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ABSTRACT

The safety and autonomous flight function of micro UAV or drones is crucial to its commercial application.
The requirement of own building stable drones is still a non-trivial obstacle for researchers that want to focus on
the intelligence function, such vision and navigation algorithm. The paper present a GCS using commercial drone
and hardware platforms, and open source software. The system follows modular architecture and now composed
of the communication, UI, image processing. Especially, lane-keeping algorithm. are designed and verified through
testing at a sports stadium. The designed lane-keeping algorithm estimates drone position and heading in the lane
using Hough transform for line detection, RANSAC-vanishing point algorithm for selecting the desired lines, and
tracking algorithm for stability of lines. The flight of drone is controlled by ‘forward’, ‘stop’, ‘clock-rotate’, and
‘counter-clock rotate’ commands. The present implemented system can fly straight and mild curve lane at 2-3

m/s.

%2 Qe B AT ARIEAANI TRl Al AII(10050063, REAC R S0l Alte] ke chd S odake
PEahe wlas mecal el Aglew aE s,

+° First and Corresponding Author : SeoulTech, Dept. of Electrical & Information Eng., heejune @seoultech.ac.kr, £413]¢1

SeoulTech, Dept. of Electrical & Information Eng., anh.comdr@gmail.com, tuan.back@gmail.com

=l E L KICS2016-09-255, Received September 13, 2016; Revised September 24, 2016; Accepted September 27, 2016

1247

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-10 Vol.41 No.10

I.M E

=22 27lel vls 5 A Add=slTE A,
AL 5 AR BAe 2 749 (fixed-wing) E-
o F2 aAFEglorh, Hol il Amreie} g
< 31319 (rotating-wing) EE-& HIELO R 3= 4k]
391E =2 g Ak o] Feisla it
U 58, TR, WEA, i ool $41He]
;<L9_o] 01]/‘]'Q,L o) ouq ?‘x‘ﬂ?@ﬁ :yLJ(Google),
DHL, °}"F&(Amazon), =X =} o] 51 e
=28 iAol Stk 1L e Folrh =8
o] g=o} R} Tefste] SlfellM e AibrledT
4, ETRI, AM3AA el A8 4 i A7k o

ek qANA FAE Zar A Folrk

T IT Foleld] A=RE] Ege] L T
54 o2 1 Bulele] Fhsahels 44w} 3
q.]xqi X—]—,—X—]Ol zﬂu«o&aﬂ—;do] x]/slo] _&:rLE]
o, A71e) AN Tl AT, B 2
o} swie] grh=le], At ﬂwol gl
= £ 9\}\1;].[21 ol& Aol AL IT Z-5H4
o BB AF| dolrhl mRoRE A7t
slofek, ebd o2 2o okl ol
$3lE 28 Eog ruES] U LS
ZJg_a]—l. o\:_]:ﬁ;ﬂx}__i = A]—ﬁ_pﬂr
o= AHEgal l4e] F83F 9125 A =9
ok el At U 2 Bee z%m& ARG

s

e,

rlo
2|

d

A3 o
o

[
T &
2&

S
[o

[
mlo

8]
L

ol
4
it
i&
;

P A
K3
N
N
[e

i
op
N
ofr
N,
iy
i

o
o
B0
=
B
_IN
mlo
%
y
T
2
fr
=
o,
2
2
>
°

2}
/\1 Q‘L oﬂxLx{a] Q= ]% o] AFAT Hol2

(s} o h oy LN =
Ze A7AREe] #1019 oler]olE A™E = 9l
= NS 75l Zlo] Hasioh £ el
= A A3 =2y wef 38sty de] AR
e 9Z 0 za g 8 ARR3le] B Yz}
o =3 o =2 2~ 0]

7iRasich

o714 A o2 ARSRl =22 ParrotARe] AlE
27 AFAE AlelellA] =22 Ale3] $13F AP}
WAoo N Astelr). EdlAell Parrot AF
o] AFEES 83 AT d7=S o &S
e APl mRell AeEs e

Agate] FaAl fASHE P15 ARHoR A

74 shsle), Fad ] Pl AU ol =
X R e O R SRR E R S
1248

T glom, =Rl Abs Al Hgu= Rz
= (ADAS: Automatic Driving Assistant System) 7]
<6l A8k 7hs AT WS 2= Alo] T2
shear A7FE)7] wstelch

B =] A ot Ak Al 2-elA] AR
A GCS Alz=Hle] 3ol tiste] Ardsta, ] 34
ollA] AAIRE FaARA] dare]Fel dste] 7]sdich
4ol 4] Algle] Bl Avke} s E Al e
tfate] 7]eshe, Al 5 ella] ARoR 2 A|2EHe
Aplatel] dhste] =3ich

EE GCS AlaHQ MA|

A7 e AR =2 xAHAe] A]aEle 2o
| Legk oJe] 71x] A} Aelotue]=S Apsla
o]= Ada] B 4 9lA el EAdx] AAsI

AgellA *]—“P E-E(ParrotA}2] Bebop)©] ©]E4dS
Fx3tslr] Slste] mEssie] Ak

S

2.1 A~ZEQ|o] =

=2 AAA A ] Al ~H] 3= Fig. 12 7
th. 2A] =23 BAlS It ZRESY, GAkS
FAlElar A A E she dAAE, 3 2
I vl o2 E2AES Aol FA R
Astgict 7 R AR FAAS 1S3
Ha}oq 71— H B Hii /y\gﬂCE_ %Lﬁ—s‘}_oﬂu}_ UI_Q], _7':
7155 9g F2ds, =R ZREFEAS o
b 2R ES 2YE, a8y A E e
Oﬂ/\T—ﬂE] /‘/‘?ﬂ_‘:i }Ms}oﬂ;} oﬂ/\h:ﬂo] 13 /\/\]-3]_
3 I3 - 7= A ZREF AT
A wskar gick °W vz = 7 TREE
g TSk o] ZREFES] WA S 9
A= st aE ey, AlsnElE desishe
SHof|x] 2 Ee] 5 FHAaslel] flste] 2 &
HIEOM A= E sloick AA| At Hl~Est

A3 (3ol 2] AdH) ddE vlaH st 2
= AR = (2-3) msxsbi Z2EF 7H 25msE
S o] AXTA A wAEA] S-S Eal

22 EE Mol ZREE mlE MA|
23 EE2AE F A AAFCRE 7P ARERE
o] & 71-& %3+e] DIIALE] Phantom AlGolLt, 3
At sHAlelA TP W ATt eRE AR
ParrotAF2] A|Eo el o]2]gl 1912 ParrotAl A|E

www.dbpia.co.kr



‘E‘/-ﬂ—iﬂ‘:i«] JA 718k z-gH| A S Y3F | AkA|o] A 2] A

user Input event

Nawgatlon

Main & Ul Thread

\ /

N

md
Vision
(Lane Keeping)
(Slil') OpenCV

mode control

navigation

control T

disovery navi.cmd :"’t‘" assemble buffer
] status BebopVideo

H264Decoder
(FFMPEG)

demux

WIFI-AP (192.168.42.1)  w

X \
| 0S abstraction )

TCP (44444: bi-dir) [
(
! ! H UDP (Control to Drzﬁne)

Linux OS J

UDP (Drone to Control)

2 1. =8 Ae] Az A4 & 2 T 55

Fig. 1. Overall architecture for ground control system

o] Alof7]e} ERAtolell FE FAIMA] (Wifi)2 ARS-
8L, 2~vEERE oA ’6‘%’@‘ 7H‘='l"L < %= SDKE
Algste], AATE ol F50] golstar q3iuialo]
v AR ZAFelE 56 ZRESS ool ol o
Folh A2, slEel] ATAE Lz Sol
ParrotA} E22] ZR B35 A3tsto] Githubsol
3708} ‘node-bebop’e] o1}, E dFolx= o]E]gh
A0 wke, A Cre Al Z2rg a3l A
AL sksdch f=I7F el 7E 7.7 olfs,
7189 AZESJ| 0] Tl LT EYAES 27
Sof Qo] WolAlml, 34 Aelaplel AL
Javascript 19171912 node.js374 55 ARE3ska 9l
7] wjEolct.

Fig. 29} Alo]7)7} =gl §4 Q2S 3= A
£ WolEr) Bebop =E AloJA2HTE] F4

Controller ‘Fﬁ

Send discovery message
TCP 192.168.42.1:44444

Response message

mlo zi'

Setup drone to controller UDP connection

Setup controller to drone UDP connection

a2 2. =% $4l oA A dasde] 43

Fig. 2. Connection setup and discovery

A3k, AAF = Wifi APE FARRICE ZF A 2~H]
o] IFHEE SSIDE ARS3HH, AR T nE] 7]
52 9)8e] TCP ¥E 444445 A4 WE2 2143}
v, AL json EH[12]0 Fanker) =4S
Al A= AP glo] Wifio] st 5 9l
Ln, ZREZE AT 5 IF HAE 873
=t} Al MA2] Bebop> IPv4 “192.168.42.17
< AP Qe F42 AMSlal, TCP:44444 WS
Al 23 ARE Hsly] 913 A A
g2 Alggh

Fig. 3> =23} GCSZH| F 714 Alol4 =28
T A Bk =20 AR He) o] F-sEE
= AA7A] AR E BARA o R dLxe] il o g
Hggict o ‘%i Olﬂa, AFEE 5 "éﬂml“ﬂﬂ
A12|Ade] H a3k W3- Stop-N-Wait el 2 5541
gk A 7S 56}04 FAlgt dlolEl= Al 4%

o4 A|AJgkck Fig. 4w ol AMsle ZHqle] =
W& At F 7ale] B V] ESHE F3le] Tk
gt =ZHYS oESktype, id)shd  AlzHElo]A

Receiver Sender Receiver

Data or data_low_latency ACK o Data_with_ACK
7 Ha sndlemessoge

5 Handlemessage
ACK

12| 3. Parrot Bebop =29 Z2EF (= A A4, H|
A4, $5 AEA)

Fig. 3. Parrot Bebop Drone Protocol (Left: low delay &
unreliable, Right: reliable)

1249

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-10 Vol.41 No.10

I O I
el -+ - [ e
e R G

J " DATA_LOW_LATENCY
DATA_WITH ACK

ACK

~DATA —
\[ PING

type —
l J/ BD_NET_DC_EVENT_ID | | BD_NET_DC_NAVDATA_ID

J2| 4. Parrot Bebop =29 Z2EF (= A A4, H]
A=A, 5 A=A

Fig. 4. Parrot Bebop Drone Protocol (Left: low delay &
unreliable, Right: reliable)

(length)& A|dghc).

2.3%A AEZ|Y

A} HoEl S A|9)gt RE ZHgle AEE BE
oA 2 Aelahe, viv]eo] A= =yl E
oAl WAlS glsle] Wwe] o] 3Yxich o
A} ~E7e A7 9]8te] Bebop H.264 7
22 30fpsE A5E G4 L= <F 300kbpsE 30
sphddvic} Z§AlS- 1 ZH)S 23] Aol S
Al IS k4] A LZEYe] AR} 3

ol = 3719 HAE 7

[

o

2.3.1 g4 =g ®ME

shte] A4k ZH|9le Uk e UDP AltHE
wrh A, ofe] ANE vPrelHA] A, 4
WHEel fragment WEE ARE3}e] SR (Selective
Repeat) W29 25AlolE F3lgic) AjxFe] ubs
e wH, TS S18te] s Zeqle] Ade
2715, oluls Aol = 1 2 (&=t
FANE ARt HFZH S A8kl AR 5= 3L
ct.

2.3.2 ¥4 =g

o]z A t]zx% dlo]El= FFMPEG zlo|Beie| =
AHg3le] ELlglt). FRMPEG 2lo]Ba]e]s zpaE o
2 thE o5 ARSI Al ARS aapH o R
ARS8l wleba]  Algel] 2188 Raspberry PI 31}
AEolA AAZE X (sl S 2-3msel] T1FH)

7} 7Vssle)

2.3.3 d& Ae|

A AL dubd ez Alleko] wo] F 23k
FAHelck & Aol e e HolAdE Sl F
I &z Ege1el OpenCV (WA 3.1)= AHESISIE,
dare] gl ule} thE4 0} dnbd o2 30fps HE

N

1250

o) %R umlAeldl otuelEs Azl e
QWt]= g W o2} AET e BAAE 4
7] ke olole). weld HEsiE wE G4 A2
sl oAl 3 Helrh AAZe] | 4 QES 584
o} sh= Zo] Masi). oA nlEsdow B}
3l 798, AL AA 2 vl 2 7

o MIE ALl AFEES o]&3le] 5713} k=
Zolc}, e} & 3-8-2] Zfoll= A4 W%y} 4H]
Hlzof| B]sled 2-3u) o)A} o AXZE A Q- ul
ol el AAsE Aol ZA &g g7 wlidl
W= shinhs ARsle] A w3t sl

2.4 Ul A7

A UL <lefsle] (Fig. 5= #Hadte] 7lehs
T&3}33v}. SDL (Simple DirectMedia Layer) &}o]
Mefelg AHEElE, T olfiz SDLo] ET,
S RO BRAlH, F50] A4S oz
go] ziekste] A wie 5= Ql7] witeloh =29
Row= REE ] 9 71w ARt
R Aoy, vird WS AAEA] T
itk AAE vl AR A iste] AlmElE
HAR I WA A2 4 S Sk
A g8 S 5 sfeples Aol Ask, Urel

A A 2R st

' Bebop Controler CIEE
Takeoff Land Stop Emergency
Auto Forward Clockwise Right
Manual Backward CounterClock Left

a2l 5. GCS Ul ¥ wlH7A
Fig. 5. GCS Ul and menus

. FM | 02E

2 A= g7t 7hedt Ges Alawle A
SAou, A} F528] 2vlr) gle-s &
37| flsted FAAQl 3-8l T fA] dare
S F33lsivl. LDWS (Lane departure warning
System)-2 ARg2tellA] 244} 9 HEr]soR &
W] AT AL odas dare]gelrt [6]. webA 718
e daE]Es VxR =R AEsla Ajels
Alsingic) xlekg- LDWS dweE|Ey) Al A}

F{F
>,\l
9
g 0

www.dbpia.co.kr



—E/%]_EFJ‘:E«] o3 Ak71ak 2}-gn A T2 93k x| AFAo] A AE A

£ 5 e, T olge Aashs
ol XA g, 23S Alefste] 2 kg v &
the A AR 2 wwellr] TS WY
o 3 SRpgre s FHAAIEE0] Gl wel £
gElo] o]5 AsfeRlte Aol Afelxelct
TP A darelE Aol =242 7
Rt} Fig. 6 FalAl 7 okaelze] Aiwbdel
Aag ®Woj F31 glon, 7|EASZ OpenCV 3.1
APIS} A4 73E Sajo] Falsleink 2 A A
Ae ot Ak
1) ROI QAF 2= B331E oJAF ({;H}\]-C. 2=
640, 2] 3682 o|n|R|ek 7 A7] F} Al
7431741—— AHEEA] efe v 2 RGB AlZ(Fig. 7 (a))
dals s Wkl olu) 4 <3d/Joll Hought
ZP‘S Agah, 2129 At oz 2
% % 3 E‘r‘” ole] AdE=o] v 23 = 7]
EP = ap7] flated, T el @
-t (AR ofl el ROIE #2l3)
aL ROI °ﬂ°%‘ e AlahA "ok & delxs A3
Aoz dojxl 89l 12998 AHgsisich (Fig. 7

PN
e
=

>

mlo m

u:rj:

_TL

—i :g./ﬂﬂ Hough
Frelgol A8 HEe
Jeko 2 AgHow Al
tl Cany Edgeol A% A Frtheta =
CV_PI/180, threshold = 70, minLineLen = 10,
10)S AF&-3}37, Hough W ghol] A8

i o
o o
o
ey
i<
it
1o tlo
A
m{w
rﬂi

>
2
=
ol
(
o,
2 <
>
>,
10
i)

maxLineGap =

g+ 7A1%] 32 (thresholdl = 180, threshold2 = 120,
apertureSize = 3) = AMS3ISITE (Fig. 7. (¢)

re(t) decoded (color) image sequence
rgb2gray luminance Image and prefilter

I(t
Segment ROI (road region)
|RQI t)

(__cannyedge ] Canny edge detection
ledgelt)
HoughLine Hough line transform

wous(t) {(r, angle)} (t)

Vanishing point RANSAC Filtering non racing lines {(r, angle)Y (t)

Iransac(t) Using RANSAC for vanishing points
line tracking Filtering spontaneous noisy lines
L e (t) {(r, angle)}"(t stored {(r, angle)}(t)
Esti. pos. & attitude calculate the relative location in a lane
Ieane(t) and angle to the vanishing point

{x, angle}

J3 6. AAFAE A7 AR A
Fig. 6. Image processing for lane-keeping

3) =l AAl: ROIZF A7 7ol 24 2l
=& FaAlol el vhfgl o]y ]—‘#043}‘4. o]
|23l f1ste] 7 7] darelEs A
A, A ZelEe] A Ao)el= 714 (_E"_/\dg],ql A
9]) R Aol QAR wleba FEAQl A

7‘*] % ARES FaEkld 7HsAde] "ol
u}. RANSAC &72]5{8]5 #-83lo] F-544ds
e MRS FEekE, w3 ol ejlo] 3
oA 3 2lalo] ZolAle Z47} Wshed, o] %
2% Hough 2}31-& AAsE7] $lste] 7k40] Uzl o
A o]3lel 79 ZFg ARt W) AlAsIAT) (Fig
7 (e)).

4) 2Rl A4 sl o|v]x]7t ofzk 34 (e]vl
2 Al S Aelateld, 7 oluA] A 2ellA v A
5 FEHow aEfsle] diE e Wl
3 g3lr} o]o thsle] Particle ZEJL}, KalmanZE]

ﬁd
=
T

u:

c

1

N

(@) Irca(t)

(d) Trouga(t)
T2l 7. A Az 9AE 2
Fig. 7. Image processing result example

(b) Iroi(t)

Vanishing point

(e) Iransac(t)

(c) Iepce(t)

Not included in I

/
() Irer(t)

1251

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-10 Vol.41 No.10

Hbuf}O% %lﬂé?‘f& 7
2] Qhell ol Av-S i (Flg 8)6}— S AL-g3t
7

olek (Fig. 7 (D).

5) B2 94 W g F $39 RIS ]
AAle] Alle] edake] FAlelek FhAlelA, wAH 0.
= Sl PRl el 4 glk 4 Felelal
So ulero® Folo] 2AT A3, 93 2l e 414
slo] @A) =ge] FaAAe AT, o] F nletew
o] gAl FaMelA ARl 1AF Ak

7 ol HAlzlele] Ak el (x_left, x, right)
ollA]  x_center & "N (|x_left- x_center|, |x, right
-x_center))7} F= 2Rl $==elrzix]e] A7} ¥l
o aAdale) Zwg weisie] Fig 93} o] AL
& 4 3o,

olelt PgAe] AT B 97 F4E e
= el 94 We el SR A9 A
WS WS WeldA =R A s
A

HL,e,, ={(r,p)} : Hough lines for the current image

[ find m(i) = min; (Ir,-rr | + 1] | | £l ]

for found i for found i & j For nolfoundj

Lref= Lt {ryef, of, 1)

count; count; =count;- 1
= mm( count; + 1
cout

v. &

Sk AAIZE )-8~ Raspberry P13l 7-&lso] 2
A eetel slAElgle] ezl A4 AR Ed
oA tio® Agsiolrk 4 Ed #]le] %o
125cmE 2FER8-Ql 3-3.5mel| vlsle] 13 E2 o}
Ao g oz, Aldo] AAQl A2 dAkAE7}
Solgk Holgla B 4 girh

4.1 EAF AY

A3 Ao
2> 22 e F AW o=t eloE ) wl-Fa
s} o5 Rl fl5te] AA| =19} Wireshark &

g uhS- wedalgl oy, =04 Wireshark &
AR ARl o] g EE di =E2] SDK UH
el Sl el 20-500ms & o] glon, =22
X E A MAS AMSRE AR &
A& 4= 9t} =, 500ms o] AupA] AR o]
7] eomd & Adels FAE o] 20ms =92 A
F37] el Alel€EE 20ms 2R & 4 qlvh
Fig. 103} Table 1% WiresharkAR8-3}o] FHES
AR E AlgE Aot o) wiAAE R RS A
otk A WA 21w d5-S 913t WiFi a5 ¥
tlxa7E] §A1S k= U422, JSON ZH[12]°
Z GCSE 432102 =22 543212 541 UDP £E

QFEEE ExHe] Ex}

fo

¢

E 1. ZEEZ 27 A4 A9
Table 1. Protocol logs description

M
ess]z;ge Direction Description
Lref = {(r'ef,, "*facount)} : stored lines number GCs
" |pi
1-10, 14 D TCP k
0, Drone iscovery TCP packet
J2 8. gkl 34 d3EE a2l 2RI GCS— . .
Fig. 8. Line tracking algorithm using line history and line 13 Drone Video streaming enable
matching
Drone— .
20, 22 GCS Video data
ishi i GCS—
Vanishing point 21, 24 Video data received ACK
PR Drone
Leftlane ~/ 1 % - Rightlane 1070 GCES™ |\ Take off command
cy ©o, Drone
. .: k / 1020,1238,13 |GCS—  |Stop commands (25ms
H 14 Drone interval)
' T 6034, 6059, |GCS— |Forward commands (25 ms
. X . 6062 Drone |interval)
‘,»" ! VX g 19293, GCS—  |Clockwise rotation commands
z L 19341, 19367|Drone  |(25ms interval)
- _ 24754, GCS—  |Counter-Clockwise rotation
O3 9. =& 9A 2 W oS .
. . L. 24757, 24758 |Drone commands (25 interval)
Fig. 9. Drone position and heading estimation Gos
N
38844 Land command
Drone

1252

www.dbpia.co.kr



1 AERH SR Q7N Agn A TS 3 AAA 2 A

Time Source

3 @.e81@93
4 8.001144
5 8.885897
6 8.815766
7 8.815846

192.168.42.2
192.168.42.2
192.168.42.1
192.168.42.1
192.168.42.2

16 #.816112
14 8.817896

192.168.42.2
192.168.42.1

Destination Protocol  Length

192.168.42.1 TCP 66
192.168.42.1 TCP 146
192.168.42.2 TCP 66
192.168.42.2 TCP 250
192.168.42.1 TCP 66
192.168.42.1 TCP 66
192.168.42.2 TCP 66

M Wireshark - Follow TCP Stream (tcp.stream eq 0) - Bebop_IssueFixed_0821 2

{"controller_type":
bebop", "d2c_port":

computer”, "controller_name”:
43218"}H “status": @,

" ode-

"c2d port”: 54321,

“arstream_fragment_size”: 18@@, “arstream_fragment_maximum_number”: 128,
"arstream_max_sck_interval”: 8, “c2d_update_port": 51, "c2d_user_port®: 21 }.

(a) discovery protocol log

13 @.019515

4 Data (12 bytes)
Data: ©20a838c2000000115000081
[Length: 12

2@ 8.868215

4 Data (1012 bytes)
Data: @37delf

192.168.42.2

192.168.42.1

192.168.42.1

192.168.42.2

(13 54 36432 - 54321 Len=12

upP 1@54 38928 » 4321@ Len=1812

[Length: 1012]
21 @.96@432
4 Data (25 bytes)
Data: @2edel.

192.168.42.2

192.168.42.1

upP 67 36432 » 54321 Len=25

[Length: 25]
22 8.867647
4 Data (1012 bytes)

192.168.42.1

192.168.42.2

[Length: 1@12]
24 0.067809
4 pata (25 bytes)
Data: ©20de:

192.168.42.2

192.168.42.1

uop 1054 38928 » 43218 Len=1812

1fofdbas. ..

uoP 67 36432 - 54321 Len=25

[Length: 25]

(b) video streaming log

1670 1.874115 192.168.42.2 192.168.42.1 upp 53 36432 > 54321 Len=11
4 Data (11 bytes)

Data: B20a480bBGBEAGG1000100

[Length: 11]
1220 2.873922 192.168.42.2 192.168.42.1 uoP 62 36432 > 54321 Len=20
1238 2.101691 192.168.42.2 192.168.42.1 uoP 62 36432 + 54321 Len=20
1314 2.130311 192.168.42.2 192.168.42.1 uoP 62 36432 » 54321 Len=20
4 Data (20 bytes)

Data: @20ade

[Length: 28]
6634 7.545764 192.168.42.2 192.168.42.1 upP. 62 36432 > 54321 Len=20
6059 7.576761 192.168.42.2 192.168.42.1 uoP 62 36432 + 54321 Len=20
6662 7.603120 192.168.42.2 192.168.42.1 uoP 62 36432 > 54321 Len=20
4 Data (20 bytes)

Data: 820al2

[Length: 2e]
19203 23.298373 192.168.42.2 192.168.42.1 uoP. 52 36432 » 54321 Len=26
19341 23.318925 192.168.42.2 192.168.42.1 uoP 62 36432 + 54321 Len-20
19367 23.346355 192.168.42.2 192.168.42.1 uoP 62 36432 » 54321 Len=20
4 Data (20 bytes)

Data: ©20a53

[Length: 28]
24754 37.969482 192.168.42.2 192.168.42.1 uoP 62 36432 + 54321 Len=20
24757 37.995444 192.168.42.2 192.168.42.1 uoP 62 36432 » 54321 Len=20
24758 38.021420 192.168.42.2 192.168.42.1 uoP 62 36432 + 54321 Len=20
4 Data (28 bytes)

Data: ©20a73

[Length: 26]
38844 87.093311 192.168.42.2 192.168.42.1 uoP 53 36432 + 54321 Len=11

4 Data (11 bytes)
Data: 828a3bebBoasoRR1088388
[Length: 11]

(c) control message log

32 10. Parrot Bebop 58] ZREZ HloJe] 21 (35 A A4, Fok HAFA, 5 A#A)
Fig. 10. Drone protocol trace (top: discovery, middle: video streaming, bottom: control and status report)
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B 2. A DA 49 A7 RPI3)
Table 2. Execution time for each step for image
processing in RPI3

Processing Execution time (RPi 3, ms)

Video decoding 25.685

CannyEdge 31.167

HoughLine 170.4

Vanishing point filter

(RANSAC) 1.665

Tracking 2.292

com{nand to drone 0.194
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Fig. 11. Flight control log (position and angle from the
vanishing point line)
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