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ABSTRACT

Nowadays, railway transportation has a major role in the fact that it allows people
to travel easier than ever before. The way it revolutionized transportation made more
people interest in rail transportation system, and that lead to system which provide
more safety have been improve a lot too. Safety and alarm system at rail crossing is a
main point that need to be consider. Of course, this development cannot reach all of
area especially urban area which safety systems have not been install yet. This project
is to invent the prototype of train detection device using image processing. Base on
Python programming language, then writing a code in Raspberry Pi with camera
module. This detection system can be using 2 different ways. First, using Haar Cascade
in OpenCV which let program learning itself by giving it a lot of positive and negative
picture. Another way is using background subtraction technique that detect difference
between static background and motion. When trains have been detected, the signal

will be send to light alarm.

From the experimental, Haar Cascade technique starting to detect the train more
than 20,000 LUX with accuracy 99 percents at 33 meter with maximum detecting range
up to 60 meter, Background Subtraction technique, the result is accuracy at 22 meter,
maximum detect range up to 50 meter at day time and maximum detecting range

lower than 30 meter at night time.
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a1anseda wanaUy
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871 | lo@d 09:37 09:47 | vi3e 12:40 | law1gdu wans-
a1ansEya uranUl 919
873 | lo@d 11:35 11:45 | 38 15:10
aanTela W SHPIE
875 | lo@# 13:20 13:30 | ¥i13e 16:05 | law1giu wens-
aranszla IR GHDWR 219919
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A1ANTL U wAauaU
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a1mnszUl wranayl
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Al 2.4 Husaln “Weanduidingunn” aeasiueen vessalnivudedudn
(Toyaa1n anrdsnlwiinzid [9])
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0 Yoaond | wanoen Fodond | vandle
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avs GRGREFAE
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a4 GRGREEAIN
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2.2.1 msUsrananann (Image processing)

wAllAN1TUTEINaRaNIW (image processing) gﬂﬁwmﬁuﬂ%ﬂmmﬁaﬂszmmﬂ ..
2503 lagnguinideainumiingnds Maryland W duiilesunsarmasainlunisld
Anwinmmaneg desnnssuiumsusvinananmldignitaunuedseidies sulutiagouls
fin1sutensuszaanan wlUldnueg19unsane 19U N1TRSIATUINBUR NITIUUN
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o o L ) A v | a é
1., a‘UﬂiﬂjiUﬂWW NINUIN ﬂ']Elﬂ']W‘W%@ﬂ'i'ﬁ]"’ﬂUﬂ"lW“ﬂWﬂ\?ﬂ'ﬁL‘ﬁTQﬂ@NW?L@]ﬂ‘i
° v A v ves )
2. gunsallumsuszanana uwihivszinananmilédunnaingunsaisunim

J [ o W aa o [ v v =l
3. WsunsunisAan Wud?dan1s3snisieuiuawnlasuan lagasdinng
UFulpnuamneauiinisUszanana Mslddanasiy wasiandunisndamans iivelila
v = P al '
output AMuNABIN15 FalUsunsuldlunisuszuitananininaleyszian wu Opency,

IMAQ, OpenVIDIA ,Scorpion uaghuUiiiu FIRMWARE fifniniu peulnsaiaes

2.2.2 awlwsou (python)

wseu iunwideulusunsussiugenldiusgiandisnang avwn luseu (python) gn
1% p |87 = al
a313lag Guido van Rossum uazgnineunsasausnlul 1991 Tnseu unwingnesnuuy
d' o s 1 v A:g =l i 2 v s al L 7] 1 1
uievintilana1uladiedunisideulanldussiaNuosasniin1waeg C++ Lag Java

mmzﬁm%’umuﬁﬂumi@LLai:UU (system administration) Jusgiada
1As9as1evesnIwn lwseu (python)

1) Module Usznaulumeaana Wendu uazfiuusnneg wasuenandisifaaansa import

Lugadudnanlulusunsuld aslugaeasveglu package Fatumilou directory vadluga

2) Comment ARLLIUNIUATINSOU FLTUAELASDIMLY # Lasr I lULEAIADLILUNAS1

2
a/

Jusinagldesurenelfulanilsuiuun Feiuliinasanisvinauuaslusingy

3.) Statement ABA1FINTITVIIINTRLUSUATY WRazA1ddluntwlnseu (python) Huas
] 2/ .; s 1 1 1 [ =l o w LY =l o
WUKENMENISTUUTTVIAlU wiog1eliNmusantsaiivateArdsluvssinmelnulalag

nskEAseavY willeaou ( ;)

4.) Indentation and while space N1544 Whilespace uay Tab dwsuniivunudeanvas
TUSUATY 1 ANd9 If Else n3n15Usenadandu fesrdananiilusdsuuuvdsn lag
Ut lttufouvnAy Tuatwinsauasituafusuutesnanisluudanuin

saunnidnigluvdendosfisnuiuterinawiiuaue
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. = ml 17 1 ni d'? 5 =l 2
5) Literals Aawa3esanedlduansdined delulusunsunuilnsou (python) uudl Literal

'
@ Al

VYBITDLAUTLLNGNNG 19U Integer Floating- point number Wa string w3ausinsenaindnus
o . 1 Yo a I o’ s ] '
uay Boolean nsiuua literal Ussiansingqiiusuds eiludmiavaiuisatvunaias
IWlngnsslaviug uavannsasmualuguuuudu g1elusiuds b wagdmsu Boolean Huay
o w | i & I d! PR,
\u firdnwsau String wia character uAvdasaglulaomung double quote (...”) #3e
single quote (“...") @@

s

" & o [l [ 1 1 u’j Vot = i 1 I a‘f =

6.) Expressions L‘lJ‘IJﬂ'?'iV]’N’lu‘i’nJﬂ‘L!i%‘H’J’l\‘lﬂ’W]\‘lLLM%UQI‘U"D‘NﬂﬁﬂaqﬂﬂW IG]EJFI']LW&'MR]B&J 2
(T S o [ 0 =l = 4

anlunsdmsumunun i luntwilwseu (python) & 2uuu wuufil e Boonlean
% [ o as a @ o =Y [ s € o 1

Expression \Jun1snsgvirduvesninlsiaziinidunisuazazlanadnsiduai Boonlean

o v W B w o - ¢ A 1 a ¢

I@E}‘H'ﬂ‘uLLa’lllﬂ"\lzLUuWJﬂ’]LUUHﬂiﬁ]iiﬂﬂﬁﬁﬂi Laguunz mo Expresmon NWAUANFAETNT

Wunisnsevirfusudsidunisuaglaalmiflilyd Boonlean

7.) Keywords iumianulilunsdeulusunsunie python tsilslannsaldmdumani
Tunsmatefuds Yefleidu rana wie identifier 1§ 518015 keywords Tun1w1 python
1AW False None ,True ,and ,as ,assert ,break ,class ,continue ,def del elif else except
finally ,for ,from ,global ,if ,import ,in ,is ,lambda ,nonlocal ,not ,or pass raise ,return

Jtry while ,with wag yield

2.2.3 Towwu@? (OpenCV)

OpenCV #8311310 Open Source Computer Vision Wu library luniwi C++ uay
Python dwsun1swamn WsknsuiliAsadesiiu Image Processing was Computer Vision
Tagansainnnlive TussuuufiRnisiulad uassruuufiRnisdund(Linux System)
gaivludumuaiusnueslausnives OpenCv fie anunsndszanananmldnanmiauas

2
=

aadeaulm lausii 4 @ wanves OpenCV Hdisil
1) @ (V) llunsuszananauagmslieseigunineneg fitsfesnis
2) #Hendme (CXCORE) Tdnnisiisaiugn aum 915158 mihemudimd

. . o ¢ - ' f
3.) Machine Learning \lulausnafisaumanaileidunisadd nisuenmana uaznisudangy

VENTGHE
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. = = o e =l A o
4.) HighGU! Whilausdildlunisianan mstufinam msidsuwune uaviadeudne

£ 1
NUINN

2.2.4 nNI¥UIUNIT Haar Like Feature

. o ad o z . = £

Teignunaueiled 2001 Tay Paul Viola way Michael Jones swanwwildnsyuiunis

. . & & a ' a ¢ = ' | oA
Machine Learning mufiflsnduaiaianlagnasusiunisiesieniy Fagnuvaduaengudie

' o - a & @ _— | 5] -l @

naugUgnAes deAejUvesieilinesInznsiadu(Positive) luguuwuusngg uidaednisdinie
] = 4 = = ! a o ¥ ) I v nl\l 1aia o
ddusenliivieifissdiuvesdanisrioniswinty wasnguuesguvlunlififeiesnas

a 1l » A d o dl s dl 1
nsraduegluguiag (Negative) ieazatusndrdeyadldlunsiadulusudugaely

aal o = > e v & 1 o ¥ o

759 Paul Viola wag Michael Jones Anduduuilduu faaliaanislivinens uaziian
Tunsuszanaaslaatnawin Tnawaniwnidendn “Fast computation of Haar-like features”
s oA u o 'd < v oo ;
A5A8 N1swUiiunvesn g sULUUdNTIgY 4 wuuiwininladinunein Haar-like
features 1fe3U (A - B - C - D) a1nuudamuamissdvesninlaents duiltnsm ans1ed
= & o | Ay Y = & 4 | ale 1% a a w
negluiunegludesdvnavmumsd@negluiuneglutesddilunszuiunisadregdudiina

° -l s a e o as = L
wdiuadldluldly Adaboost ndudanesindmiunisiFousuvunils ( Adaptive Boost

Learning Algorithm ) A8nIslyaun156adl

sum=c+a—-b—d (2.1)

2
=

1A, B, C way D Ao Wu

=b_
=D
2T
=)
[s2))]
=
=
and
)

N .

SUA 2.7 AMMUERILUY Haar Like Feature 4 wuuiignidentd( A-8-C-D)

(nman iuledinisadelng Cascade Vinsaduing [13))



E‘U‘Iﬂ 2.8 ﬂ’lWLLEIﬂQWUV]U'iL’JmVIQﬂE)UV]'iﬂia

(AN L%UT%ﬁBackground subtraction [15])

i & A oa oS a a o A s P v
;J:U‘VI 2.9 ﬂ‘}WLLE‘IﬂQWN%‘U'ﬂL’JﬂMQﬂ@UWﬁﬂ'iﬁLWE)‘I/T']WNV]WL'E']WB\‘]W!?

(nwa7n Buled Haar-Like for face detection [14])

16
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2.2.5 N3¥UUNIST Background subtraction
Background subtraction Huwaiianilslunssuiunis image processing 1nel439n13
s -] = s al 1 a 2 o s
WENAINUAIRWENTEININ 2 Anarsluusnanfsaiulunafiuana eiy wathuIausy win
Al o @ o i w w o a

ﬁmiLﬂaaumﬁmwammq'swmammwm 2 AMNUIBUAUINADIVDININIE 2 AINAELAA
| ' - J.Lvdd Pr] W a v @ L) a
ATUANY FINaN mﬂﬂamimaau‘l,mmaamqwmmmmw laenszurunsildmadalunis

a ) W a o 1 Y = Ve
weANNLYaPixel) MBNITRTIVADUNNDA B AILNUAREINLITNUNSIUEsULUasvs ol T

annsouanaduaunsnendaemanslaen
PF(t)]=P[1(r)]-P[B] (2.2)

ot PU(»)] Wullsiduvesfinea i aailag

P[B] Wuiladduiinadldansds (reference) pi Fumtnfien sy

AWMU (Background) asgnunanldfansanifiunmdreds a vian tlag Taeileiduy
- ' o a PR
P[F(n)]azuansfsmmumuinduasssnnuinivanaguly

& @ d\ly 21 4 o - = & a o vy a =
ﬁQﬂ‘UU‘V] MNATLLAPINANFABDLUD uﬂ'}u’?uWﬂL‘UﬁLﬂaﬂuwmq\?'ﬂqﬂWﬂL‘Uﬁﬂl‘uﬂ"]ﬁﬂﬂ FILINY

124
= 1

1SENAULANATNTI Threshold Tasanuuslugiay uagrTummﬁwaamwﬁLUﬁwlﬂ Al

nwdsdimindeulwiiisgnui f Threshold sxdlehunn sagil 2.10 waygud 2.11

.P[F(I)]—P[F(t—&)] > Threshold (2.3)

JUT 2,10 nmuaRsNuRAnansYesiined (Threshold)

(awann Yiulas Open Source Computer (OpencCV) [16])
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THRESHOLD

foreground mask

g‘dﬁ 2.11 ATNULAAIEIUANVDININEDININ

(nmwa1n Viules Open Source Computer (OpenCV) [16])

lnadmsemvaIiniea gnuniauelag Stauffer and Grimson @enszurunisiuandle
INEUNITHATINYDY Gaussion L38N71 Gaussion Mixture Model 130 GMM ASZUIUNITH
o o o i = % aa
JnnuRngadzgnAtwIlegaRae(mean) 4, uasAulsUs (variance) o lagisnns

AATLansluaunisaere Ul

py=ax,+(1+a)u,; (2.9)

o; =a(x —u) +(1-a)ar, (2.5)
ool g, o Anade o e tlag

a @ learning rate (a=0.01)

x, Ao Ynuinwaluiwsy a van tlag

AMnAlanatesu lueanisiasenveiineal wiaziineaasUsenauing fauds

2 fhuds Ao i, way o, Fuhliaunsaussananalaegusaiuarldmiedniesuan
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2.2.6 S¥UUEA RGB (Red, Green, Blue)

14 1
a o=

58UV RGB Usenoumedaiud Ae Auns A@e0 wardin@u fenisadenuns ety

=l

i519sldlnun RGB Wundn Fdlwua RGB UdnlsaviAnarnmsuasuasandliindugnd
= & a 1 1 Y o a aa a | sy 4
IYUUE RGB IUussuuar0suaai uuvisuiividy auiinuaudnisendi 51 wie spectrum lag

= = & v oA A a a al a8 a a = o
LLUﬂﬁmqﬂwﬂquqaqﬂquﬂﬂﬂﬂqulﬂ AD ALAY FLaR A7 dUY AT a9 FaUUnasu

P v oo Aa d 4 o v a0 A o = & a
wagﬂlugﬂ‘nmiﬁa V]N'U?QﬂﬂumﬁqﬂﬂqﬂquqiﬂﬂaﬂL‘Viu‘lﬂ LENdNNUANUNAAUAINAA AR UL AN

Y 9

a | al al T W . - al P =
ﬂ?']lm?“’mﬂ']’]l,l,aﬂﬂu?\‘] L8N aﬁ(ﬂi'ﬂqlalﬁﬂ ( Ultra Violet ) LasmaULEELAY HATUDAAUSIN

P < a6 i a = \a & P - e
VAR AAULAINAINILASALALTENIT DUNWSILIA ( Infrared ) ﬂauLLﬁﬂWﬂﬂ?quﬂgdﬂjqﬁu?\jLLaﬂ

9

2 s

CI) 1 =l i‘j 1 ot A 1 d. = v =l
ATNILLAIETLAN LU E’{'WEJG]']‘U@G%JL}HEH&JH’]&J']?Q?UBLW wagassun 2.12 WUILUBFANWIALLAILENE

U

1
a

YRRUALAAAIN LAY 3 & A &und (Red ) @u1i3u ( Blue ) wazd0e ( Green ) Maatudnedy

=

=) = o s o L= 1=t = =i L =i =
LLUAUDILLE LQJQ‘U"IQJ’\Q'WEli'?li.lﬂu‘i]%ﬂﬂ‘lﬁmﬂﬁlﬂuﬂﬂ 3d AD ALAINILIUAN ﬁﬁ']l‘?JLLE]U LLaed

v
=l et

Widpayn IR e wadN A uiuRe lauasde

Magenta

JUTl 212 nmiansszuUd RGB

(nwann Vulesinguijduesssuud RGB ,SARA DEE [17))

2.2.7 5¥UUA HSV color system

S¥UUA HSV (Hue Saturation Value) Wunsiansandlasld Hue Saturation wag Value

a wa | 1

e7 wariidu) Tuneuifanasegsewing 0 uag 255 Jain

U

=l I = =l o =l

%3 Hue AOA1@VDIEUAN (k@9 4

1 | w i a1 oA & | = <
Hue suilAuviniu 0 asunmuduns uasidle Hue HAnfiaduEos dfaviuAsuudadluau

awneiuvesdouna2ss Faasndunludunidnass Jsanunsaviulalugvesesenls failfe
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dune = 0 29A1 ATE7 WINU120 99A1 AUNRUYINAU 240 89Fn Hue anansadiuladldann

s¥uUdA RGB #4il

red, = red —min (red, green,blue) 20
green, = green —min (red, green, blue) (2.2)
blue, = blue —min (red, green,blue) 23
Green  Yellow
Cyan <${4> Red (07%)
ue \ // agenta
N\
V4
V=0
tV axis

Ul 2,13 uamasguud Hsv

(nwann Aulednisussanananm@anes,ssuud HSV, [18])

1 = 1 L5 = 1A 1 ar ' = 1 I s 14
"\l"!ﬂIllLﬂﬁWU’J'ﬁ]-’u’lJﬂ’}@El’NuEJHﬂUQF]'Wlf\]%LVl'iﬂ‘U 0 LLmﬁﬁﬂJa@ﬁﬂ’]mqﬂU 0 ual Hue '{IZL%U&!N

=l 1 Qs d' 41! =l a:l H b2 alal | 1 [ e o 1l
Yosd(ANd) Aaguin 2.13 FaeelianUFeulunudnaunasiandidwviniu 0 udraevihlilid

& o

A1UD9 Hue visaaflaasiianyifuduniiiues e ady 90n e Sninisladneion

Wit 0 agvlaantadulumudnmde nstmiminlunsiansudledunsidawinfu 0

(240xblue, )+ (120 x green,, ) (2.49)
blue, + green, |

Saturation ABANANNUTENEVRATIN Saturation FAwvinAu 0 uwddldaylid Hue Feay

Wudvundiuuadn Saturation fAviniu 255 waneierlifiduasdininasetiae
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ANSAIUIR Saturation

max (red, green, blue)—min red, green, blue) 2.5)

Saturation =
max (red, green,blue)

= 1 1 al l:l! s 1 14 ! 1 dé
Value A9AIAMNAINNUDIE ‘llﬂﬂ’l’]uﬁ’]i]']'ﬁﬂ’lﬂlﬁﬁﬂ&lﬂ’]ﬂ'ﬂmL‘UM‘U@Qﬂ’J’]Nﬁ"ﬂ\?’U@GLLﬁﬁ%ﬁW

Usenaunuanuisaniuadlaan

Value = max (red, green,blue) (2.6)

2.2.8 Raspberry Pi 3 Model B

- & =y & e | 1 v s = € =l ¢ I3
Raspberry Pi {JuUasnmouiiiasuuInianNamsnitausaltndvdauetines asuase
i 'S 2 & =l = 8/ o = L4 a 17
wazlndls  awnsadnanldauludunsi@euldsunsy  vseldiduasuiimesuuadnle
Uain Raspberry Pi 5835uszuulfiiiinisaund (Linux Operating System) livanassuu wu

Raspbian (Debian), Pidora (Fedora) uag Arch Linux (Hugu Tasfindaun SD Card
dulsenauveiuesn Raspberry Pi (é‘agﬂﬁ 2.14 ﬁqgﬂﬁ 2.20)

1.) wasa GPIO

Raspberry Pi B+
B+ J8 GPIO Header

Pin No.

| a3v] 2
GPIO2 4
GPIO3 6

10 GPIO1S
12 GPIO18
GPIO27 13 14
GPI022 15 16 GPIO23
17 18 GPIO24
GPIOI0 19 20
GPIO® 21 22 GPIO25
GPIOLL 23 24 GPIOB
B 25 26 GPIOT
DNC 27 28 DNC
GPIOS 29 30
GPIO6 31 32 GPIO12
GPIO13 33 34
GPIO18 35 36 GPIO16
GPIO26 37 38 GPIO20

EE=") 20 <0 GPIO21
UAl 2.14 a3 GPIO w3 Raspberry Pi

1
3
5
GPIO4a 7 8 GPIO14
9
1

(nwan Bulesnsiaunlusunsuuu Raspberry Pi [19))



I3 -:l I o al ] o ! o
2.) WY DUND UUUNTIWRINLUY RCA AIDYINYBIEEVLYDUNDLLERS ﬂ\!E‘U

{ o '
JUN 2.15 aneiieusie

(nmwan ulesnisiauilusunsuuy Raspberry Pi [19])
3.) vpusBdy AL TN 3.5 Hadiuns

4.) LED Wasanuzueiuaso E}EJjﬂWEJIUU%L’Jmﬂ'iE]UaLLQQ FANIN

, jil DX
. i |- NK
I 100

JUN 2.16 LED WansaniusvaIuesn

(nman Bulginswaunlusunsuuy Raspberry Pi [19])
ACT fin IWan1ug SD Card Access (\T87)
PWR A8 Iwanuy 3.3 V Power (@uns)
FDX fa IW@nuz Full Duplex LAN Model B (Bidea)
LNK 79 IWanuz Link/Activity LAN Model B (Fi387)
100 fa IWanug 10/100 Mbps LAN Model B (findaq)

5) FUAauaAs LAN (LAN Controller)

22
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6.) Wasm USB 2.0 97uU 2 Wasn
7.) Wo3n RJ-45 Ethernet LAN 10/100 Mbps

. L] g = i v o o 1
8.) wosn CSI (Camera Serial Interface) dwmiuiendelugandeafainin uansiiegiluga

Naaq

fgﬂﬁ 217 2INwane wase CSl

(aawan Aulasimsimulusunsauy Raspberry Pi [19])

¢ o s EJ 1 s - al 1 at
9.) Wosn HDMI @mIuLyaune UIUNNLALLEAYN AT981988 HDMI wagaiuuas HDMI to

VGA wamanaguauand

SU# 2.18 @y HOM) SUl 2.19 HDMI to VGA

(nma1n Kiulednsiauilusunsuuy Raspberry Pi [19])

10.) @W Broadcom BCM2835 ARM11 700MHz

11) we¥m Micro USB Power dwmuilulvidsniasueda Raspberry Pi
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12) we3n DSI (Display Serial Interface) M¥dwiusioreuaning WU Fouannawuy TFT

Touch Screen (Jumu

gﬂﬁ 2.20 wasn DSI (Display Serial Interface)

(nawan Viulsanisaualusunsuuy Raspberry Pi [19])

13) Yeadyu SD Card 8EUIINAIUENVDIVDSA

2.2.9 Raspberry PI Camera Module V2

alAraandasiild : 8 mesapixels fixed focus

Supports 1080p, 720p, VGA
Sony IMX219PQ CMOS image sensor

Frame rate 30 fps

gil‘ﬁl 2.21 Raspberry Pl Camera Module V2

(nwan ulainiswaunlusunsuuu Raspberry Pi [19])
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2.3 uUIBineI709
2.3.1 AuNgY war Amy (2550) [1] lavinisasagaifiausaliaivgunsalngiadu
v = 1 ' v = a v o o
wisduaziiow wuliaulideuwssduasiiaunAiAuAIUNIL 49-72 KQ #2195993Y

ﬂ‘/ o _ I 1 s d ot 1 12 ;23
LL'NHU?IBLﬁ@uﬁﬁuﬁ‘ﬁﬂﬂ’lﬂﬁﬂlﬁﬂﬂﬁiunﬂ?.i‘U')‘LJ LLG]ﬂ'liﬂﬂﬂ&yfy"]m’ﬂa\'iLﬂi@diUﬂﬂﬂSHﬁIiEWF_I
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puMldesidsnavinansizasyinlveduluatuisorulula
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2.3.2 U3as wazame [2] lavhn1sideises gpsyuuifeussvmstnusalwmenislduas
) < =l i ) a a a ° &
m??ﬂﬂUﬂqﬁLﬂaQUW‘U@ﬁiﬂlw WU?’]“QF\W??T\]QU‘;{?EJLLaQNUTSaV}ﬁﬂWWﬂ']'iVI'NTLJT]N“U@QV]\ﬁSU‘U
s @ = dl -] =l d; o o dl -] Vo
auUNgulAn 95% Lu@ﬂﬁ]'}ﬂﬁUmgwqﬂ’]TV]@a@ﬁﬂﬂaﬁammqmqmqau‘iUﬂ’lu quﬁLﬂﬂ{]mﬁqﬂqi

-
dnanslusguu

233 JaunuSd wasanie [3] ladnwn sruuidafieudsinuansdmsuauiinismisaiem
1/ 4 i ﬂy 1 s q" ni o ¥ 1 e a
fensEuIuMs Image Processing wui1 wuildadutiademdeivihlinmitlalidantsiiv

Fou uazszuvamsansaeuteyafilsruntluSsuiisuiuguteyalfodtausiud,

2.3.4 Rakesh [4] lavihnisvaasinsiatuduiusulasldinaiia ROl wuyu Real Time

PUIMSTUUIA UKL LasTiEnysAINWLIN

2.3.5 M. Oliveira, V. Santos [5] 1A%110153981399N119M 5223 USAUUYIBanUULAE

N3¥UIUNIT Haar-like features wuin Wievainginisindiouil svuvavyin1snsadulates

1 a - b 4 1 o b 4 L4 [ d. o ﬂl
NITIRNL LU fABIN1IN1TATIAT UL LE 1A NANITABDIDY NUNUATNINUATVBULTAN

L

ADINIIIELATINTUAIE

23.6 AW way Ay [6] lassuilldnaes IP Camera @dainegiui anldlussuy
fsvuNsiedsulvataunisluiesuuusnlwid Tesldmatanisaunmiuvgs way v
nsianuaulaen1sdanului Servo motor Tueunisvesau uazaunsn Winamns

wanulmnteluageinu Web browser Tusguu Internet laanene
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NN59BNLUULLAZESI9SSUY

3.1 AsesdiaNlideulusunsy

3.1.1 Raspberry Pi 3 model B
3.1.2 Python (Programming language)
3.1.3 OpenCV

3.2 wannsaanwuuldsunsy

lun1seaniuLIEUUNTIATUTOLINEIAUUUIANIINNABIATIFIUN IMUT ULV DI0UY Lo
m'ﬁLUé"&mgﬂLmumnmwmﬂ{fmnﬂuﬁmﬂmmlw Galdinnwn Python Tunmswaunsaudy
msldmiaiadile OpencV Midumerduasdmiulflunisuszanananin (image-processing)
A8N1541 Background subtraction Fuduilsridundaly library ’U’eN“QﬂLﬂ%mﬁ’eJ OpenCV il
ugglunisesniuy
wadawsnfiaziunldnufemaianisnsadusalwseeidu Haar Cascade Wun1svi
Wituszananaviandindusald  lae38nsviliddnsalrdusasinmsalmndou
wila uazuiafeyanimifuasadufie nm positive (Fagui 3.1) Wunmilisdasianizdon
salifsduies Wunmidesnislfssuunsnadu uar am negative (Fagudl 3.2) 1Wu

amiflesdusznevegneluguafisald WunmilislisesnisTiszuunsiadu wu duli feu

$#u 519s0lw tevgasn anrilsaln Au Wudu
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P a 1 . .
Wedlsalwiswiuin syuvazlssunanainn iy positive awilwundu negative

o <l Y |- ", a
(Aa3un3.3 ) waragasnduianizdunidu positive duffegUsalw

d a/ i/ aal
SUN 3.3 A wuaeen1snsdusalneag 35 Haar Cascade

wataroudumaialunisnsiadusalnmeilandu  Background subtraction u
wedaflflunsnnsdumandeulmaeluzy  fnssuiunisfie menANUAN1esEIIN
foreground fiu background laslis1azannsavanlainiingeslsimsundaulmogluiisy
(frame) Samafintiasviinstufinam backeround Reuflasiisalviadun udaudletlsolvis
anaelumisissuuasasaamuiiamunaneseninenn  background funmuaseiisl

nsimdeunvessalvl (Ae3un 3.4) ntusyuuIwtafeuinusaliiduadouitiuuiim

NABIVDNIN

JUN 3.4 amuaaINIsUILAaUTA LN
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INNTEVIUNTITNNAILIT AU LIBTEUUATIUSA N ASIANUSDINLAD 28viinisds

Tyaadluiliudadiou FIYPN1TAONULUURITULUY Hiovilduaoaln LED snldunulunis

[

dedyauadlwuTafion Agun 3.5

JUN 3.5 AmUanINISLIAFEUAINYaBR LED
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UADUNITANTUIIY

4.1 YUMDUNTESI9TZUU
= - = o |
(1) Anwiaiosdedldlunsimuilusunsy wu Python, OpenCV

< o - Yo a a =
(2) sonuuudunounisaiiiuau (Process) vadlusunsu wiouviadeu Flowchart Aaguil 4.1

no

JUN 4.1 Flowchart Tunaumsaniiuuvelusunsy

(3) w3sunTounInensnaasldu fnfe OS warwenAklIsATHIUTRAY Raspberry Pi

wiouvafeusiaiinnundeas uazya LED Controller
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(@) neasunsUunNIAlelasindasluRAnfaneudsfelfuRazin lunaaou wsauvstuin

ARlepuanNIABNAN 9 IetuTumiAInae Welniiusyansn1nn1Ins19dugeEa

- v v v o v a aM Yoo e v o
(5) Weulanlrlansamunlaeanuuy warvinnisneasunuinleflavuinilude i uun

at 1 2/ Val = - 1/ ﬁl 1 o/
USuumalan IMdUseanSnmaudn mind eunuan@19n

2/ a a ° a 5 a o as 14
(6) nedaulAnlUAnIUNDI UWQUﬂiﬂnUmﬂmﬂLLﬁﬁLiﬂJﬂTiVI’N’I‘L! WINFIHTNATIVIULE LY

& o =i o < 'Y & al
wauldnuiisdeenis Wusuassduniadeulusunsy

4.2 YuURdUNISHaIITVaanlW LED

(1) vinsnsengunsallineon

Battery




ANSEBNVUIN AIATUNIUL INANNNT

V=IxR
Ala
R=33+0.01
R =330
(2.) ¥N5R@1THIFUN 4.3
RasberryPi3
4
1 L
Ras™|*

/
¥ 1ep _RESISTANCE

U 4.3 awnsiiadeasremaeniniuTauesInIe
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(4.5)

LN iy Pin No.7 984 RasberryPl fallu port 918l uaz traudeidiu

Pin No. 6 984 RasberryPI Fafiu Ground

JUN 4.4 2 MN3ERIRS LED Bausesudn
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4.3 FunaunIsVAFauLarasulelAn (Coding) Background subtraction

from picamera.array import PiRGBArray
from picamera import PiCamera

import time

import cv2

import numpy as np

import RPi1.GPIO as GPIO

o *hEkkkxkkkkkkkd kX k¥ *¥Camera Setup khkkhkkhkh kb d bk hd bk hh b hih

camera = PiCamera()

camera.resolution = (768, 576)

camera.framerate = 30

camera.vflip = True

camera.hflip = True

rawCapture = PiRGBArray(camera, size=camera.resolution)
time.sleep(0.9)

g‘dﬁ 4.5 ®3u1elAn Background subtraction ﬂgﬂ‘ﬁll

| %) ! LV DI - o A o= o
Tudruusnaaalan Background subtraction %1 Aa3UN 4.5 Tuussvianl daussvinne

@ el

Wunisdwdh Library Adndudwiuimlusunsuvens Bedundniidifyvedusunsy fe

o

1. Import PiCamera @@ Library fildarunuuasyiun1snsa1vendes Pi
= o u:d :Jn‘ s _ :} as o
2. Import cv2 ARYAAI@Y OpenCV MiNEINU Images Processing %‘IL‘TJuwﬂ’ﬂmﬂmﬂm

TUsunsy

. -} {
o w al [ s

3. Import RPI.GPIO as GPIO AptaAdaimuntatdynin GPIO warluyndditisnie

Al

inldmunuadinisitaUansviniuvevass LED

=

lugusiolUAe  Camera Setup  (Wudhudldusunisisavesndes  Tivinanulu

o

ANTNLIPADUTLIINUA LapAdsdAtyLAazANdisall

1. camera.resolution ABNIIAMUASATIEIUNTNAMENMIVBUNTY TAgisIAvUATUIA
Wu nne 768 inwwa wazen 576 finwa

2. cameraframerate fanstvunsasIANEIvBNsy (framerate) Avual3? 30
Wsa/Au

3. camera.flip Ao AdaundadlunuIn (Vertical)
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4. camera.hflip Ao Adwmyunaasluwuiueu (Horizontal)

% e ok ok e ok ok e sk ke e ok ok ok ok ke ok ke ke ke ok ke ok ok ok Define Areg *¥*dkkkkhkhhdkhdhhhddhdkhhhhhhhhhdkdhd

X, 1y = -1,-1

fx,fy = -1,-1

drawing = False
setup_complete = False
prompt = ''

def prompt_on_image(txt):
global image
cv2.putText(image, txt, (10, 35),
cv2.FONT_HERSHEY_SIMPLEX, 1, (255, 0, 0), 2)

def draw_rectangle(event,x,y,flags,param):
global ix,iy,fx,fy,drawing,setup_complete,image, org_image, prompt

if event == cv2.EVENT_LBUTTONDOWN:
drawing = True
ix,lyf=&,y

elif event == cv2.EVENT_MOUSEMOVE:
if drawing == True:
image = org_image.copy()
prompt_on_image(prompt)
cv2.rectangle(image,(ix,1y),(x,y),(0,255,0),2)

elif event == cv2.EVENT_LBUTTONUP:
drawing = False
fx,fy = x,y
image = org_image.copy()
prompt_on_image{prompt)
cv2.rectangle(image, (ix,1y),(fx,fy),(0,255,0),2)

UM 4.6 ofunelAa Background subtraction Al 2

luduves Define Area #381313¢138n71 ROI (Region on interest) A¥3auyAA1EILY

il o dll‘ aal 2/ 2 o 2/ & ar dll °
MagUiveimualuiunienonstingadu leglifendu cv2 rectangle Wivariwunnsay

Adsuusinuisauls uazmuuamuUsnug (i, iy) wag (fx, fy) InadAyunazaiuiineg

PINFUN 4.6 usaviad 1 Beussviad 5 Wuntsiuusiugubitududsiieivun

Tngaziinsisunldaulutunaunsall

'
s

ERIJ r ° L2 Eg; -4
#Hadu prompt_on_image(txt) 1Wunisimuaflendunisuanstenuiuiiniuuuae

wihee Tnelvikanwaiisnuma (10, 35) Ana 1fous Hershey uavldd RGB(255,0,0)

= ot

#aridu draw_rectangle gaddinisnnsuamasulagnisadndeiiieiuing lneiingn

w

wsnillanadin avgniuiinliludiuys ix uaz iy uazlleanlivuindindeninents Afnaaving

9

o et

zUunnlalusiuus fx uay fy uazisnazinen ix iy, fy TUldluduneu Processing sald
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#1

camera.capture(rawCapture, format="bgr", use_video_port=True)
image = rawCapture.array

org_image = image.copy()

rawCapture.truncate(0)

#2
cv2.namedWindow("Camera")
cv2.moveWindow("Camera", 10, 40)

#3
cv2.setMouseCallback('Camera',draw_rectangle)

#a

prompt = "Draw detection area - press c to continue”

prompt_on_image(prompt)

#5

while not setup_complete:
cv2.imshow("Camera",image)
key = cv2.waitKey(1) & OxFF

#6
if Key =5 ord("c"):
break
cv2.destroyAllWindows()

E‘Uﬁ 4.7 a5unalAn Background subtraction ‘qﬂﬁ3

3/
=l o

TulAn Background subtraction 4afi 3 il (fa3U7l 4.7) 1wdnuiieatiunstufingUain

nasan 1 U udwihnsilaguivunielisilavihmsnedmasuuusiumidiisaula Toe

o/

asusLAaydIulaeatl

daunt #1 JunsGenilandunisivamilsliuinainndes udimstufinguliluiuys

image
dud #2 szluimdulaniidnediugn fstiedn Camera
dui #3 1Wunaunldinds draw_rectangle alufdnnsuamasuiisiimualy

FUN #4 AEAFLERINSNYITULUNLNTE 1R8N IUULA A LEAIATIN Draw detection area

- press ¢ to continue
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, oA = w . = o = i oA <
dwdl #5 uay #6 (Hunisfieduds image Fafeguilsnangliludiud #1 Thluuanwad
Wi1AN camera Uarnsiaduirdiinsnautusnes c 9nAdusiavield d1d Tinganisyineu

YR warlantnaieasld

Camera

o

#f *rERE A AR AR AR R AARR AR AR AR AR RS R AR AIA ProcesSINg FEEERARR AR AR R R AR R R e

bgsMOG = cv2.createBackgroundSubtractorMoG2()
for fff in camera.capture_continuous(rawCapture, format="bgr", use_video_port=True):

frame = fff.array
fgmask = bgsMOG.apply(frame, None, ©.01)
cv2.rectangle(frame, (ix,1y),(fx,fy),(0,255,0),2)

#1
_,contours, hierarchy = cv2.findContours(fgmask, cv2.RETR_EXTERNAL,cv2.CHAIN_APPROX_SIMPLE)

try:
hierarchy = hierarchy[8]

except:
hierarchy = []

for contour, hier in zip(contours, hierarchy):
(x, y, w, h) = cv2.boundingRect(contour)

if w> 70 and h > 70:
cv2.rectangle(frame, (x,y), (x+w,y+h), (255, 0, 8), 1)

#2

X1 = w/f2
y1 = hJ/2
X = X+x1
cy = y+yl

centroid = (cx,cy)

gﬂﬁ' 4.9 o5u1slAn Background subtraction ﬂﬂﬁﬂf
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wuiniinsiadeubnniglumsu laedlensiedeunuingaeluiiuifinisiedeulmssuuey
o a = X o = . ) o |
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L { ] =

Aftuusazdiy e
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o & Aa a4 a Y1 | o o o A Y
NILUIUNTTVDIAAIUAD LLBLUANADITULN ﬁan‘uuu%mmiuumﬂgumﬂmamwa‘[uﬂaaﬂ
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Nuld waallesserinansiuly Tagiinisimdaulmavseddwvanvasuidrulumsy 1519
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\SunlgA1ds cv2.findContours WBATIIMIAIIUUANANTEMINAMNLI AL WU TU Lle
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38

#3
ev2.circle(frame, (int(cx),int(cy)),2,(0,06,255),-1)

#4
GPIO0.setmode(GPIO.BOARD)
GPIO.setup(7,GPI0.0UT)

#5
if (cx >= ix)and(cx <= fx):
if (cy > iy) and (cy < fy):
cv2.putText(frame, 'Found', (x,y-5), cv2.FONT_HERSHEY_SIMPLEX, 0.5, (255, 8, 255), 2)
GPIO.output(7,GPI0.HIGH)
time.sleep(2)
GPIO.output(7,GPIO0.LOW)
time.sleep(2)
GPIO.output(7,GPI0.HIGH)
time.sleep(2)
GPIO.cleanup()

#6
cv2.imshow('Output', frame)
key = cv2.waitKey(18)
Af key == 27:
break
rawCapture. truncate(®)

7
cv2.destroyAllWindows()

gﬂﬁ 4.10 95u1slAn Background subtraction ﬂgﬂﬁS

i
w =) =5

-l va . v o 1 ° a s
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aud #4 Jumdadanisideuves GPIO 17 7 Feldreiuvasn LED Miaasals
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Amualiludiusnvdoli  diidnfanaaldidiluegluiuil  ROI isasvhnisGenldmda
cv2.putText  TWuanwatuin  Found  inseu warddualuil  LED  dedl
GPIO.output(7,GPIO.HIGH) tielvivaenlw@inuardals 2 Surfidresds time.sleep(2) uazlw
viaealndiudn 2 Junil Fufds GPIO.output(7,GPIO.LOW), time.sleep(2) agmuFIFET
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4.4 YunaunIIMAdauLazasu1alana (Coding) Haar Cascade

1
import cv2

2
cap = cv2.VideoCapture("last.mpa")
faceCascade = cv2.CascadeClassifier("cascade.xnl")

mhile(True):

#3

ret, frame = cap.read()

gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

faces = faceCascade.detectMultiScale(gray, scaleFactor=2.5, minNeighbors=12, minsize=(80, 80))
#4

print("Found {8} ".format(len(faces)))

#5
for (x, y, w, h) in faces:
cv2.rectangle(frame, (x, y), (x+w, y+h), (e, 255, @), 2)

X1 = w/2
yl = h/2
CX = X+X1
cy = y+yl

centroid = (cx,cy)
cv2.circle(frame, (int(cx),int(cy)),2,(0,0,255),-1)

cv2.imshow('frame', frame)
if cv2.waitKey(1) & OxFF == ord('qg'):
break

cap.release()
cv2.destroyAllWindows()

Ul 4.12 93UnelAn Haar Cascade gl
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5 [] h‘: o d o ;73 s o
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1.) Haarcascade Code

import cv2
import time
import datetime
cap = cv2.VideoCapture("Haar.mp4")
TrainCascade = cv2.CascadeClassifier("cascade.xml")
while(True):
timestamp = datetime.datetime.now()
ret, frame = cap.read()

gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

trains =

TrainCascade.detectMultiScale(gray,scaleFactor=1.1,minNeighbors=5minSize=(70, 70))
print("Found {0}" format(len(trains)))
for (x, y, w, h) in trains:

cv2.rectangle(frame, (x, y), (x+w, y+h), (0, 255, 0), 2)

x1 = w/2
vl = h/2
cx = x+x1

cy = y+yl



centroid = (cx,cy)
cv2.circle(frame (int(cx),int(cy)),2,(0,0,255),-1)

imageFilename = "car_at_" +

datetime.datetime.now().strftime("%Y%m%d_%H%M%S") + "jpg"
cv2.imwrite(imageFilename,frame)
cv2.imshow('frame’, frame)
if cv2.waitKey(1) & OxFF == ord('q’):
break
cap.release()

cv2.destroyAllWindows()



2.) Background Subtraction Code

from picamera.array import PiRGBArray

from picamera import PiCamera

import cv2

import time

import numpy as np

import RPi.GPIO as GPIO

HRIEHRRRRRI RN Cgrniera Setup FRFHOHRIRR KR IO R KK
camera = PiCameral)

camera.resolution = (768, 576)

camera.framerate = 30

camera.vflip = True

camera.hflip = True

rawCapture = PiRGBArray(camera, size=camera.resolution)
time.sleep(0.9)

faceCascade = cv2.CascadeClassifier("cascade.xml”)

B e S e S P e e S e e e e e e R e SR E e e R S S S e

counter =0
ix,ly = -1,-1
xfy =-1,-1

drawing = False

setup_complete = False



tracking = False
prompt ="
def prompt_on_image(txt):
global image
cv2.putText(image, txt, (10, 35),
cv2.FONT_HERSHEY SIMPLEX, 1, (255, 0, 0), 2)
# mouse callback function for drawing capture area
def draw_rectangle(event,x,y,flags,param):
global ixiy,fx,fy,drawing,setup_complete,image, ore image, prompt
if event == cv2.EVENT LBUTTONDOWN:
drawing = True
X,y = XY
elif event == cv2.EVENT MOUSEMOVE:
if drawing == True:
image = org_image.copy()
prompt_on_image(prompt)
cv2.rectangle(image,(ix,iy),(x,y),(0,255,0),2)
elif event == cv2.EVENT LBUTTONUP:
drawing = False
fxfy = xy
image = org_image.copy()

prompt_on_image(prompt)



cv2.rectangle(image,(ix,iy),(fx,fy),(0,255,0),2)
#print (ix,iy =) ,ix,iy
#print ('fx,fy =) fxfy
cv2.namedWindow("Camera")
cv2.moveWindow("Camera", 10, 40)
# call the draw_rectangle routines when the mouse is used
cv2.setMouseCallback('Camera',draw_rectangle)

IR K I TR I K IR IR IR KT F I I IFR TR K IR IF IR K TR IHF TR TR KR HHHR TR KRR
camera.capture(rawCapture, format="bgr", use video port=True)
image = rawCapture.array
rawCapture.truncate(0)
ore_image = image.copy()
prompt = "Draw detection area - press c to continue’
prompt_on_image(prompt)

# wait while the user draws the monitored area's boundry
while not setup_complete:

cv2.imshow("Camera",image)

#wait for for c to be pressed

key = cv2.waitKey(1) & OxFF

# if the "¢’ key is pressed, break from the loop



if key == ord("c"):
break
cv2.destroyAllWindows()

for fff in camera.capture_continuous(rawCapture, format="bgr",

use video port=True):
frame = fff.array
gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
faces = faceCascade.detectMultiScale(
gray,
scaleFactor=2.5,
minNeighbors=5,

minSize=(20, 20)

print("Found {0} "format(len(faces)))
for (x, y, w, h) in faces:

cv2.rectangle(frame, (x, y), (x+w, y+h), (0, 255, 0), 2)

x1l =w/2
yl = h/2
X = X+x1
cy = y+yl

centroid = (cx,cy)

cv2.circle(frame,(int(cx),int(cy)),2,(0,0,255),-1)



GPIO.setmode(GPIO.BOARD)
GPIO.setup(7,GPIO.OUT)
if (ex >= ixand(cx <=Tx):

if (cy > iy) and (cy < fy):

cv2.putText(frame, 'Found', (10, 35),
cv2.FONT HERSHEY SIMPLEX, 1, (255, 0, 0), 2)

GPIO.output(7,GPIO.HIGH)
time.sleep(2)
GPIO.output(7,GPIO.LOW)
time.sleep(2)
GPIO.output(7,GPIO.HIGH)
time.sleep(2)
GPIO.cleanup()
cv2.imshow('Output, frame)
if cv2.waitKey(1) & OxFF == ord('q):
break
rawCapture.truncate(0)

cv2.destroyAllWindows()
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YUNDUNITAAAITZUY Raspbian OS

Win32Diskimager https://sourceforge.net/projects/win32diskimager/
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A Windows tool for writing images to USB sticks or SD/CF cards
Brought to you by:

Y kk ok Downloads:
Last Update:

Download

Summary Files Reviews Support Wiki Feature Requests Bugs Code CLL

This program is designed to write a raw disk image to a removable device or backup a removable device
to a rawimage file. It is very useful for embedded development. namely Arm development projects
(Android, Ubuntu on Arm, etc). Anyone is free to branch and modify this program. Patches are always
welcome.
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%3 Setup - Win32Diskimager

License Agreement
Please read the following important information before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

is program is licensed under the GNU GPL Version 2 License. Induded libraries A
are licensed under GPL v2 and LGPL v2.1 accordingly.

GNU GENERAL PUBLIC LICENSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.,

51Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA

Everyone is permitted to copy and distribute verbatim copies

of this license document, but changing it is not allowed. 4
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Select Destination Location 5
Where should Win32DiskImager be installed? @

Setup will install Win32DiskImager into the following folder.

To continue, dick Next. If you would like to select a different folder, dick Browse.
‘ :\Program Files (x86)\ImageWriter LT ‘

Browse...

At least 44.2 MB of free disk space is required.
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Select Start Menu Folder
Where should Setup place the program's shortcuts?

v
Setup will create the program's shorteuts in the following Start Menu folder.
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maqe Writer| Browse...
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Create a desktop shortcut




A Install

%4 Setup - Win32Diskimager

Ready to Install H
Setup is now ready to begin installing Win32DiskImager on your computer. @
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change any settings.
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