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Improvement of Direction Finding and Positioning with Unmanned
Aerial Vehicle Carrying Software-Defined Radio Receiver by System
Integration Technology

Kuan-Ting Su
Wen-Tzu Chen
Institute of Telecommunication Management, National
Cheng Kung University
SUMMARY

The development of communication technology has increased the demand of spectrum
and shows the importance of spectrum management. Improving the efficiency of radio
frequency and planning the allocation of spectrum resources have become critical
issues in spectrum planning. This thesis selects unmanned aerial vehicle (UAV) since it
can not only overcome the terrain obstacle but also simultaneously construct an aerial
spectrum monitoring system. With open source autopilot controller, the monitoring
system can easily communicate with software-defined radio (SDR) receiving module.
One of the main purposes of this study is to construct an integrated system consisting of
flight control module and software-defined radio receiving module as an aerial
spectrum monitoring station. To properly overcome possible challenges of signal
operating processes and receiving data calculation, the aerial spectrum monitoring
therefore needs highly system integration. Furthermore, this thesis constructs a
complete monitoring station including UAV, SDR receiver module, Raspberry Pi, and
ground station. To meet the integration requirement, our approach is to simultaneously
get the position and azimuth angle of UAV, and received signal power from SDR
device. Hence, the controller of UAV, Pixhawk, and the SDR receiver need to send
the above information to Raspberry Pi at the same time. In the Raspberry Pi, we
develop Python code to perform the above approach. Meanwhile, two antennas and
software-defined radio devices are used to detect the direction of radio wave and its
signal strength respectively. Finally, we build an aerial spectrum monitor station to
measure the position of a radio station.

Key Words: Software-Defined Radio, GNU Radio, Unmanned Aerial Vehicle,
Raspberry Pi, System Integration, Spectrum Monitoring




INTRODUCTION

With the rapid development of communication technologies, radio spectrum
become relatively rare resource. The demand of radio spectrum shows the importance
of spectrum management. To formulate the rule of spectrum management, spectrum
management can be roughly separated into three phases, namely planning, construction,
and monitoring. Spectrum management can distinguish distinct needs by well
frequency planning. Spectrum monitoring is to effectively maintain the radio order
after planning and construction and to make sure that the established rules can be
completely implemented. Spectrum is so precious resource that the regulator has the
responsibility to actively control and regulate its use. Accordingly, this thesis focuses
on the monitoring phase. Traditionally, bulky and complicated instrument is the
shortcoming of radio wave detection system for mobile monitoring station. In order to
resolve the problems mentioned, the thesis selects a suitable technology, software
defined radio. It is an advanced radio technology compared to traditional
hardware-based components (e.g. filters, mixers, amplifiers, modulators, demodulators,
etc.). Additionally, software defined radio is portable because of the flexibility trait. In
summary, the use of SDR is a better option to build an aerial spectrum monitoring
station using UAV.

MATERIALS AND METHODS

In this research, a receiver module is constructed based on software defined radio.
An Ettus USRP B200 mini and Realtek RTL2832U dongle are used as RF frontend
devices. The frequency range of USRP B200 mini is from 70 MHz to 6 GHz with signal
resolution of 12 bits per sample. Realtek RTL2832U dongle has a frequency range from
25MHz to 1750 MHz with 8 bits per sample resolution. Meanwhile, two antennas are
used to detect the direction of radio wave and its signal strength respectively. Next,
flight control board Pixhawk is applied to construct flight module. Pixhawk is an
independent open-hardware flight control computer, including GPS module, compass,
barometer, and central processing unit. In addition, Raspberry Pi 3 is employed as a
companion computer, providing a system integration and data transmission function in
the whole system. Eventually, the present study builds a six-axis copter to perform the
spectrum monitoring missions.

This research aims to improve the approach of direction finding and positioning of
radio wave by system integration method, enhancing the immediacy and accuracy of
UAV radio spectrum system. Our approach is to simultaneously get the position and
azimuth angle of UAV, and received signal power from SDR device. Moreover,
Pixhawk and Raspberry Pi are connected by universal serial bus, and then the drone-Kkit



python package is installed in Raspberry Pi. We write python code to get Pixhawk’s
GPS information about UAV position and azimuth. Then, all information about signal
strength power from SDR devices can be caught while installing UHD-python. The
azimuth of radio wave can be calculated. As a result, the relation of UAV angel and
signal strength power can be obtained. Through receiving two or more signal directions,
the signal position can be estimated.
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Figure 1. Architecture of the whole system

RESULTS AND DISCUSSION

The results indicate that the system integration makes signal detection operation
close to real time. In general, previous research needs to manually check received data
after the UAV lands to the ground. The proposed design can immediately receive
position and direction of UAV when it is still in the sky. The characteristic of
immediacy makes the whole system easy to use. From measurement result, we also
found that the accuracy of radio direction is about 6°. The accuracy may be not
enough for positioning. This is because the used Yagi antenna has 38" beam width. In
addition, this thesis also deals with complex integration challenges, including the

synchronization of Pixhawk and Raspberry Pi’s time, and automatic processing data.



CONCLUSION

In this thesis, we use SDR technology and UAV to construct an aerial radio
monitoring system. The proposed system can easily change monitoring mission
through software. This thesis selects unmanned aerial vehicle (UAV) since it can not
only overcome the terrain obstacle but also simultaneously construct an aerial spectrum
monitoring system. The main challenge of the proposed design is to connect
simultaneously Pixhawk, SDR, and Raspberry Pi. Accordingly, this study improves
aerial spectrum monitoring by system integration technology to deal with signal
operating processes and receive data calculation. To meet the integration requirement,
our approach is to simultaneously get the position and azimuth angle of UAV, and
received signal power from SDR device. Hence, the controller of UAV, Pixhawk, and
the SDR receiver need to send the above information to Raspberry Pi at the same time.
In the Raspberry Pi, we develop Python code to perform the above approach.
Meanwhile, two antennas and software-defined radio devices are used to detect the
direction of radio wave and its signal strength respectively. Finally, we build an aerial
spectrum monitor station to measure the position of a radio station.
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3.2.1 &GFIAIF AEF RS
A&7 & * Dronekit Python % 3£ B # 7 #7445 22 fH5 0% enid 2

w

#%25% > Dronekit Python §_Python eh% i* » {id JEART € & * BE /%h

— i USB port(/Dev/ttyACMO) iT % # i1 & iF » % 6 Mavlink $4 3% 3R & (747
Pl TR B D AE Y o B 11 5 AATF Y 4 & 1 GPS TA
BRERE STy BT R ET L S F gy 2 v
gyt - Iﬁ&%@%ﬁs— ® (O15SMHz) k B Flcdp® B 1 2, b o 2 &
B s [ D ABATE o

l pi@raspberrypi:~ S“python hello.py
P copeer vs.9.2 (4322ffda)
>>> PX4: 1d6bf64c NuttX: 1a89bas58
>>> Frame: HEXA
23> _DYXAv2 NAAVANNA2A_2NMEINE_2K373734
]GPS: GPSInfo:fix:B,num_satzgl
Glopal cocaclon: cocaclonoloval:lat=22.9983335,1on=120.2171201,alt
Global Location (relative altitude): LocationGlobalRelative:lat=22
20.2171201,alt=-3.52
Attitude: Attitude:pitch=-0.000459929928184,yaw=-2.18970537186,rol
65611
Velocity: [0.01, 0.0, -0.01]
[ForoanuSpecu U UL 22200911079
04:25:03
LocationGlobal:1lat=22.998333, 1on=120.2171207,alt=-3.53
04:25:03
LocationGlobal:1lat=22.9983328, 1on=120.2171209,alt=-3.53
04:25:03
LocationGlobal:1lat=22.9983331, 1on=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 11~ 3538 i o530 SRS 5k B 7 42419 GPS #icd
322 #EHHIFLENIRRATAKS
AL PR LR BRI G R RE U £
BT TR BN R iy 0 TPt S Tieh

BB BEIFNHFEZERFRDEFEFLRA > a2 2170k H o
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USRP B200 mini & f & * UHD Python > & % s & * GNURadio :&#f 3| 9

¥ A23% 0 #rrligdta AU Python #-3f B dp R 5 B P i B R

if ttkesta*p
timestamp = tine.{ime()
centerfreq = m.center_freq

if n.center_freq < centerfreq:
sys.stderr.write("scanned %.1fMHz in %.1fs\n" % ((centerfreq - m.center_freq)/1.0e6, time.time() - timestamp))
timestamp = time.time()

centerfreq = m.center_freq

for i_bin in range(bin_start, bin_stop):

center_freq = m.center_freq

freq = bin_freq(i_bin, center_freq)

#noise_floor_db = -174 + 10*math.log10(tb.channel_bandwidth)
noise_floor_db = 10*math.log106(min(m.data)/tb.usrp_rate)

power_db = 10*math.logi0(m.data[i_bin]/tb.usrp_rate) #- noise_floor_db

if (powcr_db )
print “power_db", pouer db
print time. stritime("%H:¥M:%5", time.localtime())

B 12 ~ Python 3+ 2n 5574 & f75¢

FERETREPTR AU L XY ZZhE o PR
RS GPS ¥ B BB Y BAHFTRAPTF LAY I RRZEED
AP R R R RS R @S R A R R
FH AR o

2 Attitude:pitch=0.0123485112563,yaw=-3.06150102615,rol1=0.0172262303531
321:23:14 -105.102662147 LocationGlobal:lat=22.9983341,1on=120.2173236,alt=-0.29
4 Attitude:pitch=0.0123640121892,yaw=-3.06151342392,ro0l1=0.0172539874911
521:23:16 -105.785836879 LocationGlobal:lat=22.9983338,1lon=120.217324,alt=-0.28
6 Attitude:pi =0.0123533476144,yaw=-3.06147003174,rol1=0.0172891337425
721:23:18 105.688054987 LocationGlobal:lat=22.9983336,1lon=120.2173237,alt=-0.28
8 Attitude:pi =0.0122995544225,yaw=-3.0614566803,rol1=0.0172827169299
9 21:23:28 104.480639716 LocationGlobal:lat=22.998333,1lon=120.2173246,alt=-0.29
10 Attitude:pitch=0.012344956398,yaw=-3.06143498421,rol1=0.01722355932
11 21:23:22 -104.230046597 LocationGlobal:lat=22.9983333,1lon=120.2173252,alt=-0.29
12 Attitude:pitch=0.01238824334,yaw=-3.06142020226,rol1=0.0172075033188
13 21:23:24 -104.754138993 LocationGlobal:lat=22.9983329,1lon=120.2173251,alt=-0.3
14 Attitude:pitch=0.0124538056552,yaw=-3.061439991,rol1=0.0171708818525
15 21:23:26 -105.491859201 LocationGlobal:1lat=22.998332,1on=120.2173254,alt=-0.3
16 Attitude:pitch=0.0124766835943,yaw=-3.06141829491,ro0l1=0.0170937813818
212328 -103.948159038 ocationGlobal:1lat=22.9983319,1on=120.217325,alt=-0.3
18 Attitude:pitch=0.0125450249761,yaw=-3.0614259243,rol1=0.0171247795224
19 21:23:30 -104.784973241 LocationGlobal:1lat=22.9983316,1lon=120.2173222,alt=-06.31
20 Attitude:pitch=0.8125470533967,yaw=-3.06142473221,rol1l=0. 01?1664?55594
-104.5330432 LocationGlobal:1at=22.9983317,1lon=120.2173216,alt=-06.31
e:pitch=0.0125578343868,yaw=-3.06141400337,rol1=0.0171553064138
-105.6241607291 LocationGlobal:1at=22.9983312,10n=120.2173706,alt=-0.3
:pitch:0.0125516206026 yaw=-3.06144690514,rol1=0.017125621438
-105.182696117 LocationGlobal:1at=22.9983316,lon=120.2173214,alt=-0.3
26 HttltUdHZpitCh:O.0125285?03689,yaw:-3.06144452095,r011:0.01T09873043
27 21:23:38 -106.007389914 LocationGlobal:1at=22.9983316,lon=120.217321,alt=-0.29
28 Attitude:pitch=0.0125350747257,yaw=-3.06140446663,roll=0.017135605216
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denn\s@denn\s-desktop: ~[dronekit

17:57:46
i:ettftd‘; -106.297793021
u e:pitch:& 91575927808
y 3 g8, yaw=-1.3921179 \-
LocationGlobal 1at=22.9984591 on=120. 2‘,\662477,73{:;;;\. 55

47:57:47
power _db _107.189404959

Attitude spitch 0

= 99 aw=-1 39174795151,rou )
Locat'\onclobal'.la = 9f

19202, ya%="1- -
.9 84591,10(\:120.2166241,5 $=22.55

11:51:48
) aw=v1.391747951s1,rol\:e.e:aeuo;s:;:
591 ,lan=1ze 2166248 ,alt=22 .63

17'.51-.49 -0.03
21185 52625193.“’“'6"

er db -106.3211 453,92 .38 ok
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403 B SRR

C ki 600W

B ik 64QAM

O AR 554MHz~560MHz

L 557MHz

R RLE 23°00988"N, 120°23275"E

AET TSR L B A DA-2620 % s BT 4

# 4~ DA-2620 * 53R+

Model DA-2620

Frequency UHF:470 ~ 862MHz,VHF:174~230MHz,FM:88~108MHz
Gain 11dB

Output 75Q, F-FEMALE CONNECTOR

Receiving Material | DVB-T2 ~ ATSC 3.0 ~ ISDB-T ~ DTMB
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42 ¥ - ZBe L%

e dennis@dennis-desktop: ~/Ffinal

1E%(F) REE(E) W1R(v) EF(s) i (T) XKBh(H)
dennis@dennis-desktop:~$ cd final
dennis@dennis-desktop:~/final$ sudo python singlecircle.py
[sudo] password for dennis:
Every circle maxmium angle
Every circle maxmium angle
Every circle maxmium angle

-101.166012147
-102.369878067
-97.8556557805

Every circle maxmium angle
Final angle is -103.563427943

-111.731906347

i
i
i
Every circle maxmium angle is -104.693687374
i
4

Bl 18~ AE R L XEFHOF - I plw %

Bl S BrEABpE T BY BRFE SRR DERASY G
-101.166012147 ~ -102.36987067 ~ -97.8556557805 ~ -104.693687374 -~
-111.731906347 -

M7 Bl d R T -103.563427943 B 0 1 F 4 B-104 B B L S
0.436572057 B » FIM 7 Bioh X P hple 2% L 4 5o

LS AR HA RIS M N - R B R

R3F B X $h 120.242186

RIFFEEY $h 23.012644
SR 120.242186 — A sin(76.436572°)
R AR 23.012644 — A cos(76.436572 °)
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* dennis@dennis-desktop: ~/Final

1E2E(F) RE(E) WwR(V) HE(s) LmtE(T) XKBi(H)

dennis@dennis-desktop:~-$ cd final

dennis@dennis-desktop:~/final$ sudo python singlecircle.py

[sudo] password for dennis:

Every circle maxmium angle is -52.6469751762
circle maxmium angle is -56.2374177925
circle maxmium angle is -72.9086220653
circle maxmium angle is -58.4369948375
circle maxmium angle is -57.342866834
circle maxmium angle is -64.6456504531
angle is -60.3697545264

Bl 19 XBERAEFS - fle %

Bl S BrEABpEO BY BRIEARBREDER SN
-52.6469751762 ~ -56.2374177925 ~ -72.9086220653 ~ -58.4369948375 ~
-57.342866834 ~ -64.6456504531 -

B e Bl d B T 9F 603697545264 B R E A B-SA R B A L
6.3697545264 & o F|p ¥ Birh S B B uple L% L 4 6o

Fo6 RBTHARSFN - KRR R

PlEEE X 120.244087

PIEEEY 23.003002
R A 120.244087 — B sin(60.3697545264 °)
R A 23.003002 + B cos(60.3697545264°)
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43 $-ZBle B %

@ EEEst 18 24

¢ dennis@dennis-desktop: ~/final

1ER(F) RE(E) WR(v) EFH(s) AEinta(T) XKBI(H)
dennis@dennis-desktop:~% cd final

dennis@dennis-desktop:~/finalS sudo python singlecircle.py
[sudo] password for dennis:
Every circle maxmium angle is -168.863093457
Every circle maxmium angle is -125.9882350883
Every circle maxmium angle is -105.577840335
Every circle maxmium angle is -182.450638224
Every circle maxmium angle is -187.431437563
Every circle maxmium angle is -105.792902501
Final angle is -169.21735786

Bl 20 XAERLZEHOFS - Be EE
Ble SR TEABAES BY SRFERLBREDERA YL
-108.063093457 ~ -125.988235083 ~ -105.566840335 ~ -102.450638224 -
-107.431437563 ~ -105.792902501 -
B e Bl d B T 9¥-109.21735786 B > 2 F & B-104 B B L L
521735786 & o Pl ¥ {Bioh X B hnple A% G 4 7o

27 ABRLREROFE - R R R

R3F B X $h 120.242186

RIFFEEY $h 23.012644
SR 120.242186 — A sin(70.782643°)
R AR 23.012644 — A cos(70.782643 °)
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@ EEEst 18 24

¢ dennis@dennis-desktop: ~/final

1ER(F) RE(E) WR(v) EFH(s) AEinta(T) XKBI(H)
dennis@dennis-desktop:~% cd final

dennis@dennis-desktop:~/finalS sudo python singlecircle.py
[sudo] password for dennis:

Every circle maxmium angle is -56.4300018063

Every circle maxmium angle is -55.255742023%9

Every circle maxmium angle is -52.8779038721

Every circle maxmium angle is -55.587163293

Every circle maxmium angle is -55.7175379438

Final angle is -55.1736697878

Bl 21~ RBERARSHT - ps 2%

Bl S BrE AP EOT BY BRIESRREDERASY G
-56.4300018063 ~ -55.2557420239 ~ -52.8779038721 ~ -55.5871632930 -
-55.7175379438 -

MmiET Bl h B TIE 557175379438 B » B F B A B-SA R B AL G
1.7175379438 B o B} 7 @4 A 5 @ Shehip| o %% 5 % 8o

208 ABEAREDEE S R B R

PliEEE X 120.244087

PIEEEY d 23.003002
R A 120.244087 — B sin(55.7175379438°)
R A 23.003002 + B cos(55. 7175379438°)
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44 Zi+%%
42 &P ATRIE 2 R B R RT A AT AIL 0§ B IER e AU R
P MR AR R T AR o
KRBT b 2EE O Fleiple S5 o

: 120.242186-Asin(76.436572°)

-\J )

ﬂﬂ\*-

SR AR
R LR ¢ 23.012644-Aco0s(76.436572°)
RE T

B2 Fleip] e B % 4T

ﬂrﬂ

B R ¢ 120.244087-Bsin(60.3697545264°)

=N

SR B4R 1 23.003002+Bcos(60.3697545264°)
P EEEY G
23.012644-Acos(76.436572°)= 23.003002+Bcos(60.3697545264°)
120.242186-Asin(76.436572°)= 120.244087-Bsin(60.3697545264°)
BiFEY 57 1185 A=0.0100 ~ B=0.0143 > F faw 3 SR SR RS
23.0100877,120.2315902 > i £ 453 Sk nfEGE S 92.2 2 % > @ gt GPS

B Ak fede B ehd BEAeo ] 22 973 e
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o
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AR

x
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Bed43 & rpE 2 Pl BEEFTIRATRIZ ) § A ER R
PF o BeRe JPALBIUELIR AT i B o
ABF L 2ER D F P e % doT
SR AR 1 120.242186-Asin(70.782643°)
R AR 23.012644-Acos(70.782643°)
ABFEABRDF P S 24T
SR AR 1 120.244087-Bsin(55.7175379438°)
R A 23.003002+Bcos(55.7175379438°)

P EFEY G

23.012644-Acos(70.782643°)= 23.003002+Bcos(55.7175379438°)
{ 120.242186-Asin(70.782643°)= 120.244087-Bsin(55.7175379438°)
HBEF (57 1174 A=0.0086 ~ B=0.0121 > F it w L SR LR B
23.0098176,120.234089 > i#h £ 44 St =k chEEHE L 166.5 2 = 0 @ ¢ GPS

B Ak fede B e BEG 4o B] 23 A7or e

0%

©

0 166.58 AR

o

: o

MEER

B
A
|

$89ERE © 166.58 AR (546.53 BR)

JAMNE ©2018 Google &M MK WMER 10AR—

B 23~ % - @ im%%
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