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ABSTRACT

This project is initiated to study and to develop Drone detection using vision-based
machine learning techniques. The purpose of this system is to solve problems of drone invasion
into restricted or confined areas; for example, airports because drones can be harmful for aircrafts.
The system is so light-weight and able to exploit on Raspberry Pi 4 because it is low-priced and
easy for installation. Furthermore, the user interface is web-based which allows the users to access
live streaming video for human inspections. Also, it will notify whenever the system detects a drone

invasion with captured images in real time.
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Operation
Embedded Linux OS

System system

Online visitor  |Support 4 visitors at the same time

Image Capture [Image sensor 1/2.4 inch 1536p Progressive Scan CMOS




711314 2.1 Features and Specs of VSTARCAM C61S (Vi’e‘l)

Image Capture

Minimum

0.3~0.5Lux (Color mode) ,0Lux (B8W Mode)
Illumination
Lens 2.3mm@F24
View Angle 180°

Dual Fiter,IR-Cut, 3pcs 850nm Infrared array LED; IR
[Nightvision

irradiation distance:5~10m

Encode format

H.264 main profile@levels:4.0/Motion-JPEG

Three Stream

Main Stream:1536P (1536x1536) @15fps

Bit Rate 128-~4096kbps
Video Maximum
151fps
frame rate
Image
Contrast, Brightness, Saturation, Hue
adjustment
Input Built-in -38db microphone
Output Built-in (8(21W) speaker
Sampling
Audio frequency / 8KHz/16bit
width
Compression
ADPCM/32kbps
standard
Ethernet 10Base-T / 100Base-TX, RJ45 connector
Protocols TCP/IP,HTTP,TCP,UDP,DHCP,DNS,NTP,RTSP,P2P etc
\Wireless LAN  |IEEE802.11b/g/n
Network  wireless LAN
2.4~ 2.4835GHz
[Frequency
Wireless LAN

security

64/128-bit WEP/WPA-PSK/WPA2-PSK data encryption




#1919 2.1 Features and Specs of VSTARCAM C61S (Vii’))

TF Push-push socket,Maximum support 128GB; Cloud
Memory Socket
Storage
Alarm |Alarm Trigger |Motion detection
Rated voltage  |DC12V+£5%
Power
Related power:6.24W(IR on)
consumption
Physical
Operating
Environmental Temperature:-10~50 C°,humidity:90%
condition
Weight Gross: THD g(Note: in kind prevail)
Package size 196X183X110mm (L'W'H)

d
31 2.1 ;mwanaualszian Circular Fisheye




2.3 Library TensorFlow

TensorFlow (1)1 Python Library 1111 Open-Source ﬁg’ﬂﬁ’wmﬁﬁuuazﬁ'mﬁaﬁ’uﬁwdw
Brain Team U84 Google TensorFlow Qﬂal%}ﬁiﬂ%m%ﬂu Algorithms Glﬁijﬁllﬁmslsl}ﬂﬂﬁjﬂ Tensor
Operations T1UIUIN Lﬁm%m Neural Network a3130uaaid)y Computational Graphs JEAEN
Saawasnti 114451y gavean1s Operation U1 Tensors 1a814 TensorFlow 84'l1n31151
Tensors IM@HA® N-Dimensional Matrices vz 1ddmsueiinomansdoyavesna

TensorFlow ZIAMULANAI991N Numpy a2 Libraries o1 9 Taovz4701¥if1 Graph vaeq
amldieanna Favinam 1y Numpy 1io Scikit A9z Loy Optionfz VUFIN50F7Y
Train CPU I&1¥u0619% 59953 GPU 404 Distributed Computing 4809101 TensorFlow gagn

14u Application AIUNINVDY Google #115UN13M1 Machine Learning

L

ensorFiow

gﬂ 2.2 fﬁlﬁfﬂ}mi TensorFlow

~Aq Y 2 a g . s
API 499 TensorFlow 711911 1A5391111A0 TensorFlow Object Detection API Taenilu open
source framework 11M15911974 Machine Learning N191411599994M35 Classification 1az
.. 1% = 1 ¥ Ag Ao o o ao =
Localizing 1019 1a8% Model 413 ) 110W8NINIUNNNIHAZ Model NTA1INII98 Tagnu
1R 9 ~ =\ 79 Y o
Y94 TensorFlow 811115019 Model 11113 TensorFlow Iuni)szgna lanuauvedst Tag
i : ' o 13
15781015091 Transfer learning ABMANANINIUEIUVDY Model NiMsaouazlsua1h
@ N J Yy 9 Y d ' A Yy A '
winmimeiag q Budmnasraiu Model v ms1ensnazdoisuao Model 143 910
) Yo v = ) A 2
quageldindoyalumsaeuniuin lsnau nazmsilssuananuiniy
I <3 a o o [ o o
TensorBoard (HuAuuennamsud msuasinasy uaana uazinliwnlamsmauues
A o v o ] A g}z = % 9 A Y [
TensorFlow Nf183110¢ 11312 11599994 Neural Network Hulln1ususou e lndieaons

e lauddyazimulsz@nsnm1aUsunsy TensorFlow 119 Google 39 lanaage



A oa A ) Ay S 9 X
in5e9lel laea 115019 TensorBoard WO a5 190 1NN TensorFlow Na319¥uNaRULag
9 a a =3 A (% =) 9 9 9 A a [] ~
*UfJﬂJ“miJﬂ'iﬂ!.‘N‘]Jiil']mLﬂEl’Jﬂ‘lJﬂ'lﬁLiﬂﬂi“]fﬂﬁ'l“l/\"ll@\iPﬁ%\i'll‘llmwlﬁﬂ\‘lﬂl@yjmwumu U DINN

gy M eaeMIaTINaUNANTINT U

TensorBoard SCALARS IMAGES TIMESERIES PROJECTOR INACTIVE ~C e
] Show data download links Q, Filter tags (regular expressions supported)
Ignore outliers in chart scaling

Loss 5A
Tooltip sorting method: default -

Lossfclasswn:anon Inss Loss/localization_| \nss

tag: Loss/classifica tag: Loss/localization_los:
Smoothing

—_— 0.6 |
Horizontal Axis r
RELATIVE WALL
Runs w2k k| 4K [/ Bk k M. W 4k
o= =
Write a regex to filter runs 4= D El
p Loss/normalized_total_loss Loss/regulunzdlmn Ioss
O train &5 To8s/nonmalized_totalloss tag-Loss/reqular
T |
TOGGLE ALL RUNS 1ol I 0030 |
1] Y I
3U 2.3 Hinmaaadia TensorBoard
. .
2.4 Shinobi

=\

) .

Shinobi 1)1 Open-Source CCTV Solution N1gnileuae Node.JS tazgnaanusonuuy i
aunsasessumslsaunionnu ldnaieiay® Tagansafiginsaadedeanssening
Web server N1 Client 1@11111) Real Time (8% Shinobi 14150174713 10910 IP Cameras %3 ©

nnndeeia a1

51/ 2.4 deydnwual Shinobi



10

2.5 Machine Learning
=) 9 A . . | =2 o a =R a s
N13538U3Y0UATON (Machine earning - ML) tilun1sfinyidanes Nuvesneuiinnesni
o )=} 9 A 1 g 1 ~ a 4 o a R Y
M Msiseudveunyesgnuesiniudiunilavesifyailszang lagdanesnuain
o a 14 9 (% 1 A A d A v A 9 o ]
ppuSiasanndiamans mIndoyadied1a e Nzaamsainseandnle laod ety
Y o 1T @ ga A 1 Y j’ A
T Tsunsu inehiutidvzezanvsenlar Tasmsfeudeya anudu guwgil ussaw uag
o a g % 1 [l . a 4
il Anszdan mndigduuaing1n desnevauetediels Flumsadilyailszavg
¥ a ga S o A ' Y19 ¥ &y
suvaudn gysuTusunsweziuausmuaeulann od1a1d duvedoyauvviides
[ 1 a d o g [l o A A A
aovauetedls ualyalszavganvaziiag luawnsaies s venmilenineulan
o ! <3| o 4 { ]
AvouTdsunsuimua’ldld Fazidlumsd vinmiuansoGeudiesls Weomeguuy il
' v o 9 ' = Y v R
gverIne Nunzausainelanaisneuduesadisls minmsBeuiveiu uiy
= A vy A
Nnves M3 Feujaeniod

J

. f Yy 4 < A X g o P a
Machine Learning #30 m3fseujaionso ifumatanieanldlumsadnilygrilszavg

X a 1o & 4 1 4
a9 Taygnilszavg isuiludedlsmsizouidonsouaue 11 uamnldmsizouiveunsoslu

Y o Y a J a A 2
msad g lv Jaygnlseaugidseaninmaniu

Supervised
Learning ‘

e @AM Machine

Learning

8y \ . Ay
31 2.5 Usziamveamsi3e13uea Machine Learning 11109A%

2.5.1 INANAYDI Machine Learning
= Y Ny . .
2.5.1.1 MSI8UIUVUNNTDU (Supervised Learning)

A ~ 9 A v oA 2 V1 ]
o ﬂqi‘ﬂlj“ﬂ@Qﬂf’]EJLLfJﬂTJ53!ﬂﬂﬂ§@u@ﬂﬂaa7‘|‘ﬁ%ﬂﬁﬁﬂ$Lﬂu]’lfla’flﬂﬁ‘HW

(2 []

Y v
nniuldioyadiegrslumsdnaouiirldriudanasnudmsSuadaluean 13dmsy

L4 v d A a ds( A A =) Y a ds( Y Yo Y A A A []
ATMANITUNAANTAN €] NISNAYU LHBUNITLIEUIINAVULLAN ”lwmmegaiwwmsmm‘lumﬂ

[~ o . Y A A . . té T d%' 9
MUNINIT mput lsU"I]l‘]J 1139340 Machine Learning ﬂ$ﬁ1ﬂ1§ﬂﬂ1ﬂﬂ1§ﬂlWaaW‘ﬁ'ﬂLﬂﬂ"Uuhlﬂ


https://th.wikipedia.org/wiki/%E0%B8%9B%E0%B8%B1%E0%B8%8D%E0%B8%8D%E0%B8%B2%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%94%E0%B8%B4%E0%B8%A9%E0%B8%90%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B8%88%E0%B8%B3%E0%B8%A5%E0%B8%AD%E0%B8%87%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B8%84%E0%B8%93%E0%B8%B4%E0%B8%95%E0%B8%A8%E0%B8%B2%E0%B8%AA%E0%B8%95%E0%B8%A3%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B8%99%E0%B8%A3%E0%B8%B9%E0%B9%89%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87#ประเภทของการเรียนรู้
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2.5.1.2 msﬁﬂu%smu"lﬁﬁé'aeu (Unsupervised Learning)

~ P 2 v v " ’ D)
ﬂ15l5EJL!ELL‘]J‘]JHLi'lilgﬂ@usll’ﬂlluaslﬂHﬂ NMIUU vl,ll ﬂ@ueu’ayjaeum’aﬂ Tﬂﬂ

o o (g ] 1 1 1 < y a 1
TdsunsuazimsBouiaioaes medragu msutsngudveadadiiSuuaz duas aua

U
v
9 = 1

= Y a ~ 1 1A Y A
1 mﬂiﬂfmﬂuﬂﬂmsauggmuu I‘JJSLLﬂilﬁlz’ﬁnﬂiﬂLL‘]NﬂqMﬁ@’i)ﬂﬂﬂﬂlﬂﬂﬁ@ﬂﬂ@ﬂﬂ@ﬂﬂll

Q
4

2 3 a ' ! = a S &£ d 9 18 aa g
Youmhduuaznguuesduas Funnsmiudaduaunviladald T sunsumetudadiiiy
= Y ' - oA A ' = n o
doz 15 Tilsunsuazao Idiissn Wadteglunquitdesdionguuesduas ud liansoven

Sllddyd 2 n Y ax ' 19 9 = 9 a9 ¥ a4
1871 atldluduaawsiz bildaon F5msutisngudeyadiemsFoniunu lulidaouiuiye
iFon31 MIuINszyNUoYa (data clustering)

2.5.1.3 maﬁw%nmma’%mm (Reinforcement Learning)

A3

A A A Az . . = ~
fo lﬂﬁﬂﬂﬂ@gﬂ!lﬂﬂ‘l‘llﬂu Artificial Intelligence (AD) NTﬂV]q@ INTISASLIYUT

QU

=1

{ A o ] I [} o 4 1
wazilasu ldawaanadondiediansaiiuvin i lanfe szuy Al ¥931“Alpha Go™h
Y
WA 1A U3 HN Deep Mind 494 Google 111 1ag Alpha Go lasiimswanmazdnyzluny
~ A ) A o 3 ! o = A A
nMsieuveusoulngnalan towauniugduuumsauvesdnes Haduemu

= v o J 1 v 9 g’/ o 9 a 4
AITUTINITD IﬂEJPjﬂﬂﬂ@]ﬂl@ﬂiugﬂllﬂﬂﬂ1ﬁlauﬁ’l\1 q HUATUAT 1/11114?(1%15031?1513??1%
E4

' ! 2 = o A sy A ' v
llagla‘Lll,f‘l\iN1ﬂﬂluﬁ]ua‘1u’]§ﬂ%uglcﬁﬂuiﬂz53@“1'@1ﬂclflllNﬂ@muqqq@iuﬂqilauiﬂgqﬂ

2.6 Deep Learning
~ Y = ; & & = Yy 4 a
NI YUIIBIDN (Deep Learning -DL) uJumﬂnwuwmﬂmiﬂugm&mim Tﬂﬂlﬁﬂu!m‘ﬂ
4 o a dyddy 4 o 4
U191N waaﬂizﬁmmmwyﬂ mﬂuﬂunwugmmmmwaimﬂmau Iﬂﬂu”ll"“lfﬁﬁﬂigﬁ”m

J = A 3 o < 1 ~ A . .
nay 9 EFANUTEIND N T 9 IMUIUUIN Wy lnsevnedseamiion vse Artificial neural

]

% ' v = A < @ o X
network (ANN) AI8819U09 ANN 418 9 A9 oAU UHUFUY gﬂqumu%aﬂm‘lﬂﬂizmawa

Yo 1A gd o
Llﬁ$1@ﬂ1ﬁﬂﬂlﬂ'ﬂ aUfsguUY

Y ° v IS . = A A 3 A o '
21131918993 ANN i]ghlﬂ 3§3U ﬁqulﬁﬂlﬂu mput UUWIIFAINAUITUHU A quﬂl AU

v A A

& . ¥ { ¢
1Hu Hidden layer 3ov'ldnua@enszvuraadseamluaueusidszuiana uag Output layer

Y
1 IS

A o da Y 9 2 I v = g}J J dy A @
o WaaW‘ﬁﬂﬁqﬂ@ﬂﬂN’ﬂﬂﬁ’lgﬂ’l ﬁdulﬂuqu"lj FINMIFTUTIUU ﬂgl‘]f’f]lljﬁl\iﬂu



' A3 A
aIunann

INPUT
LAYER

)

HIDDEN
LAYER

g‘IJ 2.6 Tﬂiﬁﬁ%]»‘ﬁl@ﬂ Artificial neural network

OUTPUT
LAYER

Y Ao v

w5 Iagdaiuilsenoy

AUD Neural Network ﬁ’t’) Neuron MK U INAMUIUNAA

Weight 1
Input 1

Output
Weight 2
Input 2

Neuron

51 2.7 Tas9a319904119504 (Neuron)
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M5 2.2 MasingaIvlsznouvaatiiseu (Neuron)

VoA 9 ~ = 9 kY
Input AINTUVININ Neuron ﬁ'nJ']ﬁﬂiJGU']lGU’]llﬂﬁa']ﬂ"’U']

@ 1

I 901 {1 1 1 g‘/ o
Weight | Humsliihminvesvuaazidadiun Tasliasening 0-1 9191UA Neuron

A o a 9 A = o . A ¥ ya o o
MNITLITIUILTDY 9 ﬂguﬂ’lﬁﬂjﬂ welght LW@GlWllﬂ Output 1ﬂﬁLﬂﬂQﬂUﬂ1ﬂ@ﬂ

U

=
WANga

Bias Afaggaeliminneglusening o - 1 18 Tasaziluavguuazdsy

4
Output WOANT

4 9 @ 2 < = o . 2 Y 1 '
11pa519A2 Neuron U1 Nazlimafmvua Weight i5uauldnuuaaza Input Tnemsguy uaz

iietstfou Input Az Output 7 Neuron 92¥11M13HINATINYDY Input U Weight Tuudaz

S A 1 : Y o 9y o Ao ) 3 Y A
Y1 AIMNUUUINAIDU €] LYY Bias u,mm"lﬂmnﬂqﬂ%uwm Neuron Ll“Llﬂ'lT‘iuﬂ]l’J 138N

. . . ! . . . — 8 . . = %
Activation Function ¥ Sigmoid, Hyperbolic Tangent, Hard Limit, Rectified Linear Unit Wuau
I P x 1 A o F) g ] @ a ~ 9
A9z 14 Output @4A1 Output NFUIAUN 1A 92 THaTI0Y Output 93¢ 9 Ms1tfowdnlal 3

A A a A Yy s 9 A Aa '
ANUAAAAADY 1TBINA Error NA 113041 18A28 Cost Function Taeis1ve Idmatianisend
. A o 1 g}.l @ 1 . | oA yy Y1
Back Propagation ADN1311A7 Error U315 UA1 Weight tag Bias 11ai twa 19 1881 Output
Y o v A Y {
IndReanuNadnE NS AN ITIINNGA

Tun1sana Cost function 13193 1INATIANIZ 8N Gradient Descent H39N15IAADUAIAY

v 9
=

&Y d‘ 9 1 :) d v 3 [ 1

anuru nazlslunisviaidigaveafandu luiiife Cost function TasazneosSual

. . v J . < Y A A
Weight 910 Cost function Tﬂﬂmsmauwumm cost function t1azis 19z UAdoUR 11 Tu
a A =1 2’, & A 1 1 g’/ da@’ [T =) F .
Aamala mandeniasinilsazinaonldim v Yuegnuonsnsiseus (leaming rate)

o { 4 ; d d 1
mmualdgaldunungldindouasllinadige Nemvznatailunse Taadm 1 ua

° . Y oa < 0. q ¥ 4 Ay 0o q ¥ '

WINHIMUA leaing rate oo 1) Nazhildmamdouiduin Mldidenawin niae

A Ay (= o
Lﬂa@u%ll‘]_]ﬂ\ii]ﬂ@nq@]
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J(w) Initial

'/ Gradient

/
/
/
1

Global cost minimum

_— Jmin(w)

— >

v
o

4 »
51 2.8 manaeuasmua N lmgadiga

= A A o Y Aa o <3 ) Y a 4

111313 Neuron 30 15aanMuuINuAIIviLasdszuiann ﬂ%z‘ﬂﬂ‘ﬁﬁ"llﬂiﬂ’)tﬂiT%‘ﬂ
Aoy Y & ' v . A @ .

oz lsndudonld FannuuanA19521 319 ANN L Deep learning A9 3&A1 hidden layer Tu

Deep learning WA

Simple Neural Network Deep Learning Neural Network

@ nput Layer ) Hidden Layer @ Output Layer
31 2.9 nf5puinavinssa319v04 Simple Neural Network 1122 Deep Neural Network

2.7 Convolutional Neural Network
. A ' . I ]
Convolutional Neural Network (CNN) 159 Ta5991915 @MUY Convolution 111 TAsavie
Uszaneusianiie F392a19910 Iasaedszanieuuuusisual A U5 lsmaiia

. A 13 < I d” A A ) 1 X Ao
Convolution Vli]‘éi"l]"lﬁi’Nﬂ"lﬁJ’leﬁu‘U’fNiJHHEJVI?J’EN‘W‘LWIE']J‘LWIEJ@EJ q HAZHINQNUBINUNYDY )
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ES @ A a 71 A Ao o & 1A =2 o Y ) 9
HuRa UL edmsizinasnmauiuegioss 1s 3 ld onn gmih 1) 1daulums
{ A [ < ]
ufym Classification MpernugUnn lailued1ed
2.7.1 Convolutional Layer Usznoulidae 3 aaundn q laun

2.7.1.1 Convolution stage

=

9 9
@ < 0
Tuaouiloz a3 Filter 150 Kernel wiaunuginiwitilu input 111 Feature
A @ ' = 2 . < () 1 A
map (WBUENAMANYMZYDI3Y 15U You 31n39 & Tagazdl Stride 1JUAIMHUATUIINZIADY
9 1 1 :ﬂ' 1 . = a d' 1 d‘
Kernel 11@208 Step 1911115 Tumsidou Kemel auen Stride 9zl u19u5nad luawnsodou
9 a A = o Y I =
18 mszimuvinavesgl Taemmzusnaveuveagl Fwei i e sanuseazidea
Ao o Y= 9 9 A . A g ' S A a1 A A
Yo MNd 1Ay 14 39d09 1% matin Padding Tunsinudoyasugudnion1an1a « 1oty
£ 4 =
nunglusnuvey
2.7.1.2 Detector stage
g 2 o o Y 1
VUUIZMIN3UT Output 910 Convolution stage Wtlaglviodlugilvea Non-

linear Tau 1% Activation 191 Rectified linear Units (ReLU) tial@azainlumsiuin

2.7.1.3 Pooling stage Pooling
g ) v g a2 A A o
LﬂuﬂTiﬁﬂﬂmTﬂﬂlﬂyﬁiﬂmﬂaﬂ Iﬂﬂmﬂﬂﬂﬂa&@ﬂﬂﬂﬁ”lﬂﬂlﬂlﬂﬂ Input (W31

S| a 9 { 9 o A 1o 9 o Y
1uﬂ’)13JL‘]JH%§'Q Lﬁ'lﬁﬂJE]iJaﬁ@]@iﬂ'lLuuﬂ"ﬁlﬂ@%iﬂﬂ mﬂm"lmmmiammmmua %31/]']114

U U

= A [ o a a o o v g Y
Lz’fﬂnamamﬂam‘ﬂiwmﬂﬂummnuumsmuﬂammrﬂu Llagﬂ\uﬂuﬂ'ﬁuﬂﬂﬂgWW

a a

3 2w { Y /| Y [ <
Overfitting lanne #a8anesnunienlsae L2 pooling 148 Max pooling 11 layer 6a 11/ No19
o ¥ a ' 9 <3| ! 3 . .
MEUAY LA Layer FANIY Aouilu Fully-connected Neural Network 1W0%1N15 Classification

1 dnadnionnin

/
: [

— CAR

— TRUCK

— VAN
| O

— BICYCLE

INPUT CONVOLUTION + RELU POOLING CONVOLUTION + RELU POOLING FLATTEN EMLLY SOFTMAX
CONNECTED
FEATURE LEARNING CLASSIFICATION

51 2.10 Tnssa319909 CNN
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2.8 Object Detection Model

[ =

@ a 14 o i A [

Object Detection N15A529313AY A0 (MA TuTadluneneunuaes Hann1INAeINY

{ v W a { o ] 4

Computer Vision 11a% Image Processing 119 11u31u Al @529903a9iaNfvua 1y uyud

' A A A
s08uA 91013 Nogluginin vieIale
. . v Y =2 Y (]
97U Object Detection M3ATITVIAY U eansamizanasluidennaronans
A13111 Face Detection #5399UH 1AW Pedestrian Detection 5299 UAUIAUAUY &#1N15D

Uszgnd 14 Idnanvate 1w 1 luaminuinnulasads uazsaeud 13audy dudu

51/ 2.11 feg1aMadNENI31 Object Detection 1111 Multiple Objects

) .
Object Detection Model 1111 Tutaan 1411911 @11 Object detection Tastanwiz lunis
9
Classification 3111313 3ng lathe nag Localizing Faguaniuiiegludnisle TasTuea
Y 9y
ao ltaziioglu TensorFlow taz Inssauiidonldlunisnaaes
2.8.1 Single Shot multi-Box Detector (SSD)
SSD gnoonLUUN LN 191UATU Object detection 11U Real-time IN51zHU11AT
3 =\ Aa A o =
an uazidseansmmnluszaumils
wiang 1% ssp 14ar1lunsdszuranatios Ao n13/19@ bounding box proposal
J 1 9y Y . . . =
90N LAYAINITOUYS Feature 5511319 layer 1 1832 19 Predictor (Filter) 14 Aspect Ratio 1
i1 [ 9 [ [
LANANNY L1891 Detection NHAINYAY Scale LNUATTNI Object Proposal H39MIHINUNA
U A o v ' Y o [ Ao 1 @ 4
manzliiagegoon azaelminauiunmiiiiag scale Aranuunla
o Y] . S 9 1 a A o A .
@151 SSDLite 9z UU01ana19910 SSD jUuuuaune vzviimsnlasu convolution
I
533ua1 11 SSD layer 59U Layer §AN10AD box 118 class prediction 1111 Depthwise separable

convolution N8 11UNTAATIUIU Parameter NADIAIUI
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Extra Feature Layers
A

74.3mAP
SOFPS

[ Men-Maxienun Suppressan |

[ e]q§
£
Bk
“k

| Deowctions 8732 par Class |

Comy: Sriefldal Comv BadclS8al Comw SrfalS sl Come SciS8al

31 2.12 amifnenssnves SSD

2.8.2 MobileNet
I { o 4
MobileNet 1ilu Tuaangnoonuuuinlfimuzauns 1991muu Mobile tazgilnsal
3 Ao w ] 1 v A 9 .
yuraanafimaslunmsdszuranalugannTasgaaunanaonis 19 Depthwise Separable
Convolution 9 #8lun1saasiuIumTTmes Ndesduauiiofe Ui un1591 Convolution
a o . I <
uupUn@ 1119 MobileNet 111 Deep Neural Network U180
o Y a g
Depthwise Separable Convolution 9211013481910 Convolution U natilu 2

Layerﬁ’e) Depthwise Convolution £81¢ Pointwise Convolution M 1x1 Convolutional Filters

Depthwise Convolution

[

NE:

Pointwise Convolution

1x1 conv
[T

B

=Ly

31 2.13 anifaen33uv09 MobileNet

|
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2.8.3 Deep Residual Network (ResNet)
] a Y v A L X L a X o T Aa
ResNet 1%ﬂ1igsﬂu§uﬂﬂaummm Vanishing Gradient FuNavunL InTINIeNNAY
= 1 9 9 1 [ 1 a [ J
anAoUT NN A28N13 1aN19aa (Shorteut) adlulnseure TasdnAnaansan Layer Ly
[ A a 1 4 1 a o 1
Convolution NAUHTIZFMADUNIY Anay Idernim/asuaimsiimes 1y Layer Aoy

Y
o v U 1 v J
wihezTiwass 1s msrzgnaanluniy Layer dau ResNet udtfymit lddaemsdariunadns

9 Y
v o K

H Y
daguium uduen lduinduwa 910 Layer ey aamndngansil

weight layer
F(x) lrem

weight layer

X

identity
F(x) +x

31 2.14 ag11fnen 553109 ResNet

2.8.4 Feature Pyramid Network (FPN)
I @ a ]
FPN 1i/u@11en Feature 9101210 Scale 15znoualsnaniatoyasn Scale Tngjla/
3 1 é’ < o [ 1 9 1 &' I~ A 1
@AE@NINDY) BazInEanna U Ing(urasard) @umannarsyuuuiluniedle
. Aa o U 3 4’ a d%l = a dy d'
Convolutional Muinadinsumsuenauanyay Wenan1igavu lanuaziBeasanui

1] Y
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g‘l.l 2.17 RASPBERRY PI 4 MODEL B, CORTEX-A72, 8GB RAM

M1319 2.3 Features and Specs of Raspberry Pi 4 Model B
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Features/Specs Raspberry Pi 4 Model B
Release Date 24th June 2019
Processor Broadcom BCM2711
Core Type Cortex-A72 (ARM v8) 64-bit
No. of Cores Quad core
GPU VideoCore VI
H.265 (4kp60 decode)
Multimedia H264 (1080p60 decode, 1080p30 encode)
OpenGL ES 3.0 graphics
CPU Clock 1.5GHz
Memory/OS storage MicroSD

RAM LPDDR: 1GB, 2GB, 4GB and 8GB options
Ethernet True Gigabit Ethernet

2 x USB 3.0 ports.
USB Port

2 x USB 2.0 ports.
HDMI 2 x micro-HDMI ports (up to 4kp60 supported
WIFI 2.4 GHz and 5.0 GHz IEEE 802.11ac wireless
Bluetooth Bluetooth 5.0 + BLE (Shielded)
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1914 2.3 Features and Specs of Raspberry Pi 4 Model B (Gi’e‘l)

Antenna

PCB Antenna (Similar to Rpi Zero W)

GPIO

40 pins (fully backwards compatible with previous boards)

Operating System

Raspbian (>24 June 2019)

Dimension

85mm x 56mm

Power Input

5V DC via USB-C connector (minimum 3A*)

5V DC via GPIO header (minimum 3A%*)

Power over Ethernet (PoE) enabled (requires separate POE HAT)
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Box Labels
@ [ EditLabel
Open [ difficult
5
4 Clusedefoutiabel [ |
Open Dir =
Change Save Dir
Next Image
Prev Image
Verify Image
Save File List -
C:\Object_detection\models-i A
<2 C:\Object_detection\models-1
PascalvoC C:\Object_detection\models-1
C:\Object_detection\models-1
&l C:\Object_detection\models-1
=5 C:\Object_detection\models-i
Create % -
RectBox (.\Obj.ect,detect!on\models 1
C:\Object_detection\models-1
(5| C:\Object_detection\models-i
e, C:\Object_detection\models-i
Rectox C:\Object_detection\models-1
C:\Object_detection\models-1
C:\Object_detection\models-1
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31 3.4 Tl5un33 Labellmg

3.3.2 milaﬁlﬂ Pre-trained model

TensorFlow 2 Detection Model Zoo

TensorFlow 2.2 § Python 3.6

We provide a collection of detection models pre-trained on the COCO 2017 dataset. These models can be useful for out-of-the-box inference if

you are interested in categories already in those datasets. You can try it in our inference colab
They are also useful for initializing your models when training on novel datasets. You can try this out.on our few-shot training colab.
Please look at this guide for mobile inference.

Finally, if you would like to train these models from scratch, you can find the madel configs in this directory (alsc in the linked tar.gz s).

Model name Speed (ms) « COCO mAP Qutputs
CenterNet HourGlass104 512x512 70 41.9 Boxes
CenterNet HourGlass104 Keypoints 512x512 76 40.0/61.4 Boxes/Keypoints
CenterNet HourGlass104 1024x1024 197 44.5 Boxes
CenterNet HourGlass104 Keypoints 1024x1024 21 42.8/64.5 Boxes/Keypoints
CenterNet Resnet50 V1 FPN 512x512 27 31.2 Boxes
CenterNet Resnet50 V1 FPN Keypoints 512x512 30 29.3/50.7 Boxes/Keypoints
CenterNet Resnet101 V1 FPN 512x512 34 342 Boxes
CenterNet Resnet50 V2 512x512 27 29.5 Boxes

31] 3.5 TensorFlow 2 Object Detection Model

TensorFlow & Pre-trained model #1%15191UA1Y Object Detection HNTUNURIAY

Dataset ¥101313 14 A4 0 L% COCO dataset, Kitti dataset 1a% Open Images dataset 131914
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M9 4.1 Masnamnlylurwanisnaaed
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ANNTINIE

MobileNet

SSD MobileNet v2 320x320

FPNLite

SSD MobileNet v2 FPNLite 640x640

ResNet50

SSD ResNet50 vl FPN 640x640

EfficientDet

EfficientDet DO

Scout

TYH scout

Sky

Sky hunter X8

Taiw

TuwuTasulumw

M9 4.2 wamsnageuiSaunavissansmw
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NaN13n33991
Image no. Actual
MobileNet FPNLite ResNet50 EfficientDet
1 Scout Scout Scout Scout Taiww
2 Scout Scout Scout Taiww Taiww
3 Scout Scout Scout lainy Tsiny
4 Scout Scout Scout Taiww Taiww
5 Scout Scout Scout Taiww Taiww
6 Scout Scout Scout Scout Taiww
7 Scout Scout Scout Scout Taiww
8 Scout Scout Scout Scout Taiww
9 Scout Scout Scout Scout Taiww
10 Scout Scout Scout Scout Taiww
11 Scout Tainy Tainy Tainy Tainy
12 Scout Scout Scout Scout Taiww
13 Scout Taiwy Scout Tainy Tainy
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WaN13A3IDDL
Image no. Actual
MobileNet FPNLite ResNet50 EfficientDet

14 Scout Tsiww Taiww Taiww Taiww
15 Scout Tsiww Scout Taiww Taiww
16 Scout Tsiww Scout Taiww Taiww
17 Scout Scout Scout laiw lainy
18 Scout Scout Scout Tainy Taiw
19 Scout Scout Scout Scout Tsin
20 Scout Scout Scout Tainy Taiw
21 Scout Scout Scout Scout Sky

22 Scout Scout Scout Scout Tsin
23 Scout Scout Scout Taiwa Taiw
24 Scout Tsinw Scout Taiww Taiww
25 Scout Taiwy Scout Tainy Taiww
26 Scout Tainww Taiww Taiww Taiww
27 Scout Scout Scout laiwa Taiw
28 Scout Sky Scout Sky Tainy
29 Scout Taiww Taiww Taiww Taiww
30 Scout Ty Taiww Taiww Taiww
31 Scout Tainy Tsiww Taiww Taiww
32 Scout Tainy Tsiww Tsiww Taiww
33 Scout Tainy Tsiww Tsiww Taiww
34 Scout Tainy Tsiww Tsiww Taiww
35 Scout Tainy Tsiww Tsiww Taiww
36 Scout lainy Scout Tsiny laiw
37 Scout Tainy Tsiww Tsiww Taiww
38 Scout Tainy Scout Tsiny lain
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WaN13A3IDDL
Image no. Actual
MobileNet FPNLite ResNet50 EfficientDet
39 Scout Tsiww Scout Taiww Taiww
40 Scout Tsiww Scout Taiww Taiww
41 Scout Tsiww Taiww Taiww Taiww
42 Scout Tsiww Taiww Taiww Taiww
43 Scout Tainw Taiww Taiww Taiww
44 Scout Taiww Taiww Taiww Taiww
45 Scout Taimw Taiww Taiww Taiww
46 Scout Tainw Tsiww Taiww Taiww
47 Scout Taiww Taiww T3iww Taiww
48 Scout Tainy Scout Taiww Taiww
49 Scout lainy Scout Taiww Taiww
50 Scout Scout Scout Tadwa Taiw
51 Sky Sky Sky Sky Tainy
52 Sky Sky Sky T3iwa Taiww
53 Sky Jainy Sky Taiwy Taiww
54 Sky Sky Sky Sky Tainy
55 Sky Sky Sky Sky Taiww
56 Sky Sky Sky Sky Taiww
57 Sky Sky Sky Sky Tainy
58 Sky Sky Sky Sky Tainy
59 Sky Sky Sky Sky Tainy
60 Sky Sky Sky Sky Tainy
61 Sky Sky Sky Sky JEY
62 Sky Sky Sky Sky Tainwy
63 Sky Sky Sky Sky Tainwy
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WaN13A3IDDL
Image no. Actual
MobileNet FPNLite ResNet50 EfficientDet
64 Sky Sky Sky Sky Tsiny
65 Sky Sky Sky Sky Tsiny
66 Sky Sky Sky Sky Tsiny
67 Sky Sky Sky Sky Taiww
68 Sky Sky Sky Sky Taiww
69 Sky Sky Sky Sky Tainy
70 Sky Sky Sky Sky Taiwy
71 Sky lainy lsiny Taiww Taiww
72 Sky Sky Sky Sky Tainy
73 Sky Sky Sky Sky Taiwy
74 Sky Sky Sky Sky Taiww
75 Sky Sky Sky Taiww Tsin
76 Sky Sky Scout Taiww Taiww
77 Sky Taiww Scout T3iwa Taiww
78 Sky Jainy Tainy Taiww Taiww
79 Sky Tainy Tainy Taiww Taiww
80 Sky Sky Scout Sky Taiww
81 Sky Sky Scout Sky Tsiny
82 Sky Sky Sky Sky Tainy
83 Sky Sky Scout Sky Taiww
84 Sky Tainy Sky Sky Tainy
85 Sky Tainy Sky Tsiny Tainy
86 Sky Sky Scout Tainy Tsiny
87 Sky Tsiww Tsiww Tainy Tsiny
88 Sky Sky Scout Tainy Tsiny
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WaN13A3IDDL
Image no. Actual
MobileNet FPNLite ResNet50 EfficientDet
89 Sky Sky Sky Sky Tsiny
90 Sky Sky Scout Sky Tsiny
91 Sky Taiww Sky Taiww Taiww
92 Sky Sky Scout Sky Taiww
93 Sky Sky Sky Taiww Tsin
94 Sky Tainy Tainy Taiww Taiww
95 Sky Taimw Taiww Tainy Tsin
96 Sky Tainw Tsiww NETY Tsin
97 Sky Taiww Taiww T3in Tsin
98 Sky Taimw Scout Taiww Taiww
99 Sky lainy Sky Tsiny Taiww
100 Sky Taiwy Tainy Taiww Taiww




M1319 4.3 Confusion Matrix Y83 SSD MobileNet v2 320x320
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MobileNet HaN13n3I99Y
Sky Scout Taiwy
Sky 34 0 16
Actual Scout 1 20 29
Taiwy 0 0 0
11919 4.4 Confusion Matrix Y93 SSD MobileNet v2 FPNLite 640x640
FPNLite HaN13n3399Y
Sky Scout Tainw
Sky 31 10 9
Actual Scout 0 32 18
Tainw 0 0 0
1919 4.5 Confusion Matrix Y93 SSD ResNet50 vl FPN 640x640
ResNet50 WaN13N3IIY
Sky Scout Taiww
Sky 29 0 21
Actual Scout 1 10 39
Tainww 0 0 0
11319 4.6 Confusion Matrix Y94 EfficientDet D0
EfficientDet NaN13A3399U
Sky Scout Tainw
Sky 0 0 50
Actual Scout 1 0 49
Taiwn 0 0 0
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MobileNet FPNLite ResNet50 EfficientDet
Sky Scout Sky Scout Sky Scout Sky Scout
TP 34 20 31 32 29 10 0 0
TN 49 50 50 40 49 50 49 50
FP 1 0 0 10 1 0 1 0
FN 16 30 19 18 21 40 50 50
Accuracy 0.83 0.70 0.81 0.72 0.78 0.60 0.49 0.50
Precision 0.97 1.00 1.00 0.76 0.97 1.00 0.00 -
Recall 0.68 0.40 0.62 0.64 0.58 0.20 0.00 0.00
F score 0.80 0.57 0.77 0.69 0.73 0.33 - -
FPS 2
1519 4.8 wamsaaszansmwlaanie Macro-average Method
Macro MobileNet FPNLite ResNet50 EfficientDet
Accuracy 0.77 0.77 0.69 0.50
Precision 0.99 0.88 0.99 -
Recall 0.54 0.63 0.39 0.00
F score 0.70 0.73 0.56 -
M1519 4.9 wam sz ansnnlaan e Micro-average Method

Micro MobileNet FPNLite ResNet50 EfficientDet
Accuracy 0.77 0.77 0.69 0.50
Precision 0.98 0.86 0.98 0
Recall 0.54 0.63 0.39 0
F score 0.70 0.73 0.56 -
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