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Obstacle avoidance of an unmanned Aerial Vehicle

using a laser range finder
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Abstract

As the technology of air force industry develops the invention of automatic
aircraft was possible, which is a plane with no person on air; remote
controlling the craft for afar. Moreover, these days with the introduction of
automatic navigating systems, it made far distance and auto flights possible.
The automatic navigation system is a term which the plane flies to the
destination through received pathways and information in advance.

When the plane discovers an obstacle while flying its path, it needs an
obstacle filtering system that can sense the obstacle and therefore avoid it.
The existing detecting system is a method that uses infrared light sensors,
however, is vulnerable to sun rays and short detecting distances. The
research regarding automatic aircraft has been prioritizing it safety due to
dangers of possible accidents. In this research it supplemented the
disadvantages of previous methods and suggests a new automatic dodging
system that is free of sun rays and has long detecting distances; using
Laser Range Finer (LRF).

In this thesis the area that is detected of obstacles by using LRF is
divided by 3 directions; the pathways that the aircraft is succeeding is
departed to 5 directions.  When the barrier is detected in the pathways of
an automatic aircraft, the MCU which is located in the inner structure of
the craft decides the safest avoiding direction according to the area that is
detected with the obstacle and the direction of progress of the airplane.
When it decides the direction to evade, the auto-craft sends a PWM signal
which can move itself away from the obstacle. It is structured a LabVIEW
system which users can simultaneously check the flight conditions live from
a PC from using a Zigbee wireless communication.

Not only that, while the craft is evading, it is designed to return to the
previous track after the avoiding progress by enforcing counting to a

certain function.

- 11 -



e
iR LA RS« A PR L o\ M o L PN « R PN o R« |\ o\ OB« L/ R w R o L o N« LA o OB o

M

2-2. FA fF oo 6
2-3. B £F e 7
2-4. A= 4-3AQRH) eV AA RE -------- 8
2-5. APM2 AO]F  ———mmmm oo 9
2-6. HEHE e 11
2-7. FNE HEH oo 12
3-1. WIFgE7] Aols 9 ANE FAHE ---------—- 13
3-2. Laser Range Fider(UTM-30LX)¢| R34 5845 —--14
3-3. SCIP 2.0 ZEEZS QY ~---————---———mmm—e 15
3-4. SCIP 2.0 ZREFQ HAY -———=—--------——-==—— 16
3-5. Serial UARTE &8 HA&EW2 108070 Al gk -————- 16
3-6. FANE 3|3 AzFle] FA == 17
3-7. AYLF @ )& HE A BF - 18
3-8. o] A, B 27 HEH A -———----—- 19
3-9. R agutako] AXM, Foj&E 2747} AEE Ao 38% --19
3-10. Zofzol we APLF 3 P F AH —————————- 20
3-11. ool we AP 3 39T 249 55% ---20
3-12. 1520ps9] PWMAIE ——----mmmmmmmmm oo 23
3-13. 1480us® PWMAIE —------mmmmmmmmmoo oo 23
3-14. AHE Y] FZ FF ——---mmmmmmmmmmmmmmmmm o 24
4-1. A4 ARG AAF HY @A o 25
4-2. AA AP ANE B - 26

_IV_



MM MR
o g o o o g g g g®

N

4-3. LabVIEW REUEHAAE THEHRY —————————————— 97
4-4. Zt7+e] GAE R BEAg)okdd HolH ——-——-—m—m - 28
4-5. Pitch Attitude DATA —————————————————————————— 30
4-6. Pitch¥3}to] w2 % E1,2(front, back)d &9 3 --———- 30
4-7. Roll Attitude DATA ——————————————————————————— 31
4-8. RollH3}lol] wp& RE]3,4(Left, Righ)e] &3 gk ———--—- 32
4-9. Throttle(39°]) DATA ————==——=———=—————m— 32
4-10. YAW Attitude DATA —==—=——=—————————mmmm 33
4-11. AA FF719 F49Y A% ——————————mmmmm - 34



=

=3

2-1. 4-3]7°) 87 5o BAH @Y e 5
3-1. UTM-30LX®] AlY ——-————mmmmmmmmmm oo o 15

_VI_



il ol 71A

o

b 9

IS

ols

=

=

Aol =AY | A

714 w2 ol

=

=

AR
T =

[e)

g 2 F, 73 A A

1.4 &
o HE AlRE

B o Wy T E " 5w
Vg TRON SREIRE Cwsg
X R ®m g Hon 2 od o Ed
~ Mo ® = o N ) iy
Mo N F %o 5 ° N Ho % —~ o 2
o — 0 n U vl = = T o
SN " e M owN . NN
TE W g X s
= ‘Dra —_ ‘UF El ) — HT._._
o ‘m—WAH Cl_ X ‘H Hni i ” ;OO _ ‘H.AIL ﬂ—Dl ﬁTl
oy T oA R o o K e
ZT —_ —_ G ﬁO UL
o o o o e - oo o X wm =
ﬂ HE Z*O . ‘.Ig_v,_ OT X
wr o WO~ m L'y — M 3 . %
~ 0 o — N N ° W
7 D o] X e A )
O = —_—
g oz T W s P g B ow R
2 XIFPep o hEpwBRg _ <Cg-F
T mox TR oy P20 =
row ; ¥ <\ G\ S
%}ﬂﬂﬂgw PN R
Ao = il _ _
p 20 F R werxEals ®x
3 ~ o X = wmo— <K mo T w o< o U &ro
~ mﬁ " 1ﬂ_l o T ol m B MM &)e T oo - oF Wo
X ol RO o A qT o I
‘Mu| s N %ﬁ m ‘.Ll _\WW/ E —~ T m = ) o &O UT
Mo X2 N ®OX R 2T R0 W oy
~ LI s L, TR W e g N
T R I S S L VI S B
o T S SIS RO mz_ g 2 8 = o i
o ﬁe . moCF W B
IR S N B A
mﬁ B Ao ® T T o N o B X 9 X o
Paww Mo L m % g% N K
= mor M o 5 2 00 u_u S T oop ~ I
G e 2 CL o m T
= oo JJJ o o o o T o Ho a oy N o
o o CURR S o F CUNCIN S = N Bo mT

Apgol

1

T

ol A

o5 ]
=

TP ].
A

1

=
=

()]
IR

A= Al

5]

kel

371

S



AhE Al

1
e

A& ot}

I oA
= =

Hap Az v st

el

Moz IA e

5}

boAlzEe] g wol ALg

GPSE A}-&-3t

ol =

P4 GPS& F¢] el

S

dHo =z 7|E

A Ao

=
o
wa gt

A

FAIRE o] 2

3|

A E AelM s Ve Fele HEE ARG At da, HE

Aol g4l HolA @A 31 (Laser

W

o o)

Range Finder(LRF) :

RES

e
el
Jjo
A

R

%

} LRE)E AF&3to] Aell&Ee] o

- O]E‘S

—_
fiTe)

o

Fod

S

CEIRE BEEE

B
—_
fi%e)

o

iz



"0

|-
o

Ho
frod

ol

B}A]

| B

2o
i

& 7](UAV : Unmanned aerial vehicle)®, A}

5}

79l

el

M7t =x

=
5 =

HojEre7E w2an v 3

l

o

s

1=

Ho
L

4

)

3l
=

e}

2] E7E B 8

$=2F o]E(momentum theory)S

=

1

;OE

A
2

Ao e} @

2Ee %

B el

=
=]

el

HA et

7F BAM oo AWe 3

=

<
TIT

E]

= Ay

| 7H5E()s F27F 0019 77 =¥

3

(F = ma)ell ¢

Mo
)

-—

ofi

)



=

i

[<]

i oF

[

o

A= e DY)

h 6y

8 Aot e 4

w7

E
=
S

<

o] 5] 4190}

of e}

P o2

S

PN
2

171
2 A

°©

#)9)

[e)

3 AR

FE719 52

i=}

2] E(QRH : Quad Rotor Helicopter)& A&
)

]

&
=
RS
she 2

AFoR ol
o]

2.2 <

2H

N

=
=

RS
7t zEo]A 9] Feo]

o

=

¢}

=

=

T

S

M= 2E7

S

a7 9

<]

1t §5

71

[<]

A|74A] a2 W] F

Z]
A

HA =

5]

B

t Ak v

S

o
o=

B

;O.ﬂ

el

o

b=
o

T
N

1 wE S



2.2.1 W Ao

gt

= O
==

yol A4l A Rt} Ahd ol

H(F, F, F, F)°l

=
T

=X

=¥

(Back), #(Left), $-(Right)ZH <] 5

ol
T | =
| e | BF
Wl =
o | X
T 5|
R e
N N
R
N | e
-
FT
Sl
SR Sl I




2.2.1 , 9 A9

1 9

o)
o
ofy
™

Nho

o]

W
N

o}

jiN)

toh 29 2-23 o] AW =

S

1
[}

7}

Cad

o




o2 718 2-39]
29-9] Z¥ 9

ATt #H5 =H

P
T

Mo
~

Mo
L

HH

_Zri

Fi

=
=

of

e =3y



QRHE=

AAH FAHORE FAV|ERE 2SS ol PIDA|O]E 3= APM2A)
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2.3.1 APM2 Ao F

APM2 A= QRHE Alojslr] 9lgh wWQl MCUSRlI APM2HER -/ 5o
Aom HAAAHRN ZHE Aol o]ellA o] Folxitt FAIV|EAY wbe 747}
o] &, A5 PWMAISE PIDAOlE &3 ¥HE&7|2 ddett. APM2&E &
T A2E AES AF 2F AEEHTY R AlolBE= R 6-DOF 7

, Aolg AME 28 GPS7HA WdE ol e Fefelth. wF vg & v
W gl ARe] 7]Fo] Jhgete] 2 Al Aol 3] W AR BRle] JbE
stk S 7 Ak AARE ZHzte] ZH AojileE HulA H o]
THsEEE e BE 7% APM2 HERolA wdala gl

13 2-5+ APM2A|o}Ro] A ®m&o|tt,

Accelerometer
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2.3.2 BHF

WH&7] 9} B 2|42 2= (Brushless Direct Current Motor : BLDCO)EE & 74
Hojglth. BLDC Motors= 7]1&9] Brushed DC Motortt o€} Motorell H] 3,
O £ &£ g E4 BE4E 7Y 52 4 89, 1858, ALS o 52
£299 5o AHS /Y A3 2y A7) d&] B & TorqueE W
oM ¥ FAw =AE 44 AN 5 3= FAdol (101
BLDC Motore ¥€%H4<l Brush DC Motore] ++& dEl& 43y +x24
o7 "ol E4o] Qv &, 34 BLDC Motore] F+x& A7} A71AH4A
Aoz FAawe i, AT GFAA e ® Hol glo] FrAcRE 1A
A & 7] ZH(Permanent Magnet Synchronous Motor; PMSM)¢} f-AFsH
o}, A% PMSM< 97]d 8 o] Aduo]y} BLDCM Atthe] #3491 A3}, a1
AApe] AR e} FAA o GEE = AlollA Afel7b W Brush
DC Motor? A F(commutation)= AFAe} B Ao o]dfe] FxA o7 9]
Fojx = Ao wale], BLDC Motore #7|A@ o] mAE o] gloug o]A
= AAAQ glmo oJste] Rotoré] HAAel &7] dko] o] FAXA HAH[11].
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2 AFo AREH golA #|MA] IIHE AESY] AWS Vo Fg-
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sto] s 7|7F ol & ¢ AEE AEAsH] % A5 (Aileron, Elevator)

7ZHS A E (Selector)o] AEsith AA R golA @A ol AL g
o] duk USBR & 7] wito] o] A&E MCUZF WolA A & 5 JwF
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359 2 te 19 3-19 RN ' F AUk
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Throttle
Rudder =7
Ailercn
Motor E:;\;fr::r
(— Selector % Receiver
H Elevator
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Aileron
Aileron Elevator
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PWM ﬁ N
Range L
APM2 Seeeduino - aser
In Gyro-Accelerometer Main MCU <:I Range
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Using
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3.1 #olA @A I2IY
3.1.1 glo]A dX I EA

go]# A Felel= AW 2705 A= BE FolEHR AgE SAHNA
olt] FHE FAIE T A olth. HAiAgE 7]7] mittk 9fzre] Apol=
A E=EoA ARgE ZX(UTM-30LX, HOKUYO co.)& 30m7z}x}
b5l 27059 Wee]l AYE 7+ 0.25%¢] % WA 1 AgE

g3kl F 108070¢] dHlelElE HFal Frh w3 #HolA guE A}%—S}Cﬂ
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3 3-1. UTM-30LXe] Al¥

Model UTM-30LX Accuracy Under 30001x
Light Source Laser A= 905nm Scan Angle 270¢
25ms(Motor speed :
Supply Voltage | 12VDC = 10% Scan Speed 2400rpm)
Supply Current g/lgi 1A, Normal : Weight 210g (Without cable)
3.1.2 #o|A A=A FHRIH | T2
dol#  dx dRide AAR AU diFel e deolAd AT K
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=49 270%9 Weel Ag 7k 108070 %L HolHE A%sr] Yl SCIP
2.0 TREFS AFEsIY dEet oli= 1080712 Az ;e AsT
o Zo] 27 wite] 2 dHolEE £ U usial
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010011, 010010,
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12H
| Add 30H
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| ASCII Equivalent
G B
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43H
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CB = C B
| Hexadecimal Equivalent

43H 42H
| Subtract 30H
13H 12H

| Binary Equivalent
010011 010010
1 Merge
010011010010,
| Decimal Eguivalent
1,234
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~OMa | (@ [Disconnect] 100 [msec] (scans interval): [ €2 coms:
|
i\ !
e N\
.

| B:#fad ComandD: 15 HIOODOD72501005
(0P

EEi=
[sond |

{05520 pooooomsnions

i

0182

SO0 D5 S TG TROTRITEUTZ051 051 DT00SD:8534D KOEKOH0S 061 D6k DSCETT0=
OGS 7T <T<7TB0: 40 TATP20605 0 6k 0
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3.2.3 PWMA| o]

APM2o|A 15715 olsAl7]= A5+ Aileron, Elevator A15& A}

&3t Alo]& gl Elevatordldv 7183715 A, & WaFoz o]sAlZ

ol ARESFH Ailerondl e FRIFEVIE ¢ WP

| AAR =F7E Fot $

EWo)Z Alojsly] 93 A22EI FyU|E o7 Y& x&EeE A
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=
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224 sk A5 UF 3
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EE ANZE 24sHY. &3 Alleron?l® 9A] 1500psS 7|2 & 1480us
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