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Nowadays, human beings are increasingly using technology to helping to cope
with natural disasters. And one of the most popular technologies is Unmanned Aerials
Vehicle (UAV), which is commonly used to search and rescue victims. Most UAV is
used for outdoors missions due to, Global Positioning Systems (GPS) able to determine
the positioning of UAV in the outdoor environment. However, it cannot be denied that
there is a need to help victims in enclosed spaces using UAV. Therefore, this research
aims to be able to automatically locate and control the movement of the drone in
the indoor environment by using a ZED stereo camera with Al object detection. Deep
learning technique used to train the object detection model to detect Parrot Bebop 2 as
a target object. This study controls the drone by P controller'with an average error of
0.10 meter and an object detection model with-an average accuracy of about 0.7272.

The system can control the drone to perform a mission accomplished.
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FOHABNT (Response) ADUNTUNT 1Az MM UANA IHINITTONITABUAGUVDINASNT
L) ] 1]
Tunaimaea 1we 1uld s ozmnarlunssouimnu 1 nagszwI1950Ma node Nad
1 o 1 A A
a2 laansoshauegeounld

. . <3 \ 4 (% . J [
3) ROS Action Library Humsdetayanadieny ROS Service 4AIEiN1TABUNAY

U

I Y Y A {1 3o o | Yy .
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Tracking data

I w — >

Linux running machine Mocap PC

WiFi router

a o

~ ° 9 = . .
319 2.6 mIMhavesszuusEyina lueinsaluma TuTad Motion Capture (Rioku, 2019)

q

232 malulag Ultra-Wideband (UWB)

91NA2081991U98904 S. J. Ingram LagANE (2004) 1AL A. Alarifi HazAME

[ v o

(2016) 1Atims1dnaTuTad Ultra-Wideband Tunsszayiina aadnediegali 2.7

3#
(x.y.2)

0#
(0,0,2)

Original (x,0.2)

307 2.7 msvhavesszuuszyinalueinsdiema TuTad Ultra-Wideband (Debupt, 2018)
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233 malulagmInusunenuiia (Simultaneous localization and mapping: SLAM)

INAIBI1UIIBVDN Sergio G. HazAME (2016) 1A Yuki E. azame (2017)

YA 9 = o A aa . . . .
latins1gimaluTladnisviiununa1ui@ (Simultaneous localization and mapping: SLAM)
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[
I3 %

9 o . Syy A o 3 X Ay ¢ 9 v A g 9o
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517 2.8 mahnuvesszuuszyinalueimsdiema TuTagmsiupuia i@ Simultancous

localization and mapping (SLAM) (S. HIGGINS, 2016)
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234  MAlUagnaeIMNAINNA (Stereo camera)
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< " an v . an v g )
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M3ATI99U AR Al (Sahu Samvram, 2019)
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% J Aaa . .
2.4 NABINYNNAINUA (Stereo vision system)
a9y 1 aa d AA o dal A Y
ma Tulagnassoremna uiatvma Iu Tag NV IMa 19159809 WL

aal ¥ o o Y [ o Y k) g/, 9 S = 1 9
34618 Tags1a09n159191UAR 1N UNTTU3T202A28A 1IN 2 TV INYBE FIaaaz 91

o A @ o I Y @ A 1 [ o 1 A kY
wrsunnluynuesiannuiild laszezuesingiuanareni tazsiimsdanimi lavina
E 9 ~ = [ A o dy o 4
naaeaia 11dszurananaued FIANULANA1IUDITLEZ NN UIINTOIN WL 1T e
d1m13nlszuianaszozueiag 14 5 wReIAUAUNITHIIUYeINADI0 10 NN TN A
A v v = 2 o g YN Y A , o
Nilszneuarendosniuazideage 2 Fu Ml lanmdesn iniliszezuanaanuunag
o < = Y ) 2 A . . a
Murmesnuuiuszozanuinld lasldngufaumasuyunin (Triangulation Theory) 1Aa
I aa 2 e [
Wumwuny 3 TaTUNINTEUIUMTHIZYNTENT “Stereo Reconstruction” (Luis E. Ortiz 1ag
A, 2018)

aa

o Y J 2’.: o 1 =2 [
Glu“lji]i]‘]J‘L!f‘laﬂ\‘lﬂ1EJﬂ1Wﬁ13JMﬁuuﬁ1ﬂ1iﬂﬂ1u’3mi$fJ%WNL!ﬁ%ﬂ’N?Jﬁﬂ"U’OQ’NIQ
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Y o

= @ Y gl.: ] ana Iq YA Y
AITHANUDIIAYAIY ‘L!’E]ﬂi]']ﬂuuﬂﬁ@\?'lﬁl'lWﬁ'lllllﬁcluﬁﬁW@‘]jﬂﬂﬂuﬂui‘ﬁlaflﬂiﬂﬁWHﬂﬁ’lﬂ'ﬂﬁ1ﬂ

Q

Fanuaviavesndosnennawianieylulagiunansainisiei 2.1

5199 2.1 msfeuifsunaaninveIndoin e ma LA UAN 9

éu Depth FOV STETANNAN Frame rate
(un3) (FPS)
Intel RealSense Depth Camera | Horizontal: 90° 0.105-10 90

D435i (Intel Cooperation, 2018) | Vertical: 59°

Microsoft Kinect v2. Horizontal: 70° 0.5-4.5 30
(Al-Naji, 2017) Vertical: 60°
Stereolabs ZED camera Horizontal: 90° 0.3-25 100
(StereoLabs, 2018) Vertical: 60°

9 o awv dy A Yy 9 Av o l @ A
ﬁ”lﬁiﬂil!\i"lulﬁ]ﬂulaﬂﬂ(l%ﬂaﬂﬁ Stereolabs ZED Glumsizmmﬂmamqmgﬂm 2.10
9 9
TagduapunsmulInTzezaNanuaziinan1 q veeinglsznouludretuasudidn

Taun maawse maud lumw uazmsdszdiuanudn Tagaansoosuie ldaede 1
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3U7 2.10 M0819nd090 18N INA TR Stereolabs ZED (Luis E. Ortiz agamg, 2018)

2.4.1  MSAMAUIA (Calibration)
gJJ a I gJJ a % g‘/
Tunoumsmasaaziluvuaaunsisziuaaulsnemelunazaeven

Y @ Y Y o ' J J
voanaed awlimeluvzilsznondie szegTiad (Focal length: fc , /) dwntigaguanalaaud

o

(Principal point coordinates: Cx, Cy) YU1ATH U (Radial: K7, K2, K3) uae GG ELGER (Tangential:

I A

v 9 1 v
Pl1, P2) ‘%x‘]ﬂ%ﬁﬁ?ﬁ%$5]5’381@’1ﬂﬂ”li‘]Jﬂ‘lJE]Qg‘ﬂ!ﬁf’NlﬂiﬂﬂWﬁﬂigﬂﬂﬂlﬂﬁmuﬁﬁﬂﬂ’ﬂ‘hiﬁjﬁ ag

1 Y aay Y 1 [ I (% A o v Jdo
¥reldausauaaenImuuy 3 M@llﬂ gaualsneuenizituanlsnduiusdusz vy

'
a A

Yy a a ] A I EY Aa Y 1w ] 1 dy
@'Nﬂ\?sll'ﬂ\‘ﬂaﬂ‘ﬂﬁﬁ IWUNANNWNITNADUN NITHYU 1 uau Iﬂﬂﬂﬂ@k!ﬁ?ﬂ'l@]'ll!ﬂﬁﬁ']ﬂ q Mau

P
A v Y

v ) )

990209 ZED aziaasduinieduaa lasiinisasa 13 ldaunsaldauldnds daiu
a < a { ¥ o
MSAAIVIANG09 ZED il un1smaiusauuy Self-calibration N ¥ 1uiuansaila
Tae918W1Y ZED SDK (Luis E. Ortiz tazaag, 2018)
2.42 MU IUIN (Rectification)

Y <= ng o W g‘./ =& A o 1 ° A o

nsutlyndudniunsudnyiuasuniianeildgmsdiuining

2 v

Y] 9 1 ] o A A Y 9 (Y A 1 (%
¥99709 lapd1auiud tiesninani lavinnaseans 2 Trauesn i luyuuesiuanaenu
g’/ td' 9 a =) v @ [] t:' o g’/ =® 9 = %
HazNAIN NN lAo1man1518e9 naaeadie1egl 2.12 asiuisdedinsdSuud lunw
1 Y v 9 9 F4
maldiuaoumsiiuiannavesiaguiudunnige tazuenaniuiduaeuilgssielu
9 v
n3U52N1UAININAI (Disparity) Voudmniaiagainnsdesmnlutuneudalidqe
9
[} % o a a J . .
msdsuud lummiduausoi’la Taengufisunsiadn Inats (Epipolar Geometry) (Luis E.
Ortiz azAme, 2018)
a Aaa g Y o [} d' = @ [ 9
svnaad i Inarsseldmdumisvesnniunngafenuuuiag I
Y Y 9 Y a Aaa 4 . . ] o ] Y a 1 d'
AN TASIUTUD19990N Inars (Epipolar line) AUAILHUIB19DIVDININLAALIIN TABR

v v

Y Aaa A Y A J @ A A SR A Aa cfdy
muawiwmsﬂememﬂuiszizmmmmwmszum ’E]‘WIWQW?%Q?%N"IU’E]‘WIWEHSN
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a 4 2 @ a 4 o Jdaa
Lﬂﬂﬂ1ﬂ‘gﬂﬁuﬂﬂﬁ1\‘lﬂl@\‘lﬂﬁ%}@\‘lﬂ\‘lﬁ@\‘llmgﬂﬂ‘]Ju'JﬂQ (3‘151,@181 L!ﬁﬂ%igwuﬁﬁi HagnMe, 2548)

HaanRagli 2.11

epipolar line epipolar lime

epipolar plane

A o A aa J a s ~ o Jdan
gﬂ‘ﬂ 2.11 ﬁﬂEm%ﬂlﬂﬂgﬂLiﬂﬂﬂmﬁﬁ]WIWﬁWi (')llvﬁﬁl Ll’ﬁ\ﬂi$‘wu‘§ﬁ5 LagnUe, 2548)

9 H )
°Viﬁ\‘]%Tﬂu‘L!fl]éi‘Vhfﬂii]U@,Wﬂl%aﬁ@i\‘iﬂufmﬂ'ﬂQﬁﬂﬂﬂW‘W!Lﬁ%ﬁWﬂWiﬂiUﬂ?‘W

IHdusdavesnaaznined luszau@ednu Tagnnidunszuiamsdsuududaas

[

A o [ [ Y Y g’/ ~ Y A
a951n 2.13 SvsunszurumsUSuunnInUeInaod ZED 1 g5 aisen ¥ INNHIY

U

mMsUsuududqldiae iog91n ZED SDK imsanamnlindouldanuiFeudos

3UM 2.12 mmidredeaneunsinsUSuuAnIw (Kris Kitani, 2017)
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5U7 2.13 Mmaed1anaIn1siinsUFuudnw (Kris Kitani, 2017)

243  M3UYAIND3)0 (Stereo matching)
. A = A o =
Stereo matching A® NszUAUMTIHBUN I ou Tagaziin1sifion Ty
1 a 1 d‘ = = a 3’, 9J = g’/ [} 1 1 o A
wulgiina uaiiesanmseumiiag 1 Anaiulsnaiuiuuazdnieda lawiugidn
Yy = 9 o a & ~ A A . . ' a g
Aededeaimsiieuruunseufiazatefiniya 130 window size (¥U 7x7 NNLA) 1NHU
d' 9Y o 1T A d’ = v o 1 1 a d‘ = (% 1
o lddmisinisanilouduazhmsmimszoziinvesinmaimlounuszninegl
[ 9
NAUABIazA YN (Disparity) Iagiagiod Inam1vesszeziiauesnmniaessziosnd

[

A l 9 o & o 1 1 Ay ¥ < . . Y I =
agneglngd navanuwihainiuaeilaldwaenasly Disparity map laifluariudn

[

(RN

=)

v Y
93835191 “Local stereo matching” WON1AUUGIIN13TVGUUY Global stereo
Y

2
Pa)

=

v F2 4 9
matching #10 935 Hazih liuAvesingh lAtiuisound (Satyarth Praveen, 2019)
244  msUszanamnuan (Depth Estimation)
= v g o 1 ¥ v = =

m3ilszmanuanveanded ZED Huawsnii e laeldngufamimasy

YURIN (Triangulation) MNUVUTIAVININTVIABAVOINMARIUNITUR 19 (Rectification)
4 1 a a { < o = ! Ly

e laildnwiRanisdase a1ngdd 2.14 Wunuviiaeamasvindialaeildszos Tiia

Y
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Tao X, Y.Z A NNAYEIIAYNYA L
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B D 52821 NTZNINYAGUINNVBINADINIADIT1Y
X, A9 T2EZAUUUNU X TEHITNIATNNANUBININDIYAUUIAYUDT
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NADINIM UG
X! A9 T2EZAIUUUNU X TEUITNIATNNANUDININDIYALU IRV

v )
NADININATUUIN
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y) A9 52TAMUUNY Y T2HINANINANVDINTNDIYAVUIAYUDI
9y Y 9
NABDINTNATUEGY
y| A9 52TAMUUNY Y T2HINANINANVDINTNDIYAVUIAYUDI
Y Y
NADINTNATHYIN
A Ao J Y Y 9
Cx, tag Cy, A9 NNAFAFTUINANUYDINADINIATULY
a o 4
Cx, Az Cy, 7D NNAYAFUINANUBINADINTATUYN

Left Image
2 v
a7 Object
v(\\\f"ﬂ o -
v i
(€x, Cyy) 3
o _xi -~ —
— : il
fi L /Z/ s o v
s = ﬂn&“‘"\, =
0 (0.0.0) =5 pi
S // -
,\’c;b"" s 4 ‘-‘DI_C.'L',, Cy,)
Yo e,
B
Left Camera ’
0, (8,0,0) [~
*xc.
¥e, Right Image
Right Camera

517 2.14 npuieeusvndanannsNUYeINaod ZED (Luis E. Ortiz gAMLY, 2018)

WINW13 YN 2.14 MUNUR TN A8UYURIN (Triangulation) ILAINITD

= Yo A A (2 dy
!,"Ilﬁluul,ﬂﬂﬂﬁi\lﬂTfiﬂ 2.1 4agduN1IN 2.2 AU

X Z
—IL == 2.1)
x, 7
X -B Z
Lr =L 2.2)
X f

Uspgtaunish 2.1 nazaumsi 2.2 emmanuanvesing Idaunisog

Tuzil z, v ladaaumsi 2.3
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X, X, —/B
L (2.3)
XI XI

a A o Y o ' o Y
nsanaumsi 2.3 wazdsugl Iiamnsasiuiuma x, azaunsila

gauaaane 11l
X, X, —/B
; = ; 2.4)
Xy X
X, -B
XL = X, (2.5)
X[
X : B
X X
X == (2.6)
X] X]
X ! B
X X
X, — Lr L= r’ 2.7)
X[ X[
r__&h - !
XL(xl x,)»="Bx, (2.8)

[

H 9 H
VINTUNITN 2.4-2.8 muﬁmm%’nﬁ’uuu WHANWITDHINNA X "U’OQ’J@‘Q‘ﬁi]Q L

1 Y
TaTaelFaunsn 2.9 Tasuaasaaas lil

/

Bx[

X = (2.9

(x, —Xj)

ANAVNITN 2.9 BTNV AIAINANTLHINTEILATVLUILAY X TEHIN

v Y
A79NA 19NN INDIgAUUTAgUeIndaneAIud oAz x’ —x) ufe A1A1uA19
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A J g‘/

@ { o 2 <} o {
93ingNialaondoens 2 419M30NA0 A1 Disparity HONIINUUNINUITUNITN 2.9 LNU

[

1 ~ o Y 1 = A Y 9 A
alugunisn 2.3 sz Ivewnsoniainnuan Zvesiagiae L 1alagldaunisi 2.10

Tasuanaaaas 113l
/B
Z =", (2.10)
(x,—x,)

~ 1 1 =2 A w 9 Y a g’/ = [ v
MINEuMIN 2.10 wun manuaniialaninndesaaes Tetiulianuduius

[y U . . z:; =3 z:; 9 g’/ v [ U 4 z:glJ U = (% L]
AUA1 Disparity Tasfinuani ldtuvzlsandunuainnuaiell nanae winiagoeglna

1 o U 1 g’/ . I [ { 1 o
1nndeelial z, nvzsldainnuaraiuilesas Fuilulddsinarn 13 luiade 2.4.3
Y 9 ) v
WeNIINUU HINYINsHNT YT usvIaaat lunuuny Yierszes Y, Tagh
I3 Y A 14 . . Y A 1 )i I A
dmualiamidiunszuaumsnd lunan (Rectification) nanaziimy’ =y’ =y 109910
a =S v 1 = U d‘ -] a o =S % v 1

mwinaRednuazegluszuidernu uaziiomninnsanTuiiueufertuiummai

o 1 Y o A [ dy
X, uag Z, a2 wih liaunsama v, lassaumsn 2.1 Taouaasasae lil

y,B
Y=, 2.11)

U %) d’
25 M3A3IVINGIUMNAILNISBEUFVBUATOI (Machine learning)
= Y A . . I A A & a J
ﬂ']'i!ﬁf]ugallﬂ\‘llﬂi@ﬂ (Machine Learning: ML) Lﬂulﬂﬁﬂﬁﬂ@ﬁuﬂm@ﬂﬂﬂgfﬁ’]ﬂﬁgﬂyi
(Artificial Intelligence: AD) Mfunislddredransetlszaumsailunsisoui Taenuyudi

9

1 v o @ (% ] I'd 1 9
dausmlumsoonuuuszuy tazszuvIzidenyad Ay INaIRE NI olTEdUMTalIAa1IY
(X A =) v Y (2 1 A ~ A A A A a Yy 9
WasnnrIumsFeuiareaodnnuiniisans nseelionioszuuniFeuiudrzawTo
W15 lunsdszuranadiedrei limenuuineuld Fuasesiionisisouiveq
4 d 4 IQ (-7}
1304 (Machine Learning: ML) i uin3oeiiofiiouldud o lulegiulaommizmsizous
a = . =2 g & an ~ 9 4 Aa X
HULIFIAN (Deep Learning: DL) FuilunilaluitaosnisiFouivounios Aldugiuin
! 2 . . @ & 9 [l =
Tasane1lseannifion (Artificial Neural Networks) Hannsiiieaduved Ingaviellssanniiey
o o 4 4 a v o ]
191NN IIasImstinuresuraalszamvesuyse Sy avudad, 2562) 1150
a 4 a Y 1 ~ o .
msanszigdanaztionldInssitelssamfenuunaeuTig¥u (Convolutional Neural

Network: CNN)
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251 Iasanedszamifignnuuneu)agiu (Convolutional Neural Network: CNN)
[l o I ]
Tassiedszamneuuuuaeu lgruiulasvigdseamneuuyy
. . ) I dy A I a a 4 a L4
Bio-Inspired Iagd1apanisueammiluiungeaiunnmalunsiasziuaingvoagnin
Y [ Y ) 4 H Y
pazinguilufgesiunsaufwieiInsuendnyuIAuYeINUNd0oU Y 15U ato1du
I Y . . o ' dy A a 2 A
1 uAY (Natthawat Phongchit, 2018; PradyaSin, 2019) 179819 WUNYDYUITLIUNTDUFLVI DD

34519 2.15

U

¥
=

51 2.15 @edmsuegiifluiiufides (Natthawat Phongchit, 2018)

9
TuneulumsmInsenelseamimeunnuneu 1993 (Convolutional Neural
9 9
Network: CNN) HUUAD LAY
2.5.1.1 Convolution
: <3| o a 7 1 .
Convolution Lﬂumimmi@,mmmﬂ%izwawgﬂmw (Input image)

AUATUANBUZUDININ (Feature detector) 111% 19 Feature map #9A19819311 2.16

o|ofo|eyo|o0]|O

of1]|0]|al|%]1}jo 0 0 X oj1j0fo0}o0
olo|o|ofo|o]|o ol1|1|1]o0
ofolo|1/0|0]0 ® 1 0 0 — 1|lof1]2]1
of1|o|ofo|1]0 1|lal2]1]o0
ofo|1|1f{1]|0]0 o 2 2 ofo|1]|2]1
olo|lo|ofo|o]|o

Input Image Feature Detector Feature Map

319 2.16 N3V Convolution (PradyaSin, 2019)

'
v o v A

1UANHULAIN (Feature Detector) HIDI38#NDNADHNTII “AINT DI

. I a P v o 1 2 o o o
(Filter)” Lﬂuluﬂﬁﬂ“ﬁﬁ“ﬁﬂﬂﬂﬂaﬂ]&lﬂ!glﬂuﬂl@\‘]ﬂ'w\lﬂﬂﬂﬂ'l ‘%QﬁﬂﬂﬁﬂﬂuuﬁaﬂyﬂlgﬂaWSHUU
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Y 9 1
ﬁu@EJﬂ‘lJﬂ’J'lll@?llﬂ\‘1ﬂﬁ'sllﬂﬂﬂWiﬂﬂﬂﬁzmﬂﬁﬂ‘Hm%mu ‘LJ’B'Jﬂﬂ'lﬂuuﬂWﬁLﬁ@uﬂ’Jﬂi@\i‘UuﬂWW

U

Y a

o d a 1 . . { . I o H
s1ududeetimaiin 2 981970 Stride 11ag Padding 1AM Stride 1 UNITAIMUATY (Step) VO
A o 9 gj dy 1 Y = I ti} A o 9
ﬂ']ﬁla@uﬁﬁﬂﬁﬂﬂﬂugﬂﬂ'lw msuummluﬁwaalw Feature map YUU1AUQNAUUASNUNNUED U

touasdie Ased193l 2.17

= -

Stride | Feature Map Stride 2 Feature Map

{ v o d o 1 . @
gﬂﬁ 217 ANUAUNUTUDINITNUUAAIUDY Stride NUVYUIAVDY Feature map

(Natthawat Phongchit, 2018)

A A (Z gj 1 o A a A a
!,L!’EN’lﬂﬂﬂ13Lfl?)‘Ll@’Jﬂﬁ’t’]\1uuﬁ]&’llNVHﬂTiLﬁ’(’)ull‘]Ju@ﬂﬂil’Jﬂ!“I/Ilﬂu

. v o < o [ J {
Gll'l’)‘lllel@"llﬂﬁﬂ'lwcdﬁx‘l‘ﬂgﬁQWﬁﬂTGlﬁ!ﬂ']WﬁGUU']ﬂmﬂﬁﬂ !Lagﬂ']ﬂﬂ']Glﬁ}Wﬁ']ﬂﬁﬂBiugmuslI@QﬂTW‘ﬁ

a 9 @ g‘/ << 9 = [ o =) a U dy A a A 1
2YUINIUVDUAIY AIUUIIABIUNITNI Padding ﬂ’f)fﬂimilﬂTiﬂUWMWLﬂNLW’E)GH’JEJﬁﬂﬂﬂJUWT
A 9

9 a Y 1A a A [ = a A a 4
‘Vlﬂﬁ']’JiJ”I*lHQWL!IﬂEJﬂﬂ@]LLﬁ'JﬂWVILﬂllﬂ@ 0 Llﬁﬂ\‘lﬂ\igﬂﬂ 2.18 UTLIUNYNAUISUNUAIY

T (Natthawat Phongchit, 2018)

----------

Stride 1 with Padding Feature Map

Pl 19 2.18 N5 Stride 1@ Padding (Natthawat Phongchit, 2018)
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4 ° a Y o :
HRMIYUINNI NFNUAINTOUAI92 1R Feature map M1 IWIUNILG
v Y 1 v
F9929111131300 Feature map 11811191 “Convolutional Layer” A431/#1 2.19 #a91ntiuaziimn
) Y
NIUATSUIUMSYT VA (Rectifier) @18 ReLu Layer (PradyaSin, 2019) Lﬁaiﬁiuzﬂauugﬂ

1 <3 2
msuazgiuivune 181593u (Keng Surapong, 2019)

We create many
feature maps to
obtain our first

'\O\ 0
3 convolution layer
o~-1_[ 0
—
0 0
o
>

Feature Maps

{ o|o
\
)

o|o/le|e|e

o
-
-
-
o |-
ole |

co|jlo|oco|ojoOo |0 | QO

Input Image I

Convolutional Layer

g‘ﬂﬁ 2.19 Feature map ﬁgﬂﬁ N1 “Convolution layer” (PradyaSin, 2019)

2.5.1.2 Pooling
. I [ a & A 9 ~

Pooling 1iluanuamisaveInisgeglaianilane Inninlvuia

A o Y o [ [ Slddy 4 = A .
avarnnateitldniasuniagii 1A U Pooling 1 2 1521AM A9 Max Pooling 11a g

. a a 9 . I @ . I o ~ o

Mean Pooling 1n@azen1e Max Pooling 11UAIn3504 1A Max Pooling 11 UAINTBINIZIN
= VoA ~ a a d = [ A [ 4 1 a Zl_, 9
msaenaminnigaluuSnauningfenwiensenanyaivesyaauluninauuly
o 1¥ 1@ Pooled Feature Map 1a8U11ARINTBIUBINITY1 Max Pooling 3¢ HeuiTen31 “Pool

. [ A
size” A3 2.20

max pool with 2x2
window and stride 2 6 8

| Ul =

D] o] O] —
]| — | 2] o

gﬂ‘ﬁ 2.20 AIDU1NTEUIUNIT Max Pooling (Natthawat Phongchit, 2018)
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2.5.1.3 Flattening
Flattening 111520451184 Pooled Feature Map 113l uiun3ne

v I A Y 1 a d Y g// [ [ 1 o .
ﬂaauumwwaiwﬁzmﬂmmi’Jmiwwmagaiumumuﬂﬂ"lﬂ AIBYINIINT Flattening AN

1331

=h.

2.21

Flattening

Pooled Feature Map

[1]
1
o
4|
B
B
o
E
B

3191 2.21 A79819032UIUMS Flattening (PradyaSin, 2019)

2.5.1.4 Full Connection
' < o a J . Ay v ]
Full Connection UNTZUIUNTUUUNT NG Flattening lannmsau

Yy 9 vy ¥ q9 9 1 ~ v A = . A,
ﬂisuaumi"uwﬁuua’JuuﬁlﬁL"IJKj,fﬂ‘izuJum‘il,iilugl,!,uuvmaﬂ (Deep Learnlng) NN

L4 ]

a < v . @ A ~ I
MIAATIZHANNLT UV INAaWEVDININ (Input image) #9317 2.22 Audasanmdlu 1y

v 9

Y I o [l ] o
"lmuﬂuﬁumiaﬂaz 95 uaz@lmsmmwmmmTﬂiwwﬂizmmﬁﬂmmumu%q%u

Q

(Convolutional Neural Network: CNN) LifQ4 N 3 1/ 2.23

=27 0\
R RN

v 9
1 2.22 nszUIUMSIRTIEMAGNS luiuneU Full connection (PradyaSin, 2019)
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[m] D — sicrete

FULLY
CONNECTED

~ nput CONVOLUTION + RELU  POOLING CONVOLUTION + RELU  POOLING FLATTEN

SOFTMAX

Y.
FEATURE LEARNING CLASSIFICATION

31U 2.23 mwsauved Iasenielsyaminsunuuneu 1993 (Natthawat Phongchit, 2018)

v o

TudagiiuTasemedszamionuuuaou Trgrugnii 1 wann
a I @ a R 1 o 1 [l A 4 .
vAaudanesnugluuuaie 9 S1un 1wy Tasauietaue WU (Region Proposal
Network: R-CNN) 711110135 M15100nanEaIAUY0IN MU0 CNN, Fast R-CNN tag Faster
{ g 1 ¥ o a o
R-CNN #1590 11 Fast R-CNN 113 Single Shot Detector (SSD) UONIINUUIIL T UITIUD
v Y

J. Redmon Hagaue (2016) n'ldvinswauisaneasny YOLO (You Only Look Once) VU

'
v =

dmsuldlunmsiinisasieiuiag Falszantmmlunisiaufudniuazsiadinh
Tn59910132101 R-CNN il un19siiarumu 2 1y (Two-stage Object-Detection Network)
Lfllminﬂ YOLO &ulﬂué’aﬂﬁﬁumiﬁnmgmu 1 "f’l”u (Single stage Object-Detection Network)
Ao shmsinesuriaazvinavesinguieuduanmingiuuealszandis q wieudu
(Sanparith Marukatat, 2018) ﬁ’qgﬂﬁ 2.24 HANNITNIIUVDY YOLOV3 1aeazidead1u1so

a v o Y A
DIUVIYANNIVDON 2.5.2

i Bl
e e W e

o A
AL iT T

Final detections

8 )

S x S grid on input

Class probability map

v
Q/

311 2.24 TupeuMIINNUYEIBANBINY YOLO (Marko B, 2019)
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252  YOLOV3

A . & o A A 9 A ]
YOLOV3 %38 You Only Look Once Version 3 wWusanesnunasaunne 19
Tunisasravuiaglugzinin (Object Detection) FAIWUANAIIAUNITI Classification
11199910 Object detection 9z A MITOUBNALNUIAz¥HAVDIIAY lun Il 1@ Classification

9 v Y 9
gz lduanisuensiiavesiagmniu Tagiugiumsiinutiuaziinis 14 NN
mmsuenanyuziauvesiagaInamlugiusnIagluiinism Pooling Fan1siaIuazIg

I . ] = v W o [ a R dy IS a v o

AU Grid cell |FUABIAUAVNIININUVOI CNN danesnuiduauisouas wau

. Y o Yy 1 a a o S
Iﬂﬂ Joseph Redmon tiagae G?\ﬁ]’lﬂfﬂi“ﬂﬂﬁ'ﬁ]\iZ\!W@lu'lhlﬂ@'N'J'lﬂﬁgﬁﬂﬁﬂ'lwaluﬂ'lﬁﬂ'l\ﬂuuu

a < o a4 & o A
UANUIIALTIINITBANDINUDU ) Gﬁillﬁﬂiﬂ\igﬂﬂ 2.25

W voLov3
@ RetinaNet-50
RetinaNet-101

Method MAP-50_time
[B] S5D321 454 61
[C] DSSD321 461 85
[D] R-FON 519 85
[E] S8D513 504 125
[F] DSSD513 533 156

[G] FPN FRCN 59.1 172
RetinaNet-50-500 509 73
RetinaNet-101-500 53.1 90
RetinaNet-101-800 575 198

YOLOv3-320 515 22

YOLOv3-416 563 29

YOLOv3-608 579 51
50 100 150 200 250

inference time (ms)

31U 2.25 N3 1521 9ANULIUG (Mean Average Precision: mAP) taganlumsszuiana
(Inference time: ms) U84 YOLOvV3 Meudueanesnudu 6] (Joseph Redmon LagAMe,

2018)

2.5.2.1 Iﬂi\iﬁ%ﬁ\‘]ﬁﬂﬁjﬁ&lﬂi‘iiﬁlﬂﬂ YOLOvV3
¥ v 3’; ?
Iﬂiﬁﬁi?ﬁﬁﬂ?ﬂﬁﬂﬂiiﬂﬂlﬂ\i YOLOv3 U52nouad8 CNN 191ua 53 U
4 = g < g o = g o =G
ag 9u 9 9n 53 ¥u 52U 106 FUYDINITINIU 9 UBUNITINOUY 106 BUUITUYUTINITY
9 9 H i1
11391 Detection 3 U AB ¥UN 82,94 1lay 106 1199910 1A5983199211115 Down sample Ay

'
1o

an . . A [ = [ Aa o Y
13 Convolutional INUNT POOllngLW@ﬂ@QﬂUﬂWﬁgﬂJu!ﬁﬂ%']ﬂﬂmﬁﬂ‘Hﬂ!%“ﬂllﬂWﬂ'] il il

)Y

v v <} =1 o 2 o < .
asvduiaguuiaan @Ay A5 Down sample 1991 NA 3 AT 91 Stride A0 32, 16 1Az 8

o v R o I ¥ = 2 dy Y [ Ao 1 o
AU %\‘l‘l’ﬂﬁhfi‘llﬂﬂﬂ/‘l 3 UUIA FINTWNI 3 Guu1@uﬂﬂﬂumﬁmmqwmmmmﬂmaﬂu
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{ < v o ] v o
Taginmvuadngaldnsiniviaguuialvg amamananldaseiuinguuianais uaz
] v W <} : 4 1 o 2 H 4
mmvuialvggaldasivduiaguuiadn FulounszuIunsiiauaeIns 3 yuiingy

winldawsoassviagnunanainialeld nansdiednnegl 2.26

+) Concatanation

) Addition 82

517 2.26 Taseasameanlaenssuues YOLOV3 (Sanjay Dulepet HagAg, 2020)

2,522 HANMINIIUUBI YOLOV3
1 Y a
YOLOv3 a1snsessugininldanarsvuialasgilnmindluduya
9 g’/ 9 . 2~ =
LGUm1uui1$m“l,ugﬂmmqg@@uau”aﬂ1w (Batch of images) ¥UYUA (n, 416, 416, 3) #9152 nov
o 1 a v I
11/&e n mmugﬂmw mmm?'nuasmmqwmgﬂmw“luwmawm«m Fadlu larargvuna
[ v
NANTONITAY 32 A6 HAZTIUIUTUUBIF RGB ldId
J
ﬁaqmﬂuunm%zgﬂﬂmmﬂﬂaﬂymzmuﬁ"wmiﬁw Convolutional
A . o ¥ a A A LA 9 o
N9 Stride 32 9291197 lamnuuIa 13x 13 nalunsanmwisuauTvuIa 416x 416

A o v 1 3 . 1
101 191g %Y Detection @ 11

g . ES =) . & I a sAq ¥
11 %U Detection W32 1 Detection Kernel 13 utunsnasn lalu
[ d' o 9 9 é v o g’; =\
mins99u3agTuniw e 114 unsad1e Feature map e unaaziadvosniwiuaz i
o o . g’/ v o 4 @
MIMUNBVDUUAYBIIAY (Bounding Box) NIMHA 3 BUHASTIUIENIYAGUINANUBITAYIIN
1 I~ a {
AN UNA1Y (Objectless Score) Iﬂﬂﬂﬂ%']ﬂﬂlﬂm‘ﬂﬁﬁgﬂﬁ}@ﬂ (Ground truth bounding box)
2 o ~ A o ¥ Ay P o o QY1 ANYy v
o dnounazisuBous Tuaa Tashduradegasanarninguineziinldmn ldlndifes 1

o J = = = A
uazwaaiﬂmammﬁuﬂﬂmqﬂzuﬂzuuuaﬂad"hJ %4 kernel YUU1A 1x 1% (B(5+¢)) Iﬂﬁl‘l/l B
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)Y

o

. 1 IR A& = 3 2
9 1UIU Bounding box Tuneazivaa Faua iy 3 nag c Ao NuIUAmanIvualuluaa

a g vy & g '
mﬂﬂmtmmsmiuimm YOLOvV3 %ﬂwagamm COCO HIUNIYiuA 80 Ane meﬂu

D

AA o 9 o A Y 1 dy 9)5 1KY ° 9
ﬂ5‘EIWWI'lfﬂiﬁi'lelm'ﬂL’EN‘ﬂ'lu’)uﬂ'ﬂWﬁﬂ'lﬁ]%&’M'lﬂ“ri‘5ﬂu’é)ﬂﬂ'JWHulﬂalJuf)ﬂﬂiJﬂWiuWulﬂal‘]f

U

Y o & a v 0 q ¥ & = o g ¥ ~
YOIRNAUIFININD I W ToYaUDI COCO 32111 1% Kernel HTn110a0 255 1114 Kernel 1
Y H ) Y
YUIA 1x 1x255 A91UY Feature map NA319910 Detection kernel 19 3 1 uazlddoyavos

coCo wiigiiudlu (13, 13, 255), (26, 26, 255) uag (52, 52, 255) MuaAY aunsaesela

[

fa3ln 2.27

U

Input image split into a 13 x 13 grid

— Ground-truth

Cell at the center
of the ground-truth

Attributes of each bounding box

y
’
’
’
y
:
,
,
.
.
.
,
,
.
.
[tx ty

v || Po Py [P Boill e | P XB
B3| £
Bounding box Objectness Class
coordinates score predictions

gﬂﬁ 2.27 Detection kernel YOIARLITAS TUNIN (Robertson Davies, 2019)

o o o
N13HIUIBHIVUIAAIINNINAZANNGIVIVO VIR IR T 1T U

Y @ 1 [ = dy 9 o g’a . 1
#9991/ Anchor Box %38114n13911118%9 Anchor box #9149 3 91 1131/HY Detection uaay
v g‘/ 1] v ) I o [ 4
YUIA FIR1TWNIMUA 3 Yu1a 9219 Anchor box 9 ou Fawilumgrai i luuaazisaa

[ [ 4 1 Z

49331 @ 115011 Bounding Box 18 3 duluuaaziwad n1511 Anchor Box voduaazjiiuld

U

K-mean clustering 14n15A114781%1 138 1@ Anchor Box t#a3a13150%11 11/f11798411 Bounding
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Box 18 1a891/8n15A 14 IUAIAIIUAIITLH I Anchor Box 1@y Predicted Bounding Box

Taouaaiaagli 2.24 msdiuim lage1dea1n11uA19130 Offset U10AAD FI8AANITINA
1 { o w 1 ) 4

Unstable gradient 5313190 Tumamasioud ludiuvesnmsmiuingagudnalsuesvouiun

Y
[ Y

v H v
agruaz 19 Sigmoid function Tumsdum Fwi e latuedsznine o-1

Anchor /7~ ™\

Ground truth
to predict

DOX

31/91 2.28 @n¥WZN15%1 Bounding Box 910 Anchor Box #18n1511A1 Offset Tugiuea

QU

Sigmoid function (Rokas Balsys, 2019)

910317 2.28 @130 F V18U IENOVAVNITNIIMIUIVYUIAVD

Bounding Box ladaaumsse l1il

b =0t )+c (2.12)

b =0t )+c (2.13)
y y y

b =p,_ xe™ (2.14)

_ th
b, =p, Xe (2.15)
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4 o
o b uagb, A9 9AFUINA1UDY Bounding Box
b, 1ag b, 9 ATUNA9BZAUFIV09 Bounding Box AWAIAL
A ° " Y A 9 .
c ag ¢, D FMNUIB19D YNV UGBV Grid
[ 4 [
A0 HABNNVDIAIBUNY Neural network

to b, t, A ¢,

o 1 o . g’/ ) 1
NMTHIAUUNUITAGUINA N VD Bounding Box HHASUIAT t, LIS t,
' . . . A Y Y1 ' o v o ' A
WU Sigmoid function e 1 laa1sz g 0-1 thlduanfudumns ¢, LAY ¢, MUAUNITN 2.12
J o A Yy Y o o . kY v
HazauMIN 2.13 Aannan Bsdu Smsumsmvuiaves Bounding Box Huog e log-space
[ @ 4 ] o {
transform ﬂuwaawmjmm%mwuazm"lﬂ@mﬁ'w YUIAVDI Anchor Box Audun1sh 2.14
v Y Y 4
LaTAUMSIN 2.15 MIMUINNT Bounding Box NIMUAAILAAUIUIVNTZUIMUMTHIZIN 1A 1a

. 2 ° & o q ¥ A = v = v A
Bounding Box NIV UAITIUIU 10,647 GINﬁ]zt;]ﬂ‘nﬂwmaaauwgmmmanﬂm%mﬂuﬂ

Non-maximum suppression (NMS) (L& ﬂﬂﬁ?ﬂd1ﬂﬁd§ 19 2.29

Predictions before NMS After applying non-maximum suppression

De

v
= 1 @

9 9 9 all o Yo Aa Pl aw
1NVBDYANNATINIVINAUUY 1/]111’?ﬁﬂﬁui%ulﬂ?Wiu@WU'J%UﬂUUu

A 1o < 1 o A= A

%\‘llﬁﬂﬂﬁl%ﬁlﬁﬂﬂ?ﬁﬂﬂlﬂﬂ YOLOV3 1040 InNA NN UEIaZANNTIAGININNI0AND I NUDU
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MNegative FP TN

317 2.30 Confusion Matrix d1%5UM31sziunavesluiaa (Atish P. Sinha HagaANE, 2004)
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[ [ A1 & Yy 9 ' I [ v o
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U 3 %

Y I o o a ) [ =) ) a
ﬂ'lwnlﬂﬂglﬂu Fy @Iy Ty Eluﬂ’]iﬂiglilUTNLﬂaﬁ11’i51Jﬂ’]iﬁ53%%U3ﬂuu%31uﬂﬂ’]iu1ﬂ’]ﬂﬂ
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514 2.33 dsziiiuTuaa Tass 10U ffooni1 0.5 WaaWS 1LY False Positive (Supervisely, 2021)
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5191 2.34 Twaa liaunsons1990 309 16 madnSLLY False Negative (Supervisely, 2021)

U

2.5.3.1 Precision

)

]

Precision Ao A1AMLNUE AAvINNITIAIveT YA uIend)

=

Y A A 9 = wd Tt v ' 1A °
gNABILNBINEUNUIRAY (t,) mfmmJmmawayjam@giumamm‘luﬂumﬂnuw (f)

[ 4
TagmsmuumnnuuiusiensamuInldnnaumsi 2.16 fail (K. Satangmongkol, 2019)

Precision = —— (2.16)
tp + fp

2.5.3.2 Recall
A T ] I A 3’, o 9y a o 1
Recall A9 f’ﬂﬂ'J"IllL!"ﬁ]z!ﬂuﬂiﬂ!ﬂauu‘ﬂ"mﬁ@ﬂ@]@ﬂ INAIINNITUINT

9 A o Y Y A A @ ~ [ 9 A o Y i 9y
VNVOYANMUGLAIPNADAUNDINYUNUINAY (tp) WIfJ‘]Jﬂ‘]Jﬂ']sUﬂ\i"U'ﬂHaVWI']u']ﬂL!a'Julllgﬂ@]@\i

e

A A o ° ' Y ° Y A v A
WNIUNUIRAY (fn) IﬂEJﬂ15ﬂTL!’JL!ﬂ”Iﬂ’J”Iilgﬂ@]ﬂ\iﬁﬂJ1iﬂﬂ1u3ullﬂ"l]1ﬂﬁilﬂ1i1/l 2.17 AU

Pecall = . 2.17)

+f
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2.5.3.3 FI1 Score
F1 Score ﬁf) ANRAYUUD harmonic mean VYD Precision (1AL Recall

A g A o4 A o Y o v A o X
lW@L‘]JuQJ‘V]iﬂ%!ﬂﬂ?ﬂﬁ1u15ﬂ'ﬂﬂﬂ'ﬂuﬁ’]jJ’]ﬁﬂﬂl@\?Iillﬂallﬂ ﬂ’]u’)u‘lﬂﬁ]’lﬂﬁuﬂ'ﬁ‘ﬂ 2.18 ANU

Precision XRecall

FI.=2x Precision+Recall (2.18)

2.5.3.4 Average Precision (AP)
.. < ' ‘i'Q 9 [ = ' o
AveragePremswnL‘ﬂuﬂﬁnuEJlI1%11&?\13L‘]J’ifJ”]JWIfJiJﬂ’J”IiJLLMHEJ”I

[ I 1 = 1 o A a o dy A 9 1
vosuaaz luaa AP 1 uaunfevesanuududinnanmsauIsiuilansilsznang

Y =

A1 Precision a1 Recall 340317 8oz lzuundnuan uaaadiodnauuanigii 2.35

U
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Precision

0.6 |

05 | = —

—
0.4 L—
0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1

Recall

517 2.35 4796190319 524919 Precision 1102 Recall (Jonathan Hui, 2018)
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1 Precision L0y Recall VWOYITHIN 0-1 ANUUAT AP %Q@Qiuﬂﬂﬂ 0-1
"o ! 2 Y o q ¥ Ay v & ~ K 9 .
IBUNU NITHIAT AP uuﬂli’ﬂgﬁ@\i‘ﬂﬁiﬁﬂiTV\I‘V]llﬂ‘L!Llllﬂ'J”Illlif]’]ﬂﬂﬂﬂliﬂﬂﬂﬂ”lii%’ﬂ? Precision
' 1 o Y Y A Y I aA A v 1 L.
q@q@m@ﬂllﬁagﬁlﬁllﬂuﬂTiﬁﬂiTWﬂTﬂLﬁuﬁﬁﬂJLﬂuﬁﬂlﬂﬁl LAZMILUNUNAIYA Precision Q’\‘I’Qfﬂ

1 1 dy = Y o A
Tuuaaga Recall Hawnsdenlugdaums ldasannish 2.36
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)
05 ;
04
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Recall

317 2.36 119819319 3531919 Precision 1182 Recall 1A4910113111 Max precision

(Jonathan Hui, 2018)

Pinterp (r) = maxp(7) JT2T (2.19)

110 p(D) 0 A1 Precision N1 Recall

g’/ ) 1 H [ N H 1 [ v I~
NUUILHINTHIANRASVDIAT Precision NA1 Recall 919 9 Taetiiaily
Y

N 11 a1 Feaunsauan laasaunsi 2.20 uazuaaiiognaagili 2.37

AP = Zre{o,o.1,...,1.o}Pimerp (r) (220)

09

08

Precision
o
3

0.6

Recall

511 2.37 #10819n W52 N4 Precision 1ty Recall t11iilu 11 99 (Jonathan Hui, 2018)
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129 { "epoch": 128, "val_metrics": { "loss": ©.8856 } } = Unused
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A A a 1 a A 9 A
E‘IJVI 3.10 ﬂ”l'i!,a@ﬂIiJLﬂaIﬂﬂWﬁﬂimW%TﬂﬂTﬂ’J'ﬁJNﬂWﬁTﬂﬂuﬂﬂ‘Vlﬁ:ﬂ

a A 9 2 A a o 29 9
msnasaaenld luaaluasan 2 awnansanlagriinmsnaasu Tuwman'ld
A Y ~ o v R ] AN 1A
VINMTABNATINTN NATOUINOUNUFATRYANATOD (Test set) Fuilugadoyahn liiilu
.. A I 9 A ] 1 dyo I 9y o
Training set 3ot ugadoyai luaa hitngneuineu minadeuisuiludesiunay
YANATOU (Ground truth) FIA W50 IAIN1352YANNUINTOUVDIIAY (Bounding Box) UU
Y o g)/ = o A a ?xlz A 1 o
sUmnTaggiinisnaass antudah Tumandiumswosalunsan 1 yinadeuswny
A dy o Y [ & I @ A 9
ganadouNLmasil nasaInmMInadouz ldnsevveiagruilumasuaznsoningh e
o % ] A a A A A Y o .
1M 3TuenIn Tuiaa @2061951U% 3.11 nseuTAUerAonsoun Ida1nn1541u1e (Predicted

bounding box) @IUNFOUALAIADNTOUN 1A 1ARAY (Ground truth bounding box)

319 3.11 Medgimmganadeundsanmsiinnedie Tuma



44

£4
IS} o

WAIINNTNATOUAIBYANATOV (Test set) gaToyatiozi ldruammian
{ a ' o I . . 1 o

10U ioinnsanwannmineduilsznnlanaz a1 Confusion matrix YUN1 HAI9IN
Y Y H Y
Pun1snasa lumaluasan 2 Ui laen1sdszilumavea 1uaaaIna1n NN U e
(Precision) A1AUYNADY (Recall) LAZAUNDIAINIINUGT (Average Precision) AuNgHT) 1u
v 9 A a o t;’ Y A a 1 A ] o o @ A I
e 2.5.3 TagluauddetaziunnsnasanaundsaNuuiuduiluvan isaoinilu
aasgiunteulslumsfSeunsulszaniainveaTuaa Iagsiinisiaon luiaa

%9

AA ~ 1 o A v 1 . . Ay v o [ A
NUANURAYANNUUUIININNG A AIDYIN Confusion matrix ‘n"lﬂmﬂmsmmm 10U ﬂigﬂ‘ﬂ 3.12

e2ererexzerereees Qesult metrics values for 8.5 Iol threshold ***ssrsrrrszxerrss
FEXFEFFRFXFRXFXFEXXRFEIFTFEFTXFFTERTEETE CD“'FUSiDn matrix FEFEXFXXFFFXFRXRFXFXEFXEEEFXEREES

bebop2_predicted Falsze Negatives
bebop 2 1169 32

False Positives 733 <

317 3.12 #0619 Confusion matrix 71 Id9NMITAILIUAT IOU

32 MSNBNSTUUSEYNNAM MW

321 29NUUUIZUUMIMNY

a o @

= 9 a dy = Y
ﬂﬁLGUEluiﬂillﬂii\lizﬂ‘]_liguWﬂﬂﬂ’mﬂ’lw Gl,uﬂmi]aumauiﬂmﬂmmﬂmm

1 )

c++ e lFlumsioudouazdstoyaizrirunsodilo lun13ns197UTAY (Darknet ROS) 1A

NADINBNTNE WA (Stereo camera) WU ROS MNTimsas1duinguuwiineIa aegili 3.13




45

a o Y

MaIINIMINT1990 I uUNT90 1ALd) Darknet 3gdsvoyaninaUUnTIG

U

v 9

< g =% Aaa 1 a 9 ~ Y o o Y
GUfJ\‘l!‘ﬂ']WiJWfJGD'QL[]JuWﬂﬂ 2 N@]iu°ﬁu'§ﬂWﬂL“ﬁ@ !flmJﬂuﬁz‘mm”lﬂmmiwmmllamuﬁwmm

Y v
ROS 11U udoyavzgnds o udud1uniiauod point cloud HAAz YA FI1A491N
Y
M13AIUIAIY SDK 4990209 ZED 10 point cloud u@azgauuiinng 3 4 lunilemas
g‘/ T Aa o 1 a I ] o . .

Y01 9 g Famsudasinannmirennaaunilowasi 1d1aeld Point cloud library

[ o 1 Aaa d [ =
(PCL) nszuaUMsdszuranansdszmamidniavosyauuy 3 a6 v ldadangud

o { v o 7 e

Tusdon 2.4 Fudnyaluny X LNULAUUUIUBUUBIATN Y UNULAULUIAIVDININ LAY

o Yo 1 g Y Y o
Z Lmuﬂ’ﬂﬂﬁﬂ"UfNﬂ1W ’VfEI\‘Iiﬂﬂ]lﬂGlHlfﬁ‘LNL‘]J‘L!LlJGliLLﬁ’J%QLSUWQﬂigﬁJ?uﬂWiﬂ‘iﬂ\?ﬁi}jﬂlﬂm

[
~ 1

. . o 1 ' 1 {a 9
5UNIU0BN (Noise filtration) Tasn1siiaIN ludusneu ldnseaiianaiaeenandoya

Slld'

= 9 Ay ¥ 1 A Y 3 A I A ] )
Llaglﬂﬁﬂﬂ;ﬂﬂ]@yjﬁﬂqﬂMWHﬂ 5 LW@i'ﬂﬂ'Wlllﬂl‘]J’Llﬂ'Wl3Jﬂ'l§'l,l,ﬂ'3\1u’t’]ﬂﬁ\1 IWHANUHUUYN

[ o a o a < [ v {
1un15¢153%u mtmNmsumizumz:uwﬂ@amﬁaﬂ‘ﬁmmﬂmmumwmﬁ/mmmgﬂﬁ 3.14

LSRN TH AT

A [ =
WA X, ¥ Turine vinwg

\

WIEUAIUMTI 43 WAE ¥ 484 Point cloud

ar

wilasArashurl s e u T 3 S8

r

WA, ¥ WAE 2 uHdIEmaT

\

EGEG T T e

Aeriina 3 38l FaTeumima

IUMIFHTL

31N 3.14 uRUAIMMIMNUVITTUVITZY WA



46

322 MdsziivanNaINIaveeTEULIEYNG
9
U a A v 4 A v
Juaounslsziunnuasavesszuuseying vz 19ginsalszyiina
A A ] ) ] . I SAq Y A A 1
A8lue1A1TNUAIVLNUE1GI0E19 Motion capture 1Y ugUnsainlFiNe W1
AMUAANAIA (Error) Y095z DUNAzTINsUSud3aud luszuusunsznaldaianunaia

d' d‘ [ Y A T Aa 1 dy 9 a a o
l E]UVIﬂﬂﬂJiU"lﬂﬁiﬂhliJlﬂu 10 %54, Iﬂﬂﬂ']‘lﬂl@NE]Qi]'lﬂi%ﬁﬂi%ﬂ‘i/\lﬂﬂii!@']ﬂ']i POZYX

)]

[ ] v
dnaudgyana UWB lumsszyiidauaziinundoanuaatamaou linu 10 s, daiu

D~

@ < Jq Y 1 [ 1 a Y ' o
ﬂ%ﬂlﬂuﬁuﬂ’)iiﬂi%ﬂ'lﬂﬂilTU]l@g{lliJlﬂu 10 Y. 5\1%3ﬁ1ﬂ15ﬂﬁ@1ﬂ’315$ﬂﬂﬁﬂ’ﬂﬂLLZJ“L!EHTL!

)

s o ] g dy Y I [ ~ Y
UNNA F1HIUNITAINITNANDIUDINU L‘]J‘L!ﬂ\i;iﬂ‘ﬂ 3.15 5383(1ﬂﬁua$Ulﬂaq@cluﬂ'liﬂﬂﬁﬂﬂ
b 1
f10 2.0 1oz 3.0 Wa3 U1 tazianugeanni TRy 1.6 was ieaningnimuave g
v v o ' o a & { o ' v g o
AIYUUIATDINA DN G]'lllﬂuili]ﬂfnlu@] X, Yuay Z Lﬂu 0 ‘ﬁmtmuwmﬂam NMNUUITNINIG

sziliuma lasn1s AN a AN TAL

Y
[ Y

u 9
gﬂﬁ 3.15 MIAINITNATDUNITISYN mﬁamu

<3 ) A A A o g’/ a Y Y ~ [ o A
NINATDUNUUVDYAINIATOINDTSYWNANL 2 FUA 1W1@Wﬁﬂ!£1ﬂlﬂ'ﬁﬂgﬂ
' o A Y = = o J 2 % ' ? A t4
ﬂ@uﬂ”li‘V]"N”I‘Llﬂ?'i‘ﬂilgﬁﬂx‘lllﬂWﬂ‘ﬂﬂ‘]J?ﬂQ‘]Jﬂim (Calibration) NBUNNAI Lu@ﬁi]”lﬂ@‘ﬂﬂiﬂl

a o g’; a o o ! 1 o [ g’/ @ o g’/
MITTUNAANG 2 FHA PHANNITTINUNUANANNY AIUUNTEVIUNITNeVIAaYnTaing

Q q

9 v
= 1 =

Aa A o 9 =1 Y] [ = o g’/ a Y 9 9
2 siiatidauanaanulUdae Fenszurumaiiouianaziansouginising 2 wiia Idnionld
Y
N gnsnesuie ldaindons lail
Y . a o Y o = v ¥ A
1. N&9 Motion capture M3szYNnalFnanmsmunguyluiiden 23.1
Aq v 2 v . o A ~a
Tagn1snaaoai1du098%0 Qualisys 112U 61A304 T T1sunsuAIUANIAZATIVADL

] v 9
M35911974%931 Qualisys Track Manager 419 1un15aaA ANl UAITHINUA 9 MTITHEY

[

2 ¥ o o 7 a o . . AW 3 ' <
@]Q‘IJﬂﬁﬂ!uu‘lﬂiﬂElﬂ'liL!'l‘]gﬂQ‘lJﬂiﬂ!mﬂﬂ’)ﬂﬂWﬁﬁj}'lu (Calibration kit) Nﬂﬂ‘]&iﬂ!%iﬂullﬂ\uﬁﬁﬂ

@ 1 < @ AN o Y a 1 v W [l A s o
g'ﬂﬁ? T Lmzummaﬂgﬂm L nyIaaaenouLlaaaog ﬂ\iﬁ')f]ﬂ'l\‘lgﬂﬂ 3.16 Qﬂﬂiﬂ!ﬂﬂﬁﬂ‘]&lﬂw

q

Y

v Y
gUan L lddmiuaeiduniansdu (Origin point) TAgAUTULNULIU Y A1UOTD UNU



47

[ A dy Y Y 3’1 dy 9 Y 1 ana
unu X naaeagil 3.17 lunisnaaesivz Idauunudusdivindosnroniwa 1wl
1 4 [V 9 o [ [ 1 A =} [ = a A Y
dyuginsaigldn T lddmSumsniauniuiofsuiatSasvesusnuidonisnaass
@ { 1 t4 1 g ] a o [
ueraenagl 3.18 msundsginsaidesliGwaz iduaull szeznarlumsiimsiieuda
J 9Y o o 2 Y 1 a I o { {
gunsaifihmneassannsaoduala Taeisuawua 10 3ud duduly mafeuialuiiun
A A 1 o Y A g’/ a 1 dy ~ <3
nmsnaassidyualugazirldainnuaarandowinivinniuinaassvuiaan
1 [l <} ' A = @ ] a =2 g '
usogelsnawmanuaaramasuanmsieuialuaisinu 0.6 wu. Fuiuawiasgiv
neoniuldannuduan Tasamisoasirndenlaninmiainaasluldsunsundenn

= v o A Y <3 v W ] A
NTNYUIAAUUUNITUAAUNTD ﬂQWJE]EJNgﬂ‘ﬂ 3.19

H @ ] J o [ v . | .
517 3.16 Modngnsaimasgiudmsumatiion insz DU Motion capture 870 Qualisys

(Kersting UG tagnue, 2016)

~ o 1 d A (% @ ~ o [l o A
g‘]JVI 3.17 Gl’)’é)leﬂﬁ’)NQ‘]Jﬂiﬂlmfm’mgﬂﬁi] L nanivuaganiiue



Camers results
Camers results
Camers X {mm)
01 132132
02 1144 67
03 62449
04 545 62
05 -729.39
06 46713
07 303 81
08 116987

e Calibration Resuits

“ Cailibration passed

Y {nm)
899 99
256551
253527
2660.77
132420
-2699.76
-2907.65
272358

Z {mm)
114565
179298
81227
176207
1216.25
180227
790 50
1759.89

Poirts

1449
1332

1018
1499
1487
1851

Standard deviation of wisnd length 052394 fmm)

Bport

Calibration camed out: 2017491-26 159331

View cal

Avg resdual (mm)
062486
0.41504
035171
034703
0.48022
045334

042356

OK

307 3.19 Megnrihanudainansioninain11sunsy Qualisys Track Manager

(Bassett Biomechanics, 2017)

48

A o a = [ Jq Y1 A 1A ' Y
mammumsmsm’mqﬂﬂimiwﬂm3134ﬂamma@u"lmﬂummmgmum

< a ~ ) = [ . [ A
1739 ﬁ'liJ'liﬂ@]i'Jfl]ﬁ'ﬂ‘Uﬂill'l@]ﬁTIQﬂTI'Iﬂ'ISLTIEJ‘]J'Jﬂ (Calibrated volume) ﬂ\?éﬂ‘lﬂ 3.20

A Y J Jq ¥ 1 dy A A v ) Y o v
LWEW]5'Jfl]ﬁ'ﬂ']Jﬂ'liﬂ'.)ﬂLlﬂ'NQ‘]_Iﬂimiﬂ@giuwuﬂﬂﬂaﬂﬂﬂﬁﬂﬂﬂ'ﬁ UINVINUUANADDINITNIIA



49

A A A Y 2 A o A A 19 Y
HEONNIENUINAITUNIUDU €] NUTAIVUIDNININNNADING 6 INTDI ﬂ\‘]gﬂﬂ 3.21 !W'E]Vliltlﬁ

Lﬁﬂﬂ'l'iﬁ'lﬂ?ﬂ!“ﬁﬁﬂWﬁWﬂLLagw%l’f)ﬂJﬁ']ﬂg‘lJﬂ']ﬁ‘VlﬂafN

711 3.20 AredIfSasngaieIaLLY 3 UA

2] #5 Oqus

A o 1 9 Y & A
gﬂ‘ﬂ 3.21 DY N HIIDUFAAINAIINNADIVIN 6 LATDI

1 A v Y A Yo o da! Y o o ' oA Y A
ﬂ”lif’J"IuWﬂﬂﬂ'Jﬂiz‘]J‘]J‘Vlﬁj'ﬁ]EJW@J‘L!"IGUHIIQﬂ"lﬂuﬂﬁ”luﬂuﬂi]ﬂﬂ"lluﬂclﬁﬂmﬂ

U

9
ﬁ1LL1’iu\1"Ui’)\‘lﬂé}6\1ﬂ18ﬂ1W 3U@ LL@W]N‘IEII’EN‘VIQE]’EN]l@sfflﬂ"liGNﬂ"lﬁ%t‘l’iu\iﬂ"li’ﬂ\iﬂﬂﬁuuﬂiﬂ

A v 9

~ 9 2 o T o Aa YA v o ] o A Ay Y 3’1 ' ] @
138U GIATHUIIANTUUANNT EJ@]E’Nﬂ”Iiﬂ‘]JG’]”ILL‘H‘Ll\‘]i]ﬂﬂ”lluﬂﬂllﬂ‘uﬂ”li@&ﬂ”lll’aﬂl‘u@]ﬂﬂu

' o vy Y A I ) Y A Yo 1y = 2
uazvlnﬁmTiauﬁthmme"lﬂ Lu@ﬁﬁ]’lﬂq‘ﬂﬂﬁﬂ!uﬁﬁﬂf\ﬂuu@ﬂlﬁu@%Wﬂ@?ﬁ]ﬂ@ﬂﬂﬁﬂ HINTTAN

u



] v
[

1w J o a A 9 Y Y a o A ° Y 1 9 1 A =
ﬂ'lﬂ\?ﬂﬁ']')ﬂ']ll]u‘ﬂﬁ]gﬁf]\‘]ﬁh"i‘ﬂ']\iEJ'W@W]ﬂ%uuﬂ’]i‘ﬂ’lﬁlﬁﬁ\?Waﬂﬁg‘ﬂﬂﬁﬂm%\ﬂuﬂ1u@u 2NN

Lo

ya o o
U

d' 9 [P} o 1T A v = (% o 1 o a [ 5’5 =
Tﬂillﬂﬁu‘ﬂi‘lﬂ‘luuﬂTiﬂWM’Jﬂlﬁ']ﬂWWﬂﬂmﬂUﬂUﬂWLLWuﬂﬁﬂﬂHuﬂTﬂﬂﬂiﬁ ANUHU YN

v

a o 1 1 J 2 2 a
fni‘ﬂﬂafNW'I'WﬂﬂIﬂﬂﬂ?iﬁ?ﬁ%ﬂg?ﬂ\ﬁgﬁ'ﬂﬂq‘ﬂﬂﬁﬂ!ﬁ%ﬁlﬂuuﬁﬁ (Marker) 2 ¥4 Gﬁuliiﬂ@]ﬂll%)

v
v A 1 o A

o Y 1 Aa X 1 A I o 2 A a a
AUNABDIDIYNIN 3 WA Waﬂﬂumiﬁt’J‘ULmJ’f)uLﬂuml,mmmmLuﬂ UDZBUN 2 ARVITIIU

Y o A o A AR o Y v Y A Y A ) =1 o
ATUN Qm@ﬂiﬂﬁu‘ﬂﬂ’lﬂ’]ilﬂaﬂuﬂ ﬂﬂﬂ111’?ﬁ”llﬂﬁﬂUlﬂsllfHJ”aﬂ@@ﬁﬂWﬁlW@quﬂllﬁﬂﬂlﬂﬂUﬂU

doyan ldAnnndesnienin 3 aoa 11

9
Y 1 aa Y ) [ Aav Y a
2. NADIDIYNIN 3 UA ﬂ15LG]%EJiJﬂ’JHJWiE)3Jﬁ1WTUfﬂiiguWﬂﬂﬂ’)ﬂ’J%ﬁ

9
Y

9 1A Y 9 . 1] 4 o Y %
Hiuapuloana135 19nd09 Motion capture Moy Inginsaiamnsosi11d lagld T sunsuy
. R ™ dAa 2 Yy o a9 Y, ~ o
ZED calibration @11 Tsunsunaaaiumsauny SDK vodgilnsaliseniseuad mameuia

A o < 4 a
Gluiﬂmﬂi:ufuzuaﬂymzLﬂumﬁwumgmﬁamnﬁﬂumiummmmw (Distortion)

Ya o Y o v D) ~ D) A I o A s 9
Q'Ji]ﬂ@]ﬁ]\?’ﬂ‘hmﬁE]\‘ilflﬂ‘ViW]'l5']\‘1Wll'lﬂ§ﬂﬂﬂﬁ?ﬂgﬂuﬂu’lﬂﬂﬂ@ﬂwmﬁﬂiLlﬁgﬂ'lﬂ'lﬂﬂﬁﬂu‘]/lﬁﬂ

k4
=

A Sldy A a = Y o o Y A = ?;' a A A A
Hageon e IHWuUNg 'INuLlﬁgﬁLLﬂQGﬁQUWUﬂuGLWN'IﬂTl@:ﬂ Tag@uuIuAD WUNNL
Y

¥

U

A AA o dy @ [l @ A o [ ES 2 2
Wuﬂﬂﬂiuﬂmmwumu G]’JE]EJN?N?]J‘VI 3.22 NUBUUUIULFITITU

)]
>

NN dIUTLAIND

[ @ 1A Y Yy 9 1 J 9 ] o dal
ﬂi$‘]J’J‘L!ﬂﬁI’]JiLLﬂilli]%‘1/1WﬂWi‘]Jf.i“]JﬂWmEJ‘]J’J@GLWﬂﬁ@i@WUﬂWi@LlNuEﬂiﬂﬂﬂlu

5191 3.22 MedmsifisuIandesniun 1w 3 A ZED (StercoLABS)

msdsziindse@niamuesszuuszyiinaaiendosnionin 3 ia

H915U1INAINIATFIY 2 D6 AD AIAINYAARDI 1AZAIANNAUNIUYDIPAFUINAIVD

v
] % =

o a' a o 9 9 U an g}/ =1 =
AunuIngnaule L‘L!i’]Qﬁ]1ﬂﬂ”l'iizu‘v\lﬂﬂiﬂﬂ(l%ﬂaﬂﬂﬂiﬂﬂ”lw 3 Tauulinnuazioonly

Q



51

Y
[ v

[ a A = <3 Y o ] 4 v =
HiouAINas aaty nstdasundauneswantinevosdumiayaaudna1901vaINa D

Q U

#998091MIUT LT UAANUAURIUNDINUANVUUFDDOUDINUITY

NMINAFOUINHIAININYNADIVEIMITEYNNA §I90 TALLININAaa
I A o dy
1w 2 nsal el
) 1 4 { . Yo Y Yo
1) minaaeslaslilasuluindoui (Static test) Taoda9e 141015
1 ¥ { I g‘/ [
NAA09IAeN1sULINUNToINAa9eo NI UA1519 0.5x 0.5 1. NN x 1A z AIUANINGY y
v Y 9
VNVAUNN 9 50 B, IUDIANG 160 ¥u. 917y waz Iindeiiimseuamnnauay
MUIUMNAURDIANUAIIAAADY
Y A A . = ~
2) msnaaodlaelilasunaoui (Dynamic test) B94lun15NAA0INTA
2 giveldnsaunagiulunminaaed 2 4o 1dun
- MUNUNMNTZIZUNY Z UNAADMILHUINTZEZUAY Y Na1IAD 61
9 1 v Y
szazauuny Z mnvui ldafinaauunu Y ianuaaianasuiiuiy
- AUMUIAINTZIZUNY X UNAADA IS ILHUIANTZEZUNY Z NA1AD

3 1 o

1 ) [l A 2 4 o 1 1 4
ﬂm';mgﬂﬁ’awmmgmuﬂmmu Z ﬂ$LWM§ULﬁ@ﬂ1LLWHQ’NmW1Qiﬂﬂ@lnfﬁudf}fﬂﬂﬂﬁ1ﬂ

Q

) A Y] 7
Gummw"lﬂmwmmmw mmmﬂmmiﬂwmmuﬁmw

Y
% Y

Al §907900nUIUNMITNAR0I IR NAdoUNIAIAINARIAIAADUT
o ] = o 1 A d' = 1 d‘ d'
AUV UIAINAN 3 AU 7D 2.0, 2.5 AL 3.0 LUAT TagNnuana1g 9 Tasuazinaoaun

Tdauszunn X uag Y Iimsmaeunamuuinny z Indesige iiveiiarsainan lain

I a A 1 ) [ g’/ 9 3’, a =1 g’/
Lﬂu"lﬂmuﬁmm;ﬂ;mma"ln Tﬂﬂmﬁamummaz 3 A3 GlGHL?ﬂWﬂﬁQﬂg 60 IUIN NUU

T
A v A

= a AY Y A o Y} . o 1
ﬂ\iﬂﬁgluuﬂﬁﬂ']ﬂﬂ'lﬁﬂﬂﬁ@\iﬂhlﬂLﬂﬂUﬂ‘]Jﬂ']Wﬂﬂﬂllﬂﬁ]Tﬂig‘U‘U Motion capture 9130813

=1

DUTAINAIINTSV Y Motion capture Llﬁﬂ\iﬁ,ﬁgﬂﬂ 3.23 11AZAIE190UTAINAIINTS VY
Y 1 an % d'
NADIDIYNIN 3 WA LLﬁﬂ\‘lﬂ\igﬂ‘VI 3.24
' @ 4 o T W <3|
ms‘mﬁe‘ummmwumummgﬂﬂuﬂﬂmwmmgmmmqL‘]Ju
A a 1 v o 1A % A 9 =
NINATOU LW@ﬂi%ﬂf’]‘UﬂTiWiﬂiﬂﬂ’ﬂﬁ%‘U’UG]3’Jﬁ]ﬁ]”]JTJG]Q'J”IﬂJﬂ'JHJNMNTJuﬂJTﬂ‘Viﬁ@‘L!i’JEJLWENiﬂ
° 9 1A o [ a =\ @ " Ao 1 1 A I
ﬂ1§ﬂﬂﬁﬂﬂﬂ11ﬂﬂﬂ131ﬁ1ﬂiu@§lj‘1/]GﬂllfﬁuﬂlﬂllLl,ﬁ$llﬂTﬁ’Jﬂﬂ1Wﬂﬂ@ﬂ1ﬁﬁﬂlu®\‘]!ﬂul’lﬁ1
a A o [l [~ a Y a
60 IUMN ﬂ1llﬁuﬂiuﬂ1iﬂﬂﬁﬂﬁﬂlﬂﬁIﬂiu%gll‘ﬂﬂlﬂuﬂiﬂ 0.5%0.5 . lemamqumﬂalumnm
dy d' =~ =< g‘/ 1 o d' o 1 g’; Qy
NUNNAADILASTUAITNANAILUA 2.0-3.0 LUAT IﬂEJ‘1/11ﬂ1§‘1/Iﬂﬁﬂﬁiﬂmﬂﬁﬂuﬁﬂlﬂu\iﬂﬁﬁu
o ' o < 9 o 1 d g =2 o 9 Ay v o !
1T AL UN HAagNINIILNUIDY AU N UIAS 333 i]muumuwayjam%mmuamm

ANURURIUAD 1



52

Labeled trajectories (2)
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#include <ros/ros.h>

#include <std msgs/Int8.h>

#include <std msgs/String.h>

#include <std msgs/Empty.h>

#include <sensor msgs/Imu.h>

#include <nav_msgs/Odometry.h>

#include <geometry msgs/Twist.h>

#include <geometry msgs/Pose.h>

#include <geometry msgs/PoseStamped.h>
#include <darknet ros msgs/ObjectCount.h>

#include <iostream>
#include <stdio.h>
#include <stdlib.h>
#include <fstream>
#include <time.h>

using namespace std;
//using for cout/cin

float x max, y max, z max, x dst, y dst, z dst, x total,

y total, x min, y min, x fov min, x fov max;

float error right, error left, diff error x, diff times x,
times x, times error x;

float error up, error down, diff error y, diff times y, times vy,
times error y ;

float error fwd, error bwd, diff error z, diff times z, times z,
times error z;

double P x, I x, D x, PID x, i x, derivative x;
//variable of x kp x,kd x,ki x,

double P y, I v, Dy, PID y, i y, derivative y;
//variable of y kp y,kd y, ki vy,

double P z, I z, D z, PID z, i z, derivative z;
//variable of z kp z,kd z, ki z,

double pre error x = 0.0;

double pre error y = 0.0;

double pre error z = 0.0;

double kp x = 0.035;

double kp y = 0.1;

double kp z .04;

double ki x = 0.0;

double ki y = ;

double ki z =
double kd x =
double kd y =
double kd z = ;

float x update ; //new x
pose

float y update ; //new y
pose

float z_update ; //new z
pose

float y init;

//initial y position at floor

cNoNoNoNoNoNolNe)

’
’

’
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int detect num;

int dummy = 0;

int dst set = 1;

int count first = 0;

char status_ready;

char status continue;

clock t times = clock();

float sample time = times*0.03/10000;
// times in sec.

bool already takeoff = false;

class SubscribeAndPublish
{
public:
SubscribeAndPublish () {
// publish and subscibe topic
sub position = n.subscribe("/zedﬁposition", 10,
&SubscribeAndPublish::get position, this);
//subscribe topic from point2.cpp
sub detection = n.subscribe ("/darknet ros/found object",

10, &SubscribeAndPublish::detection check, this); //subscribe
topic for detection check
sub_gain tunning = n.subscribe ("/tunning PI", 10,

&SubscribeAndPublish::tunning gain, this);
sub gain tunning D = n.subscribe("/tunning D", 10,
&SubscribeAndPublish::tunning gain D, this);

velocity pub = n.advertise<geometry msgs::Twist>
("bebop/cmd_vel", 10); // publish topic
takeoff pub = n.advertise<std msgs::Empty>
("bebop/takeoff", 10); // publish takeoff

topic

land pub = n.advertise<std msgs::Empty> ("bebop/land",
10); // publish land topic

dst _pub = n.advertise<geometry msgs::Twist>
("/dst_point", 10); // publish destination

point topic to point2.cpp
}i

void set area() {
//setting flying area
printf ("---Please define the flying area---\n");
cout << "The maximum depth from camera (meter): ";
//receive depth input
cin >> z max;
//collect value to z max
cout << "The maximum width (meter): ";
//receive width input
cin >> x total;
//collect value to x max
cout << "The maximum height (meter): ";
//receive height input
cin >> y total;
//collect value to y max

//Calculation boundary areas
x min = -(x_total/2);

x max = x_total/2;

y min -(y total/2);

y max = y total/2;

count first++;
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void get position(const geometry msgs::PoseStamped::ConstPtré&
pose) //receive position function
{
X update = pose->pose.position.x;
y update = pose->pose.position.y;
z_update = pose->pose.position.z;

if (dst_set == 1){
printf ("\n---Bebop2 detected---\n");
ROS_INFO ("Bebop2 at X = %$.1f, Y = %$.1f and 2 = %.1f
\n", x update, y update, z_update);
}
}

void tunning gain(const geometry msgs::Twist::ConstPtr&
gain) //tunning kp, ki gain controller function
{
kp x = gain->linear.x;
kp_y = gain->linear.y;
kp_z = gain->linear.z;

ki x = gain->angular.x;
ki y = gain->angular.y;
ki _z = gain->angular.z;

void tunning gain D(const geometry msgs::Twist::ConstPtré&
gain) //tunning kp, ki gain controller function
{
kd x = gain->linear.x;
kd y = gain->linear.y;
kd_z = gain->linear.z;

// ROS_INFO("This is tuningD");

// printf("kd x = $f \n", kd x);
// printf("kd y = 3f \n", kd y);
// printf("kd z = %f \n", kd z);

}

void control velocity () {
//control bebop to destination
geometry msgs::Twist velocity;
//variable
clock t times = clock();
float sample time = times*0.03/10000;

///left-right control///
if (x update || x update == 0){

// printf ("\n///left-right control///");
if (x_update < x_dst)
// bebop have to go left
{
error_left = x dst - x update;
// calculation error left +
times error x = sample time;
// ROS_INFO("going right:\n");
}
else if (x_update > x_dst)
// bebop have to go right
{
error right = x dst - x update;
// calculation error right -
times_error x = sample_time;
// ROS_INFO("going left:\n");
}
else
{
//errorleft=0;
//errorrigth=0;
times x = sample time;

}

diff error x = error right + error left;
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///up-down control///
if (y_update || y update == 0){
// printf ("\n///up-down control///");
if (y update < y dst)
// bebop have to go up
{
error up = y dst - y update;
// calculation error up +
times error y = sample time;
// ROS_INFO ("going up:\n");

}
else if (y update > y dst)
// bebop have to go down
{
error down = y dst - y update;
// calculation error down -
times_error y = sample time;
// ROS_INFO ("going down:\n");
}
else
{
//errorleft=0;
//errorrigth=0;
times_y = sample time;

}

diff error y = error up + error down;
// calculation delta error between up and down

ROS_INFO(" error y = %$.1f", diff error y);
// printf(" y = $.1f\n", y update);

if (diff error y > 0.05 || diff error_ y
< -0.05)

{

//// PID control calculation ////

//calculation of integral term

diff times y = times error y - times y;
//calculation delta times

iy += diff error y * diff times y;

I y=kiy*iy;

//calculation of proportional term
PRy ASN KPR VAR (ClERH e rors K7

//calculation of Derivative term

derivative y = (diff error y -
pre error y)/diff times_y;

Dy = kd y * derivative y;

pre_error y = diff error y;

//summation of proportional and integral
term
PIDy =Py + Iy + Dy;

I
oe
s
-
-

=

I

ROS_INFO(" PID y = %f, kp_ y
%$.10f, kd_y = $f\n",PID y, kp y, ki y, kd y);

// ROS_INFO(" P_y = %f, Iy = %f, Dy = %f
\n", Py, Ty, D_y);

ROS INFO("y init = %.2f", y init);
if (y_update < y dst)
{ // bebop have to
go up
ROS_INFO("going up: ")
ROS_INFO("y update: %f, y dst: %f
\n",y update, y dst);
}
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else if (y update > y dst)
{ // bebop have to go
down
ROS INFO("going down: ");
ROS INFO("y update: %f, y dst: %f
\n",y update, y dst);
}
}
if (y update < y dst || y update > y dst)

velocity.linear.z = PID_y;
//+ ascend, - descend
// PID y = 0.0;
}
velocity pub.publish(velocity);
}
else if (!y update)
// cannot detect
{
error up = 0;
error_down = 0;
velocity.linear.z = 0;
// velocity command = 0 bebop not move up or down
velocity pub.publish(velocity);
}

///backward-forward control///
if (z_update || z_update == 0) {
// printf("\n///forward-backward control///");
if (z update < z dst)
// bebop have to go forward
{
error fwd = z dst - z update;
// calculation error forward +
times_error_z = sample_time;
// ROS_INFO("going forward:\n");
}
else if (z_update > z_dst)
// bebop have to go backward
{

error_bwd = z _dst - z_update;
// calculation error backward -
times error z = sample time;

// ROS_INFO("going backward:\n");
}

else

{
//errorleft=0;
//errorrigth=0;

times z = sample time;
}
diff error z = error fwd + error bwd;
// calculation delta error between forward and backward
ROS INFO (" error z = %.1f", diff error z);
// ROS_INFO(" =z = %$.1f\n", z update);
if (diff_error_z > 0.05 || diff_error_z

< -0.05 )
{
//// PID control calculation ////
//calculation of integral term
diff times z = times error z - times z;
//calculation delta times
iz += diff error z * diff times z;
I z=%iz *1i z;

//calculation of proportional term
P z = %kp z * diff error z;

//calculation of Derivative term

derivative z = (diff error z -
pre error z)/diff times z;
D z = kd z * derivative z;

pre error z = diff error z;
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//summation of proportional and integral term
PID z = P z + I z + D_z;

ROS_INFO(" PID_z = %f, kp z = %f, ki _z =
%.10f, kd_z = %f\n\n",PID_z, kp_z, ki_z, kd_z);
// ROS_INFO(" P z = %$f, I z

\n", Pz, Iz, Dz);
if (z_update < z_dst)
{ // bebop have to go
forward
ROS INFO("going forward: ");
ROS INFO("z update: %f, z dst: %f
\n",z update, z dst);

}
else if (z_update > z_dst)
{ // bebop have to go
backward
ROS INFO("going backward: ");
ROS_INFO("z update: %f, z dst: %f
\n",z update, z dst);

}
}

if (z _update < z dst || z update > z dst)
{
velocity.linear.x = PID z;
//+ forward, - backward

// PID z = 0.0;

}
velocity pub.publish(velocity);
}
else if (!z update)
// cannot detect
{

error_ fwd = 0;
error bwd = 0;
velocity.linear.x = 0;
// velocity command = 0 bebop not move backward or forward

velocity pub.publish(velocity);
}
}

void detection check(const darknet ros msgs::0bjectCounté
check) //detection check function
{
std msgs::Empty takeoff;
//variable
std msgs::Empty land;
//variable
geometry msgs::Twist dst;
geometry msgs::Twist velocity;

detect num = check.count;
//mockup value for simulation test

if (dst_set != 3)({
if (dummy == 0) {
set _areal();

}
//Detection check
if (detect num == 1) {
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// Ready for takeoff check
if (dummy == 0) {
printf ("\n---Pre armming---\n");
cout << "Ready for takeoff?(y/n): ";
//receive ready command y = yes,ready/ n = not ready
cin >> status_ready;
if (count first == 1){
y init = y update;
//setting for checking takeoff condition
ROS_INFO("y init

%.2f", y init);
}

// ROS_INFO("y update = %f", y update);

if (status_ready == 'n' || status ready ==
lNl){
dummy = 0;
}
}
if (status_ready == 'y'||status ready == 'Y'")
//status ready
{
dummy = 1;

takeoff pub.publish (takeoff);

if (y update > (y init + 0.1)){
already_ takeoff = true;
}

//takeoff checking condition
if ( already takeoff ) {

//setting destination point
if (dst_set == || dst_set == 2 ) {

ROS INFO("y init = %.2f", y init);

printf ("\n---Please enter
destination point---\n");

cout << "please enter left or
right (meter): "; //receive left or right
destination

cin >> x dst;
//collect value to destination of x

cout << "please enter height from
camera's center (meter): "; //receive height of
destination

cin >> y dst;
//collect value to destination of y

cout << "please enter depth from
camera (meter) : "; //receive height input

cin >> z dst;
//collect value to destination os z

dst _set = 0;

dst.linear.x = x _dst;
dst.linear.y y dst;
dst.linear.z = z_dst;
dst pub.publish(dst);

}
x fov min = -(2.22*%z dst + 0.5)/2;
x fov max = (2.22*%z dst + 0.5)/2;
if (x_dst < x min || x dst > x max ||
x dst < x_fov min || x dst > x fov max || y dst < y min
|| y dst > y max || z_dst < 2.0 |
z _dst > z max) {
printf ("\nOut of flying area, please
try again.\n\n");

printf("x min = %f, x max = %f,
y min = &f, y max = $f,x fov min = %f, x fov max = %f\n\n",

x min, x max, y min,y max,x fov min,
x fov max);
dst set = 1;
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if (dst set == 0){
control velocity();

}

///landing after arrives to
destination///
if ((diff error x <= 0.05 &&
diff error x >= -0.05) && (diff error y <= 0.05 &&
diff error y >= -0.05) &&
(diff error z <= 0.05 &&
diff error z >= -0.05)){

//Clear error//

diff error x = 0;
diff error y = 0;
diff error z = 0;
PID x = 0.0;
PID y = 0.0;
PID z = 0.0;

//Continue condition//
cout << "Do you want to continue?

(y/n): ";
cin >> status_continue;
if (status_continue == 'y' ||
status continue == 'Y'"){ // continue go to destination
set
printf ("---Next
destination---\n") ;
dst set = 2;
}
if (status continue == 'n' ||
status_continue == 'N') { // not continue landing

printf ("\n---Bebop is
landing---\n") ;

land pub.publish(land);

dst _set = 3;

else(
//else for not ready to takeoff or not arming
printf ("\nArmming denied, please try again.

\n\n") ;




102

else({
velocity.linear.x = 0.0;
velocity.linear.y = 0.0;
velocity.linear.z = 0.0;
velocity pub.publish(velocity);
}
}
else(
printf ("\n---End Process---\n");
}
}
private:

ros: :NodeHandle n;

ros::Publisher velocity pub;
ros::Publisher takeoff pub;
ros::Publisher land pub;
ros::Publisher dst pub;
ros::Subscriber sub position;
ros::Subscriber sub detection;
ros::Subscriber sub gain tunning;
ros::Subscriber sub gain tunning D;

b

int main (int argc, char **argv)
{

ros::init (argc, argv, "navigation bebop2");

SubscribeAndPublish SAPObject;
ros::spin();
return 0;
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#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

#include
#include
#include
#include
#include
#include
#include
#include

typedef pcl::PointCloud<pcl::PointXYZ> PointCloud;

<iostream>

<bits/stdc++.h>

<ros/ros.h>

<geometry msgs/PoseStamped.h>

<pcl ros/point cloud.h>

<pcl/point types.h>

<darknet ros msgs/BoundingBoxes.h>
<darknet ros msgs/BoundingBox.h>

<geometry msgs/PoseWithCovariance.h>

<geometry msgs/Point.h>
<geometry msgs/Twist.h>

<boost/foreach.hpp>
<math.h>

<fstream>

<stdio.h>

<iomanip>

<stack>

<vector>

<string>

using namespace std;

floa
floa
floa
floa
floa
floa
doub
doub
int
int
int
int
int
int
cloc
floa
FILE
// £

stri

t x = 0.0;

ty=0.0;

t z =20.0;

t sum x = 0

t sum y = 0

t sum z = 0.

le x obj, vy

le x dst, y

i;

rounds;

X _center screen = 640;

y bottom screen = 360;

X _error, y error;

dummy = 0;

k t times = clock();

t sample time = times;
* pFileTXT;

loat cam height = 0.0; //0.125; //metre

ng classes;
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class SubscribeAndPublish

{

public:
SubscribeAndPublish ()

{
//Topic you want to publish
pose pub = n_.advertise<geometry msgs::PoseStamped>
("/zed position", 10);
// gps = n_.advertise<geometry msgs::PoseWithCovariance>

("/gps", 10);

//Topic you want to subscribe

sub_ =
n_.subscribe ("/zed/zed node/point cloud/cloud registered", 1,
&SubscribeAndPublish::callback, this);

subl = n .subscribe ("/darknet ros/bounding boxes", 1,
&SubscribeAndPublish::calculate, this); // for yolo detect
method

dst sub = n_.subscribe("/dst_point", 1,
&SubscribeAndPublish::setText, this);

// image sub = n_.subscribe("/blob/point blob", 1,
&SubscribeAndPublish::calculate, this); //for image processing
method

}

int x center,y center, x min, X max, y min, y max;

float Y cali,X cali,Z cali,x ave,y ave,z_ave,y ave reverse;

float round(float wvar)

{

float value = (int) (var * 10);
return (float)value / 10;

}

// // Calculate Pixel centroid from yolo

void calculate (const darknet ros msgs::BoundingBoxes& msg)
{
if (msg.bounding boxes[0].id == 0) {
classes = msg.bounding boxes[0].Class;
x_center = ((msg.bounding boxes[0].xmax =
msg.bounding_boxes[O].xmin)/2)+ msg.bounding boxes[0].xmin;
y_center = ((msg.bounding boxes[0].ymax -
msg.bounding boxes[0].ymin)/2) + msg.bounding boxes[0].ymin;

dummy =1;
// ROS_INFO("\ncalculate function\n");
}
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void setText (const geometry msgs::Twist& msg)
{
x _dst = msg.linear.x;
y_dst msg.linear.y;
z dst msg.linear.z;

pFileTXT = fopen ("Position log.txt", "a");
fprintf (pFileTXT, "\ntimes= S$f",sample time);

fprintf (pFileTXT, "\ndestination point: x = %.2f,y =
$.2f , z = %.2f m.\n",x dst, y dst, z dst);
fclose (pFileTXT);

}

//// convert to meter ////
void callback(const PointCloud::ConstPtré& msqg)
{

clock t times = clock();
float sample time = times*0.03/10000;
if (dummy == 1) {

geometry msgs::PoseStamped pose;

X obj = msg->points[(y center*1280)+x center-1].y;

y_obj = msg->points[(y center*1280)+x center-1].z;

z obj = msg->points[(y center*1280)+x center-1].x;

// printf ("\nx obj =%.2f, y obj=%.2f, z obj=%.2f\n", x obj,
y obj, z obj);

dummy = 0;

//// REDUCE NOISE PROCESS BY AVERAGE ////

// summation of value

if((x obj == x obj && y 0obj == y obj && z obj == z obj) &&
(x_obj != -INFINITY && y obj != -INFINITY && z obj != -
INFINITY && X obj != INFINITY && y obj != INFINITY && z obj !=

INFINITY) &&
(x_obj > -2.0 && x obj < 2.0) && (y obj > -1.0 && y obj
< 1.0) && (z _obj > 0.0 && z obj < 4.0))({
// printf ("\nPartl\n");
// summation

sum X = x obj + sum X;

sum_y = y obj + sum y;

sum. z = .z obj + sum z;

// printf("summation of x = %f\n", sum x);
i++;

// average value

if(i $ 5 ==0 && 1 != 0){
X _ave = sum x/5;
y ave = sum_y/5;
z ave = sum_z/5;
rounds++;

printf ("\nround: %d\n", rounds) ;

printf ("Class: %s\n", classes.c_str());

printf("x ave = %.2f,y ave = %.2f,z ave = %.2f\n",x_ave,
y ave, z ave);
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//clear value

sum x = 0;

sum_ y = 0;

sum z = 0;

// logfile

pFileTXT = fopen("Position log.txt", "a");

fprintf (pFileTXT, "times= %f round:%d x = %.2f,y =
$.2f , z = %$.2f m.\n",sample time, rounds, x _ave, y ave, z_ave);

fclose (pFileTXT);

pFileTXT = fopen ("Bounding box center log.txt", "a");

fprintf (pFileTXT, "round:%d center = %d,%d \n",rounds,
x_center, y center);

fclose (pFileTXT);

pose.pose.position.x = x ave;
pose.pose.position.y = y ave;
pose.pose.position.z = z ave;

pose pub.publish (pose) ;

}
}

private:
ros: :NodeHandle n_;
ros::Publisher pose pub;
ros::Publisher gps;
ros::Subscriber sub ;
ros::Subscriber subl ;
ros::Subscriber dst sub;

// ros::Subscriber image sub;

};//End of class SubscribeAndPublish

int main(int argc, char **argv)
{
//Initiate ROS
ros::init (argc, argv, "subscribe and publish");

//Create an object of class SubscribeAndPublish that will take
care of everything

SubscribeAndPublish SAPObject;

ros::Rate rate(10);

ros::spin();

return 0;
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Abstract: This paper presents an estimation of 3D UAV position in real-time condition by using Intel
RealSense Depth camera D435i with visual object detection technique as a local positioning system
for indoor environment. Nowadays, global pesitioning system or GPS is able to specify UAV
position for outdoor environment. However, for indoor environment GPS hasn't a capability to
determine UAV position. Therefore, Depth stereo camera D435i is proposed to observe on ground
to specify UAV position for indoor environment instead of GPS. Using deep learning for object
detection to identify target object with depth camera to specifies 2D position of target object. In
addition, depth position is estimated by stereo camera and target size. For experiment, Parrot
Bebop2 as a target object is detected by using YOLOwv3 as a real-time object detection system.
However, trained Fully Convolutional Neural Networks (FCININs) model is considerably significant
for object detection, thus the model has been trained for bebop2? only. To conclude, this proposed
system is able to specifies 3D position of bebop2 for indoor environment. For future work, this
research will be developed and apply for visualized navigation control of drone swarm.

Keywords: deep learning; indoor positioning system; visualization

1. Introduction

The application to deploy drone in indoor environments has been needed, for instance using
UAV to silos inspection, disaster relief, warehouse management etc., Nevertheless, positioning for
indoor environment is the main challenge for researcher. Because GFS hasn't a capability to
determine UAV position as discussed by Mainetti et al. (2014) [2] and Mautz et al. (2009) [4]. Thus,
sensors with high precision, accuracy performance (centimeter level) and low latency are necessary
for UAV indoor applications.

Motien tracking systems use reflected markers to detect position, speed and orientation of object.
UAVs are able to flight at the same time by using markers with different shapes. Each camera has
coverage area depending on the field of view. A ground station receives and processes camera data,
allowing motion-tracking reconstruction. For conclude, Motion tracking systems work as an artificial
GPS for indoor environment. Therefore, with high performance and accuracy they have to exchange
with high cost for maintenance and calibration [7].

Stereo or IR depth perception cameras technologies in robotics are able to reconstruct 3D model
and understand the environment. The high accuracy position and orientation accuracy make these
sensors suitable to perform visual odometry algorithms [7]. Intel RealSense Depth camera D4351
combines the robust depth sensing capabilities of the D435 with the addition of an inertial
measurement unit (IMU). The maximum range Approx. 10 m. Accuracy depending on calibration,
scene, and lighting condition. Depth field of view approx. 87° £ 37 x 58° + 1% x 957 £ 3° with Intel

Proceedings 2019, 39, 18; doi: 10.33%0/proceedings2019039015 wiww.mdpi.comfjournalfproceedings
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RealSense Vision Processor D435i as a vision processor board. Due to lower cost than motion tracking
systems stereo depth camera used in this research as a sensor.

Therefore, this paper present 3D position estimation by using object detection with Intel
RealSense Depth camera D435i as sensor for indoor environment application. For conclusion, this
proposed system is able to specifies 3D position of bebop2 for indoor environment.

The paper is organized as follows: Section 2 Materials and Method describe about model
training, detection, connection and working flow chart. Section 3 Results and Discussion describes
testing result in static and flying test. Section 4 Conclusion describes conclusions of the work and
future work.

2. Materials and Methods

This section provides a description of the Model Training and Detection and Positioning Method
used in this research.

2.1. Model Training and Detection

Model training is one of procedure for deep learning. Accuracy of trained model depends on
dataset, epochs, learning rates and other parameters. In this research, model is trained to detect
bebop2 while flying, take-off and landing with 8000 images of dataset that based on YOLOwv3(coco)
model with Supervisely platform. Dataset’s preparation is important procedure before training. After
images was labeled, these have to do data transformation language (DTL) process viz vertical flip
and horizontal flip. This process is defined with a JSON based config file. YOLO architecture is
provided FCNN (fully convolutional neural network). The images (nxn) are passed through the
FCINN, then output is (mxm) prediction. The convolutional neural network has 24 convolutional
layers with 2 fully connected layers. Altemating 1 * 1 convolutional layer reduce the features space
from preceding layers. The convolutional layers pretrained on the ImagelNet classification task at half
the resolution (224 = 224 input image) and then double the resolution for detection [1] as shown in
Figure 1.

However, the connection of YOLOwv3 with Intel RealSense Depth camera D435i aren't able to
directly connect each other. By the way, this problem solved by using YOLOw3 base on Robot
Operating Systems (ROS) or Darknet ROS package work as ROS bridge.
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2242 22+2

Figure 1. YOLO's architecture [1].

2.2, Positioning Method

3D positioning systems for indoor environment using Intel RealSense Depth camera D435i is
utilized as a positioning sensor which set origin coordinates X = 0 at middle of camera’s frame, Y =0
at ground level and Z = 0 at position of depth camera and detect Bebop2 with YOLOv3 object
detection. The bounding box pixels of target object on screen size 640 » 480 pixels send to points cloud
topics of Intel RealSense Depth camera D435i that collect the coordinate x, y and z in every single
pixel. For receives the coordinate x, y and z in meter unit, coordinates pixel center x and y from
darkmnet ros [3] send to points cloud topic with point cloud library (PCL) for transformation of pixel
to meter. Moreover, there is some noise from the pesition x, y and z in meter after transformation
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that could filter. This research, using average method with 50 window size of data as a Noise filtration
method. In additional the schematic diagram of working flow shown in Figure 2.

Stat ————* X and Y from darknet ROS ———  Point cloud transformation
[
v

BEnd: 4 Naise filtration b e X, Y and Z in meter unit

Figure 2. The schematic diagram of working flow.

3. Results and Discussion

In test implementation, Bebop2 was employed as a target object the camera by setting above
the ground 45 cm. Testing area for indoor environment with area size width (X) 2.5 m., depth (Z)
25 m. and height (Y) 1.5 m. and minimum depth 0.5 m. The camera calibrated before testing in 6
positions randomly. The coordinate X and Z is the camera position and Y is ground. Setting up for
testing is illustrated in Figure 3.

00 %+ |

Figure 3. Setting up of camera for testing.

3.1. Static Testing

The testing performed to estimate the indoor position of UAVs. The estimated x, y and z position
of the UAV at several positions are collected and the example results is shown in the Table 1.

Table 1. The indoor positioning system result. x, y and z between the measure and actual position of

the UAV.
X(m.) Y(m.) Z(m.) MeanX(m.) MeanY(m.) MeanZ (m.)
1 15 25 0.99 15 255
05 1 2 0.58 1.09 197
-05 05 15 046 0.48 15
0 0 1 0.04 -0.06 097

The system able to measure accurate position in x, y and z where the mean of the estimated
position values is close to the actual values. The system has standard deviation about 0 due to noise
filtration from calculation process in coding. Moreover, comparison with GPS system for outdoor
environment which has accuracy about =3 m, Thus, this positioning system is more reliable. The
additional results of object detection are demonstrated in Figure 4.
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Figure 4. Result of object detection while static testing.

3.2. Flying Testing

Testing perform to estimate indoor position of UAV while flying and 3D trajectory plot with
MATLAB program. Height (Y values from system) is altitude from ground in unit of meter, depth (Z
from system) is distance from depth camera to UAV in unit of meter and X value is width from
middle of camera. Moreover, the calculation process with fast process since position is update at a
frequency less than 10 Hz and variance is acceptable. However, there is some mistake during testing
due to model that is sometime unable to continuously detect. The result of flying test is shown in
Figure 5.

Figure 5. 3D trajectory plot of UAV by MATLAB with indoor positioning system.

4. Conclusions

UAV for indoor application has become increasing popular in application viz disaster release,
mapping, indoor inspection etc. This research present one of choices to specify 3D position of UAV
for indoor environment by using deep learming with Intel RealSense Depth camera D435i. The testing
results show satisfy performance of system with low variance, high accuracy with maximum error
about 10 cm. and fast by updating position at frequency less than 10 Hz. However, sometimes the
camera system was unable to detect object due to trained model. Therefore, for future work, the
trained model performance need to more improve by training more accuracy model. Moreover,
filtration process will be applied with advanced techniques including Karman filter for more
accuracy and this system will be applied to specify 3D position and navigation of swarm drone.
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Abstract

The purpose of this paper is to explore an automatic balancing system using the
proportional integral derivative or PID feedback control algorithm in quad-rotor
Helicopter, so-called quadcopter, with the center of gravity, moved on account of
payload. Nowadays, the quadcopter widely used for a variety of applications due to
high stability performance. In many applications in quadcopter usually carried a
payload in the middle of its frame to maintain the balance during flight. However, the
application of quadcopter could be a contributing factor to increase a payload on one
side and can lead to an improper position of the center of gravity. This study set out to
investigate the use of the mass of battery and landing gear to create a counterbalance
to compensate for the payload. The stabilization of the balancing system was
implemented by the PID control algorithm to control the counterbalancing of the
quadcopter. The current study found that the PID control algorithm works well to
maintain the balance in a quadcopter with the center of gravity moving during flight.

Keywords: Balancing System, PID control, Unbalance of Quadcopter

1. Introduction

Since it reported in the early 1900s, a multi-rotor helicopter has been attracting a lot of interest. In the
1920s, there has been an increasing interest in multi-rotor helicopter since it has been used in the
military. One of the greatest challenges of the application of a multi-rotor helicopter is its huge,
overweight, and instability in control. In a few decades, the technology in the field of Unmanned
Aerial Vehicle or UAV has been developing continuously. This type of UAV aircraft was developed
to a smaller size to suit the application. It also used in military and civil missions.

Nowadays, a quadcopter is considered as multi-rotor aircraft and has been widely used due to its
lightweight and high-lift force, vertically take-off and landing. It has become a central issue for
hovering in the air and remains stable for flight control. This type of UAV aircraft consists of four
rotors at the end of the arm. Its movement is allowed an adjustment of the rotor speed independently
so that it can control a pitch, roll and yaw. The quadcopter can play an important role in addressing
the issue of carrying a payload. For instance, it can be used as a camera for aerial video and
photography, gripper for pick and place the object, transportation of goods. Generally, the payload is

Corm:m from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
[ of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL

Published under licence by IOP Publishing Ltd 1




116

10th TSME-International Conference on Mechanical Engineering (TSME-ICoME 2019) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 886 (2020) 012006 doi:10.1088/1757-899X/886/1/012006

usually attached in the center of mass of the aircraft body to maintain stability during flight. However,
in some applications, the payload 1s mounted out in front of the body because there is not enough
space in the center of the aircraft frame.

Studies of quadcopter show the importance of improving PID control so that it can increase the
stability in aircraft control [1-4]. Moreover, several attempts have been made to investigate an effect
of variations in center of gravity such as the response of rotating speed of the rotors [5], the PID
control used to stabilize the quadrotor with dynamic change in center of gravity on account of payload
[6]. In particular [7], this research has established the solution to maintain the stability of multi-rotor
during flight using landing gear. And, it has been acting as a tail in a mechanical system to create a
counterbalance to compensate the payload.

In previous research [8], we have presented an automatic balancing system in quadcopter using the
aircraft component as lithium polymer battery, which energizes the whole system to create a
counterbalance to compensate the payload attached on the front of the quadcopter frame. The method
of the balancing system implemented by PID, which was used to control the stabilization. The battery
had linearly driven a servomotor to create a counterbalance. As a result, the response of the previous
system was quite slow because the movement was changed from rotation to translation. In the
previous work, it had not been mentioned about the improvement of PID control.

This paper 1s to explore the relationship between a new model of a quadcopter and automatic
balancing system using a combination of the mass of battery and landing gear. It is also fo create a
counterbalance to have a faster response and to present the process of improvements in PID control of
stabilization.

2. Concept and Method

This section discusses the model and design of the quadcopter and concept of balancing system. The
S-500 PCB quad-rotor frame was used. The quadcopter consists of four motors, there are two motors
rotate clockwise (CW) direction and two motors rotate counterclockwise (CCW) direction as shown in
Figurel. The moment force around the vertical axis of the aircraft body was compensated for each
other.

:""/';J&‘I("”
X Yi L -
" Thpgst 4 y 3
N%.utl (o)
& Yaw (v @“.
() Front i) A

Figure 1. A free body diagram of quadcopter X [9]

In this study, the balance situation with the equally PWM signal value of four motors used as a
condition. The unbalance situation simulated by installing a payload on the front of the aircraft frame.
The PWM signal value of four motors was unable to have equal values. From this data, the PWM
signal values of a pair of front motors showed greater value than a pair of rear motors. The lightweight
aluminum bar is attached to the front of the aircraft frame so that it was able to adjust the position of
aluminum block to simulate the movement of the center of gravity when carrying a payload (see
Figure 2). Figure 3 provides a free body diagram of a quadcopter with three situations.
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a. Unbalance system in a real situation b. Unbalance system in a simulate situation

Figure 2. Qu.adcopters with payload
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a. Balance situation b. Unbalance situation c. Balancing

Figure 3. Free body diagram of a quadcopter with three situations

For the balancing mechanism, a couple of high - torque RC servo motor was used as an actuator at
the landing gear joints to fold the rear of the aircraft frame and to compensate the payload. As can be
seen from Figure 4 below, the battery was mounted at the bottom of the landing gear to increase a
balancing capacity.

Figure 4. Battery attached with landing gear
The advantage of this balancing mechanism is a faster response than previous research [8] because
the folding angle of landing gear depends on the angular angle of faster servomotor. Table 1 shows the
aircraft specifications of some parameters.

Table 1. Quadcopter Specifications

Parameter Size (grams)
Take-off Weight 1,695
Battery 235
Payload 330
Landing Gear 240

3. System Integration

The method of the study based on the main hardware of the quadcopter using the lithium battery as a
payload and power source to create the balancing force. Pixhawk board for control stability and
movement of quadcopter and receive PWM signal from the transmitter through the receiver.

3




118

10th TSME-International Conference on Mechanical Engineering (TSME-ICoME 2019) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 886 (2020) 012006 doi:10.1088/1757-899X/886/1/012006

Moreover, there is an Arduino board as a processing unit to control the servo motor for controlling and
balancing the system (see Figure 5 below).

BATTERY | | PoWER |RCTRANSMITTER |
(LIPO) MODULE

RECEIVER

‘455(;]."“."1 FLIGHT | ————

CONTROLLER 2SERVO | ’
(PIXHAWK) | | { sorors | I
. I Vi j
4 BRUSHLESS -

MOTORs 1 ARDUINO . )
. st vl 1 UNO(PID) ; | Automatic balancing system by

LES = | retraction of landing gear

- .

Figure 5. A diagram of a hardware system

By the way, it can be seen that complete systems need more than one hardware system, it also
needs software and controller to control the systems. It is apparent from the diagram that the
proportional — integral — derivative or PID control is applicable in many industrials and a wide range
of research. This controller response is able to correct by tuning three values as Kp, Ki and Kd to
create minimum errors.

It suggested that PWM values of a pair of front rotors have equal value and set as a set point. It
also has equal value and set as a process variable. As shown in Figure 6a, the setpoint value as an
input was sent to the PID controller to control servomotor until a process variable converges
effectively to a set point. Besides, the process balancing system starts with tuning PID value with trial
and error method in the Arduino board. Arduino board receives PWM values from Pixhawk and sets
these values as setpoint and process variable. These values sent to the PID controlling process to
control servomotor for balancing system. The schematic diagram provided in Figure 6b.

|
| Recaiving PWM value from 1
Pixhawk to Arduino
- = - 1 1
Set-poi I() |
oot PWM | Servomotor I
PWM (Front ritor) [ 1 1
| |
|
! 1 |
N ‘ PID coatrolling l
] Process variable 1 1 )
PWM (Rear rotor) |
Iy &y £ of £ D e iRy | )
1 / Sending PWM signals to
/ control servomotor. |
. I
e R p—
a. A PID block diagram b. A schematic diagram of the balancing system

Figure 6. An automatic balancing system diagram
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4. Experiments and Results analysis
This section shows the experiments and results of the study in four cases. It consists of a test that is
with a payload and the test without a payload. It also comprises of a test that is with balancing and a
test with a static balancing. To study the behavior of the PWM signal in various cases, a flight plotter
program was used to analyze the data.

4.1 Testing without a payload

From the data in Figure 7, it is apparent that the stability of quadcopter is the most important issue
since the position of any devices that set in quadcopter has an effect on PWM signals. We can see that
the PWM signal values almost have equal values about 1700 (see Figure 7 below).

PWM signal values

Motor 1 (Front)
Motor 2 (Rear)
Motor 3 (Front)

Motor 4 (Rear) \

Y rETEaT TR E R T RTE

Time(s)

Figure 7. PWM values response in case with balance.

4.2 Testing with a payload

As Figure 8 shows, there is the 330 grams payload attached in front of the frame (15 cm), and it
displaces between payload and center of gravity. The result shows that the PWM mean value of a pair
of front motors (approx. 1700) was greater than a pair of rear motors (approx. 1550). Hence, the
system of quadcopter has to maintain stability by increasing PWM values of the heavier side, as

shown in Figure 8.
WM signal values

Motor 1 (Front)

e Mictor 2 (Rear)
l ——— WOROL.3 (FrOnt)
_____ Motor 4 (Rear)

Timeds)
Figure 8. PWM values response in case with unbalance
4.3 Testing with balancing

As seen from the data in Figure 9, the folding of landing gear to the backside used as a counterbalance
for the balancing system. The trial and error method used to find PID gain value (Kp, Ki, and Kd). It
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also used to control the rotation of the servo motor. After trial and error tuning, there are Kp, Ki, and

Kd values that suit this system and they have chosen as 0.0375, 0.0175 and 0, respectively.
PWM signal values

M«W\ M/‘/\'" w"'\/x/“
‘J’. - ‘M“f’ W.M\M,_/» AT LA '

( Start activation
automatic balance system Motor 1 (Front)

|
————— Motor 2 (Rear)
f ————— Motor 3 (Front)

Motor 4 (Rear)

Time(s)

Figure 9. PWM values response in case with balancing.

As can be seen from Figure 8, the result demonstrates that the PWM value of a pair of the motor in the
same diagonal line has converged to each other. The settling time is about three seconds and without
overshoot of servomotor.

4.4 Static balancing test

After testing all cases, there is a static balancing test to make sure that these gain values are able to
maintain the stability of the quadcopter. By testing the tilt angle of the quadcopter in three cases, the
data shows balance, unbalance, and balancing. The 330 grams payload was attached at front of the
frame in unbalance and balancing test with displacement 15, 17.5 and 20 cm, respectively. A payload
at the center of gravity of quadcopter (Kp, Ki, and Kd values) was chosen in testing 4.3, and used in

balancing test (see Table 2)
Table 2. Result of static balancing test

Angle (Deg.)
Displacement Landing
(cm.) Balance Unbalance Balancing error gear
retraction
IS5 0.91 15.09 2.70 1.78 44.95
75 0.93 17.88 1.86 0.92 45.58
20 0.54 20.54 1.60 1.06 76.08

As shown in Table 2, it is apparent that the displacement of the payload has an effect on the angle of
landing gear retraction by increasing displacement. Also, it is able to increase the angle of landing gear
retraction. From the data, we can see that displacement of the payload has direct variation to an angle

of landing gear retraction (see Figure 10 below).
7 i l Vg )

¥

77 Unbaiaglce Balancing
Figure 10. Tilt angle in any static testing case.

Balance
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5. Conclusion

This study has found that generally, the balancing system by folding landing gear with 475 grams
counterbalance payload due to the building of quadcopter with 330 grams of payload. The most
obvious finding to emerge from this study is that the PID controller used in this balancing system for
maintaming the stability of quadcopter with Kp, Ki and Kd values as 0.0375, 0.0175 and 0,
respectively. The results can also be summarised as follow:

5.1 In balance case (without payload): PWM signal values of 4 motor have equal value about 1700.
5.2 In unbalance case (with payload): PWM signal values of a pair of the front motor is greater than a
pair of the rear motor.

5.3 In balancing case: PID controller able to control a servo motor with three seconds of settling

time, without overshoot and maintain the stability of a quadcopter.
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