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Automatic Drone Wireless Mesh Network
Bachelor Degree in Computer Engineering. Department of Computer Engineering.

Faculty of Engineering, Kasetsart University.

Abstract

Data communication over remote areas that lack signal coverage requires
intermediary stations to communicate hop by hop. These intermediary stations may
still fail to operate, which can be difficult and/or expensive to repair. Another
problem is that the intermediary stations are fixed, so they are not suitable for
temporary connectivity. This project has developed a wireless network using
automated drones as intermediaries to communicate instead of fixed stations. These
drones establish a mesh network automatically in order to transfer data from source
to destination. We divide the developing process into two main parts. The first is
developing software for ground control, which controls the basic operation of the
drones. The second is the preliminary program on the drones. It calculates and
distributes commands to other drones so that they will move to designated
waypoints. As a result, connectivity is still available even when one drone’s signal is

lost.

Keywords: Quadrotor, Wireless Mesh Network, Ad hoc, OLSR, Routing Protocol, GPS
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[ﬁm: http://www.banana-pi.com/tp/2015032004422841623.JPG]
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Banana Pi M1+

CPU A20 ARM Cortex -A7 Dual-Core
RAM ARM Malid00MP2Complies

Network 10/100/1000 Ethernet RJ45
Video HDMI

Power Source 5 volt via Micro USB

GPIO GPIO, UART, 12C BUS, SPI BUS
oS Android, Bananian
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e

- lesunsiaaeulanvinandynssuenanis 3wy sTunduanngaLsusy

Output Specification

- Iesuarduldiiodusinardumsdenredugraaindunslifsuaten1esnludf

'
a

warUSULUABULATIAS MUAMUIAL N ALVDIR Y Q0

(%
=] [

- 1ASUSUAFINUT U WaLVimUAIAS

o«

=

- losudunduaniyasuaudlenuinunndyaaussesiavil

4.2.2 Function Specification
- lasuanunsasutoyauazdeatayalaatnegnies
- Tesuanunsandeuiinnndumitlasy deusuidsulasiadesniadeuselidyy o
A
- lasuannsaruniduniinisdedeyalaegagnses

- lasuanansofnsiedeansiu wagdsindaielilasusidutuluduainenisla

- Tesullenuanansalunisunuillasudsunvinaindyaiule
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- gldnuaunsafudadeyanndumsislatenalaegiagnaes

- glganunsadsnuiuguldsnlasula

4.23  ngugldau
nauiltulusunsuduyanaiiluidesnisteyaluusnundifddenniousion
Tudh dwlngldduidmmihnlulnneevasndeiguagneiudieg Ndeean15u1voyaun

RPN

4.3 99AU5eNBUIAYTIUVDITEUY

asrusnaulaeTinvasszuunseglsanglaglilasudnludf uansiagun 4.5
Usznoume 3 daunan fie

Wifi Module

USER
Routing Protocol

User Interface

Data Communication

UM 4.5 paAUsznaulngTIveesE Uy
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431  dwgunsallasuitléaru (Drone)
Tasuiildarufuwuy Ynasd foun 4 Tuﬁmﬁqguﬁ 4.6 Waulng
AMAIYINSTULALDINA ANLIAINTTUANERNS UMINYIABLNEATAIEAS AIULS?
Uszana 1 wesaedunil Tnsuazidunsuszanddineulvsaiass Banana Pi M1+

[3] RanAulasu

a
N

UM 4.6 Tasuaun 4 Tuiin

Cal

4.3.2  dufadanugld (Station)
dudadeiugliusznausie 2 svuuges
1. szuunthenegldlunisiudstoyandld wu anuifidesnsds viderdsli
TnsuasraaTetneiiugiu

2. syuunisdateya dnidisudeyaandiudiey wagdilududnanesiu

Routing Protocol LileAundunienisasias Wi-Fi Module

433 daulasufdviand (Designated Drone)
duimthlasunsls 3 ssuudes
1. sruumsainaeiorns sginihfisuteyadnanufionsan wu teya GPS ves
Tasusndun Yeyamnuussvesdygial uaztihsnusznanaiielilaguuuy
\r3etne uardnludsdumsdstoya tevenlasumdusliluduumisd

#9913
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Maximum Matching in Bipartite Graph [6] mfj

szuumsdsdeya Tmihsuteyaanadiuding wagddudatmanesi
Routing Protocol tiafuvidunisnsas way Wi-Fi Module
sruudusaludd St fisudann ssuunisasiandetis wazvhnsduluss
FuvisiigosnIs

ludiuresdanasiiunisasraasedis tausuusansvinauaIniiugIuves

[

= set of position of drone
= set of position of target
= set of matching between D and T (All
subset)
WD =[]
For w in W
Calculate all distance in w and reverse
sort
Append set of distance to W D
Sort W D if first value 1is equal then
consider next value
W that generate W D[0] 1is answer

T30

43.4 dulasudadue (Non-Designated Drone)

@ulATUFDULUILA 3 STUULRY

1.

syuvdsdoya GPS YimihiisuA1ain GPS uavdsludslasusaimisiusyuy
nsdadoya

eEANIGRPENILHG ﬁwﬁwﬁ%’u%gamﬂmuﬁhm uazaslugathumneniu Routing
Protocol Liiefumndunnenisdaay Wi-Fi Module

seuuTudeluii® Suidisumdann shwmidids wazvhnnstulugaiumie

ABINS
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4.4 FupeuNTWAILN
1. Anwneluladiliedeslumsiaunssuy
- ﬁﬂmmé’ﬂmsﬁmuuazmuaﬂmuﬁugm
- Fnwnmsdsteyanuuliang

- Fnwgunsainldmivaulasukaznisiudetoya

2. 99NWUUTTUUNALYIINITARWN
- oenuwuudanesiidlunisaiaesedinsvedasy
- oenuuudanesidlunisusuwisusuuuuvediasy

- 20nNwUUIUSLNSUNLTRAADFINISIATUIINFDIRAUNNG

3. NRIUITTUY

(%
a o

- Aasssruudfiinsuaglavsifidndulunstann
- fawnlusunsuasieasetnevedlagy

- awlusunsulunsufuivdsusuuuuresiagy

- simulUsunsulunisinsedeansvodlasy

- W lusknsulunsdanslasuanaiaunng

4. MAFBUNISHIIUTEUY
- VAEIUNNTAS19LASUNEVBILATY
- vegeunsUTuAgusUkuuvedlasy

- vegeunsuamelurasdyn Indnsinisdedeya wasianimely

(Y]

5. AN WDNAITATIU

[

- devhguausgay

[

- Ivienansadienisldnussuy
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5 Nan1saiulAseuLazIansal

nsneaauNITYINNUTeITEuUAIedgliatslasldlasusnluil® azvinnisvaaou

Tnginlasuiudusazyinisairuaieovis dmualilasudimisvinmeliandyyin o
(Y [ d' L = 1 Y [ 4 1 d'

Hadnsn1sAsuwlasUwuUNIsaLATeYe Jndnsimsdileya wazdanaiiviamely

YDIFEY R0 IUNTENIENNTATUAIRYAlABNATY

5.1 @nInuInaaNlunIsNagaaU

511 N1SVAGRUNITHIINATEUIY WAZNITUNUAILILNYR9LATUERYInANdayayal

Mnsnedavas1uasaielagldlasurnin 4 luinsnuiu 3 mlegldreulnsaians

\Ju Banana Pi M1+ l¥malulagnnsdeanslsatsuuyu Ad hoc IEEE 802.11bgn naday
a = a [y = [~ dy Al 1 v =

USNUAUILAWIUMIINGIA SN A TTITUNUNLAY 528ZNI99INAUNIDIUa18N1e 100 LUAS

Tunsvaaeu Avualidudnludflusundsmndilasuiwale wagdinislasuiidue

Sa5U7 5.1

Y

(@)

5UT 5.1 (n) Mnaaeun1siudnluifunag (3) NMsunudiumiavedasy Weunaindayae



5.1.2 M5NAEaUsTEsIatvIanigly wasn1snauNIvasayIn

i snaaeulaginuesa Banana Pi M1+ 31W3u 3 67 f&’ﬂaaam%miwuuﬁuﬁagﬂﬁ
5.2 nadouULInMaULAMIMAeNduInuasmans srozinausazga 50 waslinisdeans
15an8uuuAd hoc IEEE 802.11bgn naaeudayeralaeldlusunsy iperf [9] uazrinumdy
n1sdetayawuy UDP wuuAnsuduveslusunsy Wuasadifiaesvianieluaindayaia

Y

wagdlfnanudiwui Junanfuameluuagsnsinisdalayavneiiy

U 5.2 M3dnaesainaniedng

5.2 WAN1SYASBULAZNITIANSAINE

AINNISNAFBUNTASIUATIVUNY WAZANTNUALNUIVDILATUNUINLASUAINISE
wufdundareslasuiinunandyyia iieliaiuisadinsiudatoyamilouduls
WAL TLeLIANUNINABILY I UNITAADUNVDILATY YIUIANHUBIFAINA LT bUAIUTD

Sudatoyalavaenily
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INNINAFDUTZBZLIAWIANIE LU 1azN1INAUNIVOIFYYI WUINBNIINTES

ToyaRduagsening 432 - 1023 kbit/s Fasvuziianaivssviavmelulseann 10.67 ui
SuAasIuN 7 89397 17 uag 18 faguil 5.3

1200
1000

800

(Kbit/s)

v

600

&

5!
520523

400

BFAIIN1TENYBUA

P19V INAY

a

200

o 7 8 9 10 11 12 13 14 15 16
1381 (Aun)

5UN 5.3 nsmlanuduiusseninsnsinisdadayaiuiim
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6 ajUnanIsAuULAZUBLEUBIUL

6.1 Uoag

ssuunsennglTanglagldlasudnludfanunsadhluldaulalunisiudedoyaluiium

Mndidleann wavananugsentunislesdynin analdinglunisinasgunsaliuumeda

[ [

Aanvilaaunludiuveswendurs Ndwmsuldauaunisdinisvedlasuudaz i
dielidulumuingUszasiaald wazlaimunludruilasulunsi@ousioniagliaunse

Tule

£
a = A

HAINAITANTUIIU WUIINITAS AT a5 YL wadgilAntuRel3es
VOIAEYYIUNADUT I LATANINLINADUVUL UUNDIVEINAADTZUUNITINB IR LIAUVDY

15U Wavinn1snadauuLaINe

6.2 Ugynuazauassa

Jymuavguassannuseniteansiauilaseussuuasevieliaelagldlasy
U wva o o éj
DRl UIALIAIT
1. Taswdugunsainstunfuldssoziandus Yssana 10 wiil usdesldiaanly
6 d' I3 QIJ ) v 1
1515 UALMDILTUNAUSELNA 1-2 T2lg YINlAgINEaNISNAEa Y
2. Iaswiugunsalindoufivueiniaviaiun 3 unw vnlidesddsiannudasasie
NLNATUADEITOUV I UNITNAEDU
3. ANINEIMALNARBDNITNAZOU AUALYINASEUUSNYIALALlALT
4. manegevgunIaiansawsuasuiluteiinnainvilasinningeniuag
5. laaunsalegany Tx Rx 910 GPS fisaniusii Auto Pilot 4Lus9 Banana Pi
M1+ 18 azvilidygradeuiuiu 3sdedldissewaniain Mavproxy
6. gunsallasuilsimAeudnegs
a 1 3 o I~ U L g:v d' 9 d‘ a
7. mstuwsarasadndudedddtlunlunseuauduusn wennulasady Walin

wien1salandu Aaganunsaaduuiniuaue3lumle
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8. WWuwes GPS vudilasulduiudn lefiungafidesnisliduld e1q
AANALARDU
9. wunmasINITlumlasuliausedngluwindusiuase Banana Pi M1 Fadasld

UBEC wdasbnunlaluuasn

6.3 BUINIINITNRIUIND

[

wuIslunsiaunlassussuues ot lsaelneldlnsudnlutidlutuselulised

1. Wawdaiaasednglagldndnnisain Routing Protocol wieliilazusneiia

=2

gqn

LY 1

2. WAlUNAIUAS19A591891n U989 180819 LYW LUALADINLNADUDILATY

ANINLINADUVUZUY LNT120719EINARDN1TA519AT0T18 uazdyaalunias

e

G

Y

3. nusuasuludaigunsallasu nanmetdaninnuluiseswuninadinle L

a ] v & X 2 o 44' )

anunsadulauu envasldluvenquassuunudusiinaidlunisideuse

4. W luduanulasndevesn1siuly a1aaglraiunsadudulaaindivese
TalloSlun whaslidyraunegsanslunledduivedsduvesa Banana Pi M1
Tmuaulasula

LY

5. Waunlunuidivnidnuesdalasy wwu nisldvesaneulnsaaesaalvae Al

1% Y
o LY a

Umtiniun wagiinsdsdyaulianslans
6. Wawnlusunisaeaisteya Aen15dn IPv6 wsamaluladdeansliarasalvg
wswldiumilagy

7. Waumt1ae User Interface dufinsafiugly Inldulaiedulazduiingse

ki
U

6.4 VoLAUDMUY

YarausurlunswunlasaaussuuaselelsanelnelolnsusnlusdRtia el
1. @nwkazilnWaunluswnsun1wlnsau waztdnlan1syinauyesssuudu

SoalusiRvaslasy wWisliaruisawauilusunsulaagnasins?
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S e

(%
[J [

Muualassasvessyuulvilanudaay Lazdunaunisvinauvedsyuunouad
RNV
yhlssTanannsandummuaslasldnmsdidasdududelusunsy
Lﬁuﬁwuauﬂgﬂuﬂ13wmaauﬂwsﬁwawuLﬁ@lﬁﬁﬂ@ﬁaﬁﬂawugﬂﬁbauﬂuﬁwmwm%ﬁ
muauanadeslummaaeulined liliduanszmudemsvaasy
syognslunsdudedayaduiiuly madsugunsalliiiussAndammfiaan
By

Snmsdetoyationiiuly mswdsugunsallsiiussavsnimifuanniy
inlugaiaievngliametiuilasu iielianddunisliddedldlusunsudum

LU
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7 UIFTUIUNIA

“Ad hoc” [aulatl] windald o Jufl 22 wgmdnou 2558

https://en.wikipedia.org/wiki/Ad_hoc

“Optimized Link State Routing” [oaulatl] 11iela o
Fuil 22 wgAIN1EY 2558

https://en.wikipedia.org/wiki/Optimized_Link State Routing Protocol

“Banana Pi” [eaulatl] Wil o Sufl 22 weednieu 2558;

https://en.wikipedia.org/wiki/Banana_Pi

“|IEEE 802.11” [paulay] Wiidla a1 Tufl 6 SunAu 2558:

https://th.wikipedia.org/wiki/IEEE 802.11

“UAV” [ooulard] 1islél o Sudl 10 quansus 2559:

https://th.wikipedia.org/wiki/e1n g ulsaudu

“Iea” [poulaw] Wl a Jui 10 nuARUS 2559:

https://th.wikipedia.org/wiki/aMLod

“Matching (graph theory)” [oaulaw] Windsld au Jufl 17 wweu 2559:

https://en.wikipedia.org/wiki/

“syuumsednglsanalaeldlnsu” [eaulall] wndele o
Sufl 17 wwew 2559: http://manage.nstru.ac.th/pinsorn/paper/

ECTI_CARD 2015 opf files/1171-bosssadd-camera_ready-2.pdf

“iperf” [oaulat] Wnasld o Yufl 17 wwey 2559;

https://en.wikipedia.org/wiki/Iperf

“v1agesszeadlilasutudrsiniiui” [eaulaw] wWrdsld w

Jufl 17 wwneu 2559: http://www.dailynews.co.th/it/249399

“pmgganuifguninvnalugjainiasu” feeulad] 1hiale o

Juil 17 wwiey 2559: http://pantip.com/topic/33299734
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“Ardupilot” [eeulat] Wddld s Yufl 25 wquanau 2559:

http://ardupilot.org/dev/index.html

“Mavproxy” [eaulati] vindsld s Jufl 25 neunieu 2559;

http://dronecode.github.io/MAVProxy/html/index.html

“GPS Distance” [paulatl] Wddld o Juil 27 wquanau 2559:

https://github.com/janantala/GPS-distance/blob/master/python/distance.py
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8 AAANUIN
8.1 Ailan13Anfs

Tunisindavandisiiisldaussuuesevislsanalasldlnsudnlusif wuseanidy

dosdiune duszuuindeiugly uavdiussuuilailulasuy

8.1.1 duszuuinsaiugly

- yhnmsiassrenanas Stationcontrol.py Tusguuufuisnis Ubuntu 14.04 LTS

- yhnsAndalausns olsrd Tuwrsessunslaeldmds

sudo apt-get install olsrd

[

- YNMSAsIATENY Ad hoc fatl

1. mandilonsu Wi-fi 1don “Create new Wi-Fi Network” fsgufl 8.1

+ TP-LINK_FE33E4

Connect to Hidden Wi-Fi Network.

k

VPN Connections »

v Enable Networking
v Enable Wi-Fi

Edit Connections...

’gﬂﬁ 8.1 Create new Wi-Fi Network
[‘ﬁm: https://gph.is.quoracdn.net/main-gims-
9d7c3827d444122b301667ac94f6fff]

27



2. Wasudeilu “bpi-1” uay  Wi-Fi security 10U “None” waznady

Create ﬁ'ﬂgﬂﬁ 8.2

Create New Wi-Fi Network

~~ New Wi-Fi network

Enter a name for the Wi-Fi network you wish to create.

Network name: | bpi-1|

Wi-Fi security: None

2
LY

N

gﬂﬁ 8.2 M3

Network Connections

Name
v Wi-Fi
Recursive
KUWIN

ua
hiphipAP
ISAACHI
Hadtuen
NumkangWifi
KUWIN-WPA
bpi-11

U

= =) 1
VBLAIBUNY

Cancel

LastUsed

now
15 days ago
_ 27 days

3 months ago

3 months ago
3 months ago
never
never
never

never

8.3 NN lULATEUY

| Create |

\don Edit Connections wazidondl “bpi-1” naYy edit ﬁqgﬂﬁ 8.3

Add

Edit...

Delete...

28



4. lufuau IPva Settings LazAIRIAIIUN 8.4 UaznA Save

Editing bpi-1

Connectionname: | [Feml
|

| General Wi-Fi Wi-FiSecurity IPv4Settings ' IPv6 Settings

v
Method: | Manual

1 Addresses

Address Netmask Gateway
192.168.8.10  255.255.255.0  0.0.0.0

DNS servers:

Search domains:
DHCP client ID

| Require IPv4 addressing for this connection to complete

Routes...

Cancel Save...

UM 8.4 n15Asen IP

8.1.2 @uszuuilaiilulasu
ANSAAAY Bananian @115V Banana Pi M1+

1. andlluaalng disk image i https://www.bananian.org/download
Mnsuaning

2. @y SD Card WhiuAsuImes lngsasdiuwinnuguinnil ¢ GB

3. ailvianluswnsy Win32 Disk Imager 7
http://sourceforge.net/projects/win32diskimager/

4. e Drive 10y SD Card uawiden image file fagUfl 8.5

Image File Device
|C:ﬂ..lsers,.’hiph\p,{DownIoadeananian—l508.img | [F:q -

Copy | (] MD5 Hash:

Progress

Version: 0.9.5 Cancel Read Write Exit

29



U7 8.5 nMsLdsu image file a1 SD Card

5. nady wiite

18991 UNAIN15087 SD Card TULdgULUNUAY Banana Pi M1+ titey

\1dniinae Command line Inensieniinae wseu SD Card tUdguiiniuneud

asszuUUfURNMsaYndlT Wiessasoly

a o & ¢ < Ao &
NIAANIYDNALITLAZLNNLNINALTU

AnAY Mavproxy

sudo apt-get update
sudo apt-get install screen python-wxgtk3.1l python-
matplotlib
python-opencv python-pip python-numpy
sudo import serial python
sudo pip install pyserial
sudo apt-get install ptthon-dev

sudo pip install mavproxy

(%
Y

AnEa OLSR

sudo apt-get install olsrd

(%
Y

AnEY SSH-Server

sudo apt-get install openssh-server

n3AnAslusLNsu DroneController Uugilasu vinnisdnasnlvlad
DroneControllerClient.py tiag DroneControllerServer.py $au#dlausi3

GPSDistance 11A3lu Banana Pi M1+
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M58aen 1P T Interface Wlan0 wields1u Ad hoc network

MNSITUANG interfaces A8A1AS

nano /etc/network/interfaces

wi o lwassdl

auto lo

iface lo inet loopback

auto ethO

iface eth0 inet dhcp

auto wlanO

allow-hotplug wlanO

iface wlan0 inet static
address 192.168.8.x
network 255.255.255.0
wireless-channel 1
wireless-essid bpi-1

wireless-mode ad-hoc

1%
[

Tae x wnua 1P TaAladawe 1 - 254 wedadligniu

A5FIAT AR LYINUERluTR W lwAllulng Jete/re local TngLiumnas

a1l

screen python-mavproxy-readfile.py -
master=/dev/ttyACMO0 -baudrate 115200 -aircraft
MyCopter

screen python DroneControllerClient.py

screen python DroneControllerServer.py

olsrd -1 wlanO
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8.2 adan1sldeu

Suldeumihaeiasdeiugld lngn1ssuds

python StationControl.py

SulUswnsy OLSR AReANE

sudo olsrd -1 wlanO

nsldaulusunsy StationControl @ansalddnds help iegdsianualy lag

ANdY set d <ip>
- TdwsuasaSuduimuainlilasudalnundusiingn
ANdY set home <ip> <latitude> <longitude>
- I wiunsenganduinuuesiasu
AN set station <latitude> <longitude>
- I wiunsengaiiinvesanil
AN set node <latitude> <longitude>
- I wsunisasenyadiinuesdaienis
ANdY comeback <ip>
- I niusenlasunduandagaisun
ANEN help

- LEARNTIBTOAIAININUA
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W slaldnulasy wazdimeds “set d <ip>” lasuazyinistuiioasns

v A

LASDUNLDR LUL AU

'
[

N5LE9UlUTNTH Mavproxy BN 1TAFDULAYATIFEOUAIAUEAI99) TnadlAds

'
o

188 arm throttle

Do

IgdmiunnuneseuvyuLow o3
AES rc 3 1500

IgdmTunyutewas wasan arm throttle
Ad rc 3 0

lddmsunyaewmes
A8 disarm

Igdmsuenidnnsnseuny e’
A8 mode loiter

IgdmIumsshwsumviaiazaiues
ANEY mode landing

lddmiunisaaen
A3 mode auto

Tgdmsumadndluundnluifuazduludandmungawsn

q

'
o

A wp load <file>

@ wiulnanlng waypoint Whglasu

'
o

AES wp set 1
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Tddmsudsnslvdulugdaganmungausn

9

AN

'
o

& show status

IgdmugAanuzdagusiuiaan GPS
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