LocationGlobalRelative:lat=22.9985888, lon=120.2165799,alt=2.68

Bl 26 & « &8 g @ p ki

414 + BFHIT T

iﬁgﬁ‘k*}x"iakgzmgﬁf 'Fﬁf‘,ﬁz—ﬁﬁ FLEE » KR
AR - KREFER B2 Al 4G (Fh e+ > AIELG
D-LINK DWM-222 > 4o 27 o ~ 9 Bhdi * 584 B L RRIFE > T & #ik

B e+ hscript file » 4e » & B < B < PR AEX09% 0 4o ] 28 o
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File Edit Search Options Help
This chatfile was generated by pppconfig 2.3.18.
Please do not delete any of the comments. Pppconfig needs them.

ispauth PAP
abortstring
' ATZ

OK-AT-OK AT+CGDCONT=1, "IP","\T","",0,0
# ispnumber

-3 3T 3t 1 3

Lo nrNnnos
CONNECT \d\c
# prelogin
ispname

isppassword
postlogin

T3

end of pppconfig stuff

I 3

"/etc/chatscripts/4GLTE" 21 lines, 469 characters

B 28 ~ fxds e+ e seript file

T 4]* dropbox Z B % SLE-L B ST B3 28 57 FEEGT

B RF AL E - S Bl LA R do] 29 0 B B B ATPER T

30

doi:10.6844/NCKU201901176



| M | = | Drophox

El - == =2
(_

v /4~ 33 > Dropbox

i

z% CEeE: g2 i
# RIEER B
. . &) 2019:04-29-09-32-465d 2019/4/29 T4 0. XFXH 112KB
== .
e & 2019-04-29-09-33-07asd 2019/4/29 T 0. TEXH 137 KB
P _ o
¢ & 2019-04-29-09-33-29asd 2019/4/29 T 0. NE34 217KB
B X B 2019-04-29-09-33-50asd 2019/4/29 TF 0. XEXH 265 KB
= BA A [ 2019-04-29-09-34-16asd 2019/4/29 T4 0. XEXH 269 KB
T01APPLE ] 2019-04-29-09-34-37a5d 2019/4/29 T4 0.. NFXH 269 KB
20181227 & 2019-04-29-09-34-5%asd 2019/4/29 TF 0. NEH 269 kB
o Dropbox & 2019-04-29-09-35-20asd 2019/4/29 TF 0. NF3H4 269 KB
BEEEL éj 2019-04-29-09-35-41asd 2019/4/29 TF 0. X=X 269 KB
& 2019-04-29-09-36-02asd 2019/4/29 T4 0. XFIH 269 KB
&+ Dropbox = ) — S ~
& 2019-04-29-09-36-23asd 2019/4/29 T 0., TEIH 269 KB
& OneDrive £ Get Started with Dropbox Paper 2019/4/14 T 1. SAREEEE TKB
& Get Started with Dropbox 2019/4/14 7 1.. PDFEZE 1,077 KB
W T

B 29 ~ Dropbox Z = & it
42 © 0 A BCF R TE
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File Edit Search Optons Help
Car plane

@AM |
: .1at=22.6155183, lon=120.3353546, alt=-0.66

System status STANDBY

Armed: False

Velocity: [-0.62, 6.0, 0.0]

Car plane
Owner's name:center

:lat=22,6155183, lon=120, 3353546, alt=-0.66

, 0.0)]

Car plane _

Owner's name:center MABRTHEM

Accident on University Road
LocationGlobalRelative:lat=22,9971062, lon=120.2635152,alt=6.6
System status: ACTIVE

Armed: True

Velocity: [0.03, ©.69, 0.11]

Car plane

B ENRRAR
.9971062, 10n=120. 2635152, alt=6.6

System status ACTIVE .
Armed: True
Velocity: [0.603, ©.09, ©.11)]

Car plane v
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File Edit Search Options Help

car 2

Owner's name:Chen Mary
Car ID:JSA-6483
Velocity:8@km/hr
Position:120'46'10
Time:09:00:01

23'10'13

car 3

Owner's name:For Joy
Car ID:BMA-5734
Velocity:6@km/hr
Position:120'32'10
Time:09:00:02

23'20'13

car 3

Owner's name:For Joy
Car ID:BMA-5734
Velocity:60km/hr
Position:120'32'10
Time:09:00:05

23'20'13
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Car2

Owrner's name Chen Mary
Car ID:JSA-6483
Velocity80km/he
Postion:120%46'10 231013
Time:09:00:01

BR—RER

Cax 3

Owner's name For Joy

Car IDEMA-57324
Velocity 60kmhre
Position:120°32'10 232013
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Car 3
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